; pqr stue3emmt 46j T8d, DESCRI PTI ON MJULTI BEAM OPT: mwm DOUT METHOD
AND APPARATUS Technical Field of the Invention Tmm\ﬂm ventll ,
relates to an optical disk readout nethod and opti cal,,Qissk readout E@Ath ggﬂ
and in particular, to an optical disk readout nethod and optical disk
readout system configured such that seEarate lig | t aneously
illumnate each of the nultiple adjacent tracks :uﬂummmlmmr di sk in which
tracks are formed in a spiral (e.q. RCN% W, D JVD-ROM or DVD- RAM
di sk), and wherein data recorded i REYHFHPYcKks being | unlnated by the
beans is read fromthe detected output of each returned beam by a record
dat a r eadMULTIBEAMNOPRECALeDISKt REAPOCUECMBIHOD ANDI ARPRBATIYSa net hod for
readi ng recorded data from CD-ROM at high speed is the nulti-beam
technique. This multi-beamtechnique is disclosed in U S. Patent No.
5,457,670 and International Application WO A9419797 (PCT/US94/01790). In
this techpkegHgicsepaiata brdhhebeaiansipgyl t aneously illum nate each of the
mul ti pl e adj acent tracks of an optical disk on which the tracks are forned
in a spiral. Data recorded in the tracks illumnated by the beans is

si mul t aneous| yTheadpbasé&nt r ohnvdret et e atecichtoa ptto obneaoptﬁeamrnéﬂsbean1by
a record a S i n C n
dupllcatlggéagpg qﬂﬁhu§¥tkﬁﬂ%a€%9%§$g %%égg geEE8B gséuc th§$ﬁahgndata

wi || be opaptich arhetgecﬁ;ermeticnahhdcﬁkl readoutemetdedl B hoptioali - beam
optical diskk(GleHMt r%g%\ﬂ@h %Mi@ﬂré&' lsul® deger | RedhaWdlde reigpence to

Fig. 20. Iten11 is a as seen omthe signal sidé (optical " pickup
side), onPRAMEh EAEMRSANSONRLY ddtamHidtSeefddrordfed Bre FBRABEPLIA a

spi rﬁl W hbjhbéneu'[t&fadﬂ{sdl afets oputienlci dLswf Qhemleiclﬁ)f tirla K agke shovvn
at the to

The bot L oRPIEEmZ (% AHIERL 8- Spi R HbpabPehr  OEEL NP TIIL | SBne.

beans. VWhBHDrBAMI rdf skhe (apmd cehepethupladd srenordetlatim oftheel titagks

rotation }SNEEHB; g‘?.ﬁrL i e 8 O ROMpLa vl adiial-LY g MpoRd éd{éma{egsct&al de of

the 15 di e circu rence as It advances, rea e recorded
data as pPBERBES. 0#\|oxﬁaqmeﬁet:14§n@§t|lz%am pYk uP Z%ﬁq#d/eéaéta pbSa€ePeR | and
starts reggbhgmdata, the tracks x through (x + 4) are separately

iI'lum nated sinultaneously by the light beams 31 - 35, respectively. 20 The
data recorded in each of the tracks illumnated by the beans 31 - 35 is
simul taneously read fromthe detected output of each of the returned beans

by the Pressti qd Egcord data readout system and the data recorded on the
CD- ROM 1 FS—UUEDU%_S rially in the sequence in which it 25 was recorded,

wi th no duplications or gaps. 2
One technique available as a method for reading

recorded data from CD-ROM at high speed is the multi-beam
technique. This multi-beam technique is disclosed in U.S.
Patent No. 5,457,670 and International Application WO-A-
9419797 (PCT/US94/01790). In this technique, separate
light beams simultaneously illuminate each of the multiple
adjacent tracks of an optical disk on which the tracks are
formed in a spiral. Data recorded in the tracks
illuminated by the beams is simultaneously read-back from
the detected output of each returned beam by a record data
readout system in a manner such that there will be no



The recorded data of CD-ROM 1 is structured in accordance with a bi‘g gABn%gUZ
format in sub-code Q channel A-tinme (absolute tine) frame units, where one
frame 1/ SFRed. Hereinafter, A-times are expressed in pEfsbosfodicd

aa: bb: cc, ere as = seconds, bb = mnutes, and cc - frames. If the optical
pi ckup 2 were to start reading data fromposition | of Fig. 20, then the

| i ght beam 31 channel would start reading recorded data correctly fromthe

A-tinme = 23:40:60 10 portion; the light beam 3z channel would start

readi ng recorded data correctly fromthe A-tinme = 23:41:00 portion; the

i ght beam FhipihHamtalonsowrd gdpe t ineadendata reciorgeceathtlbacloy rantlly from

the A-tinme = 23:41:15 portion; the |light beam 34 channel would start

readi ng receuwhdd theat tber detthy wWirldm bhdneoAtpite in 2thells&fugrge i &n; and 20

the |light beam 35 channel would start reading recorded data correctly from
the A-tinme whaZhMityyasorecomdeBy the time the CD-ROM 1 conpl etes

approximately (slightly nore than) one revol ution, advancing the 25 optical
pi ckup 2 to posi tSUGH |# gultigbeap (qpeteal r ddgk 3(CD-ROM) Feggfout(y . 5)

e TSR AT o BB Y A D 3
5 tt]e. i ghtjzbfama3icﬁ_%pel SV\,iSIeI ha%/ﬁe regﬁ1 thse Jn%ﬂorge ed%atcg%\%ect ly up
to A-tinme = 2321714 e ght Peati I3 Snme197fT | Shave ' PRGT e
pickup side), on which tracks in which data has been
recorded are formed in a spiral with the outside diameter
(outer circumference) of the tracks shown at the top of
10 Fig. 20, and the inside diameter (inner circumference) at
the bottom. Item 2 is an optical pickup capable of
emitting five light beams. When reading, the optical
pickup 2 is in a state of relative rotation with respect
to the CD-ROM 1, gradually moving from the inside of the
15 disk toward the circumference as it advances, reading the
recorded data as proceeds. Now, when the optical pickup
2 arrives at position I and starts reading data, the
tracks x through (x + 4) are separately illuminated
simultaneously by the light beams 3, - 3;, respectively.
20 The data recorded in each of the tracks illuminated by
the beams 3, - 3; is simultaneously read from the detected
output of each of the returned beams by the prescribed
record data readout system, and the data recorded on the
CD-ROM 1 is output serially in the sequence in which it

25 was recorded, with no duplications or gaps.



recorded data correctly up to A-tinme = 23:41:29; and the |ight ﬁS?TIER/lZUQZ
channel will have read the 10 recorded data correctly up to A-ti =

23: 41: 44; W 99119867e gaps between the data read separately bpctrbessloszsht beans
31 - 35 now filled. (By this tinme, Iight beam 35 will have read the
recorded data correctly up to Atime = 23:41:59.) The data read by I|ight
beans 31 - 35 15 is then output fromthe systemin the sequence in which it
was recorded, such that no duplications occur.(No frane is output nore than
once.) Wen the ﬁltical icgé(up 2 has read data as far as position Il in
Fig. 2D, the |igHtf*®pi¥ dsdatpaQf 260 RABed” i6r TR qtoAResarEnfrom t he
center of tg% cggow 19?’&/{1'[ hé}?e ,tracllt;s. This_guts t he Iiaht pickup 2 in
posi tion |1 FSSPIERECe B EinareP 15 ine hdamles iPnFEhgRods HowhePneti nat e

Lrecke (¢ ot Sted Qund FPEG VGV, Mgkl ol e v oo

operatlon t hen beglns agal n, f ¢
readi ng recqrged Aabaqcor HRCk ¥akiam Ling s %%g'}é%%%afgry op: the

St
| i ght beam 3z channel reading recordéd data correéec
23: 41: 63 POiflrainaal bbt: e, | hﬁ@i‘eb§§”£3§eégﬁéi‘§,elblSe@dlin{'H!ﬁ{:gﬁor <§ data
correctly fromthe A-tine = 23:42:03 portion} the I'ight beam 34 channel
readi ng recer dedmdata Cortiestdpridaampileuly bi fere 28 42a48 pPOLdigy, and
the |Iight beam 35 channel reading recorded data 10 correctly fromthe
A-time = 23d42a33rpor ppehtiBy rheftFig. the, GEhd¥OM 1 turns approxi mately
(slightly nore than) one revol ution, advancing the optical pickup 2 to
position |V*of Fitge 20gbwhbeamt Backannel+ would EtartOreakidngl | um nat ed by
| ight beans 31 - 35 15 respectively) the |light beam 31 channel will have
read the recordedegardedofrtet FGrupcthy AAXomethe 28 Hime2= 23 WD I6Qght beam
3z channel w | hav%,regd the recorded data correctly up to A-time =
23:42: 02" 20 thB°Fi-3RP’beam 33 channel will have read the recorded data

-correctly up to ALl =23 . 42 17 ;. agnd e |ight beam 34 channel will
have read the re?grgdgggagt §e%‘8r%@§tjfﬁ7“\?3 t“’(?uhigt isﬁé‘%it 38243092 and with all
gaps betveen the dabaqb8ada¥ LOBPL-LEF Prat the A-time = 23:41:00

portion;
. the light beam 3, channel would start reading
15 recorded data correctly from the A-time = 23:41:15
portion;
. the light beam 3, channel would start reading

recorded data correctly from the A-time = 23:41:30
portion; and
20 . the light beam 3; channel would start reading
recorded data correctly from the A-time = 23:41:45
portion.
By the time the CD-ROM 1 completes approximately
(slightly more +than) one revolution, advancing the

25 optical pickup 2 to position II of Fig. 20 (where tracks



25 35 now closed. (By this tinme, Iight beam 35 wll have 5 P r1e g tmz
recorded data correctly up to A-tinme 23:42:47.) The data read byhiB‘R
beanms 31 wa@byigset hen output fromthe systemin the sequeneeriipeswiazash it
was recorded, and such that no duplications occur. 5 As the optical pickup

2 advances fromposition | to position Il ( one revolution of the CD-ROM 1
) , the optical beam 35 channel reads recorded data fromA-tinme 23:41:45
t hrough 23:41:59. As the optical pickup 2 advances fromposition Ill to

position IV ( one revolution of the CD-ROM 10 1), the optical beam 31
channel readst redor ded *dat & )f pof Aldinménagedibygliahdub@ams: 31:-63s I n ot her
words, there is an overlap between A-tines 23:41:48 and 23:41:59, which was
read by bot FesRastdve€1lYro avoid outputting these 12 franes tw ce, the
system out puts only the copy 15 _of this data that was read by the 35

channel (whi‘ch r &2 iH G SePMady charnglsvthe RANS i78A% Wi a read by
h | 31. M . the t K.j f i ti |  of _Fig. 20 i
exacuted. i nst ead SO SRy SOETREDY BPobot AFBEne, 202} 785 Yexecut od.
Th t hecdata i , aWhj i t light b 35
G et T ofach A, pol, LS 1P e i | e Do

channel %ef ore the ju i S now Fl am 31. The reason

for doing this isddilach i LoackdrdgPupoubdaheyReput 25hg1 opki cal pickup
2 inposition | I I of Fig. 20 . 25 The light beam 31 channel woul d then

have resuned readiHd 1G.ght veR@OBJeshaan fomM Mdvdereai 4hd3. This woul d
have left a gap in the data between 23:41: 60 and 23:41: 62, which had not

yet been read by ddddeghtaltaasoBbectioynng tprAotihe 4 [23:412Q0;j anp. 5
Stated in general ternms, far a systemwth n |light beans, where n is an

i nt eger of 3 *or grreatlgrghtedsan 3ghtchamael chihhdtaveadsadiatre f or

approxi mately one revolution. At that point, a forward track junp of (n -
2) track8 is exedgaardest [date cogrectlaara to Aghimer ead3t ol :46:;

~approxi mately one revolution. This operation repeats conti nuousl é to
per f or m hi gHsPeetin® eg8BEt PEFWERR EHERAATE llﬂ.PéJ tPPAERIERLY sh¥hthe track
pitch varia

IR MEPAE RO M e T R R K
3; will have read the recorded data correctly up to A-
time = 23:41:59.) The data read by light beams 3, - 3¢

15 is then output from the system in the sequence in which
it was recorded, such that no duplications occur.(No
frame is output more than once.)

When the optical pickup 2 has read data as far as
position II in Fig. 20, the light pickup 2 is "track-

20 jumped" forward (outward from the center of the CD-ROM 1)
by three tracks. This puts the light pickup 2 in
position III of Fig. 20 (where light beams 3; through 3.
now illuminate tracks (x + 4) through (x + 8),
respectively). At that point, the read operation then

25 begins again, with



l'ight beamcircuits. Consider a disk readout system such as the PﬂiMpRaimm
nmet hod descri bed above, where n |ight beam channel s read approxi mately one
revol uti orwaoend9sédf data, then a forward track junp of (n PCEIPI&MEEKs is
20 executed, after which approximtely one revolution of recorded data is
again read, and this operation is repeated. In this nethod, for the case
illustrated in Fig. 20, if the recorded data in the |ight beam channel 32,
for exanple, becane unreadable during the 25 approxi nately one revol ution

of optical pickup 2 reading 7 fromthe position | of Fig. 20, the data
from A t1me" 23 4EPE0LEAREIRED By ENERRRY FEKE N0 TECRER GRS 0pt | cal

i ck 2 h it L. L] . th Kk iti (I
Pherefore, this GBEACEREr TEER wo¢ i ecines? 223 (B ife st irt i 20 41! 14 1 s
never read. Next s 16, £oo ded Al dieqd CON JUES. )y ARgOXi mately one

1 ON , t at a

revol uti on from posi I recorde betweéen A-t1me - 23:41:63

and A-time 23 42.02cE81)Sebon Dend Rtk L a3 hip: Bthocksien, there vas a

problemin that sone data required by t user could not be retrieved. In

consi derqati on of thRe13hA¥Ep@ER LB L BrRihnehe dilddhg@recdrielss aaraobj ect of the
present invention to provide an optical disk readout nethod and optical

di sk readout 15 systrestip ¥homhcheventite reces gz otpocaivwi be read by
sonme of the light beans, the required data can still be obtained. It is
al so an obj ect ofthehéigheskaami 3y ehanmelt oaadinigdeeamordedd daltadi sk r eadout
method and optical disk 20 readout system capable of reading data froman
optical disk noreogrectignfrom tembrying he3i4Zehl ipertiomn andical di sk
readout met hod according to the_ 25 present invention, n adjacent tracks (n
bei ng an i nteger the light beam 3; channel reading recorded data
10 correctly from the A-time = 23:42:33 portion.
By the time the CD-ROM 1 turns approximately
(slightly more than) one revolution, advancing the
optical pickup 2 to position IV of Fig. 20 (where tracks
(x + 5) - (x + 9) are illuminated by light beams 3, - 3,
15 respectively)
. the light beam 3, channel will have read the
recorded data correctly up to A-time = 23:41:62;
. the light beam 3, channel will have read the
recorded data correctly up to A-time = 23:42:02;
20 . the light beam 3; channel will have read the
recorded data correctly up to A-time = 23:42:17; and
. the light beam 3, channel will have read the
recorded data correctly up to A-time = 23:42:32: and
with all gaps between the data read by light beams 3, -

25 3. now closed. (By this time, light beam 3; will have



of 3 or greater) of an optical disk are illum nated si rrultaneousl)i bé
separate n |light beans arranged in the radial direction of the o‘btiH R 02«
in order teovoepdssrecorded data in the tracks illum nated bypCharesiodicght 5
beans, from output obtained by detecting returned ones of the n |ight beans
t hrough n |ight beamread channels, and the reading of the optical disk is
performed by alternating between a continuous reading and a track junp in
the forward direction. 1Q The nethod is characterized by steps of detecting
the alignment status in the radial direction for the |ight beamread

channel s i nchpaBl etB rEREPFRES e thod GREZET oM tYR dit i Ritimsk;=

desi ti | L gh h tQ b d f i n d
Gotermni ng 2640y Mool he fSaThAREG D3 (e RE s Cor a1 dy 1o HIRD
detection for éhe a%ignrrggt st af us i.rq %ge radi al ceii r.ectiaqn of.tt he capabl e
li ght beam r 84FPRRafRETs "8 oP? REST he& r §280GFPIHEPE and YOV EsgdndATy frame

addr esses of réﬁgrg‘g isc%lndqéé& ceiﬁ{%%gr;hc} tbqld)cl%gg%%&%sor ding by the light

beam read 20 channe esi gnat r eadi executing the track junp

by the determ nedygupero®fiddiapherpes LBGantaterr SR pESPPNG, Ny fJ ane
addr esses becone successive for data fromthe designated |ight beamread

channel s dur pagi thén Cont(ioheorsvoeadivg)o 2 e chheosmodi pRatopwihen
detecting that one or 9 adj acent two |ight beamread channels only are

capabl e of rpaanng dhannedordedsdatacrdedi dgte fighta-beame raed chemnel is
designated for reading and the continuous reading is successively conducted
wi t hout exectbragghhe3 64113k jAsnrheMbptichd puckep dfademmees nfxdwe nost
popul ous contiguous group of |ight beamread channels from which data can
be read, sai HoRifrightlbedid pPeadténankel(Png seyediugianedfathe [RDROM d ones,
and the optical disk is 10 read by alternating_between_ perform ng

continudlfs réadi FRetPRBHM R M dERRERRAL EPIAT | EPFPEIRT KRR rfeRP
el hoh SRR TELELY R BBl heapRl Salegl S
is an overlap between A-times 23:41:48 and 23:41:59,
which was read by both channels. To avoid outputting
these 12 frames twice, the system outputs only the copy
15 of this data that was read by the 3, channel (which read
it first) and discards the duplicate data read by channel

3.
Moreover, when the track jump from position I1I of
Fig. 20 is executed, instead of a four-track jump, a
20 three-track jump is executed. Thus the data in track (=x
+ 4), which was being read by the light beam 3, channel
before the jump, is now illuminated by light beam 3,.
The reason for doing this is that a four-track jump would
have put the optical pickup 2 in position III of Fig. 20.

25 The light beam 3, channel would then have resumed reading



direction. 15 If Qis the distance, in nunber of tracks, between t1h$1

i nner nost and out ernost beans of |ight beamread channel s capablé oMAR 2002
readi ng r ewordegberlata, R is the nunber of beams in the nostPQIGHO8/HA6S
contiguous group of |ight beamread channel incapable of reading recorded
20 data, whose beans |lie between said i nnernost and outernost |ight beans,
and also if Qis at least 2, and Ris at least 1, then the optical disk is
read by alternating between perform ng continuous readi ng of the optical

di sk through the éj%ght beam read channels that 25 are capabl e of reading

recorded datEe¢oFdepsiaba Faem H-time193:41:63. 1Thisyerutfomverlafite opti cal
di sk, and executing a track ju of (Q_- tracks in the forward

di recti on. V\Tﬁeﬂ"“’(’(’\)?D e éaglauggtmee 39%%&:‘?%@&?, Ghid% Y‘\ﬁﬁ'ﬁh

beam read channel only is desi ed for .readi 5 gnd_the conti.nuous
reading is sﬁ%@e’%@f \Pé%l’i/ DRs &e%g:)g t%tllg%g:cﬁgﬁﬁ'ggf KK B35 1n an

optical disk eg’? 2PP s according to the present invention, n
adj acent tra‘c::és %U%Iél nga:&ﬁﬁﬁy'nteger of 3 or greater) of an optical disk are

10 il lumgnat ed si e i DR, 4 i the
radi al (rzlnisr ection o éf%@%ﬁ%’é&??ﬁ%@%@ﬁii%&%pu calla%r(ra?g%teli%cl)irﬁrreans

for readi ng peams daghddd a ik Bhe ihtagks bkl Inbpagesh Byr f NGadh l1iigHt beans,
from out put obtai ned by detecting returned ones of the n light I5 beans

through n | i gbam hamneladeaiandets, f o dppeastamatedt 60é r@asiution.r eadi ng
the optical disk by alternating between a continuous reading and a track
junp in the Abrwaat pbirect iorforiesrdappackt jempsofhanact 2y i eachyy ireans f or
20 detecting the alignnment status in the radial direction for the |ight
beam read chaxneeutedncaphbee ofereundedg Aeterdéd dagaify omedse dist cal

di sk; means for designating of |ight beamread channels to be used for
readi ng18nd RBPTEEiBRRRHY nENEh& VA BY- t r ABKS Epegétion repeats

continuously to perform high-speed readout of the CD-ROM

1.
Due to factors such as track pitch variance, surface
flutter, and eccentric wobble of the CD-ROM 1, however,
15 some of the recorded data may not be readable by the
light beam circuits. Consider a disk readout system such
as the prior art method described above, where n light
beam channels read approximately one revolution-worth of
data, then a forward track jump of (n - 2) tracks is
20 executed, after which approximately one revolution of
recorded data is again read, and this operation is
repeated. In this method, for the case illustrated in
Fig. 20, if the recorded data in the light beam channel
3,, for example, became unreadable during the

25 approximately one revolution of optical pickup 2 reading



25 junped, according to the detection for the alignnment 11 status in
the radial direction of the capable |ight beanread channels; andl HEHAR 2009

storing thewoestdset data and correspondi ng frane addresses %ETM‘?%/&E&Q cal
di sk during the continuous reading by the Iight beamread channels
designated for reading; wherein the readout control neans executes the
track junp by the determ ned nunber of tracks when the stored correspondi ng
frame addresses becane successive for data fromthe designated |ight
beam read channels during the continuous reading. 10 Brief Description of
t he Draw ng' $TPMg.the posibiarckl dpégFam.of208 CEhROlthrraadusim Sy-s¢af i N whi ch
a first enbodinent of the optical disk readout nethod and optical disk
r eadout syst@ﬁfﬁf“?ﬁetbf-'@‘éégtzii')ﬂ nAerawld ke disodi ed. Fig. 2 is a block
di agram of the paﬁﬁl | el -to-serial converter of Fig. 1. Fig. 3 shows an

o]

exanpl e of the cofiP&ht &Pt OPhECHENBiFEYPoR FRgches ZOsHitgond Ighovit an
Fra s showsd S8, EEFe Brdhn YooRPertacDr 1 ho HeRbPfesoftHe. data Fi g, 6
shous ansexagBlfegh A-£8h8 1 1 ARGRRLLATALELRR 115y Oy R [oadout system
read. Next, as the recorded data read continues for
approximately one revolution from position 1III, the
recorded data between A-time = 23:41:63 and A-time =
23:42:02 fails to be read.
10 In this method, then, there was a problem in that
some data required by the user could not be retrieved.
In consideration of the above problem of the prior
art, it is an object of the present invention to provide
an optical disk readout method and optical disk readout
15 system in which, even if recorded data cannot be read by
some of the light beams, the required data can still be
obtained.
It is also an object of the present invention to
provide an optical disk readout method and optical disk

20 readout system capable of reading data from an optical

disk more efficiently.

Summary of the Invention

In an optical disk readout method according to the

25 present invention, n adjacent tracks (n being an integer



Fig. 7 shows an e¥Qf8s6nf the contents of the nemories of Fig. 2. Fig. 8
shows an exanple of a data read operation in the CD ROM readout system of
Fig. 1. 5 Fig. 9 shows an exanple of the contents of the nenories of Fig.7
2. Fig . 10 shows an exanple of a data read operation in the CD-R@Mhhﬁggout
systemof Fig. 1. Fig . 11 shows an exanple of a data read operation i 1968
t he CD- ROM readou5f3é§ten1of Fig. 1. Fig. 12 shows an exanple of a data
read operation in th GDZRﬁbbgggpggt systemof Fig. 1. Fig. 13 shows an
exanpl e of the caeitents of the me Pfesunf0€$£$ 2. 15 Fig. 14 shows an
exanpl e of a data read3®eustiop ip the CD- badonk §M§%Ef‘0f Fig. 1.
Fig . 15 shows anagxg Ide of a d%t aef?%raitte)pxe[lgg' on in the mmizm@t
systemof Fig. 1. Fig .“i6eshous 3? %xanple 0 td%%@mgegg¥%) eration in 20
the CD- ROM r eadawdcayglem of Fig. 1. ﬁﬁgopﬂﬁ?o an exanpl %% inhene
contents of fhe menories aFiigh the Fig . 18 sho SEn iex é%cﬁ a data
read operati-on bﬂambg g;}FKmAreadout§§F§kenuqﬁuﬁL8. 1. 25 Flg_?ﬂanﬂmww t he
configuration of an optf@épuﬁbukugbég. for anbfked epbedinent [of the
present inventi® n Eﬁght%g is a drami?ﬁﬂiby aggég{n t he nultl-Beéﬁgbptical
di sk readout technique’ €ams tp NG returneg

the readj Onesg of

Ng of

T Mag

a
lternating betyeg
n



5 Detail ed Description of Enbodi nents An enbodi nent of the i nvea}ti)w QNI bb

be described with reference to Fig. 1. Fig. 1 is a block diagra AR 2002

CD- ROM re% n9stem for inplementing the optical disk reggeyjpobmiepd of

the present 1nvention. Itens in Fig. 10 1 that are the same as itens in Fig
20 bear the sane reference nunbers. In Fig. 1, item1lis a CD-ROM on

whi ch tracks on which data is recorded are fornmed in a spiral (the left

side in Fig. 1 corresponding to the inside of the disk, 15 and the right

side in Fig. 1 corresponding to its outer edge). A spindle notor (not

i Il ustrat edadspiceatt teo QGREY beam-cendit ahanhébeasn Melad@ typablenv? IS a

mul ti beam optical pickup that sinmultaneously illumnates each of n - 5

adj acent traeksliof ttee CDeROVA&AW d&td he asepimagie 20dghitghbesmansadl - 35.

The intercepted |light of the returned beamis detected (received) by

i ndi vi dual Fhenogdt et ogsspPanateppdorniresding pandpidicoerertinecesirrents as

detected signals. Wthin the optical pickup 2 are 25 a |aser diode 4 that

emts a | as&eHdam 4s gyccessivgly FPPQEFF%@ Y ERPRE S*eGREERT| S| aced

per pendi cuI ar t?{ t.he optical axis of the laser diode 4, to formthe

fol | ow RCRod4MB= | ight beam 31, of -2nd order diffracted light, 5

| i ght beam 32 o,- 1st der_diffracte ht be m33 f Oth or der
diffracted IlghtM Jrlg% beaml?ﬁlr &F d’f’ %r&@r ?frmé)tedpﬂ"éﬁ Sand

ot beam S lt3adgabds’ odf AL6AS! sdahi gbba 40 nAePEAELSRI Lhigh 6, mmde

of two rectangu pri aste a Gofli hator Tens t hat

col limates thgdidey %é‘grééé]ht sh@af or r]h%%“@'ﬂé‘dmh‘éﬂ?i Frithel1SNaPY) €cti ve
| ens 8 that focuses the |ight beans 31 - 35 that have passed through

beam spl i tt elesi ghadetiheascOotHd MPADIa| 6AEs/ @ABO the sytnall sadiaces! A of the
CD-ROM 1, a focus actuator 9, for noving the objective lens 8 in a

di rectih pergaenty ail @erriat itrfye bEPWREN fesfonrti i) contiiobow téadshgf ace
~flutter thereof, to thereby keep the light beans 31 - 35 in focus at the

si gnal surf adedugh sagdrMidesd ool tedr fatedflightebegn-reedCOROWELS, a

tracki ng actuator 10, which noves the objective 25 | ens 8 radi allg W th
respect to tieE @pmmagglg_soqq; revolution of the optical disk, an

executing a track jump of (M - 2) tracks in the forward
direction.

15 If Q is the distance, in number of tracks, between
the innermost and outermost beams of light beam-read
channels capable of reading recorded data, R is the
number of beams in the most populous contiguous group of
light beam~read channel incapable of reading recorded

20 data, whose beams lie between said innermost and
outermost light beams, and also if Q is at least 2, and
R is at least 1, then the optical disk is read by
alternating between performing continuous reading of the
optical disk through the light beam-read channels that

25 are capable of reading recorded data for approximately (R
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to follow the eccentric wobble thereof such that the beans 31 - S?W IQ 2002
properly trace their tracks, regardl ess of the eccentric wobble of t é\'

CD- ROM 1. woowsesactuator 9 and tracking actuator 10 are 5 PEPpaPEH3R68 dri ven
by a servo circuit, to be discussed |ater. Each of the separate

phot odetectors PDl1 - PDS, provided to detect |ight beans 31 - 35,
respectively, output photoelectric currents proportional to the anmount 10
of received light. The returned beans of the |ight beans 31 - 35, having
been reflected fromthe signal surface | A of the CO-ROM 1, pass through the
obj ective | &nd )8 TRYPLUAH R TshCPtiGRl fiFKecBBE BFAWEHGaR splitter

6, and pass through optics_ ( cylindrical, a det ector,. l enses,. 15 etc, that
are not showh2fk gwgpd‘?%lv\f%g),y)c otq?é?!‘cﬁ're“bgglfr d“{oerl"ﬂ?ﬁ%éﬁfﬁﬁf’to&'t he
phot odet ectors PDL - S. e.phaot odetectors PDLl, PDz, PD4 nd .PD5 out put
phot oel ectric cuﬁ%%rﬁt EBI 1, Ipz,lgl 39u3§dof59‘558p%’1@%ﬁarot'o 7 e leunt of

i ot beams 50550e8 EE EhERBLOBALD To, CORAPRRER S SRR i 1

phot odi ede gf,gt Nehd YPEnt ¥aBEus N LRAARY SiNOLE-BEaRY: oRLyCaPisdmes. The
four diode quadrants A, B, C, and D of photodetector PD3 output the

phot oel ectr g tBHuteB8kEchBifg tRe Bsrdck Gumgnd 25 13-D, respectively,
proportional to the amount of l|ight 16 recei ved. During search of

readout, a sled mntan bptivwads dikg aehkidoalt pippkratds raddeerdiady alo di rection
of the CD-ROM 1. During search, this sled notor 11 is driven by a servo 5
circuit to mbee presenyt | taveptickup 2 kdjecehsr tdesksor (Var dedngr érer se
direction to position it in a desired |ocation. During readout, it noves

t he optical ipitedep 20§r adluly y dreatied f oPRar andi PRELFRh aBiske a%®adi ng of

CD ROM 1 proceeds. 10 _From the out puts of the ghot odetectors PD1 - PDS, of
10 illuminated simultaneously by separate n 1light beams

arranged in the radial direction of the optical disk,
comprising optical detection means for reading recorded
data in the tracks illuminated by the n light beams, from
output obtained by detecting returned ones of the n light
15 beams through n light beam-read channels, and readout
control means for reading the optical disk by alternating
between a continuous reading and a track Jjump in the
forward direction.
The apparatus 1is characterized by means for
20 detecting the alignment status in the radial direction
for the light beam-read channels incapable of reading
recorded data from the optical disk; means for
designating of light beam-read channels to be used for
reading and for determining the number of tracks to be

25 jumped, according to the detection for the alignment
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the optical pickup 2, a recorded data readout system 20 S|nultaneously
reads the data that is recorded in the tracks being illuni nated UMNQ Qﬁp
beanms 31 é outputs the CD-ROM 1 recorded data in sqidrpodisdeés 1N
the 15 sequ nee |n which it was recorded, with no duplications or gaps in
the data. Wthin this recorded data readout system 20, current-to-voltage
(I/V) converters 211, 21z, 21q and 215 convert the photoelectric currents
1, Iz, 14 and IS output by the photodetectors PD, PDz, PD4 and PDS, 20
respectively, to voltages, which are output as the RF signals RFl, RFz, RF4
and RFS, corgtazpendnnghe aradiall ddhecheansoBlith8apvblandight Daeam-
current-to-voltage ( 1/V ) converters 213-A, 213-B, 213-C, and 213-D
convert the neladt cbhebelsec and medrs EBrAstOB8iBy tide Cemdput3dBteuapdt by 25

t he photodetector PD3, to voltages, which it outputs as 17 WO 991 19867

t he voItageaﬂﬂnﬁﬁpdmﬂanBfr%me @@@r%%ﬁeqh@fdﬁwpﬁﬂaﬂﬁéd ddski @urngperf or s
the conputation ( VA + V$ + V-~ + \p ,. to output an RF signal RF3
corresponm|ﬁ?q(9QQRﬂﬂPQﬁ§MﬁQE91Wﬁﬂqﬁn?ﬁ?t%%g npedArFeadscpagmedsy~ ) - (
VB + Vp to oyt put th focus.  error_Si nal FE, and the erf rns_conputation
( VA + ) desaopatedyoy Itec?ddd't%ut”’hﬁﬁ lPr’é'E‘Rl?r’ga Lﬁ)lc SR rnGf‘E“sThe servo

circuit 23 perforns facus £S8rLyo contr racking serva con nd sl ed
servo contr ¢t* eclutte&rl\gl}ées il ac}{och‘ém acgﬁat 5 fgrﬁlégg d’hu"ht f%gus error

si gnal FE, uce .t S 8O, h us the
| i ght bearns%%a%% ?lqt %g‘es%cgﬁo&%uf ggggpkgd é dfrlfa\?neés §E§p¥§%§ i ng
actuator 10,phasfRd Q\Ebéé?s iyackbpg deartraorf:?brgn%lhe-r%eﬂ{?ﬁétéd) Lggyee the
tracking error signal to zero, to thereby 15 keep th i ght beans 31 - 35
on their respesi-read chekhelWanashagetBguabhzahiublisCresdihg. 241 - 245
nodi fy the waveshapes of the RF signals RF1 - RF5 to enhance their high
frequenty conponents to conpensate for high band attenuation due to the
nodul ati on transfer functions 20 ( MIF ) of |ight beans 31 - 35, and

suppr ess i ntBrisfmidsdnipdibar oficdheADxawingsher the RF signal RF3, input to
waveshape equalization circuit 243, or the [waveshape equalized version of
the] RF signal RFFZ-obit bﬁtafbrltﬂﬁ“'wé&égﬁéﬂ‘eoéq%éimm 3i¢ QUC'FUISYSEQ‘B is

input to the servo.25 circuit not shown in en rning on the
18p in which a flrst em od ment of the optgca% dlvﬂ rea out 9

method and optical disk readout system of the present
15 invention is embodied.
Fig. 2 is a block diagram of the parallel-to-serial
converter of Fig. 1.
Fig. 3 shows an example of the contents of the
memories of Fig. 2.
20 Fig. 4 shows an example of a data read operation in
the CD-ROM readout system of Fig. 1.
Fig. 5 shows an example of the contents of the
memories of Fig. 2.
Fig. 6 shows an example of a data read operation in

25 the CD-ROM readout system of Fig. 1.
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focus servo, the servo circuit 23 activates a focus search operatipn
timng the focus servo turn-on point to occur while the value of 1tﬁé”fﬁ%6ﬁf§?
error signalofifsgd;s i N the negative feedback region of the pefisspeieso | oop.
5 Also, when turning the tracking servo on, [the servo circuit 23] uses the
RF signal RF3 to time the tracking servo turn-on point to occur with the

| i ght beam 33 in the negative feedback region of the tracking servo | oop.
The RF signals RF1 - RFS are input to the "first 10 signal processing
circuits" 26, - 265, respectively, where digitization, clock extraction
(using a PLL), bFtigdemodsthats oan feseameply nofdetrect contekEd defnoche at i on,
and subcode denodul ati on processes are perfornmed. The EFM denodul ated data
si gnal s DATAemorDASASE (Rbgch2i ncl ude P 15 and Q parity) are output al ong
with their correspondi ng subcode Q channel A-tine data signals ATl - ATS,
DATAL DATAS are Biopud $shows ok exayple ofcaudpts teae! QEERFTWPR hidne
subcode frane). The first signal Erocessi ng circuits 261 - 265 output the
denpdul at ed t#&t §Dsﬁeﬁarga%u%m em B onk- symbol (8 bits ) at a tine.
When the first signal processing circuits 261 - 265 detect framge sync, they
out put the "f rangggyngodﬁl?‘é‘ﬁ? " agi g‘?‘fé?'gpjl%logs§her cSPREEI VRl P g%‘ea H GH

l evel, to a %%stem cgpt H’l I e, to be described later. The systemcontroller

25 uses t he§&FPFanre gync detéct si ghals FS1 - FS5 to 19 determ ne

separately for e ofqt i aht 1 S : ta can or
caPmot beyr ead f?gﬁftﬁ% %ﬁoa‘flns!ne . e?ﬁglg?'lérg% %?ﬁ@%ﬁgcggé?%fﬂgh%&t 263

al so sends the ARIrAM! gggdgggas?gggﬁl okOrife pystem5 controller. The first
signal processing circuit 263, the signal processing circuit for the RF3 RF

si gnal channel hagganindrsnlanCeY¥ampibr 8F £idedd re@obperbbsbhated), the
pur pose of which is to cause the frane sync signal to be detected at
constartoti rmihel CDeROHl seapeutospsngmChy¥ B#Ogcontrol for a spindle notor
.drive circuit (not illustrated) to cause the CO-ROM 1 to spin at constant

| i near vel ocity. FRaral? eshaws for exampReSpf capata aeagpopapationhen 8bi t

paral |l el data out put by each of the first signal 15 processing circuits 261
- 265 one bl%ek CBrROMrEcatRet pprsEBRveft 2930 converts the parallel data to
serial data, ensures that there are no duplicatjons or gaps in fhe data,
and outputs it, Fr9he or Vs naﬂhied‘l?"ipgewa EfB%r &é’(ﬁ‘,teg§gsé)r€a1:h%lat a. Fig.
2 is a bl oc%eqnioqqre%mo%olr?ho Lng a specific configuration for this
paral |l el -toserial” Conver g %0. In Fig. 2, one of each of the nenory

circuitps 321 - 3294 S, provbded f A the Ok £3RAING LBB0hti1BR {irSt
signal processing Circuits 261 - 265 . Each menory circuit has two nenory
areas : a 25%Hd I3i-roe2eadRdud £9c@BRl areaigThe. DATAI - DATAS data 20
Fig. 15 shows an example of a data read operation in
the CD-ROM readout system of Fig. 1.
Fig. 16 shows an example of a data read operation in
20 the CD-ROM readout system of Fig. 1.
Fig. 17 shows an example of the contents of the
memories of Fig. 2.
Fig. 18 shows an example of a data read operation in

the CD-ROM readout system of Fig. 1.

25 Fig. 19 shows the configuration of an optical pickup
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output fromfirst signal processing circuits 261 - 265, is stored in one or
the other of the two storage areas (of the associated nenory cir?qith
first and reas have sufficient storage capacity to pi9f8s/bdibs
required n@ﬁtc?g)j%g? bl ocks of DATAl - DATAS5 data. One of each o tﬁe menory
circuits 331 - 335 is also provided for each of the first signal processing
circuits 261 - 265, respectively. Each of these nenory circuit also has a
first area and second area. The ATl - ATS A-tinme data 10 output fromfirst
signal processing circuits 261 - 265, is stored in one or the other of

t hese areas,fcd GiptHdh dnpddSment: dddr eas PdésenfSHnientidh$.- ass ) and
end address Ale - ASe ( or ale - aye ) , marking the nenory | ocations of

t he DATAl - DATAYigat a28t drsedai driadngortespapdang 32He HE1825baemori es.
The first and second areas have sufficient storage capacity to store [the
requi red] nwigcadf disdt gegfdoutATechnAgBeA-time data. One of the five wite
controllers 311 - 315 is provided for the corresponding one of the first
signal 20 processing circuits 261 - 265. The wite controllers wite the
DATAI - DATAS data output fromfirst signal processing circuits 261 - 265
into thedfi Ratadded DeserinddongPf ERBPCdimentsits 321 - 325, and wite the
ATl AT5 A-tinme data, alo wWith the start address Al6 - A35 0 5 als -
a5s ) and end addVbﬁﬁ%ﬁéghem@eo% gpeaﬁgvgnﬁégn)Wfiiuﬁfngeﬁ%rlgeg t he
menory | ocati.qns of..t DATAL .. DATAS data stored | e rrespendi ng 321
- 325 rrermriwels?‘irr?%%r} i o grlgsie-cidndgégéaz 5 %E%P%gsdgggr-gmﬁg If, for
exanpl e, the, i kenceBLAGLEEL, A20n (WICtfipleRenting thd ok kg 15 bl ocks
of data DAT%f ( ?’f - %ﬁTAf 3( 15m) to tﬂeer???st rea, o\gl&tct%he 1% bl ocks
DATAf (16 ) reddStAf me3thod 0¥ iR $peRRdtaladeAkiBRION Y tdAsf int ?Q?.t he
contents of nenories 32f and 33 f will be as shown in Fig . 3 . That is,
wittenigo tihethat sar&r eReokanBMALY i¥dmsi Snf LA t20ebd&r d8ha Eameeach

bl ock of DATAf ( 1) - DATAf ( 15 ) (a. g . 23 : 40 : 60 - 23:40:74),
and t he st artefaiciress rAfmd(el)s.and end address Af~( 1 ) through start address
Afs( 15 ) and end address Afe( 15 ) , which indicate the storage |ocations
in the first aredm™fFienoky Bpémol DATAf CD4ROM, oaTWhich5tyackygyppten to 15
the second area of nmenory 33f are the A-tine data for each bl ock of DATAf (
16 ) - DATAYhickyfaty is ppcorged arp foxrgedyinzasspgspl Athet h&8fStart
address afs(1).and end address af~ t hr h.,start address .afs( 15 ) and
end address %3%ﬁ]fﬁfgl i ch SHARE é?#%ﬁg §Po%§§elP§&gFi8%stsﬁ Pﬁéﬁzo second
area of no . DAT 6). .- TAf( tcal l.er cesses
The At oo e iin g dRler D Bk R ©8 W S
addresses Algadop. ( Olspirire aRftdr abeeNd 13d4-83%@S Abns ARe Cpar ale -
as~ ) . to read out the DATAI - DATAS data stored in nenories 321 25 - 325,
W t hout duplrovtl @t ebngépst difledan ddidEAE 22tem 2 is a multibeam

optical pickup that simultaneously illuminates each of n

= 5 adjacent tracks of the CD-ROM 1 with the separate
20 light beams 3, - 3;. The intercepted 1light of the

returned beam is detected (received) by individual

photodetectors PD, - PD,, which output photoelectric

currents as detected signals.

Within ;he optical pickup 2 are

25 . a laser diode 4 that emits a laser beam 3:;
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sequence as it was recorded on CD-ROM (i.e., A-tinme sequence), and,out put
it serially, a synbol at a tine. The operation of the wite controﬂlf‘éAfEZﬂﬂZ
- 315 and whaonessdl controller 34 will be described in nore gRepbibsed terns
| ater. Returning nowto Fig. 1, second signal processing circuit 40 iInputs
the serial data output by parallel-to serial converter 30. After
descranbling this data a block at a tine, it perforns error
detection/correction 10 based on CIRC code (P parity error
detection/correction, de-interleaving, and Q parity error

det ecti on/ cdrr ectd onfiffrackéanderacatinies B, andwiRichanne daflaced
accordance with the CD-DA standard; and fromthe resulting L and R channel
data, perfoRfFPERAEHIAHO T Wghorddcedt p#is 9fsthanbpery, dieddet,

detection, and EDC and code error correction, in order to denodul ate

t he CD- ROM gﬁ}ﬁaﬁﬁq{}lﬁ Egﬁlﬂwlpg art9btt BPAES *host conputer. A

m crocontroller gircuiyt, i sed for the tem 20 caontroller 50. In search

operation, it issues ax ehz:rclt:l) a&“oéman t'f'@ﬂf?ecﬁ td&%ir%tra??,e t8Rtr esponds

by applyéng drive to sly 1 r i 0 e the aptical pickup 2
%3%&“%&%& % as Ieay sz%%EF{E%%iiﬁﬁ?i¥%%§§

in either the forward or reverse direction o sition it

in the desired | acati an.gndb vt BY, ' SAHARES AL LN £ £ G SYP LGreoNt rol | er
50 i ssues 23 ’

. light beam 3,, of +lst order diffracted light,
and
. light beam 3;, of +2nd order diffracted light,
10 . a beam splitter 6, made of two rectangular prisms,

pasted together;
. a collimator lens 7 that collimates the diverging
light to form parallel light rays;
. an objective lens 8 that focuses the light beams 3,
15 - 3; that have passed through beam splitter 6 and
the collimator lens 7 onto the signal surface 1A of
the CD-ROM 1,
. a focus actuator 9, for moving the objective lens 8
in a direction perpendicular to the CD-ROM 1 so as
20 to follow the surface flutter thereof, to thereby
keep the light beams 3, - 3; in focus at the signal

surface 1A, regardless of surface flutter of the CD-

ROM 1;
. a tracking actuator 10, which moves the objective
25 lens 8 radially with respect to the CD-ROM 1 so as
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"servo on" commands as required to focus the |ight beam 31 - 35 spots at
the signal surface |A and to keep the beans "on-track" (autotraktH MARKZIE?
on five adjac racks of the CD-ROM 1. Al so, after readi 5
recor ded ?h'%tgﬁﬁésg;tracks for an appropriate nunber of revo%ﬁ%ﬁg&gﬁﬁth
disk (at |l east one or twd), a "track junp" conmand is issued to junp [the
sled] forward a prescribed nunber of tracks. At the start of each read
operation, for one 10 revolution of the CO-ROM 1, the systemcontroller 50
nonitors the states of the frame sync detect signals FS1 - FSS received
fromthe first signdblpowcEssicugetitrdai W6bBEE thébdof tsuctetthiani hise Wwhet her
the data fromany of the 31 - 35 |ight beam channels is unreadable (due to
CD- ROM 15 1 traclkhegmschB, var3awddl gropeflut teacewtsbblie, tegcky, |If all of
the frame sync detect signals FSI - FSS are HHGH (i.e., if there are no
unr eadabl e channalegprdiessonfr bhé¢ eecerntizi wahbkd ofr ithe/ £8a8%Mokrand to
paral l el to-serial converter 30, to wite/read the DATAI - DATAS 20 data
outputs of all ofOCHE faFE¥AtPHNA PPEceLERFEIRI r AFTR YL 10268T€0/ f r om
menory (_32, - 325 ). . However, if one or nore . of the Iig]gt beam ¢hannel
frame sync RARSREEIYnAEVER BY Fy5SEFYQs CEERAPASr £ nfPARMRTEF e (e. g.
1/ 75 second),_.indicating that the 25 data in that channel (or channels) is
unr eadabl e, 13164 24 | i ght beans (from anmong the beans 31 - 35) that
are to be used f eadin t [ t ] light be will be
desi gnated 3;, S%'r,acr:?k .Qk. gté%a %egﬁgaggegéﬁ%éée r%lg%l c%%mnd?iﬁ\’/\m ch
contai n i nf QLALLM a8 t Qet8Et! 1GBhtbGAME channeks teoRpeEedeipr reading
data (i, j, Kk, ...), are sent to the serial-to-parallel converter 30. The
data out put o ipithesetebleBeritr Shrégial prifaSdn)l @id el smdGht- 265,
that are in the channels being used to read the data outputs ( the DATA,
DATA, DRJAK,of receioetipuightf Ihd resuraegnakams oo sttend ightCbebfs26" 26~,
26k, ...) are then witten to and read fromthe nenory circuits 321 325.
These "nor med," -add Tepydogabeenecref wetted cormmmide cautgnal Isprifleecesysdt em

controller 50 are input to the read
of the CD-ROM 1, pass through the objective lens 8 and

collimator lens 7, are reflected by the beam splitter 6,
and pass through optics (cylindrical and detector lenses,
15 etc, that are not shown in the drawing), to become
separately incident to the photodetectors PD, - PD,. The
photodetectors PD,, PD,, PD,, and PD; output photoelectric
currents I,, I,, I,, and I, proportional to the amount of
light received, as the detected signals of the returned
20 beams of the 1light beams 3,, 3,, 3,, and 3. The
photodetector PD, is a quarter-split photodiode of the
type. used in common single-beam optical pickups. The
four diode quadrants A, B, C, and D of photodetector PD,
output the photoelectric currents I,-A, I,-B, I,-C, and

25 I,-D, respectively, proportional to the amount of light
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15 controller 34 of parallel-to-serial converter 30, and are al so passed on
fromthe read controller 34 to the wite controllers 311 - 315. At MaR 2002

start of qvb?@fbsg.perati on, if the wite controllers 311 - 3&9,5pskifabise a
normal wite/read command, they first wite the DATAL - DATAS 20 data

outputs of all of the first signal processing circuits 261 - 265 to the
first areas of the nenories 321 - 325, respectively. Wen a "stop" comrmand
is received fromthe read controller 34, the wite controllers stop
witing, and next, when a resune command is received, 25 they wite to the
second area rededvadea ot her than the 25 one they wote to last tine).
After that, when the controllers receive a halt conmand foll owed by a
resume command, DwEingt §gaRecht phgreadrlwhan slied) mogormdl mpugswkhee to the
area (first or second) other than the one 5 they were witi n% to when they
recei ved t h@RtdR1cBARKHE. 2 AN tthe Fpdiplofireeben Spertds 6R-ROM the wite

controllers 311 - 315 receive a special wite/read conmand, however, only

those wite RFH IS tHE TR Thdinets FHRT 1P%d® b§eT%e speci al
it d 10 wri the d t put f i first. si | i
o roui t ST o e chEnmve s bR nemihea ap el % v i il Efmrory
i its f T I i1 f_th . bl, , i, ],
ond k. el BRBEGLIse dffedioh v BORIGLE SRIRRE RS ral

DATA] , 15 QM. pu t irst si LACESSI I LCH| 61, 261,
26k, ... toqt%%i%flgghtst gﬁggggoﬁ?é\%ugélﬁ g{%@esgthk&% Bﬁlt@%ag%[)??gghﬁ en the

hal t comangdaau=a0¢i Yedtheofbiferd e&ﬁré‘@ﬁtdroldserth%reh_tﬁngf beecgontrol lers
stop witing, and next, when a "resune"” command is received, they wite 20

to the secomrbvaneprddeedar.ea ot her than the one they wote to last tine).
After that, the operation proceeds in the same manner: when the controllers
recei vel@ halt From the outputs of the photodetectors PD, - PD,, of
the optical pickup 2, a recorded data readout system 20
simultaneously reads the data that is recorded in the
tracks being illuminated by light beams 3, - 3;, and
outputs the CD-ROM 1 recorded data in serial form, in the
15 sequence in which it was recorded, with no duplications
or gaps in the data. Within this recorded data readout
system 20, current-to-voltage (1I/V) converters 21,, 21,,
21, and 21, convert the photoelectric currents I,, I,, I,
and I; output by the photodetectors PD,, PD,, PD, and PD,,
20 respectively, to voltages, which are output as the RF
signals RF,, RF,, RF, and RF,, corresponding to the light
beams 3,, 3,, 3, and 3,. The current-to~-voltage (I/V)
converters 21,-A, 21,-B, 21,~-C, and 21,-D convert the

photoelectric currents I,-A, I,-B, I,-C and I,-D output by

25 the photodetector PD,, to voltages, which it outputs as
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command, they stop witing; and when they receive a resune comran ,
wite to the area (first or second) 25 other than the one they g%‘\[@?ﬁ%e

previous t] W When the read controller 34 receive
wite/ read%%ﬁé%& (special wite/read command) fromthe s%‘?re/‘?}ng@gﬁlt“? ol I er

50, if a "stop"” conmand is sent to the wite controllers 311 - 315 ( 31"

31 , 31k, . . . ) , when the 5 A-tines indicated by the A-tinme data stored

in those areas (first or second) of the nenories 331 - 335 (331, 33~, 33k,
) that were witten to during this operation by the wite controllers

311 - 315 ( Bhe véltagdlkalues v,,) varevalhneoRgecutive tines, with no gaps,
a track-junp command 10 is sent to the systemcontroller 50, and the read

controller 34 itsehé ddutanaessesctienA2Ri perdeias atite tdummitaticnd end
addresses stored in the areas (first or second ) of nenories 331 - 335 (
33i, 33~ , 38k,) #ha wer& . w+ttgn,totdbhicutpue, sand RFeadsgoal tRE,;
correspondi ng 15 recorded data stored in those areas (first or second) of
menori es 321lcorgesSpéndhg 32-ligdtk beam 3;, )pehfermereheudammptatoiarhi s tine,
outputting the data in A-tine sequence, starting with the data

correspofRdi n§Vi o he Tt Fe¥enttoACkitREL Ehel §PERS QREAT t FEIMG LR

conpl eted” notification input is received fromthe systemcontroller 50, a

resume commafBdi fheeeniP GATRELRGHAR of Vers ¥1d = 4 (f31Ys) &9, 31k,
. . ) . This tirrg ggen the’gbr\;tierres as. in 'c,g#ed t he Aé-tci:msudlta
witten to tRBEBUEERE TFTTEIPDSTO% LY "t he Fretory s 3317+ 335 (
33" 33~, 33kys. erfo%mg7fo'§us <QLRer c%:ﬁ%?o&heti’%?ﬁ 'éé@@ot&gﬁéﬁﬂr evi ous
tinme are all "consSecutive A-t1nes, wthout gaps, e“read controllTer 34
and sled servo control: It drives the focus actuator 9,
10 based on the focus error signal FE, so as to reduce the
focus error to zero, to thereby focus the light beams 3,
- 3; at the signal surface 1A; and drives the tracking
actuator 10, based on the tracking error signal TE, so as
to reduce the tracking error signal to zero, to thereby
15 keep the light beams 3, - 3; on their respective tracks.
Waveshape equalization circuits 24, - 24. modify the
waveshapes of the RF signals RF, - RF; to enhance their
high frequency components to compensate for high band
attenuation due to the modulation transfer functions
20 (MTF) of light beams 3, - 3, and suppress intersymbol
interference. Also, either the RF signal RF,, input to
waveshape equalization circuit 24,, or the [waveshape-
equalized version of the] RF signal RF,, output from

waveshape equalization circuit 24,, is input to the servo

25 circuit 23 (not shown in Fig. 2). When turning on the
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itself sends a halt command to the wite controllers 31; - 315 31, , 31,

, 31k ) , and sends a junp command to the 5 systemcontroller 5b1 Nh@.mmﬁd
control I erwﬁ.@g@sap accesses the A-time data and the start aig/pohadehdr esses
stored in those areas ( first or second ) of nenories 331 335 ( 33" 33~ ,
33k ) other than the ones witten to last time, and reads out the
correspondi ng recorded data 10 stored in the areas (first or second) of
menories 321 325 ( 32" 32~, 32k ) other than the ones witten to the
previous time, outputting the data in A-tine sequence, starting with the
dat a correspomiisngséovo he thet | servomedretdlty 33| bowingtelke - tomasfor to
the last block of 15 data output to the second signal processing circuit

40. From t h&aeazsimepreratine, proeing thepdarys seRVO Trnupemaindntef the
above enbodi ment wi |l be described, with reference to quyres 4 through 18.
For this deRGa4st Whilei thesvaluanef thafqgns @raaMSLgng L FEafEedBy

spi nni ng at gfnstant l'ine %%€|OCII under CLV control, and tgat the focus
servo i s on.the RRIFFLVF o5& EhEEITRR Gt i THRURIpSSTYS LPARBEt aneous! y

[ ght be im? P Rt e e AP TR ag8ET e Gtk i 282590 The host
comput er(nl ) ealg:sstagt e SRR 18 LIRS KRRCRLERNLE o S0

to specify rt poi nt R-1'T7e

23:41:00) . FQIrJdi 61, -GS G é@eoéé@fkwiéﬁttha%agﬁ% blaf meadnS start
poi nt shall be designated "track x" ( see Fig. 4, 6,8, 10, 11} 12, 14, 15,

16, and 18).tHd) rfe@fRARSC£b@AbAER FEPLEn & Ecriy UrRIBKIY iselrver 158pf i 1 st
sends a "search" command to servo circuit 23. This causes optlcaF pi ckup 2

to be noved so asTHeo RIOSsignalbeRm 34 &F.t aaek input o) thelOfIben,
"tracking servo on" and "sled servo on" connands are sent to the servo
circuitlQ3 tsignal papeeshéngraictduigtssh@btsle@6searadpdatnictélanswhéhbies results
-in beanms 31 through 35 that are being emtted fromoptical pickup 2 being
focused and HrEiTiFAEIOR t r &UOSK( RXLTECEIPAr oYFingx a15PRE)¢pobition | in

Fig. 4, 6, 8 10, 11, 12, 14, 15, 16, and 18 )
demodulation,’ frame sync detection,’ EFM demodulation, and

subcode demodulation processes are performed. The EFM
demodulated data signals DATA, - DATA., (which include P
15 and Q parity) are output along with their corresponding
subcode Q-channel A-time data signals AT, - AT., DATA, -
DATA; are output in blocks (98-frame units concluding
with one subcode frame). The first signal processing
circuits 26, - 26, output the demodulated data signals
20 DATA, - DATA,, one symbol (8 bits) at a time. When the
first signal processing circuits 26, - 26, detect frame
sync, they output the "frame sync detect" signals FS; -
FS,, respectively, as a HIGH 1level, to a system
contro%}er, to be described later. The system controller

25 uses these frame sync detect signals FS, - FS; to
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The beams 31 - 35 are reflected by the signal surface I A and they r1eMﬂan2
beans intercepted by the photodetectors PD1 - PDS, which output

phot oel ect {igcg9a9sgaurrents 11 - 15, The photoel ectric currengcr/jrbsndzds |4
and 15, output by the photodetectors PDl, PDZ, PD4 and PD5 are converted to
RF signals RFl, RFZ, RF4 and RFS by the I/V converters 211, 21Z, 21qg and
215. After waveshapi ng by waveshape equalization circuits 241, 24Z, 244,
and 245, 25 these RF signals are input to the first signal processing 29
circuits 261, 26z, 264 and 265. The photoelectric currents 13-A - 13-D from
phot odet ect odefEIMdNEe SeRPERTtedYt §orheagh tfgdhealliahtvbeam/$.hy 3he 1/ V
converters 213-A - 213-D, which are sumed in the conputation section 22 5

to generate tH@NRELS grIetReT g% CRVEENSPPRY ChP e HeathEEPRpEhe

lizati [ it 2 t hi [ | js_i t to the first_si I
rocese: ng. ciTEIRE 26, e age S Sharel rROBeRpta, BEFRBLE 28 CRESer (o1
signal pr ocessseinra% ci{h(‘éui tAsii'?LE?‘lt%m%%’dart%‘af):ﬁci;[d;)nxaell %”té"’he{ﬁe 1082%2%3 zat i on,

cl ock extraction (using a I't deno rane sync Ction, EFM

demodul atg on.cangagodende I Lian A" BELLRIHE -1 M6 £7 degndul at od

dat a signals DATALl - i nCl ude arity) are ‘6utput al ong

with their cqii@RonticRessibgoderQule ¢banrek Ar,iRE €3§Rasi GAahAeAT] -
ATS. DATA1l - DATAS are outpuf in block units. The first signal processing

circuits 261 mas?6dn oiigagndlneclenesht pdbEdetodai 1 ghet SiDMAEratBATAS, one
synbol (8 bits) at a tine. Wien the first signal processing circuits 261 -
265 det ect f riaree p2@psgacof twielcloutspab thasef thasrefsame sgeicestignailgnal s FS1
FSS, respectively, as a HGH l evel to the systemcontroller 50. After
executing a dwardgtep@dtdtorconstant t hime | htebeahs, 3perf@smibhg ofiVcal
pickup 2 on-track, at tracks ( x 25 6) through (x - 2), the system
control | ¥¢ 5FGHlorsf30 2@  SPhBdipamBOdPRc FBHME sEHFRPSt FSInotFss
recei ved fromthe first signal processors 261 - 265. The decision as to
whether the AP TrGHED paft [GAHSE JEOM o £0,08B1R 75 RRSCERC! of | ows:
| f, during one revolution.of the COD5 ROM1, a frane sync signal stays LOW
for at |east qolr?gabﬁ 0C lo%flg&'our pur poses, 1/75 seconds), it is determ ned

that data from thal,,CharAek . $e3582€8DES- converter 30 inputs the 8-

bit parallel data output by each of the first signal
15 processing circuits 26, - 26, one block at time. The P/S
converter 30 converts the parallel data to serial data,
ensures that there are no duplications or gaps in the
data, and outputs it, in the order in which it was
recorded, as serial data. Fig. 2 is a block diagram
20 showing a specific configuration for this parallel-to-
serial converter 30. In Fig. 2, one of each of the
memory circuits 32, - 32, is provided for the
corresponding one of the first signal processing circuits
26, - 26,. Each memory circuit has two memory areas: a

25 first area and a second area. The DATA, - DATA, data

20



(2) Normal Wite/ Read Qperation (Figures 4 and 5) First operation will be
expl ai ned for the case in 10 which the recorded data is readabl i MAR12002
five of tRepooddsght beam channels (31 - 35). Wien it is depermapres@azésas
descri bed above, that there are no unreadabl e channels, all five |ight beam
channels ( 31 - 35 ) are allocated to h ( the nunber of 15 "valid" beam (or
channels), i.e., beans to be used for reading data. Al so, the values "I"
and "J" are set tol - 1, and J = (n - 2) - 3, where | is the nunber of

di sk revolutions in a continuous data read (w thout trackjunping ) , Jis

t he nunber TURRWCKEFQWUPEEt rsigna hdRrQErsSip AHEH 1S 2the t dtbal nunber
of beanms (five in this case). Also, fromthe newest (latest) A-tinme in the
A time data WTFIGHAA ¥ ARG RF FHre OthgRaPE pFBeet¥Pngterrehi #7288, and the
A-tinme of the "read start _point" specified hy the host conputer gthe

syst em cont rld?¥ ezésgeflag?%r'?ﬁ Y {HE9 di PRI FF AR GRE8PY0f tracks

31 510 15 20 2 far track ju that will put beam,3" the i nnernost
of the h = $3AS dgg‘é%mss & eenl(flcm ﬁtqulr:%g? (P ENter 9f THE i gke) ,
on-trackg o ; insd fe t1 " T etr t i nc es¢t he
A-tinme o? t%#"{elg%std;@tb%%o%ﬁt tb(1 ?)%Igs étf hle)Ajtrt%hp_t at Swaﬁftabu_t b§§ gﬁ track at
track (x - IddciARd @KECHERSTY alrdUAGK 3Jau;nﬁ-3§4\'m dNQ BrRligddl kght beam

channel s al |l ocated, and the val ues of | C e nunber of disk revolutions in

a conti nuousestt aof eash Ay {idwaNUpbeteoiindg a€kecyPezsi i @65 ack j unp)

set, if the optical pickup 2 is located at position Il of Fig. 4, it wll
be junped f arespattirnahyposiBdan ¢of byedounendegkeirdwipuslseanss3a - 35
on-track at tracks (x - 1) - (x + 3) (position Ill in Fig. 4). Sinultaneous

readi ng of tfirsecyreredantht aecondr arks. (x The tAThougRATE( xA+t8hebdgkas at t hat
point through the five channels (circuits) nade up of photodetector PD1

t hr oughl®i r QUERYhaF T PR Bkt NSl IRa £ UPTOPBIS 1 oE Derit %t 046.:PDZ 4fhr ough
-first signal _$rocessi n,% circuit 262, ﬁhot odet ect or PD3 thro:égh first signal
processi ng ctf GHAESBID PR6t BTetBet OFPPBOt HYRRRM 5AS SL9RAI WpFBcessi ng

circuit 264, .and phot odefector, PD5 through first signal processing circuit
265. Al so, wWh&h ﬁlae(i\%ﬁeﬁ‘srfﬁe-s g%?e%’t‘ Si gee |g“§sfp‘9 ?éérSF recei ved

witelread” Somraht (S sait 1 opAr ATPErINg. enf; HPHEE? #08ev1R3. o2 "nOTT

the DATA, - DATA; data stored in the corresponding 32, -
15 32, memories. The first and second areas have sufficient
storage capacity to store [the required] number of {[sets

of] AT, - AT, A-time data.
One of the five write controllers 31, - 31, is
provided for the corresponding one of the first signal
20 processing circuits 26, - 26.. The write controllers
write the DATA, - DATA, data output from first signal
processing circuits 26, - 26; into the first or second
areas of memory circuits 32, - 32, and write the AT, -
AT; A-time data, along with the start address A,, - A;, (or

25 a;;, - a;) and end address A,, - A, (Oor a,, - a;,), marking
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converter 30. The normal wite/read command is fed through r
controller 34 to the wite controllers 311 - 315, which then \Aﬁiafé"ptﬁﬁgug:?ata

DATAL - DATAS, received fromfirst 5 signal processor circuj - 265,
B Tmibees

respectiveI‘X'f,)“e'l19 'ock at a time, to the first areas of the 61 -

265, in sequence [(the sequence in which it was recorded)]. The wite
controllers also wite the A-tine data corresponding to the above data to
menory, along with the 10 nenory addresses at which that data is |ocated,
as follows: Referring to Fig. 3, AT1 - AT5 (the A-tinme data for DATAl -

DATAS) is wri tdren detidriie 1t ofbe8s Phe "BAPAI €S piida,- adda s@beBE Whth the
menory 321 - 325 start/end address pairs ( start addresses Als - Ab5 and

end 15 addressgf At@rred¥ondir 3% ch 3he mens£seoNding W afissstgred. For
the case illustrated in Fig. 4, the data witten as A-time data in the

first areas ofsezasid afreaze ofenembeses333; 333,.woul d be 23:40: 60, 23:41:00,
23:41: 15, 23:41:30, 23:41:45, and so on, as shown in Fig. 5. 20 Having
received a normal Wit dare@kagpdeandher wad teoondgiriodl e34 33;c évbeset fie dat a
just witten to the first areas of nenory 331 - 335, as described above, to
verify tha? tlifelstabe Wwiiter theotbdobeehks iaf slate DAGR:(he ADATR(15)

i medi ately prior to the A-tine data 25 stored at the top address in the
first area of #3the fiErbryremsand thethe Biqdis HATA: 616 renHALA38809 he

A-tinme inmedi at el rior to A-tine data stored at the top address in the
first area of tr?er%}eg %%?«Pr?cg PR et f'l“?r%‘?r%réif'oftn%hﬁ?e 3830tgNtHeCh ti me

e ey Pridlogiad B9, fd 15, G ShoLedpbbealop, SOpY e e (1T
| mmedi ately priAlcddh 19 fad i FBrgRt 8r8hObdd nind:RP 3P AULASSALEsREe TiTst

10 data for each block of DATA,(1) - DATA,(15) (e.g. 23:40:60

- 23:40:74), and the start address A, (1) and end address

A, (1) through start address A, (15) and end address

A;(15), which indicate the storage locations in the first

area of memory 32, of DATA,(l1) ~ DATA,(15). Written to

15 the second area of memory 33; are the A-time data for

each block of DATA,(16) - DATA,(30) (e.g. 23:41:48 to

23:41:62), and the start address a; (1) and end address

a;.(1l) through start address a;(15) and end address

8;(15), which indicate the storage locations in the

20 second area of memory 32, of DATA,(16) - DATA,(30).

Read controller 34 accesses the A-time data AT, - AT,

stored in memories 33, - 335 at the start addresses A, -

A,, (or a,, - a;,) and end addresses A,, - A,. (Or a,, - &),

to read out the DATA, - DATA; data stored in memories 32,

25 - 32;, without duplication or gaps, and in the same

22



20 menory 33z is in the first area of nmenory 331, thus verifying qquRtjﬂﬁze
are no gaps in the data read fromthe five valid channels. \Wen reading

perforned“t%ygﬁl%&cal pi ckup 2 for approximately | - 1 revopei/isiygobzzgt ually
slightly norée t han one revol ution) advances to position IVin Fig. 4,

the contents of nmenories 331 - 335 will be as shown in Fig. 5. Since it
finds no gaps in the data read fromthe valid channels, the read controller
34 sends a halt conmand to the wite controllers 311 - 315 to halt the 20
wite operation, and a track junp comand to the systemcontroller 50. The
read control |g¥quhddeas adaessses rbeotdeldneodlata-aon the. st ar h-atndeend
addresses stared in the first areas of nenories 331 - 335, and starts

readi ng the cssdqwesmEdi rpdDAAput DAT Afexid bl f r oam symebdl rat ar sameof 25
menories 321 - 325 (to which it was witten this tine). 34 The read
control | er 34rmaitqpersattijens ofatthet wrilte sootmdlitgmaBlprocissiang thecuit 40
in A-tinme sequence, starting with the data corresponding to the nost recent
A-tinme. |In thieadagentyellrr pid swiheé &gt dessyd ek N§O¥® APSCLfAfs

23:40: 60 through 23:41:59. The A-tinme of the start read point originally
speci fi edSby ¥ hodtTonmput er was 23:41:00. Therefore this data is output
fromthe franme jus& tSdriczr to thet start read §oi né. The ecg_gde%isg%al
processing circui t"AFTHRR S The™ Ao t@ri ar a3 Butpdboy PTOC g

parallel -to- Sg{iﬁﬁif?%‘“ig %Es39ne%éfiaﬂe§§{§’mlé§(}&otr§§{ %g@%ﬁ%g@%%%‘ﬁ by

block it perforns ‘error tection/correction bas C code (P
parity error defeefi 0BAGOFLEFt kAN, dﬁft@%eﬁle%@‘:hﬁﬂiiﬂ@d tRRAr 4a¥a €Rr OF

detection/correction). It then 15 denodulates L and R channel data in

accordance W piodbeahy RA i, andaigdr i @Pdrhidtestibnyeckraad iBnchannel
data, perforns additional sync detection, descranbling, header detection,

and EDC aod BE&¥s&eddn @IRGr ceder eetpairi basar-an devecERoR@Mostrarddnd, in
~order to denodul ate the 20 CD-ROM data and output it to the external host
conput er. Whedet-henwd t deconting | ers 8 - 315 reqedvd the haktr Tommand

they stop witing to nenories 321 - 325 and 331
detection/correction). It then demodulates L and R

channel data in accordance with the CD-DA standard: and

from the resulting L and R channel data, performs

15 additional sync detection, descrambling, header

detection, and EDC and ECC code error correction, in

order to demodulate the CD-ROM data and output it to an
external host computer.

A microcontroller circuit is used for the system

20 controller 50. In search operation, it issues a search

command to servo circuit 23, which responds by applying

drive to sled motor 11 as required to move the optical

pickup 2 in either the forward or reverse direction of

the CP—ROM 1l to position it in the desired location.

25 During read operations, the system controller 50 issues
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335. When the systemcontroller 50 receives the track junp comuand, it
sends commands to the servo circuit 23 25 to execute a track | z?b F 3
tracks in the forward 35 direction, causing the optical éﬁg%%ﬁ p%
junp fromWRBEn 1V of Fig. 4 to position V, and positi ohFHdf P& Beans 31
- 35 on-track to start reading data at tracks ( x + 3) - (x + 7). Then,
when the frane sync signals FS1 5 FS5 outputs of all of the first signal
processing circuits 261 - 265 go HHGH, the systemcontroller 50 sends a
"track junp corrpl eted" notification to the read controller 34. Upon

recei ving the gdraekd UrghiAL e rel 14 HSadQy ttﬂéem%ct e@ak ol | er

34 sends a "resune” command to wite controllers 311 - 315, "causing themto
start witingtao mgngpytst A8 dRbasoyhRYt shyrhbe filr Stndl @dalkeRpo&assi ng
circuits 261 - 265 after the track junp. This tinme (after the track junp)
the wite corbdamd ersnibrackt e (Hiadpbik - 104A1AS) owdrpuE své 0 adiacentond
areas of the nenories 321 - 325 ) and wite the corresponding A-tinme data (
ATl - AT5 ) atmwamksv ofh the CBARBOM 321 -ARRD, shétératddadssgsthealdata aba )
and end addresses ( ale - ase ) of the DATAl - DATAS data currently being
stored, tb theecedsd 20 fheas ofapksorficss @31app8eBriste Rugbes. PfFor the

case |IIustrated in Fig. 4, the data witten as A-tine data in the second
areas of the FR¥R¥HEOEREL tes dich d e 1%5431‘2{83 ox3:twple3a J¥ragkos,
23:42:18, 23:42:33, and so on, as shown in Fig 25 After issuing the

"resume” commEMtP t famPany 36 1ssu%nY?ODPE‘P 3[41:%0%%%%% fAE¥EEL0Ad areas
of menories 33 t he .area jUSt witten to ) to verify that there are

no gaps in th%f%%ﬁ'%%%dacpwet%éj a |a(§:k(sh‘ 5) beam 31 35 channel s as
descri bed above. %i'% t Rig by 53 vey. &1Jl,¥l r}%atdhagptgﬁgt%g?t e Pédrat Rgest ored

data is suchthat time 1 nme y prior to ta stored at

the top @ddreéévéihﬂ'@n Sé@'@xear@?—ﬁm MeMOIthe332y &feh NchRersggopd sar ea of
menory 334, the A-tine inmediately prior to the A-time data 10 stored at

the top addrefsnitoidecisecimtedry 0F ehemerame 39hcl 8ektBctheigrgpadrsir ea of
menory 333, the A-tine inmmediately prior to the A-time data stored at the
top address if Idereecednddatean othaefir gt 38Bgns1 | prddees ssiogp red randa sof

menory 33z, and 15 the A-tinme inmediately prior to the A-tinme data stored
at the top addbess 46n. t he deterning ethethepmry &8va i&rdm arte Osfect@@d ar ea

of menory 331. Wen the reading performed by optical pickup 2 fo
3, - 3; light beam channels is unreadable (due to CD ROM

15 1 track pitch variance, disk flutter, wobble, etc.). If
all of the frame sync detect signals FS; - FS; are HIGH
(i.e., if +there are no unreadable channels) the
controller sends a normal write/read command to parallel-
to-serial converter 30, to write/read the DATA, - DATA,

20 data outputs of all of the first signal processing
circuits 26, - 26; to/from memory (32, - 32;).

However, if one or more of the light beam channel
frame sync detect signals FS, - FS; stays LOW for a set
minimum time (e.g., 1/75 second), indicating that the

25 data in that channel (or channels) is unreadable, those
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approximately I - 1 revolution (actually slightly nmore 20 than ong { "
revol ution) advances to position VI in Fig. 4, the contents of the sg’égnﬁ““
areas of neooyims7 331 - 335 will be as shown in Fig. 5. SiRC&/JPP8/G4R68ds no
gaps in the data read fromthe valid channels, the read controller 34 sends
a halt command to the wite 25 controllers 311 - 315 to halt the wite
operation, and a 37 track junp command to the system controller 50.
The read controller 34 then accesses the A-tine data and the start and end
addresses stqored in the second areas of nenories 331 - 335 (the areas to

which it was 2a% &%aMs; § IEPReFMENE & (REAMS Peadi fy (HE TcHFLeSFORRI ng

DATAL - DATAS data fromth d f memories 321 : 325 (to which it
was writien U0 o) SRIES; a4ocaRP: BEFBFSRo0ul FPSet AGRAAPAFS th

second si gnal__.pr.ocessin i il 49 in A-ti S ence, ,starti wi,th the
data cor rgspcynl&ln%%t éefggﬁﬁégi-éfii’ rrgJ ‘i %ﬁe'd'l a ’eIaf%fq%ﬂe%%a%gwfﬁée?gg?dkti me
of the bl ock mngq{‘%l . ~Qu SEEY j r.0 N jrcuit 40
t he previous ét%{ me (bef %ﬁgcﬁhéeﬁgg%gt%gﬁ | urrprkgil %{S?l%itglecggg&ti tgeght put s
the data gor raseRdidgd 8elubbl®orrdbd Y U 23: 4% 47, .35 Yben the

wite controllers 311 - 315 receive the halt command they stop witing to
menori es 321 sent@Nthe e B30l - thararida 3y daineaardr @dd er bRer agghves the
track junp command, it junps the optical pickup 2 fromposition Vi of Fig.
4 to positiomwiphtspesi thosengf ttiee btianst 3ignaQ Proceskiagkcliocatiast
reading data at tracks (x + 7) - (x + 11 ) . Then, when the franme sync
signal FS1 - F&5-obputbasfard Lrofthehehfhnelsshejinrd ysotdssmegdcitheuits 261
- 265 go HHGH, the systemcontroller 50 sends a "track junp conpl et ed”

noti fi cati on G&F& heUFRYES c 6¥PPolDAER. 34 DATR UpSATRecei-vi-ncPYHRUTS r A€k j unp

conpl eted” 38
P 10 first signal processing circuits 26,, 26, 26,, ...) are

]

then written to and read from the memory circuits 32, -

32,.
These "normal” and "special" read/write commands
output by the system controller 50 are input to the read
15 controller 34 of parallel-to-serial converter 30, and are
also passed on from the read controller 34 to the write
controllers 31, - 31;. At the start of a read operation,
if the write controllers 31, - 31, receive a normal
write/read command, they first write the DATA, - DATA,
20 data outputs of all of the first signal processing
circuits 26, - 265 to the first areas of the memories 32,
- 32, respectively. When a "stop" command is received
from the read controller 34, the write controllers stop
writing, and next, when a resume command is received,

25 they write to the second area (the area other than the
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notification through the read controller 34, wite controllers 3111 MARRE(?
start witing to nenory, the data output by the first signal processing
circuits 2§oe9i88y after last the track junp. This tinme thepow/ites/os2es
controllers wite the DATA1 - DATAS outputs to the first areas of the
menories 321 - 325, and wite the corresponding A-time data (ATl - ATS)
along with the nenory 321 - 325 start addresses ( Als - A5s ) and end
addresses ( Ale - Ase ) of the DATAl - DATAS data currently 10 being
stored, to the first areas of menories 331 - 335. If the A-tinmes stored in
the first aref8Beofth@hofTese 382 1385 timedl | COHERCUERRE. tivhes, Weh no
gaps, the read controller 34 reads out the contents_of the first areas of
menori es 321 Cogiﬁoiﬁ?rﬁuf‘ﬁﬁ?q’% a-batE cennendefolbowed by ng TRIHS he data
corresponding to th dlatelyfollow t | ast A-ti of th

bl oGk of dat oPREERG. 5HEY: §PRe *SaCaRl o AR RIS { he
previous ti e, F h p e abave operat..on e rgpeat ed as
required to r éa E%%Ed'é:&er %gggoce%lrshcf om qﬁ%‘\e)l the{h% seqﬁrgnce in which

i t was r e&or d%ge},a‘;epé g“;h%q 82%{ ’a:ﬁgnne orﬁmaﬁmé Speci al

g IB
Witel/ Rea eration, Part 1 nrea f’ |gures 6 and

7) |f the system cgat rold eétépt d@tfersn Reaq éflﬁ:lf&ﬁ? 2§fre:\r@ Uh O Of
rel ative notion between the optical pickup 3 and CD-ROM 1, starting

from posi ti oncbnetoki@rs6,31hat recor desteiated Caanapécbalr eagi & oradde

out er nost beam ( 35 ) channel, then the | argest contiguous group of beam
channel s fromahmehddateweserhe ardad tioose bmltrade:dm;tmfllﬁﬂshe:ff otlie beans
31 - 34. Thus M>_ 3, where Mis the nunber of beans in the |argest

conti guous gr @apdéblbe@mﬁl@fh%\kmm@mcﬁﬂambyhthﬂm@emmlburn@adcomm di ngly,
the channels of the Mbeans 31 - 34 are designated as the h valid beam
channel s.10A syrifgl (&€ 193] QuERwersepft &hp leStarﬁjlg}‘alb PTegessSing = 2,
where | is the nunber of disk revolutions in conti nuous data read

(wi thout tracK*fGHPERgfCTadd P ChIMPHLTHE? Bf’et FAERS ARRRSY 9 B% rack

junmp. Also, fromth ewest A—tlrremth rred 3in tfromthe
first signal apméegglbgﬁ ré‘lg?%r CJZ%%M aieﬂ%qose'rcea S;Eart gg?nt A-time

specified by EQetRQSEeadable channels are i, j, and k, ... the write
controllers 31,, 31,;, 31,, ... write the DATA,, DATA,,

15 DATA, outputs of the first signal processing circuits 26,,

26

;o 26y, ... to the first areas of the 32,, 32 32,,

57
memories. When the halt command is received from the
read controller 34, the write controllers stop writing,
and next, when a "resume" command is received, they write

20 to the second area (the area other than the one they
wrote to last time). After that, the operation proceeds
in the same manner: when the controllers receive a halt
command, they stop writing; and when they receive a
resume command, they write to the area (first or second)

25 other than the one they wrote to the previous time.
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conputer, the systemcontroller 50 determ nes the junp direction fﬁ' &#?ﬁﬁ?
of tracks for a track junp that will put beam 31, the innernost o rﬂ

4 valid bepansy/(s8ére beam nearest the center of the disk), oRETVRIBK4268ne
track 20 inside of track "x," the track that includes the A-tine of the
read start point (i.e., the junp that will put 31 at track (x - 1)), and
executes that track junp. Wien the h valid |ight beam channels are
designated, and the values of | (the nunber of disk revolutions in a 25

conti nuous data read) and J (the nunber of tracks junped 40 in a track
junp) set, if theWpen cihepixgash zangroddgfed34t FRESIVEH B BPTERY. 6, it
w | | bejurrpedforwardfrom 05|t|on l] four tracks, to put beans 31 -
34 on-track atrifteddead( 9?0“““35‘ ?Req‘l?} “(%’o AT [Qammandp 61'08' theg

Si nmul t di f t d b K h 2
w11 then bedts Sm ERBEERALAE  Bhr obbH ¢ FE- o/ IS ﬁee?cr 8 £8e) " rade
up of phot odetre teorc nougft%g%ggg 1f|r Lgfal R oc§f5| ng 8,}{%% gﬁe’

phot odet ect or” I st 5i gna5 FocdessPhg ¢i'rcui't’ "1

phot odet egt ory %é%r%tkg{b%%éétb | QA RIOGRSShARCidiillich 203 ¢ Af’

photodetector Irst |gn processing circuit 264. when

HI GH | evel framsynG dat ext sdiil § &Slene Fl§gm§f§e§e§§' vedaérqmaall four
of the first signal processing circuits 261 - 264, a speC| al 15 wfite/read

conmand i ncl ®§.ng3y3l i.d .ohanael wenéoratteon td duking thisi peeatibn

parall el -to- serial converter 30. The special wite/read comand is fed

t hrough read wonheolkete Sdonordhiews i3lg ety 0Bller 1 Af8Ey, t.hat), apaly the
wite controllers 311 - 314, identified in the valid 20 channel information
"1, 2, 3, 4" akli conskeutiave DAY, DA nor gapsyeal taagh-fiiump congand
processor circuits 321 324, respectively, a block at atime, to the first
areas of 1@he ¥enfenés P61 theZGEYSFﬁmsé%ﬁfé‘?Fféu(etrhe5§equ%‘%e ﬁhr? \MﬁPéﬁ it was
recorded ) . The wite controllers also wite 25 the A-tine_d

cor r espondi nd:%tlicﬂelearb&ﬁé RSl G ochan accesgesy Yhe 4R ohy G f]ﬂt?hénﬂermry

gg?;esses at t Qa&Qat g ghl ddfgggégjsé%%ekokko¥ﬁe éggas (élrthhe A-time

second) of memories 33; - 33; (33;, 33,, 33y) that were
written to this time, and reads out the corresponding
15 recorded data stored in those areas (first or second) of

memories 32, - 32; (32,, 32,

;0 32, ...) that were written

to this time, outputting the data in A-~-time sequence,
starting with the data corresponding to the most recent
A-time.

20 Later, when the "jump completed" notification input
is received from the system controller 50, a resume
command is sent to the write controllers 31, - 31; (31,,
31, 31,, ...). This time, when the A-times, as indicated
by the A-time data written to those areas (first or

25 second) of the memories 33, -~ 335 (33,, 33 CIC I

b4
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for DATAL - DATA4) is witten to the first areas of nenories 331 - 339,
along with start addresses Al5 - A45 5 and end addresses Al~ - ﬁ@emmszg]ug

start/end {¢fdoRsssPai rs) in menories 321 - 334 at which t hepE@spogaiesd
data is stored. For the case illustrated in Fig. 6, the data witten as

A-time data in the first areas of each of the nmenories 331 - 334, would be
23:40: 60, 23:41:00, 23:41:15, 10 23:41:30, and so on, as shown in Fig. 7.
Havi ng received a special wite/read command, read controller 34 checks
only the data witten to the nmenories in the indicated valid channel

i nformati on " dthér Bhad"thd hdised wrddarRssed the gataipusttimetdesm 410 the 15
first areas of nenories 331 - 339, to verify that the state of the stored
data i s such thasethtiretAteinemedidheuy gap®s the treadictnteodaen 34 ored at
the top address in the first area of nmenory 334 is included in the first
area of nenoryjt2el838endhea Aalpecanmant]l dtceftheppirdtet gonitzoAlerge3dat a
stored at the top address in the first area of nenory 333 is included in
the first area Sf:méRdry 382, Ihd. 2Bntheends e jwRRdFarERRdpGcorth® t he

A-tinme data 42 stored at. the top address in_the first ares of menory 33Z
is included i RYBREM | FRELRELTOf Henor Y RE3172Ru LTSy Phat@tFRere are

no gaps |0 the data Lead.5,1Lo UGV Al cRRA00Ek e a0eDnd Rtk 5y for e

stored in those areas (first or second) of memories 33, -
33; (33,, 33,, 33;) other than the ones written to last

time, and reads out the corresponding recorded data

10 stored in the areas (first or second) of memories 32, -
32, (32,, 32,, 32,) other than the ones written to the
previous time, outputting the data in A-time sequence,
starting with +the data corresponding to the A-time
immediately following the A-time for to the last block of

15 data output to the second signal processing circuit 40.
From that point on, the process repeats.

Next, the operation of the above embodiment will be
described, with reference to Figures 4 through 18. For
this description, it is assumed that the CD-ROM 1 is

20 already spinning at constant linear velocity under CLV
control, and that the focus servo is on. It is also
assumed that the optical pickup 2 is simultaneously
illuminating five adjacent +tracks of the CD-ROM 1
separately with n = 5 light beams 3, - 3.

25 (1) Identifying Unreadable Channels
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approximately I = 1 revolutions (actually slightly nore than one1 MAR 200%
revol ution) advances to position IVin Fig. 6, the contents of nenories 331
- 334 wil Iwbm@asseshown in 10 Fig. 7. Because it finds no g®R63/Irpsade dat a
read fromthe valid channels, the read controller 34 sends a halt command
to the wite controllers 311 - 314 to halt the wite operation, and a track
junp command to the systemcontroller 50. The read controller 34 then
accesses the 15 A-tine data and the start and end addresses stored in the

first areas of nenories 331 - 334, and starts readi ng t he correspondi ng
DATAl - DATA4 dat aTRRoMOSte FMRULER cEROBf LAdNBFEEe321 IeNgFAtERo dthich it

i hi i ...Th d I 3 hi_s dat, h
vas wislen {igokiT). ulbe ead com toLler SEoUpUB LS dalatothe
di he -1 hi it t
cort eSpon! 1048 NGO TENEStn "uld TRyl U SRl QULPLLS. LG, dRt e
control | ers 331, (A1d wagelue;bhe RALL 2AK0MIAT LR RIORM tidh L0

menories 321 - and e systemcontroller 50

receives tfie thack pYiRt COHEENGe HEs§§HQ§e§0“€PéEi§ :E'Oétsfé% ?‘@?}!049'6,(3“' t 23
to execute a track junp of J = 2 tracks in the forward direcfion, causing
the optical pickyp,21190 124 a5 1B0Skahiaonsghy oknFréspéné® €OSERiHN V,
and positioning the beans 31 - 34 on-track to start readi ng recorded data
at tracks ( ximp#t) <he xystem) conthenlewhd0 tfiesty aendync edanth'si gnal
outputs (FS1 - FS4) of all of the first signal processing circuits 261 -
264 go H GH, themepdt tm fervomintuicr 280 s&fhds caltiseack&pfindl qoigiugt ed”
notification to the read controller 34. Upon receiving the "track junp
conpl et ed" noti EPcheiBPved MO BsadocBABLSiPRrb8am shng@d aracks(we” & nd to
wite controllers 311 - 314, causing themtao 15 start witing to nenory,

the data ‘gut pdfehy t & 3CKA28 SPENEl Ofr oCESsi TG RRFYS Pb1 OB W ter the
ek ) m. Py Lg g g oot o e e LN ST

di oot Tk - | . WM h 321 - 324
ctart: adar eosgfd ' fed%bdatel Thupobling 0 HGLY HasGhe b LN PEL DaTA
- DATAA data euirbeghl 8, behse storssing gexﬁb@té&cmsln% Sof SR 65 331 -

334. For the case illuStrated in Fig.” 6, the data witten as A-tine data in
t he second ar @ainaf fbbasaenmid em-T¥hck 334trabkwout d- B8 2BréhgB3(x23: 41: 48,

23:41: 63, 23:42:03, and so 44
15 2) (position I in Fig. 4, 6, 8, 10, 11, 12, 14, 15, 16,
and 18).

The beams 3, - 3, are reflected by the signal surface

14, and the returned beams intercepted by the
photodetectors PD, -~ PD;, which output photoelectric
20 currents I, - I;. The photoelectric currents I,, I,, I,

and I,, output by the photodetectors PD,, PD,, PD, and PD,
are converted to RF signals RF,, RF,, RF, and RF; by the
I/V converters 21,, 21,, 21, and 21,. After waveshaping
by waveshape equalization circuits 24,, 24,, 24,, and 24,

25 these RF signals are input to the first signal processing
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on, as shown in Fig. 7. After issuing the "resune" command, the read
controller 34 accesses the second areas of nmenories 331 334 ( thd arld&R 2002
just wittswoeom9det o verify that there are 5 no gaps in t hePOHIRIS(0&%E by
the valid channels. It does this by verifying that the state of the stored
data is such that the A-tinme immediately prior to the A-tine data stored at
the top address in the second area of 10 nenory 33 is included in the
second area of nmenory 333, the A-tinme immediately prior to the A-tine data
stored at the top address in the second area of nmempry 333 is_included in
the second ar &LTAUHS ngfory 432, 2%d £RE A%Pime i MHEdi BPOEPePRFEFifo t he

A-time data stored at the, t d inth d f 3z i
' the Second SPERTRS donbry B30, FURBrPEREOTRRRT RO pat BPReoDy SBbPReal

pi ckup 2 for ﬁt)ooa r )c(:il':E%tlg%l ¥aiu%5 rer)iD;xlt)}iﬁi()Qhéaf}\?lalclﬂveslti: h§ Ié/lpggre t han

. = C
one revol utio vancés to posrtiont Vi g. 6, the corténts 0 he

second areas Qf;ﬂPﬂBri%ﬁiéﬁlaie3§9mM£§LigeFﬁ§ §E§ﬁ%§%§igkgsigtﬁgg;% Sz)it25

finds no gaps in the'data read fromt a

the read cont @l |Rnethteertle AFaLEngo"RBNd WG ddie wiidsBaping by the
controllers 311 - 31g to halt the wite operation, and a tracCk junp command

to the system@omidmipeciequ@lizit@oheadreantrph] erendsk digmaacaassaputhe
A-time data and the start and end addresses stored in the second areas of
menories 5 33%to 3% fiamt stignkd peadesgihfeciéprnespasdi ng DATAL DATA4 dat a
fromthe second areas of nmenories 321 - 324 (the areas to which it was
witten this tine).THEheRF eadignals RF, - RF, are input to the "first

signal processing circuits" 26, - 26, respectively, where

10 digitization, clock extraction (using a PLL), bit
demodulation, frame sync detection, EFM demodulation, and
subcode demodulation are performed. The EFM demodulated
data signals DATA, - DATA; (which include P and Q parity)
are output along with their corresponding subcode Q-

15 channel A-time data signals AT, - AT.. DATA, - DATA, are
output in block units. The first signal processing
circuits 26, - 26; output the demodulated data signals
DATA, - DATA;, one symbol (8 bits) at a time. When the
first signal processing circuits 26, - 26; detect frame

20 sync, they output the "frame sync detect" signals FS; -

FS5;, respectively, as a HIGH level to the system
controller 50.
After executing a search operation to put the light

beams 3, - 3; of optical pickup 2 on-track, at tracks (x -

25 6) fﬁrough (x - 2), the system controller 50 monitors
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controller 34 outputs this data to the second signal processing chMtzrq@?
in A-tinme sequence, starting with 10 the data corresponding to t'h A

i mredi at elwodp@1986fM Nng the | ast A-tine of the bl ock of dataPCadP98id268ut to

t he second signal processing circuit 40 the previous tinme (before the | ast

track junp). In this case, it outputs the data corresponding to A-tines 15
23:41:45 through 23:42:17. Wien the wite controllers 311 - 314 receive the
halt command they stop witing. Wen the systemcontroller 50 receives the

track j it the optjcal . pi 2.f osition VI of Fig.

6 T posi 11 on W FASp BN E, BRFRGE ML DRLAe 9. Fn ARG, SOSERRL
ding data a, +8) - (x + 8. Thep, the f det ect

G gnal CFSL - RO PRGSO o 2 2 gnal Doy SRRERTHY BF1 68 ts 261

- 264 go HI G*wﬁéﬁxﬁsér@”d&@é;ﬁf?‘%ﬁaeigﬁfl%a% "':th;g?lﬁléljsugg %QQHEB&Ed"t

notification 25 to e rea romthis pornt on, the

above operatiofis fRReat HHiibwihe desigied ngesnededvdthtihao g £pad from
the COOROM 1 in the sequence in which it was recorded, using the four valid

beans 31 -534,RoWEI At 4 n@raie hsghcspaghalangtdysh tdw Neolupt | cabkensner gaps
in the data. (4) Special Wite/Read Operation, Part 2 (Beam 34 Channel

Unr eadabl e) ( bingkeq fdravdriputrpotbe, sygregectido) | ert 56 deterntined,
during one revolution of relative notion between the optical pickup 10 2
and CD- ROM 1, shat tdatkp fimem gdsitt icbh@nnedf is gnr@adelde.r ecorded data cannot
be read fromthe beam (39) channel, then the |argest contiguous group of
remai ni ng beant £hdiaal MrghafResd Prexatdenbd Figagerodl anBeSoade up of the
three beams 31 - 33, Thus > 3, where Mis the nunber 15 of beans in the

| ar gest conti guous ot WETHFAT el Re f eHRT vRedh HRF athRanceeer éad.

Accordingl y, the channels of th beaps 31 - 33 are designated_as.the h
valid bea cha'ﬂ?fécﬁé?t s%‘?c%chfgsé\%taanhsf%?%agg? 18 ?"e'f gfv?inathbe(M - 2)
-= 1, where | is; i.S evokutions 20 in a continuous data read
(w t hout track%%rhrr%i ng ,qglr?girﬁeqisslit%ﬂe n%‘n{)'er of tracks junped in a track

junp. Al'so, fromthgdewest sl dd&stndnd! ! A8 idbddiGHad | MFod@l a¢hl3 1 nput

fromthe first signal processing circuit 263, and the "read start point"
A-time specifiggedy s4he hestunZeaaaBpel harddles,SyStenE et 1 0hher bedh

determ nes the junp 47
channels (3, - 3;) are allocated to h (the number of
15 "valid" beam (or channels), i.e., beams to be used for
reading data. Also, the values "I" and "J" are set to I
=1, and J = (n - 2) = 3, where I is the number of disk
revolutions in a continuous data read (without track-
jumping), J is the number of tracks jumped in a track
20 jump, and n is the total number of beams (five in this
case). Also, from the newest (latest) A-time in the A-
time data AT, input from the first signal processing
circuit 26,, and the A-time of the "read start point"

specified by the host computer, [the system controller

25 50] determines the jump direction and number of tracks
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direction and nunber of tracks for a track junp that will put beam 31, the
innernost of the h = 3 valid beans (the beam nearest the center of {t MAR 2002
di sk), on-woaskessone track inside of track "x," the track thatrpssmabesdes t he
A-tinme 5 of the read start point (i.e., the junp that will put 31 at track
(x - 1)), and executes that track junp. Wen the h valid |ight beam
channel s are designated, and the values of | (the nunmber of disk
revolutions in a continuous data read) and J (the nunmber of tacks junped 10

inatrack junp) set, if the optical pickup 2 is located at position Il of
Fig. 8, it wilflorbe jtompédibopwihdtfvbhl pest theam |3, bgheodnneraeks, ofo put
beanms 31 - 33 on-track at tracks (x - 1) - (x + 1) (position Ill in Fig.

8). Simultanedhe headd plid DeamsedShgcbeamtReaTes ddiss ceptersof thehr ough
( x +21) will then begin at that point, through the three channels

(circuits) maddsi oPPphde6letRE a1 1PFAEGgRT FF73%X sifynatPr bERSKi ng

i it 261, photodetect P h h first si I i i it 26~,
and " phot odet e FPR RRSILHESUEREr PrELHS: GhaF hr S289oPRETS050T PEI £ 268, Al S0,
when H GH eveclhef lrj%gl?jgﬁcé%% gﬁfcéu%l 9n%lns &.%JckzglgS%r%%g r(g(CQI ygsia%ﬁgm all

three of the firs processSing tircuits speci

wite/read CO@?&%@:Ee%Cléﬁgtng: vald dumgannel information "1, 2, 3" is sent to
eria *30. gg ?

parall el -to-s converter he special wite/read command is fed

through read 48  W0+39 tneOAt vl 1811 &ht bddif Manin@160RNBLReES, - afdt er
that, only the wite controllers 311 - 313, identified in the valid channel

information "khe?, valuad i be the i andkddl HATAI skr aefiolect ifonem {n r st

signal processor circuits 261 5 263, respectively, a block at a tine, to
the first areaomfindeisraanni eead®land 253 thae rsadeenod [thlkbi&ssg¢gupade i n
which it was recorded)]. The wite controllers also wite the A-tine data
cor r espontl® ng itrp at ragodumpat 9eto hEnehs ortiimey wWidkuphe denbpgatiedr esses
at which that 10 data is |l ocated, as follows: ATl - AT3 (the A-tinme data
for DATAL - DATAPPSiLign ddefftBiThe? fiistWwinklede dumpedpfirayagdifronas,
along with the start/en ddress pairs made u f start addresses 5 - A35
2nd end addr oS G 11BY FRORLRERFES, T BUbReals ahi crit RD- track

Gara witien i ARG GFa® B9 ot roe r ot RS Te T T oS

data witten as ain‘the rst ‘areas of eac nori es 331

5 333, would he g3 dAhdflis 23a81nB00:28h8 lrdCordld &P NN ATaMAMLI D Fi 0.

. 15 1) through (x + 3) begins at that point through the five
channels (circuits) made up of photodetector PD; through

first signal processing circuit 26,, photodetector PD,

through first signal processing circuit 26,,
photodetector PD, through first signal processing circuit

20 26,, photodetector PD, through first signal processing

circuit 26,, and photodetector PD; through first signal

processing circuit 26;. Also, when HIGH level frame sync

detect signals FS, - FS; are received from all five of the

first signal processing circuits 26, - 26,, a "normal

25 write/read" command is sent to parallel-to-serial
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Havi ng received a special wite/read command, read 20 controller ﬁéig??ﬁ&f
only the data witten to the nenories in the indicated valid chan A;",

2, 3". Thweo bdi198c¢cesses the data just witten to the firstPEF/ERES/04%68
menories 331 - 333, to verify that the state of the stored data is such
that 25 the A-time imediately prior to the A-tine data 49 W st ored at
the top address in the first area of nmenory 333 is included in the first
area of nenory 33z, and the A-tine inmediately prior to the A-tinme data 5
stored at the top address in the first area of nmenory 33z is included in
the first are@RYeREMHr3°331, thus verifying that there are no gaps in the
data read fromthe valid channels. 10 Wen readin erforned by optica

pi ckup 2 at approxTH%t%?ﬁm?f-wﬁlF%%{ﬁ?ﬂiSﬂmTaﬂ?uégl%eglF@ﬁPngnﬁﬁﬁdthan one
revol ution) advapces.to posjtion IV ipn Fig.. 8 he cgntents of the first
areas of nmemprPRETSILSE %§3{%ﬁ€ eb%rh.esﬁaﬂﬁr?ﬁiﬁfﬁ.gg%'Be:%USg *M i nds no
gaps in the 1 ta..tead o] e l,id_c els a Nt er 34
sends a halt g%%ﬁaﬁEE?% Fhé %%%?eqégﬁfrol?@?@531feggg¥%gtgrﬁgl#&?%g wite

operationg ang; |43 : he st g r . e read
controlle? 349% e%13%§g£sesIfﬁgy%F?Fﬁgu%ataﬁ%ﬁdggﬁggg%%?%ighé§gﬁgzgddresses

20 stored in gheaftimé, kSl s IMIDEHRE 3P thd3hemdd et 261 s-r2@di ng the
correspondi ng DATAI - DATA3 data fromthe first areas of nenories 321 - 323

( to which itiMaseguehten[{bhé tefeencdhenr @adchoity @ldserreddr@ddyyt.s this

data to the signal processing circuit 40 in A-tinme 25 sequence, starting

wi th the dat aTberrespbtadi ogntimXlers$H0 also write the A-time data
corresponding to the above data to memory, along with the

10 memory addresses at which +that data is located, as
follows: Referring to Fig. 3, AT, - AT, (the A-time data
for DATA, - DATA;) is written to the first areas of
memories 33, - 33;, along with the memory 32, - 32,
start/end address pairs (start addresses A;, - A;, and end

15 addresses A,, - A.,) at which the corresponding data is
stored. For the case illustrated in Fig. 4, the data
written as A-time data in the first areas of each of the
memories 33, - 33;, would be 23:40:60, 23:41:00, 23:41:15,
23:41:30, 23:41:45, and so on, as shown in Fig. 5.

20 Having received a normal write/read command, read
controller 34 accesses the data just written to the first
areas of memory 33, - 33;, as described above, to verify
that the state of the stored data is such that

the A-time immediately prior to the A-time data

25 stored at the top address in the first area of
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P newest A-tine. In this case, it outputs the data correspondi ng 1 MAR Q208s
23:40: 60 through 23:41:29. Wien the wite controllers 311 - 313 receive the
hal t commgigleonbg@y stop witing. Wien the system control | epchim8osRgei ves
the track junp command, it sends commands to the servo circuit 23 to
execute a track junp of J - 1 tracks in the forward direction, causing the
optical pickup 2 to junp fromposition IV of Fig. 8 to position V, and
positioning the beanms 31 - 33 on-track to start 10 readi ng recorded data at
tracks (x + 1) - (x + 3). Then, when the frame sync detect signal FS1 - FS3
out puts of all of mémofyr33s disgnal tpeodéssitngrenr ofii mem@gy 33263 go Hl GH
the systemcontroller 50 sends a "track junp conpleted" notification to the
read control |l er 34thdRA-pgre rioweaddatplhPrignde jAnkimeo@site: sgored
notification, the read controller 34 sends a "resune” command to wite
control lers 311 - 343thekrp RAIRSH tiP khe tFi4St iaFea SImdRBIoFY SFe dat a

output by the first sjgnal processing cifcuits 2 - 263 after the track
junp. 20 This tine%st’rfg ‘%"?t %%‘hﬁ’%ﬁq? e‘?é TFI tire- DATAl - DATA3 out puts

to the se(éond ar eagh%f[%_t?f%rrglngtgﬁl%@%i-pgggr t@%\g i‘“%%:}m:’te QL espondi ng

A-tinme data ( ATl - nenor y start addresses (

al's - a3s ) and end:addsessemnd Al saddfsd A1 Hhe AN Gy dEAS data

currently 25 being stored, t he 'seco areas of nenories |I”- 333. 51

For the case ill Usﬁxéﬁéﬂsﬂ 3@3 Rigg i nB thieh & 19atka ekt b?”m@ﬁoéyt 335?, daj@ in the
second areas of the nenpries 33, - 333, would be 23:41:18, 23:41: 33,

23:41: 48, and so Othe a5-shfwnimmedidtey Prift efo iRING ilnfe dafc@sune”
command, the read controller 34 accesses the second areas of nenories 33,
333 ( the areas justowedtaenthe fop addredsy trhathd hermstarareao ofaps in the
data read by the valid channels. It does this by verifying that the state
of the stléred dat am¢mony I3chst Hat thiee fATIStnereamedi meabyypB8Bor to the
A-time data stored at the top address in the second area of menory 333 is
included in the setBwd “eEhivingetRry H3gre A%e I (FPAIN 9 A%Ed atel y
prior to the A-tine d§t$ stored at the n the second area of

menory 33Z is incltEdd FePhEPge 6%%‘%?%§Ed%%%%§%ﬁij33, . Wen the reading
Per Lo EG B, oh | CHheB S pRRBRRLE A ST BISMAL B
Fig. 8, approximately I = 1 revolution (actually slightly more
15 than one revolution) advances to position IV in Fig. 4,
the contents of memories 33, - 33; will be as shown in
Fig. 5. Since it finds no gaps in the data read from the
valid channels, the read controller 34 sends a halt
command to the write controllers 31, - 31; to halt the
20 write operation, and a track jump command to the system
controller 50. The read controller 34 then accesses the
A-time data and the start and end addresses stored in the
first areas of memories 33, - 33,, and starts reading the

corresponding DATA, - DATA; data from the first areas of

25 memories 32, - 32, (to which it was written this time).
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the contents of the second areas of nenories 33, - 333 w | s,shown in
Fig. 9. Because it finds no gaps in the data read fromthe vallg &Hﬁﬁ%éﬁﬂZ
(1, 2 andweyidaey 25 read controller 34 sends a halt comrapdr/uesstohmsw it e
52 controllers 311 - 313 to halt the wite operation, and a track junp
command to the systemcontroller 50. The read controller 34 then accesses
the A-tine data and the start and end addresses stored in the second areas
of menories 5 331 - 333, and starts reading the correspondi ng DATA, DATA3
data fromthe second areas of nenories 321 - 323 (the areas to which it was
written this Thereyeadnheopezaaleent P4l PEEPBESoLRpEL SaftRi $Cddthe SPAFE second
signal processing circuit 40 in A-tinme sequence, starting with 10 the data
cor r espondi ngsﬁgn?ﬁepIPQ?ﬁﬁsu}gnﬁéJF&t‘-éI@OF& ﬁoﬁﬂ'ﬂﬁ FRRUEDES S FT R bl ock

f data |ast to th d t 40 th
i e ( bef or e ?ﬁ%ﬁ“igﬁ"épagkscﬁ%%%fp% P35 Bo0RBR mi o pptire ”ih R oV

correspondi ng tﬁ:}%g rs 23 14t1<ﬁ é] oug};ne 153%;.?%5335 g\ﬁggn WI’I te

controllers 3 €céi ve coman P op W t| ng V\hen t he

system conf r okl G <585 ¥ 8884 ¢ 8l &@lel%ﬁéfp GIQ{QTﬁDQerbtoEU’EWé didag-opti cal
pi ckup 2 by one track from position VI of Fig. to 20 position VII,

posi tioni ng tReaBepsdn® lori Zhary Ispekiteqedt Byt tﬁéaﬁéé‘ﬂ chtipuedr tyarcks (x +
3) - (x +5). Fromthis point on, the above operations repeat until the

desired recor ded4dana. hashéeeroreathis afatadiel LiHRpPdtl firont ethes epumiece i n
which it was recorded, using 25 the three valid beans 31 - 33, operating at
hi gh speed, 53ust pahdrwtohthe sttt cagadniort.gaps in the data. ( 5)
Special Wite/ Read Operation, Part 3 ( Beam Channel 34
The second signal processing circuit 40 inputs the
10 serial data output by parallel-to-serial converter 30.
After descrambling this data block by block it performs
error detection/correction based on the CIRC code (P
parity error detection/correction, de-interleaving, and
Q0 parity error detection/correction). It then
15 demodulates L and R channel data in accordance with the
CD-DA standard; and from the resulting L and R channel
data, performs additional sync detection, descrambling,
header detection, and EDC and ECC code error correction
based on the CD-ROM standard, in order to demodulate the
20 CD-ROM data and output it to the external host computer.
When the write controllers 31, - 31; receive the halt
command they stop writing to memories 32, - 32, and 33, -
33;. When the system controller 50 receives the track
jump command, it sends commands to the servo circuit 23

25 to execute a track jump of J = 3 tracks in the forward
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and 35 Unreadable) (Figures 9 and 10) If [the system controller $%0f MAR 2002
determ nes, during one 5 revolution, with the optical pickup 2 starting
from posi tigeohogsh Fi g. 10, that recorded data cannot be remcr/jmenkhe beam
34 and 35 channels, then the | argest contiguous group of remaining beam
channel s from which data can be read woul d be nmade up of the three beans 31
10 33. Thus M>_ 3, where Mis the nunber of beans in the |argest
contiguous group of beam channels from which data can be read. Accordingly,
the channels of the Mbeans 31 - 33 are designated as the h valid beam
channel s. Al sdlinggiti®s.| eauFinartheepptdcpl- pickurd 3 to( jwmp 2fyom 1, 15
where | is the nunber of disk revolutions in a continuous data read (

wi t hout track-BAOFHFiRg LV, CAnfig. i4 theafifian §f erdcresitipednPnthet r ack
junp. Also, fromthe newest Atine in the A-tine data AT3 input fromthe
first signal giln'g i PROFTa%53to AP heeading glairataﬂioi‘gﬁf“"Lﬁ-H‘rre 20
speci fied by the host co ter,,the stem controll er 50 .determnes the
junp direction %r?d _ndr’fbérggf t?l&%ﬁ}s %‘?na{pﬁ “j‘%rﬁyrichaﬁl%al S pat beam 31,

t he i nner npst t = 3 AVal i.d,be e nearest t of the
disk ) , g%r)l-trffat%}(,&g% te28F adiace éﬁa%k é}x;,gg, & ?‘?%acﬁga@??%g’f‘g
includes the A;jiidis «f 2bhe peadSHaGY, PPhBlstdt&n cotftro11dNS0 WBRaL hat
will put beam 31 at track ( x -~ 1) ), and ‘executes that track junp. Wen

the h valid |ight theam chanpel SompRetes gnd@dkicid drhe teal was ofehq(the
nunber of disk revolutions in a 5 continuous data read) and J (the nunber

of tracks junpethtnolaetr 3dk junp) set, if the optical pickup 2 is |ocated
at position Il of Fig. 10 [sic], it will be junped froward from position Il
by four tracks, toUmem bezpeelting33 Umetrdckraatk t r dokp { xcompletedk + 1).
Simul taneous 10 reading of the recorded data in tracks (x - 1) through (x +
1) will ®en migifdicatiomat e nfead heenghol hert Blesatitnne| Sresimelli ts)

- made up of photodetector PD1 through first signal processing circuit 261,

phot odet ect or FEIPAW FRFFHi TS ICFRHLSFitodssinglei reareingzthahqgtes
phot odet ector PD3 .t hrough first signal ocessin ircuit 263. Al.so, when
H GH | evel frd arstyn%rld%ne%t{%ixaﬁlgggyFS%{‘? Eggaa%é’gﬁpé’%ei%dt??oﬁfﬁii three

Commnd | nel udt ) aPr 8 ERaRne Er ey on A0 5t e & HEFsgack pbiig! =

paral l el -to-sefi@ €0 efdSfelcndremadiI jsur@S’i Ntph@nyriBe eBAKbLPArkS
exactly the sane as the case shown in Fig. 8. At the spot where the data

has been 1gad swinirteappeoBATAl e PADAL cidd kontRé $drdiMalkeas odr vRed junp
of J =1 is executed, and at the 25 spot where approxi mately anot her
revol uti on of mesworices] 3% - 32,, and write the corresponding A-time
data (AT, - AT;) along with the memory 32, - 32, start
addresses (a,, - a;,) and end addresses (a,, - a;.) of the
DATA, - DATA; data currently being stored, to the second
20 areas of memories 33, - 33,.(See Fig. 3.) For the case
illustrated in Fig. 4, the data written as A-time data in
the second areas of the memories 33, - 33, would be
23:41:48, 23:41:63, 23:42:03, 23:42:18, 23:42:33, and so
on, as shown in Fig. 5.

25 After issuing the "resume" command, the read
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data has been read, another forward junp of J - 1 is executed, and w
This is repeated (positions IIl VIl in Fig. 10) to continue to r ZBGZe
recor ded @@(}39/19%@/ t he sequence in which it was recorded, ai:ch,{;gdgm&(,speed,
with no duplications or gaps in the data. ( 6 ) Special Wite/Read
Qperation, Part 4 ( Beam Channel 31 and 35 Unreadable) (Figure 11) If [the
systemcontroll er 50] determ nes, during one revolution of relative notion
bet ween the optical pickup 10 2 and CD-ROM 1, starting fromposition | of
Fig. 11, that recorded data cannot be read fromthe beam 31 and 35

channel s, therohiteollaegel34 mmresgpoOEhegseapndl areani of mpenearecB33anel s from
whi ch data can be read woul d be made up of the three beans 3z - 34) Thus M
> 3, where M B8stlhel mreasbdpstfwhitheni vo) heo [verjefyt themt thevasaxe oup of
beam channel s from whi ch data can be read. Accordingly, the channels of the
M beans 3Z - 39 SPPSdadi Ghat éétésrﬁﬁé Ryv&bpdvBéamh éRarmnésbeamsd; val ues |
and J are set to |l - 1, and - (M - 1, where I_is the nunber of di sk

20 revol ution$si FRARRKS nt?&usdaﬁFElPEQd T?W‘Fhout Ittr ad@rSFunpPhg) 12Y and J
th f .t k d t . f th

TR R e e R R g UL

circuit 263, and tt,}%e %gmigt %5'%@9%@% ﬁ‘)ﬁgg ﬁgeg%élgdtpﬁ( té’gth host

conputer, the systemcontroller nes t Junp direction and

nunber of tracks f%rtog‘?ﬁrQEkthé' E;hé‘&d%éé PHtﬁﬁgagéégmdtgﬁeeiWr most  of

the h = 3 valid beans (the val |d eam nearest the center of the disk), on

track, one track 'H\%h@%yofml; rackin %she Id¥eddAGEcdd &£ mdmdiryudes, the A-tinme
of the read start point (i.e., the junp that will put beam 3z on-track at

track (x - 1)), andhex@cttifme ihmédiaseky] ppporWenthseabhtime aatad |ight
beam channel s are designated, and the values of | (the nunber of disk 10
revolutiaod in a cetbredoas théatopadjidaedsJifit heensetend area of
memory 33, is in the second area of memory 33,,
the A~time immediately prior to the A-time data
stored at the top address in the second area of
memory 33; is in the second area of memory 33,, and
15 the A-time immediately prior to the A-time data
stored at the top address in the second area of
memory 33, is in the second area of memory 33,;.
When the reading performed by optical pickup 2 for
approximately I = 1 revolution (actually slightly more
20 than one revolution) advances to position VI in Fig. 4,
the contents of the second areas of memories 33, - 33
will be as shown in Fig. 5. Since it finds no gaps in
the data read from the valid channels, the read

controller 34 sends a halt command to the write

25 controllers 31, - 31, to halt the write operation, and a
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of tracks junped in a track junp) set, if the optical pickup 2 is |ocated
at position Il of Fig. 11, it will be junped forward from positiloh MAR 2§02

three trac ut beanms 33 - 34 on-track at tracks (x - = 1) 15
(position Ib‘fq”?‘gs ig. 8). Sinmultaneous reading of the recor%eeﬂ‘lpc?a{%ﬁ?n

tracks ( x - 1) through ( x + 1) will then begin at that point, through
the three channels (circuits) made up of photodetector PDZ through first
signal processing circuit 26Z, photodetector PD3 through 20 first signal
processing circuit 263, and photodetector PD4 through first signal
processing ci refidk f%-%p AbsRandhes tlGdylstenl cbhadBls¥pcs0let atie segaal s FSZ
- FS4 are received fromall three of the first signal processing circuits
26Z - 264, a shmctwdlwd B34/ thad acreedsss ithe adicime28atal artl addransehrt
information "2, 3, 4" is sent to parallel 57 to-serial converter 30.
From t hat poi randrend pedaeissesi stakedsint tise ssemprat drmad lof gegeries
illustrated in Fig. 8 ( In the Fig. 11 case, the wite controllers 31Z -
314 wite the 3t a BETALths apgad, toérwhithr it whagnaliptevedbds &imelits 267
- 264, and the A-tine data ATl - AT3 to nenories 32z - 329, and 331 333.

Al so, the PeaRrdntFarterreadimeciie tperresprerding RABMt —arRR®hd 98ddr ess
data stored in nmenories 33z - 334, and then reads out_the data_si1 red in

menori es 32z -TEY WP [/IPEETERR At MHMOTIBS P AT t 3% (SOqURHEE, tdnd wi l |
h duplicati .  dn.t. the | ti ded dat
s bean 1 oad T4 HEHTSI (AT AR 1 cdnd et PR LART G BURU: var d

| f J=1 I t i f; .t ,
L8 B0t her | urth 5 1hEe HEPHE Sectis i dilar BIHABARS oo d W8 en 01T g

the recorded dalaumd duiferiieedtalr®ihBeywseAUERS Gadth WGl ddontihd &e0r ded,
wi th no duplications or gaps in the output data. ( 7 ) Special I te/ Read

OperationgoParind A-Bamn el tadz, Xb1anidy Wheeadal @) tiegwregnt2 and

13) If the systemcontroller 50 determ nes, during one revol ution of
“relative noti opldek ek datthel apt i @atppt dcuphg asdofl RAWal, picaskisisiggf r om
position | of Fig. 12, that recorded data cannot be read fromthe beam 3z
and 35 25 chanmeteyit hdOl athpesprevabiguduisnegr bopforehithet hbasg tradchk

remai ni ng three beam channels fromwhich data can be read (31, 33, and 34)
woul d then cond®@R) of BhlPPiheash bamuEntamdhy date GEReFRoRdided dat a

at hi gh speed LgsAggfn%é bff', ffl;réd etr}lfouta% rzeso:%%t:%@l_y al ternating between

15 When the write controllers 31, - 31; receive the halt
command they stop writing to memories 32, - 32, and 33, -
33;. When the system controller 50 receives the track
jump command, it jumps the optical pickup 2 from position
Vi of Fig. 4 to position VII, positioning the beams 3, -

20 3; on-track to start reading data at tracks (x + 7) - (x
+ 11). Then, when the frame sync signal FS, - FS; outputs
of all of the first signal processing circuits 26, - 26,
go HIGH, the system controller 50 sends a "track jump
completed” notification to the read controller 34.

25 Upon receiving the "track jump completed”
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5 reading for approximately one turn of the CO-ROM 1, then perfo“ﬂing t abEk
junps, we will find that it cannot be done: To read data in this 4 Rréﬂ
there nustydey@berl east three readable |ight beam channel s p@r/aps8osiss guous
group. Even when this condition (M>_ 3) is not net, however, 10 high speed
readi ng of data can still be performed by conbining readabl e channel s and
perform ng repeated operations wherein data is read by the conbi ned

channel s over nultiple revolutions of CO-ROM 1, followed by track junps of
a prescribed nunber of tracks. 15 Specifically, in repeated cycles of

conti nuous readthfiaationackhromgh opdreat rers, thetmodber o34 di skrite

revol utions of continuous readi ng, and the nunber of tracks to be junped,
may be det er nFaRErasless| 8hs widls, 28t@& hswrhting staneemoryy, ritheh ¢latef

tracks, between the innernost and outernost beans of |ight beam channel s
capabl e of re8HfRYtrBRoFhRdf§5Fh, SEIRAR RECEFPRSHFHH T VL et T n2éhe nost
popul ous conti %uous 9roup of light beam channel s  incapable 25 of reading

recorded dat a®tGfbselBBhnstife Seed Y59 - TPORE abole i ther dosit8and
t t i ght then.if i | , i t, .l Al R +
%J iegrr:)?]e n:;%ﬁ8f‘%%$£rg?§ﬁ gg%%?u%‘%?\%%% g'aﬁg\r#if’ n%‘gg%&%:ﬁ?nﬁh%?ﬁrﬁéf bfaams
bl f i d . - i ] t k
P Cumped Fopdg (BE)T 4L ReRokibs 32,2 Hh D AP W Hnd LACKS

10 beans of |gbt-BaRuERgNNEISiAPARLE Q! €adi ff r egpshpd, daha.cry € beans
31 and 34. Therefore, the distance between them in nunber of tracks woul d
be Q= (4 - lhemory 32, - 32, start addresses (A,, - A,,) and end
addresses (A;, - A;.) of the DATA, - DATA, data currently
10 being stored, to the first areas of memories 33, - 33;.
If the A-times stored in the first areas of memories 33,
- 33, are all consecutive times, with no gaps, the read
controller 34 reads out the contents of the first areas
of memories 32, - 32, for output in A-time sequence,
15 starting with the data corresponding to the A-time
immediately following the last A-time of the block of
data last output to the second signal processing circuit
40 the previous time. From this point on, the above
operations are repeated as required to read the desired
20 data from CD-ROM 1 in the sequence in which it was
recorded, at high speed, without duplications or gaps.
(3) Special Write/Read Operation, Part 1 (Beam 3, Channel
Unreadable) (Figures 6 and 7)
}f the system controller 50 determines, during one

25 revolution of relative motion between the optical pickup
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3. Also, the nost popul ous contiguous group of |ight beam channels
|ncapable of reading recorded data, whose 15 beans lie betmeen bﬁq ﬁ %@?d
con5|sR§ g& 3 y one |ight beam beam 32. Therefore, C%/ ﬁhhﬂﬁ
beams that Y2 &FPA¥abl e of readi ng recorded data, 31, 33, and Z{P
designated as the h - 3 |light beam channel s. The nunber of disk revol utions
of continuous reading =1 = ( R20 + 1) - 2 . The nunber of tracks to be
junped in track junps performed during read =J = (Q- 1) - 2. Thus | and J
are both set to 2. Wien the h - 3 valid Iight beam channel s are desi gnat ed,
and the val ues20indl ¢bhroMunpertadftitigslerda pewekibnonscEnFagcon) i tnetis dat a
read) and J (the nunber 60 of tracks junped in a track junp) are set
to |l = 2 and Jrecdrdell déea aEnmeal bpi ekag Prom tloe aetb@iogodeamon3l) of
Fig. 12, it will be junped forward fromposition Il by four tracks, to put
beans 31, 33, ehdnBélon-theick the S5largekt (contigyoysx grbup anfl (beam 2}
(position Ill in Fig. 12). Sinmultaneous reading of the recorded data in
tracks (x - 1)chgrnels) franaviiich qatasdan bremepdgaudd bRamageivi ,of hr ough
the three channels ( circuits ) nade up of photodetector PDl1 through first
signal pr ocﬁessfcﬁﬁ fougibeans 261, 3photBEet’ct oi- PbeTENMod§hthe ™G nal

processing ci rc it 263, afg& tfot odetector, PD4 through fl{)S si gnal
processi ng ci rE’ j peang i ARERSHIIYP TN US GFnY ?ﬁc gef'e a%‘?%)]rf%ll s
FS1, FS3, and EX4 ar. ed fromall thre |rs

processing 15 gl Peul” %Cg §a¥§6§a gtr’\ é a ’g%ce%llé ﬁ’ hd

{ncl udi ng-val i d.channgl pbaforaraLi gn ol d%151§ ageggt thg R%éﬂ&'béanse“a'

converter e speci a Wi te/ read comran t hrough read controller

34 to the witenagnkhal! emsoAfesiuéQai,amly @Peté’@tv‘fét? EOI‘t rohd €§S 311,
313, and 314 identified in the valid channel information "1, 3 4" wite

the data DATAl- DATA32)and2 DAlite regel vad humbeti 6§td§s_ﬁnﬁév@l@§ﬂ§t$§_r
circuits 261, 263, and 264, respectively, a block at a tinme, to the first
areas of the nenpDai esnB2duol23Ijatandedd 324 thontsegachegufipihg)seam@nte in
which it was recorded ) . 61 The wite controllers also wite the
A-tinme data is the number of tracks jumped in a track jump.
Also, from the newest A-time in the A-time data AT,
input from the first signal processing circuit 26,, and
15 the "read start point" A-time specified by the host
computer, the system controller 50 determines the jump
direction and number of tracks for a track jump that will
put beam 3,, the innermost of the h = 4 valid beams (the
beam nearest the center of the disk), on-track, one track
20 inside of track "x," the track that includes the A-time
of the read start point (i.e., the jump that will put 3,
at track (x - 1)), and executes that track jump.
When the h valid light beam channels are designated,

and the values of 1 (the number of disk revolutions in a

25 continuous data read) and J (the number of tracks jumped
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corresponding to the above data to nenory, along with the nenory addresses
at which that data is located, as follows : AT1, AT3, and AT4 ( fHhe Rt 2862

data for DATA3, and DATA4) is witten to the firsty3)pa§0494s
menori es 3[?@%%%%%7 and 334 along with the start addresses Al6. Aas and A 6

and end addresses Al e, Aae. and Ade of nenories 32,, 333, and 334, [at

whi ch the corresponding data is stored]. For the case illustrated in Fig.
12, 10 the data witten as A-time data in the first areas of each of the
menories 331, 333, and 334 woul d be 23:40: 60, 23:41:15, 23:41:30, and so
on, as shown iim A gratB8. jhapi)nget pcef vtk aopeailalpiwkiupel2r eadlooanadd, read
controller 34 checks only the data witten to the 15 nenories in the

i ndi cat ed val iar @esdtdlon 1I, o8, Fily, Ghust iwildcbesJaspedefdawarfjustomritten
to the first areas of nenories 331, 333, and 334 to verify that the state
of the storedRpRiEion ddchyt favrt Heagks | o inwtedeams| ¥ pr idar opotraekA-ti me
data 20 stored at the top address in the first area of menory 334 is

i ncluded in t IR 1523k of Lhemod¥ 332) dRPsifdon thike Jr’?méﬁgatél?y prior
to the A-tinme data stored at the to ddress in the first area of 25 menory
533 15 | et udSt T s Seeia OF Romurerarsed Sre 1B ehackoek 1 i ng

that th in_the,dat d from.th id ch W

Feadi ng. pert o BPRR: {al B CRUbL SR SR S8 SREE JOrnT SFREEhal |y
light] t , it ip FEi t ent
of oot i oo ad1e $957 ShatfuTslER QUL el bl oF dHdbodied e BB Tl nas
no gaps in theiahg eadeiFoim thejyriid chappeksinghe Eggdugentralg er 34

sends a halt command to 10 the vvn?e controllers 311, 313, and 334to halt
the wite opermaidttietaittorePls thricudtk £ivEP SIYREINproeeskangysleduit

controller 50. The read controller 34 then accesses the A-tine data and the
start andl@nd 2ddr ededodsttecedri PO haehrnouwgh afigast ofigrea®dr pescd34ind33, and
-334, and starts 15 reading the corresponding data fromthe first areas of
circuit 26,;, and photodetector PD, through first signal
processing circuit 26,. Also, when HIGH level frame sync
detect signals FS, - FS, are received from all four of the
first signal processing circuits 26, - 26,, a special
15 write/read command including valid channel information
"1, 2, 3, 4" is sent to parallel-to-serial converter 30.
The special write/read command is fed through read
controller 34 to the write controllers. After that, only
the write controllers 31, - 31,, identified in the valid
20 channel information "1, 2, 3, 4" write the data DATA, -
DATA,, received from first signal processor circuits 32, -
32,, respectively, a block at a time, to the first areas
of the memories 26, - 26,, in sequence (the sequence in

which it was recorded). The write controllers also write

25 the A-time data corresponding to the above data to
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menories 321, 323, and 32, (to which it was witten this time). TheMARAG02
controller 34 outputs this data to the signal processing circuit 40 in

A-tinme s_eg&gggjz?%ftarti ng with the data corresponding to thg. g@gﬁ@ 656\ tinme.

In 20 thi t outputs the data corresponding to A-tine

t hrough 23:41:59. Wen the wite controllers 311, 313, and 314 recelve t he
halt command, they stop witing. Wien the systemcontroller 50 receives the
track junp command, it sends 25 commands to the servo circuit 23 to execute
a track junp 63 of J - 2 tracks in the forward direction, causing the

optical pickupnemdsy ) UQPoxﬁ%OWlEHSFtHeO%ém\Sr@f ddidiredeed 0aPOKNicAN thatand
positioning the beans 31 , and 3g ontrack to start reading data at

tracks (x + 3)datx is5lecdteand s ¥ollows: Afhen, Ahen thee A-rame e det ect
signal FS1, FS3, and FS4 outputs of all of the first signal processing
circuits 261, 263, Damd, 264 DRTAIIGH s t heisyehemacotheolfiiarstseadeaa 'dff ack
junp conpleted” notification to the read controller 34. 10 Upon receiVving
the "trackjlﬂmﬁmwm%¢%t%ﬂ"1Mﬁ3ﬁidehanwﬁﬂMBStﬁnr(ﬂﬂﬂ#@ﬂ$@ﬁ B4 sehds a
"resune” conmmand to wite controllers 311, 313, and 314, causing themto
start writPng 800 nendryddreRsemti.ont Put (B SHETH/EN SAFFASSHRFEEE) ng
circuits 261, 263, and 264 after 15 the track junp. This tine, the wite
controllers vw%'f‘e’“?‘ﬁ%’éjeeﬁ@ﬁﬂ\l‘ PAT At Whirgh mg:%ﬁep?ﬁ%‘qld‘q 18t dénd

f th 3 3, d 3 d wr -ti
areas of he neugries S2be SR M R ALAILE e cop eaggnd g At e
dd I 4
of the parhl - TS ST Saea” 2, FHE, ?Qgéﬁfﬁﬁé%%orefa‘?;’ G ond
areas of menorigso3fds 33 Nd A3daa Y 289805886 241 4p166! b iy iy 12

the data witten as A—tlﬁe dat'a in the second aréas of the menories 331,
333, and 384 223y0ulsobeard & i, 3:hbliB.ir?d i 18, and so on, as 64

shown in Fig. 13. After issui ng the "resunme" comrmand, the read
Having received a special write/read command, read

controller 34 checks only the data written to the
memories in the indicated wvalid channel information "1,
2, 3, 4". Thus it accesses the data just written to the
15 first areas of memories 33, - 33,, to verify that the
state of the stored data is such that
the A-time immediately prior to the A-time data
stored at the top address in the first area of
memory 33, is included in the first area of memory
20 33,,
the A-time immediately prior to the A-time data
stored at the top address in the first area of
memory 33, is included in the first area of memory
j332, and

25 the A-time immediately prior to the A-time data
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controller 34 accesses the second areas of nenories 331, 333, and 334 (the
areas just witten to) to verify that 5 there are no gaps in the {dt gARez?
by the val igh ef@apgel s. It does this by verifying that the spatspeg dﬁge
stored data 1s such that the A-tinme imediately prior to the A-tine data
stored at the top address in the second area of 10 nmenory 334 is included
in the second area of nenory 333, and the A-tine imediately prior to the
A-tinme data stored at the top address in the second area of nmenory 333 is
included in the second area of 15 nenory 331. Wen the readi ng perforned by
optical pickup 2 at sappedxatatied ytdp -addresolin iths fiactticdtea df ght |y
greater nore than two revol utions) advances to position VI in Fig. 12, the
contents of the secoruonyeds, dfs Ahaimded én 3IBe, £333t amea3®f wembrlye as
shown in Fig. 13. Because it finds no gaps in the data read fromthe valid
channels ( 1, 3, and34 ), the read controller 34 sends a halt command to
the wite controllers 311, 313, and 314 to halt the wite operation, and a
track junp comtNg VETif¥ing thatekhesrt PERI 8P GOPSTHE Rl AR rerddr 34

t hen 65 a cess§§1 the. A-time daia and the start and end addresses
stored in the EOBN&PS: ¥aL1A:ChRMRR+®s 331, 333, and 334, and starts

reading the corresp ing. dat.a fromthe secqond areas_of nenpries 321, 323,
and 324 ( the ar easﬁggnvﬁrlec%tlﬂg SP%%OW?ﬁt %’ﬁ' tﬁ?sl???re)‘?lcr}guéj rgadgor

conirol| or 34 Sikanbbleydata §orhe seeond eLonaly By c0PBSDE, Gl 40

in A-tinme seque , starting wit e data correspon tot
i mredi ately foldhaw Baet PBVALLLIBN Pf adPEndb OCK Yot fork aB§ OWIPLY . t@, the

second signal processing 10 circuit 40 the previous time (before the |ast
track junmp). | rRhehichntants of @dmpittiest 183, dat @33¢owiespoedidy) dHbwh times

23:41: 60 through 23:42:47. \Wen the wite controllers 311, 313, and 314
recei ve t H halftigcoMmuanBecahsy $tofimds tmoggaphein ttiee systanread from
the valid channels, the read controller 34 sends a halt
command to the write controllers 31, - 31, to halt the
write operation, and a track jump command to the system
controller 50. The read controller 34 then accesses the
15 A-time data and the start and end addresses stored in the
first areas of memories 33, - 33,, and starts reading the
corresponding DATA, - DATA, data from the first areas of
memories 32, - 32, (to which it was written this time).
The read controller 34 outputs this data to the signal
20 processing circuit 40 in A-time sequence, starting with
the data corresponding to the newest A-time. In this
case, it outputs the data corresponding to A-times
23:40:60 through 23:41:44.

When the write controllers 31, - 31, receive the halt

25 command they stop writing to memories 32, - 32, and 33, -
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15 controller 50 receives the track junp command, it junps the opﬁi CF]'AR 2002
pickup 2 by J = 2 tracks, fromposition VI of Fig. 12 to position \}I :

posi tioni t ams 31, 33, and 34 on-track to start reagicqgp at
tracks (xr@"f@?ﬁ?i + 9), and (x + 10). Fromthis point on, the g@é)‘\%e 20

operations repeat until the desired recorded data has been read fromthe
CD-ROM 1 in the sequence in which it was recorded, using the three valid
beans 31, 33, and 34, operating at high speed, and with no duplications or
gaps in the data. 25 In this nmethod, for exanple, it takes the tine of 66
four revol utiggns okn&k- BEM dybeemeadritioldaira 50N ddtRiRidie tHacCkadiet ween (x
- 1) and (x + 7) and conplete the one track junp, as indicated in Fig. 12.
The dat a readumpneonmand, t bt ssemsodomhérds ts shavserve ngiomeitert3 over the
5 time of nine revolutions of CD-ROM 1 that would be required read the sane
data with onlkp emecbtanme (8pcBpdumpl O i ef Reatka@ks atn orhe Paoxtward Beam
Channel 31, 32 and 39 Unreadable ) ( Figure 14 ) If the systemcontroller
50 determ nediregring. of@usdnge\idiait PERIER1r @igkuwpe SotPod W@ WERAT t he
optical pickup 2 and CO-ROM 1, starting fromposition | of Fig. 14, that
recor ded Mat ROEAKABE ¥ PRHEF T cnth@BFdHORL Y 32ndnBOSHTLPRFNRIE t hen

th th dj t.ch |s | whi ¢h dat d (the M>
3 condi {1 on PESRBL S15 chi PRFEAR RE PREPRCFEAGEnd| TRRPTARSdT e My, 12, ~

however, in regg%tﬁ’ﬁgxcy;l;[%_ of (gontih Pusgﬁgf}?ggﬁ and, L afcrkaglﬁ;ffn?&,’ncand t he

oper ati ons, {h ér of |sk(revolu i on i'nuouUs Te

nurber of {1 agkscto digiMatko By PRedel ekgl fied ag {oLlow 2 h Q as

t he di stance, in nu of tr t‘_he I nner nost and out er npost
bearms of |ighyshaanpeBarsskiagcapahetef 26cadidyy gecRiGRI € asysih R as the

nunber of beans in the nost popul ous 25 conti guous group of |ight beam
channel 2.0 ncapakirelGér 50 sends a "track jump completed" notification
to the read controller 34.

Upon receiving the "track jump completed"”
notification, the read controller 34 sends a "“resume"
command to write controllers 31, - 31,, causing them to

15 start writing to memory, the data output by the first
signal processing circuits 26, - 26, after the track jump.
This time, the write controllers write the DATA, - DATA,
outputs to the second areas of the memories 32, - 32,, and
write the corresponding A-time data (AT, - AT,) along with
20 the memory 32, - 32, start addresses (a,; - a,,) and end
addresses (a,, - a,,) of the DATA, - DATA, data currently
being stored, to the second areas of memories 33, - 33,.
For the case illustrated in Fig. 6, the data written as

A~-time data in the second areas of the memories 33, - 33,,

25 would be 23:41:33, 23:41:48, 23:41:63, 23:42:03, and so
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of reading recorded data, whose beans |ie between the above inqe1qﬁﬂ§gmg%
outernost |ight beans, then if Qis at least 2, and Ris at |east 1, +
1) is the _nunber .of disk revolutions of continuous reading ans
capabl e oﬁ”?ggﬂ?ﬁb recorded data (1), and (Q-1) is the nuP égﬁ% 4?§acks to
be junped (J). In the present case, the innernost and outernost 10 beans of
| i ght beam channel s capabl e of reading recorded data, are beans 33 and 35.
Therefore, Q= ( 5 - 3 ) - 2. Also, the nost popul ous contiguous group of

| i ght beam channel s i ncapabl e of reading recorded data, whose beans |ie

bet ween beawgh,33sagblodh, iaoRsgste. of only one light 15 beam Therefore, R =
1. The two beans that are capable of reading recorded data, 33 and 35, are
desi gnat ed as thafheli ghtsheag chhanel sesuihe" nucdemand, di ke r eneddit | ons of
continuous reading - I - ( R+ 1) - 2 . The nunber of tracks to be junped
in track jucestredfierndd acrésses ¢de 2@cond arégs-of )memarieh@Se wval ues of

| and J are set. Wien the h - 2 valid Iight beam channel s are desi gnated,
and the val ué8,ofthe @ueasinsérwoitterkte b\ksl Verdify ithai Ehere mRifus data

read) and J (the nunber of tracks junped in a track junp) are set to |l = 2
and J 25 - Po igF’ptShénoEP?c%*Pt?)i‘?ﬁédpbé’ ithe gadiddchanpgirti oht19°%% 68

Fig. 14, it w.ll be junped forward from.pagsiti |1 by t racks , to put
beams 33 an&\gé@ S tdregrdr%yd‘f’gt rtg%%s they St atﬁn(?f(();h#e ﬁy‘ﬁ?\(l)d\gi‘iq%ah 1 in Fig.
14). Sinultan%gy%h%%ading of the recorded data in tracks (x - 1) and (x + 5
1) will theﬁubegin at that point, through the two

the A-time immediately prior to the A-time data
stored at the top address in the second area of
10 memory 33, is included in the second area of memory
33,,
the A-time immediately prior to the A-time data
stored at the top address in the second area of
memory 33; is included in the second area of
15 memory 33,, and
the A-time immediately prior to the A-time data
stored at the top address in the second area of
memory 33, is in the second area of memory 33,.
When the reading performed by optical pickup 2 for
20 approximately I = 1 revolution (actually slightly more
than one revolution) advances to position VI in Fig. 6,
the contents of the second areas of memories 33, - 33,
will be as shown in Fig. 7. Because it finds no gaps in
the da;§ read from the valid channels (1, 2, 3, and 4),

25 the read controller 34 sends a halt command to the write
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channels (circuits) made up of photodetector PD3 through first signal
processing circuit 263, and photodetector PD5 through first signalf 1 MAR 2002

processing circuit 265. Al so, when H GH | evel frane sync d | s
FS3, and F¥99%1¥610 received fromboth of the first signal q’té&g%g@é‘?%

circuits 263, and 265, a special wite/read conmand including valid channel
information "3, 5" is sent to parallel-to-serial converter 30. Fromthat
poi nt on, operation is alnost the sane as 15 for the case illustrated in
Fig. 12. ( In the Fig. 14 case, the wite controllers 31j and 315 wite the

dat a DATA3 Hhd2DIASr S raam Li 88} e Q{&Q't RheCasste %b‘a%itti%n%%nang 265, and
the A-tine data AT3 and AT5 to nenories 323 and 325, and 333 and 335. Al so,

the read coniradd gumpdcdfimeh@cks tHie shstcefecéndrsldetr 500 amé adddess data
stored in nenories 333 and 335, and then reads out the data stored in

menories 32FarctcdAers@4t hhenidcarddehehenAAtine dataarck thandtarkl have no
duplications or gaps init.) At the location where recorded data has been
read 25 for aphesd addgegses- seoredolint thm sagfondh@re@skRO¥ hemarées

forward junp of J - 1 track is executed, and after reading data for another
| =2 tu%’ ns,3%not Bk j @R 6tayts repdingetheegorzrgronding fPinoing in
this manner, to read the recorded data at high speed, in the sequence in 5

which it waPA¥eofdsd THPh e aepFPRdit PERRS oPfgdgRariethS butprtéidat a. I n

t hi t hod, , f e, it kes the tj] f_.f : I f. CD-ROM 1
to read the (i TAPathd oS EIBRM 1 ROHSS DERYEER (LS T (#D§ Bpadng

I h ' i ndi d in Eh.g. 14. W . d
channel s, e e 1A EERcls oS LR HR il fdeall) BadRRl; o 9

s nmethod TS St lgnmajor

| Tor Oveent eRledditnd IO Al PN AL Q85D BLihal,upul d be

required read the sane data wth only one beam 15 ( SpecCi afl Witel/ Read

Operatipm, Raid 7adtdeaspihaapehdfndnreadabhe) AELamMee 1mhekfiakbeysystem
_controller 50 determ nes, during one revolution of relative notion between
t he optical follawirdy anHe CDal@M A~ tHiar bENGHe ob1PoRi dfondat®f 1ksg. 15,

that output to the second signal processing circuit 40 the
previous time (before the last track jump). In this
case, it outputs the data corresponding to A-times

15 23:41:45 through 23:42:17.
When the write controllers 31, - 31, receive the halt
command they stop writing. When the system controller 50
receives the track jump command, it jumps the optical
pickup 2 from position VI of Fig. 6 to position VII,
20 positioning the beams 3, - 3, on-track to start reading
data at tracks (x + 5) - (® + 8). Then, when the frame
sync detect signal FS, - FS, outputs of all of the first
signal processing circuits 26, - 26, go HIGH, the system
controller 50 sends a "track jump completed” notification

25 t0 the read controller 34.
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20 recorded data cannot be read fromthe |ight beam 34 channel, thﬁ 02
contiguous group of the three beans 31 - 33 could be used to read am%Rng

described jn fhgabove section (4) and shown in Fig. 8. ThecHdalpsséaks be
read faster, however, by perform ng the read operation as 25 shown in Fig.

12. 70 In the present case, the innernost and outernost beans of the

| i ght beam channel s capabl e of reading recorded data are 31 and 35,
respectively; therefore, Q- [(5 - 1)] - 4. Also, the nunber of beans in

t he nost 5 popul ous contiguous group of |ight beam channel s i ncapabl e of
readi ng recorded Hadm, thhesedieanson | ethet veive hepabavtonanerpestt and
outernost |ight beans ( 31 and 35) is the single beam 34; therefore, R -
1. Accordi ngugtil hthbedesiBdd BecoB3Pedndatd bhas heeoncaeed dgom) thiee h valid
channels; R (the nunber of disk revolutions of continuous reading ) and J (
the nunber ofD+R@MKkE jrurhed sequanceatk yivhegh) it etgseqigcpded ansisgt to | =
(R+1) _ 2, andJ:ﬁét, - 1) - 3. Wenthe h- 4 valid |light beam
channel s~ ar eths R4 & begha Iihe Ial GPSTELING-aD Righ r 89Q di sk
revolutigns in contipuous data read) and J - 3 (the nunber of tracks junped

ina track jﬁﬁﬁ?_%?ed‘é%l_rl,cﬁiqr}?e GpaFR H @E’ﬁ'p ; Y¥s located at position Il
8 S ke SR AL 7 g g,

to put beans rac 1PaEKS ( , and (X

+ 3). Simult i N r Ided data in tracks (x - 1) through
(x + 1) and ?Qgggé?ﬁgméﬂ%enr%%g r?%gf 9that poi nt, through the four

channel s made up ef pPhot odet&e i taldh itdY MO dddrei rdIN@uRRC e N9 25
circuit 261, photodetector PDz through first signal 71 P processing

circuit 26z, rphetadesecd OrriAR ikl pughohi betwséNBthe MGG A HULUi t 263,
and phot odetector PDS through first signal processing circuit 265. Al so,
when HI Gg franengyrm-RE €lct staghahg EBbm- p&S3taon FSSf afyy. 8, that
‘ recorded data cannot be read from the beam (3,) channel,
then the largest contiguous group of remaining beam
channels from which data can be read would be made up of
the three beams 3; - 3;. Thus 2 3, where M is the number
15 of beams in the largest contiguous group of beam channels
from which data can be read. Accordingly, the channels
of the M beams 3, - 3, are designated as the h valid beam
channels. Also, values I and J are set to I = 1, and J
= (M- 2) =1, where 1 is the number of disk revolutions
20 in a continuous data read (without track-jumping), and J
is the number of tracks jumped in a track jump. Also,
from the newest [(latest)] A-time in the A-time data AT,
input from the first signal processing circuit 26,, and

the "read start point" A-time specified by the host

25 computer, [the system controller 50] determines the jump
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5 received fromall four of the first signal processing circuits 2,6?. MAf?63"
and 265, a special wite/read command including the valid channel vy
information "1 3, 5" is sent to parallel-to-serial con From
t hat poi ntWBﬁ?m& eration is alnost the same as 10 for the X‘%}ﬁgyﬁg‘gtrat ed
in Fig. 12. (In the Fig. 15 case, the wite controllers 311 - 313 and 315
wite the data DATAl - DATA3 and DATAS from first signal processor circuits
261 - 263 and 265, and the A-tinme data AT1 - AT3 and AT5 to nenories 321 -
323 and 325, and 331 - 333 and 15 335. Also, the read controller 34 checks
the A-tine aideHtdldn aRE SHbeaH e STadisA £61-05 efrddk NRIMY kBat3di11 333 and
335, and then reads out the data stored in nenories 321 - 323 and 325 so
that it w | Ipdie BdamA3l | Mehe efptdirifostsE WHd thave ralddpbeefki 0BReOr gaps
init. ) At the 20 | ocation where recorded data has been read for

appr oxi mat elbeadm neareetoté icmrstenf citheh€Da Rk 1, ore- framakgr dneurpack J - 3
tracks is executed, and after reading data for another I = 2 revol utions,
anot her J = ihgigiep dfs twackut'ed," &he swack, tbemt incilugesnthhi 8-tamaer 25 to
read the recorded data, at high speed, in the sequence 72 in which it
was reco? ded®f Jie wiepd s&agtipPPénti bhseor Ba®siwmp t¥R@b Pt R &.(Fig. 15,
positions Ill - VII). In this exanple, it takes the tinme of four

revol utions 3 *EIEOU™L t d )NeadrfhexgsEeSntPRE EFRGENIB™Pr acks bet ween ( X
-1) - (x+9) and to canpl ete the one track junp, .as.indicagted in
Fio. 15 1n compatierbane; § T §iSpi Beshrataient 88 8274 H0RFER o I oad
data for the ti of,_four vol pii [ peci al

Wit e/ Read (i)rgedra |eofr‘1’,al%§5t BS ?B@%%ﬁ%ﬁ%ﬁ[ ts.bfl%?oyj &’oalﬁéqéggugﬁegdabl e ) (
Figures 16 aqghdifyoude diidd f@@ﬂ)c%ﬂﬁ'gthEQenﬁﬁEEr“@?r%abks'ﬁuﬂgéar”]ned’
during one revolution of relative notion between the optical “pickup 2 and

CD- ROM 1p st td R&aldkOquResi s&en if 0{h£icg3tilcﬁa1 kUL @ondedodatagcannot be
~read 15 fromthe |light beam 31, 34, and 35 channels. If we try to read as
before ( by perdayigitg n1gpedt BilgCys| ebt abiEr nid i jighpest Soetwatraadirogy for one
or nore revolutions of CO-ROM 1 and executing a forward track junp) with
only the twposition I &y doemnt trhaksel o Futaredlds 3, herd wnttrbekgaps 20
in the data. In this situation, the data nust be read from CD- ROM 1

cont i nuous! YhyteEKs ot ti §ht ~bd&m+chHahneposigpieen f1EhI 1y, Fég-t Re-two | i ght

beans that can read data, 3Z and 33, the one_nearer the center L{of t he
di sk] Simultaneous reading of the recorded data in tracks (x -

15 1) through (x + 1) will then begin at that point, through
the three channels (circuits) made up of photodetector
PD, +through first signal processing circuit 26,,
photodetector PD, through first signal processing circuit
26,, and photodetector PD; through first signal processing

20 circuit 26,. Also, when HIGH level frame sync detect
signals FS, ~ FS; are received from all three of the first
signal processing circuits 26, - 26,, a special write/read
command including valid channel information "1, 2, 3" is
sent tq_parallel-to-serial converter 30.

25 The special write/read command is fed through read
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25 (33) is designated as the valid channel (h - 1), the 73 nunber of
di sk revol utions of continuous reading is set to |l - unlimted, ,a gﬁﬁp;mﬂ
nunber of &rackseunped in a track junp is set toJ = 0. V\Vﬁq,ﬁﬂ@i‘: é
valid |ight beam channels are 5 designated and the values "I = unlimted"
(the nunber of disk revolutions in a continuous data read) and "J = 0" (the
nunber of tracks junped in a track junp) are set, if the optical pickup 2
is located at position Il of Fig. 16, it will be junped forward from
position Il by two 10 tracks, to put beam 33 on-track at track (x - 1).
Readi ng of tdwntreddreded4dad athen wiridek cbnXrolleyst herf hegithatat ohbgt poi nt,
t hrough the single channel made up of photodetector PD3 through first

si gnal proceds Wyidia qwintrzdlderal 8d, whizh,aideGHilféed ibhr &ive gghiddet ect
signal FS3 15 is received fromthe first signal processing circuit 263, a
speci al w i t&anmed chpfermriien uding 2val3'd whakeelthenfdabat PBBAY 3+ is sent
to parallel-to-serial converter 30. A special wite/read command is fed

t hr ough r eadP®PseoFRFeI YR £3P™ EirfE sh9nal EFRCEFSCsr S1TEPLEF 4thar, only

the wite co oller 313 (identified by the [special wite/read comuand]
valid ch nnelnzténf’é‘?ﬁﬁ??f)h eg?" )2 RroE sgf:h@ G &ddiSFedTBRBmM i r st

signal processaqr circuit. 263, a ck .at a tine he first area of the
25 menory 5% UnF S 2% 1 e edhenpaueleRnl iR, shabShed 8

recorded)]. S LLeuaanuialdbiocali®0 WEkLeS, e ASLER, AL, CoiLgsPond! g

to the above data to nenory, along wth e nenor €SSes a i ch that

data is |ocgjsthe RhaVALlling Ad8a(EHPrdsbdi®i SRl ftie BAEAR) draggt gg first 5

area of nmenory 333 along with the start” address A35 and end address A3e of
nenory 323 afendiheh NI wEtst ehedmeheiryt RRaGERERdd |AISt yRLEN tRaki 9. 16,

the data witten as A-tine data in the first area of the nenory 333, would
start wi0h 28#0:i6) Iscastwivn asn faldlovist. AT, enamgh(dataa-time data
for DATA, - DATA;) is written to the first areas of
memories 33, - 33;, along with the start/end address pairs
made up of start addresses A,, - A,;, and end addresses A,,
- A;. in memories 32, - 33, at which the corresponding
15 data is stored. For the case illustrated in Fig. 8, the
data written as A-time data in the first areas of each of
the memories 33, - 33,, would be 23:40:60, 23:41:00,
23:41:15, and so on, as shown in Fig. 9.
Having received a special write/read command, read
20 controller 34 checks only the data written to the
memories in the indicated valid channels "1, 2, 3". Thus
it accesses the data just written to the first areas of
memories 33; - 33;, to verify that the state of the stored

data ig such that

25 the A-time immediately prior to the A-time data
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10 is witten to the first areas of nenories 323 and 333 to fill LFWARJLZQW
wite controller automatically goes back to the first area and cont'i

writing. read controller 34 receives the special S ebdsRaR
comand, i o%g?leg%ne channel (3) is indicated 15 in the va}l\fd channe?

information, it accesses only the data witten to the first area of the
menory for that channel , nenory 333, and reads the data fromthe first
area of nenory 323 in A-tinme sequence, starting with the data correspondi ng
to the newest A-tinme, outputting it to 20 the second signal processing
circuit 40. It isstesedoatathe otop raabdregsirc thmtlisrstlarssalwf ng dat a
read, optical pickup 2 sinply reads data from (x - 1) and subsequent tracks
t hrough t he beam 88mehundd] isr dadilmgedonni rheusliyswi akeat offumpmaygyt r acks as
CD-ROM 1 rotates, 25 sending the data to the input of the second signal 75
processing circui8340.and1) Special Wite/ Read Qperation, Part 9 (Beam
Channels 3,, 3z, 34 and 35 Unreadable ) ( Figures 18 If it _is determ ned,
during one revol uthendotime rBpBgdiatedlt iRmi et dha e B GATDHi ckup 2 and

CD- ROM 1, starting fromposition | of_ Fig. 18, thgqt, recorded data cannot be
read fromthe |igREhBANPB1thgtoRA %’Ff’os(%?rbh% TSHRFSE try to read
as before (by performng éepeat.ed cycles al %%r r%ati ng_bet we readi ng for

2 exe

one or 10 nore reWSTmafYo% of° CB eJd. ARt c&ﬁsﬁgagef’o?%gf“&mﬁrgck j unp)

with only the oneggemaining adjacent channel 33, there will be gaps in the
data. Here too, thé'data nust be read from CD-ROM 1 continuously (with no

track junps) tuﬁgngeeakyiagethsghtthe,.eamaeaa%ebag@ iPPagid igtd Ydeddre single
| i ght beamthat can read data (33) is designated as the valid channel (h),

t he nunber offrdinskneevaludi eRsnwé1£onti nuous reading is set to | -
unlimted, and the nunber of tracks junped in a track junp is set to J = 0.
10 When reading performed by optical pickup 2 at
approximately I = 1 revolution (actually slightly more
than one revolution) advances to position IV in Fig. 8,
the contents of the first areas of memories 33; - 33; will
be as shown in Fig. 9. Because it finds no gaps in the
15 data read from the valid channels, the read controller 34
sends a halt command to the write controllers 31; - 31,
to halt the write operation, and a track jump command to
the system controller 50. The read controller 34 then
accesses the A-time data and the start and end addresses
20 stored in the first areas of memories 33, - 33;, and
starts reading the corresponding DATA, - DATA, data from
the first areas of memories 32, - 32; (to which it was
written this time). The read controller 34 outputs this
data to the signal processing circuit 40 in A-time

25 sequence, starting with the data corresponding to the
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20 When the h - 1 valid Iight beam channel s are desi gnated, and thﬁmqe
"I = unlimted" ( the nunber of disk revolutions in a conti nuous ldht el
and "J = OWo(omyss7 nunber of tracks junped in a track junp )pcrmsefes i f the
optical pickup 2 is |located at position Il of Fig. 25 18, it will be junped
forward fromposition Il by two 76 tracks, to put beam 33 on-track at
track (x - 1). Reading of the recorded data in track ( x - 1) then begins
at that point, through the single channel made up of photodetector PD3

t hrough first signal processing circuit 5 263. Also, when [a H GH frane
sync detect SRRt FA3time, ece'rgLVed‘FhiaS sF@Rseal Wwiti t@UtreEs calheandatac! udi ng
valid channel information "3" is sent_to parallel-to-serial converter 30.

. , |
Fromthis poifEr&iFPoRRerng: itonArEimesc2Ry4PRE0skhECugh 183+ 4F:2%e case
illustrated in Fi 16., Data. f - .1 tot K 11
Ireagst L?oﬁghl tnheI %Ié’éarrﬁ 5560%13%%%%8 )éé’ 'lr‘l%sggrd‘m ?‘ﬁgggglrue;ef’%é‘é’eg%%ﬁé‘wﬂgr gt ates,
i t hout havi i | I 2. t d tputti t he. dat ith
ho gaps. 15 HeraEn:lerdyt S4Bp% ek WaRg. ¢ BB 0 ThE PV REEn eREF T or 1 = s
optical beangy theedosks e off S0k Va% 23n8NdoRRahBE" fo are

three or nore beans. Wth an optical 'pickup Z2A “such 'aS shown Tn
19(1), for exmaplserid diatcuidrmightbgechadng! tiriexCeugr Jeam 20, ( 3z )

of beanms 31 - 33 becane unreadable ( assum ng that thé tocus and tracking

error signal sracksgener ahed forwaridhedi e 16d, beanseohg! iwld Sgefeal or 33 )
, then with Q=2 and R=1 (as in the case illustrated in Fig. 14), the
two beans 31pde#up32weol Jump desimgpatedias TWl bd EbgOngl 8o pogiLbod (the
nunber of disk revolutions in a continuous data 77 read ) and J ( the
nunber of tr¥ekSHURRKILEIPRnG dehie joegms Set-t 3, lon=trakt to)sta®tand J =
(Q-1 % 1. Wth an optical pickup having the seven beans 3~ 3~ as shown
in Fig. (2Feadingarecpidadedditn o dnacks (rr sulh t H& 353dnd BEEnj ght beam

channel s (ass?)m ng thﬁ{' t he focus and tracki nﬁ error signals are lgenerat ed
from the ret (FF8d “B&aht 3PS 1SYIT 9pEEMtaFignal Fgn -Fss @“g'ﬁd‘tﬁ of2lhnd all

fi f th | g , - d.3, should b [ t ed l'id
chamnel s, and T Rt Rambe PP RRE R StPie bR G o ol bt dat a

d dJ t kgqj LNy | 0 = (R +
1 % ana 3 oo ST EepReoLian (Bo] LRAR B ErhERC ek BemB Rt ect i on

(3) and il usbratregaitiohi gur €heb6raf don¥psigethggbeam 35 15 channel was
unreadabl e, "M (the nunber of beans in the

15 Upon receiving the "track jump completed”
notification, the read controller 34 sends a "resume"
command to write controllers 31, - 31,, causing them to
start writing to memory, the data output by the first
signal processing circuits 26, - 26, after the track jump.

20 This time, the write controllers write the DATA, - DATA,
outputs to the second areas of the memories 32, - 32,, and
write the corresponding A-time data (AT, - AT;) along with
the memory 32, - 32; start addresses (a,, - a,,) and end
addresses (a,, - a;) of the DATA, - DATA, data currently

25 being stored, to the second areas of memories 33, - 33,.
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| ar gest contiguous group of beam channels from which data can be Hef C&Amﬂz
made up of the four beans 31 - 34 Therefore, since M? 3, the channel

the M beamsy§ osiogg#) Were designated as the h valid beam chagiabssnsdggd | 20
and J were set to | =1, (mhere | is the nunber of disk revolutions in a
continuous data read) and J (M- 2) 2 (where J is the nunber of tracks
junped in a track junp). Hovvever, wth beans 31 - 34 designated as the h
val id beam channels, we have Q= (4 - 1) - 3 (where Qis 25 the distance,

i n nunber of tracks, between the innernost 78 and out ernost beans of

| i ght beam cheometise cagpablid lofstraadidng nr #dgr.d8d dhkadazad wRitt@n é@where R
is the nunber of beans in the nost popul ous contiguous group of |ight beam
channel s i ncapahime dfataeadi bige rsssmrdk @ reasag £ whins enedndpsisess 33, e~ BB¥.ween t he

above innernost and outernost |ight beans, 31 - 34). Therefore, by using Q
and R to conpiawlkd the R3i¢drl8i AXK1LSrol 43 ohb:4% aapentdhues @&ta read
(1) and the nunber of tracksmatrackjurrp(J) we can set | - ( R+ 1)

- 1, and J =shqyn in)Fig.29. 10 Also, in the description of section (4)

above (Figures where th beam 39 channel was unreadable, "M (the
nunmber of °beans |?P‘€‘f‘?et)l %ﬁ eguod&SYPSup 6’9’“5‘8% ‘ch&Rfel £2PPom whi ch

data can be read vpfern%(lea{;g?%fsekﬂhﬁ%t hgee bfar{%?fslof 3 o;_[rl]greégre 15

since M> 3, The Channels 6 eS|gna gd as the h

val id beam cha:ggle $hedlfels ﬁ]ﬁst] WAL e%etcot) % l(]j.ls);v{‘ﬁ}[e ‘th')r% tagilg nunber

of disk revolutlons In a co nuous ta rea (where J

i's the numbern@fgdgacks dridmeadal Beédtﬁfloi.‘hé RFE’J)xd Zhdiever . W heeleans 31
- 33 designated as the h valid beam channels, we have Q- (3 - 1) - 2,

where Q i s thenik Sh@neéri £y Mgt Of:hérélﬁéﬂﬁe bet vrenstbeelinaataosts and
out ernost beans ( 31 and 33 ) of |ight beam channel s capabl e of reading
recor dedl@at asucindcthdt Q where R is the
the A-time immediately prior to the A-time data
stored at the top address in the second area of
memory 33; is included in the second area of
memory 33,, and
15 the A-time immediately prior to the A-time data
stored at the top address in the second area of
memory 33, is included in the second area of
memory 33,.
When the reading performed by optical pickup 2 at
20 approximately I = 1 revolution (actually slightly greater
than one revolution) advances to position VI in Fig. 8,
the contents of the second areas of memories 33, - 33,
will be as shown in Fig. 9. Because it finds no gaps in

the data read from the valid channels (1, 2 and 3), the

25 read controller 34 sends a halt command to the write
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25 nunber of beans in the nost popul ous contiguous group of 79 IMjAght
beam channel s i ncapabl e of reading recorded data, whose beans |i el He et02

t he above | igget and outernost |ight beans (31 and 33). peimbeies bY
using this gand R to conpute the nunber of disk revolutions in ab

continuous data read (1) and the nunber of tracks in a track junp (J), we
canset | = (R+1) -1, andJ = (Q 1) - 1. Simlarly, in the case of the
above section ( 5) ( ( 6 ) ) as well, if Qis the distance, in nunber of
tracks, 10 between the innernost and outernost beans of the h - 3 valid
channel s 31 eo883rflBers 314, ) 31 hea Rart2thandrite Rpardtiorurdiel «of beans
I n the nost popul ous contiguous group of |ight beam channel s i ncapabl e of
readi ng recottdedkdivmp commendsenthei syyeemesm tirod liemn&ProsThanckaslit er nost
15 of the h = 3 valid channels, 31 - 33 ( 3z - 34 ) , then R=0.
Therefore, bgonsragleni3? ghandarcessesnphe A ttigendatrar and thelkstanol uti ons
in a continuous data read (l) and the nunber of tracks in a track junp (J),
we can set |aBd(gnd agdresses;ffored dn the) second@reas Rf imemaEiambodi nent
descri begwgb e, tg determ nation as_to whether there were unreadabl e
channel s sgﬁad'e ?“a al’}icita}r&?‘at?%?fi‘f’t%tt%f‘b?%r?wn‘?’e‘% Ra%ht point”
specified by h C uter. Then, based on the results_of thi
determ nati OR?‘?Ehegiél{%a??@mZEBﬁ S’ﬁtcaygarﬁrcﬁ?fnr? s",‘er%ﬁﬁl%%eaglal ueégbf | and
J were set 8che areas to which it was written this time). The read
controller 34 outputs this data to the second signal
processing circuit 40 in A-time sequence, starting with
10 the data corresponding to the A-time immediately
following the A-time of the block of data last output to
the second signal processing circuit 40 the previous time
(before the last track jump). In this case, it outputs
the data corresponding to A-times 23:41:30 through
15 23:41:62.
When the write controllers 31, - 31, receive the halt
command, they stop writing. When the system controller
50 receives the track jump command, it jumps the optical
pickup 2 by one track from position VI of Fig. 8 to
20 position VII, positioning the beams 3, - 3, on-track to
start reading data at tracks (x + 3) - (x + 5).
From this point on, the above operations repeat
until the desired recorded data has been read from the

CD—ROM_l in the sequence in which it was recorded, using

25 the three valid beams 3, - 3,, operating at high speed,
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(where | is the nunber of disk revolutions in a continuous data r?afj[f‘w?g ﬂ
is the nunber of tracks to be junped per track junp), after which 1202

junmp was to position the light beans at the read $i@ifposlodgd Nt
speci fi ede‘g§%%4e%g%ost conputer, and the readi ng of data conmenced at t hat

point. Instead of doing it this way, however, the determnation as to
whet her there are channel s i ncapabl e of readi ng data may al so be nade at
the track position that contains the read start point, or 10 at the
read-inl 3 nearest the center of the CD-ROM 1. Also, in all of the cases

descri bed i naS@Ghi®Mnd JuplildBtiocHy It Gapkd.id khesyEtRin control l er 50 nmade
a determnation as to the |light beamchannels ( if any ) that were

i ncapabl e of (5 eaBbarg adawaiteriieall Operaesonh| sPaft 15 (Hean daaanailndf i on

i ndi cated that sone of the channels were incapable of reading data, after a
conbi nati on ahdt3e Unewadabig )changeresclpabliel0f reading data were
designated as the "h" ( number ) valid channels ( where that combination
consi st ed neit herI1Hfl thel pyerenermrcIlirry 561 deteaminefe A6f e ne
channels% the values of | (the nunber of disk revolutions in a continuous
data read ) ’a“hYP%J“Y“?’he Waitherth OPidrslt opb‘ék’jlﬂnﬁedsFﬁrEl’f’Qacﬁ?ﬂ“hrrp) wer e

set, based on a, escrl sta ard %As an ée native %’h wever

conti nuous rB3Ft 1the nﬁeﬁoﬁge ?K%Fﬂa‘f‘? CHbPq FE beam
channel s desj nat a annel t n r cont.i nuo

r eadi ngsr evi% |oﬁ:gl o?b %13 o;ﬁtl%%ﬁl r} skr}?aharf fﬁe %Z‘c?ﬁu?gﬁebqfarrge st‘clhelrjeu\?\ll |1
be no gaps i t her u | | ed as
Che coner ant SphEFaSqis §Feup | OF ELRATREAN BRARCHIRNAR ok diF B

popul ous congh g4 akisn q:ré)%a@f wbl@At bBeRFaE NGNS ScH R Selins’ §adi Ng

recorded data, whose beans |ie between the innernmost and outernmost of the h
val i d channel 8).; tTHis Mequid,i Rgherd W ik "tHherunbdreroOfbddanat kit j4hged in a
track junp, to be set. In continuous 10 reading of the CD-ROM 1 using the
conbi nati on dérgddt afortthigyunuse gmroopaofiedean{ wiharnnellze feoar ehich biaka
channel s), the nunber of continuous reading revolutions of the optical disk
that are req@ineee xgaste PRePEdMnOLlybethe ghgrnelbs tdk the & beadst Beref rom

is also automatically
- 3; are designated as the h valid beam channels. Also,

values I and J are set to I = 1, and J = (M - 2) = 1,
15 where I is the number of disk revolutions in a continuous
data read (without track-jumping), and J is the number of
tracks jumped in a track jump. Also, from the newest A-
time in the A-time data AT, input from the first signal
processing circuit 26,, and the "read start point" A-time
20 specified by the host computer, the system controller 50
determines the jump direction and number of tracks for a
track jump that will put beam 3,, the innermost of the h
= 3 valid beams (the beam nearest the center of the
disk),_pn-track, one track inside of track "x," the track

25 that includes the A-time of the read start point (i.e.,
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15 determ ned as approximately 1. Al so, although in the above descri bed
enbodi ment, it was assuned that the CD-ROM 1 was rotated at a cohdt MAR 2002
| i near vel @@ doyiosd7t may al so be rotated at a constant angul pet/y®Bogesy (
CAV ) . The optical disk my be of a 20 type other than CO-ROM It may be,
for exanple, a CO-W), DVD, DVD-ROM or DVD RAM optical disk having its
tracks formed in a spiral. Through the present invention, even if sone of
the |ight beam channel s becone incapabl e of reading recorded 25 data
because of problenms with optical disk such as track 82 pitch variance,
surface fluttee, JuAE &beéntidild waBblikean 13, atphoeBa®k e( ko -pariflor mratcurat e
hi gh- speed readi ng of the desired data froman optical disk with no gaps in
the data, bySBEFNEeS1RRF Y3t tiWP-of the remaining |ight 5 beam channel s

t hat bl f di ded data. 83 4 CLAIMS 1. A tical

i ok readont met HERCHRGIL AU AL, e, DeP:RBennehs; A5e AFS B of o or
ter, of ' ' il 1 hat i ul t ly, b t

o gt beanehd gPhe Sl odm diECplh B OF EFeR PO RTERS B “The

optical @i skohfePhGShs t@at£abdBCahdeY Eig&é dljé&nls%'lﬁn%f ?‘g’rk?%’%‘lt L’ﬁmo%?s ed by

the n light beams from outputs obtained tec of the
n 1ight beanentiresedk Njunhisekeamsr ead sHaidsl Spd@dup 24 s R’fatedl: . 32,
33; withi =1 to n), ereby the reading of the optical disk is perforned

by alternatiag heisseasnt her cet imupusiteqdings and twaACK bHMfuniged he
forward direction, CHARACTERI ZED BY, detecting the relative positions in

sai d radial growatdofreh pdgihtidieaTs bys geuratedcwst htbhpulki BAAmbeam r ead
channel s capabl e of reading recorded data fromthe optical disk;
desi gnati ng a 3gtoroftrsaikd alti girackeatxread) channed sl whi Girarlecarapald e of
readi ng recorded data fromthe optical disk to be used for reading and
det er m Ang reedhndinf e regokdedoddea jimpadckacdsr di hy thorough det ect ed
-radi al positions of the |light beans associated with the capable |ight
beam r ead chénﬁélyﬁll then begin at that point, through the three
channels (circuits) made up of photodetector PD, through
first signal processing circuit 26,, photodetector PD,
through first signal processing circuit 26,, and
15 photodetector PD, through first signal processing circuit
26,. Also, when HIGH level frame sync detect signals FS,
- FS; are received from all three of the first signal
processing circuits 26, - 26,, a special write/read
command including valid channel information "1, 2, 3" is
20 sent to parallel-to-serial converter 30.
From this point on, the operation is exactly the
same as the case shown in Fig. 8: At the spot where the
data has been read for approximately one revolution of

CD-ROM 1, a forward jump of J = 1 is executed, and at the

25 spot where approximately another revolution of recorded
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continuously reading data fromsaid disk with said set of |ight beamread
channel s and storing the readout data and correspondi ng addresses{ df MARe2002
optical di sWwodunegsg the continuous reading by said set of |ightphesgd ead
channel s designated for reading; and if said set conprises nore than one

| i ght beamread channel, executing the track junp by the determ ned nunber
of tracks when the stored correspondi ng franme addresses show that said
stored readout data correspond to a continuous bl ock of data recorded on
the optical disk. 1 85 2. The optical disk readout nethod according to
Claim1, wheS&itd Wiféh kRe®Rcread, t haptbery forwaod tiwnmdpaicant= |1 ghd

beam read channel s are capable of reading the recorded data, only a single
| i ght beam r E¥§°Uk&AnePPAs SReSPgnaffbdst % remertgdanposheicnstIhlious
reading is s%‘[ges.si VFJL% cga?uct ed without executing the track junp. 3. The
optical disk 'readdut” Ht hod) adCorfiHgite FQi Fead @Rdr dihe Meeoxdrd number
of beans in 4805k @RB‘“ Qus conti guousaﬁ;roup of light_ beamread channel s

from whi ch dafa-can 'bé Fead afdcRr3? YBIgNMTi YAt PRePRdedd 2hdn s are

desi gnated ag,salkd $¢tn0fe! | ; myread channels, and, the continuous
readi ng of a%f))r ogl’ rrgt réi‘y;’?m!ég?%tggﬁ POR BF TRRSobtithE W and the track

junp of M2 Ygackseai& MR chy hpeltid it,isggktdli S éa‘?na%glgﬁmgﬁt od

according to Caim1l, whereinif QIrs the ance, in nu Y acks,

between the aRaesMairadhOH erimigudeany of |ight beamread channel s
capabl e of reading recorded data, is the nunber of beans in the nost

popul ous conti guols ptlesyeicdn gbhtheales S0 Feri@ifekNCARAPLG e M eadi Ng
recorded data, whose beans |ie between said I nnernost and outernost |ight
beans, and akswolétiphsofitrélmsive matridnRbetwaknl €AstodtiddEmidMuppti cal
disk is read by alternati ng between perform ng continuous reading of the
optical 18 sk2t#rdfrRNe 1.i ghersenm fron nimimisds I bit Fage Thpataa of
-readi ng recorded ga%a for S&Froxi mately (R+1 ) revolutions of the optical
di sk, and TEECERELuAtg £k Panpest (Uram) theabesem .t lrnd odmar d

direction. 5, Th tigal disk .readout nethod according to Claim4) wherein
when (QL ) ighéaﬁ%{egmt %’%gt HARTEGSF CRNEiAYPES| FERLP FehRaRaid idannel

only is beam channels from which data can be read would be made

up of the three beams 3, - 3,. Thus M > 3, where M is the
15 number of beams in the largest contiguous group of beam
channels from which data can be read. Accordingly, the
channels of the M beams 3, - 3, are designated as the h
valid beam channels. Also, values I and J are set to I
=1, and J = (M -2) = 1, where I is the number of disk
20 revolutions in a continuous data read [(without track-
jumping)], and J is the number of tracks jumped in a
track jump. Also, from the newest A-time in the A-time
data AT, input from the first signal processing circuit
26,, aq? the "read start point" A-time specified by the

25 host computer, the system controller 50 determines the
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designated for reading and the continuous reading is successivel i QW?W
W t hout executing the track junp. 6. An optical disk readout appar at

wher ei n n‘ggj ?i&?n_} tracks, n being an integer of 3 or greatp%r”,,?gfmz{b o
g eans

opti cal are illum nated sinultaneously by separate

(3~, 32, ..., 3~) arranged in the radial direction of the optical disk,
corrprisi ng optical detection neans (4, 5,6 6, 7, 8) PDT to PD5) for reading
recorded data in the tracks illum nated by the n |ight beans, from output

obt ai ned by detecting reflected ones of the n |ight beans through n |ight
beam read chpinpelisrédtionZdnd mMimher3bi~xradks B3t ,a Wddtk jamp tRad), and
readout control nmeans for controlling the optical detection neans to read

t he optical wiildk pusheeay 3t hetheeddineymafstt lof appiel dal= &i skli8 peahsr med by
alternating between the continuous readings and track junps in the forward
direction, CHARAGTERIZEDE8Y, nrearst( i) S&)tdénrodetwt idisk he ertative
positions in said radial direction of the Ii ght beans associated with the
light beam remtkehamrel STeaabheior cfadt¥rrk eC8r dedhfat Brachonthat opti cal
di sk; neans (50) for designating set of said |ight beamread channel s which

i s capabPe o‘f“crlé’é]ﬁsn§l’ree@or‘ii€1? & e o?ﬁ"’l%es%ﬁca?“a?sklt% betfi€ed for
readi ng and for term i nunb of tracks to_be ju cording to
t he det ect ed 1&di th %e?%e 1 i Phtt 5"@3‘%33555%?% Wi ilﬁ?t he

capabl e |i ght d an means (20) for continuously reading
data from sdi dpf Sic ec hccg'%l d%séf:kof'j ﬁ;ght beam read channel s; nmeans (32,,

33,) for storing ke readoyt datg and ?rigggfendb O f T, ,ﬁq_g];ag%es of the

optical disk during the continuous rea y sal set amread

channel s designgfRddr dsadicRg; wgl no§a'ld (@ﬁQO%MmQQQt rot BE8Rs has
means (50) for executing the track junp by the determ ned nunber of tracks

when t hgost ofefb e iioRsPandangoh t B0l €66 aesdhpwrddat (ithe stmbed readout
_data corresponds to a continuous block of data recorded on the optical disk
and only if cfitrssts chupped esn mer erkle&n joump )l iggt, befintheadpthaahel . . A

. AU. AY. AY. A3. AY. A. A. AH. AN. AU

AL AF. A A A LGSRINIYZ. AsALage Pt Y pNS IASGD AIUQfAEiQ\ B, it WALAYDE, Ah. AN A
.A(. A33. A AN, A AYS. A A3. AYh. A&UI . AF. Al . A_ AY. ANf .

F. A9Y. AsF. AUYTRed Aoxyiazkl, ¥ ram R&SAtAE{‘ AIAPYAGhKPeA&rAckﬁl EKOAPHEAU. Al

. A AY. ALF. AU. A. A IAYAsFI A\ﬁ y. AS Cd<q qHMNOP

ztoid zU ¢ ?ﬁﬂ%a a]@n trac tracks = x (x 1)

ay cal fi‘%ca] %@]Cﬁﬂd]c rf,]azl ac_fl T@}%‘] g%&f%g@g reading of the
ajcalc cal _ ,

recorded data in tracks (x - 1) through (x + 1) will then

begin at that point, through the three channels

(circuits) made up of photodetector PD, through first

signal processing circuit 26,, photodetector PD, through

20 first signal processing circuit 26,, and photodetector PD,

through first signal processing circuit 26,. Also, when

HIGH level frame sync detect signals FS, - FS, are

received from all three of the first signal processing

circuits 26, - 26,, a special write/read command including

25 valid channel information "2, 3, 4" is sent to parallel-

57



V[\}xsnid_Y]caU] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca] ca]ca] ca]ca]ca]ca]ca]c

al calca]calcalcalcalcalcalcalcalcalcalcalcalcal\~E(W5(-./15 r w X Y MAR 2002

"IBITF"~"zt Q] e ] ca] ca] ca] ca] ca] cal] cal] ca] ca] ca] ca] ca] c H]l‘

al] ca] ca] C‘X?c??;(]‘ caj] ca] ca] ca] ca]ca] ca] ca]ca] ca]ca]ca]ca! ~"™

&&&+' F {" V(((=)w)))*****R:*zupkfa\W]]ca] ca]ca]c

a] ca] ca] ca] c™a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca]c

aUl calca]calcalca]ca]ca]calca]cal **++\,,,-?--./F/ K L/IMN/70e00F111223?3w33

4W] 4n4{vqgl gb] W] U] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] cal]ca]c

, a] ca] ca] cal €] st £ cdsrdSla] cj.cal cal ca] cal! *4_4" 4p555) 6a667| 777709u9vIownd

X9[::0;);:;;0<d<~<<<<

=2=zupkf a\ W] ] ca] exdm ajrza] galiedt] on) cepenseabn’ s calmad £ ajea\damal @s

a]J ca] ca] ca] ca] ca] ca] ca] ca]ca] ca] ca]ca]ca]cal]ca]c

al 2=a=u=====for\the> z2ise? 2 0] @ Ot AX Al tNARBRBB;. BBIwr tiya\RAlg ] da] cadkca] ¢

alU] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]cal]ca]ca

] ca] ca] ca] catlea! BBBBRCECOGtrollers 31, - 31, write the data DATA, -

DEOFNFnFFFFFFFJJJJJJ3KKKLI LLMWN~yt oj e [ V] ] ca] ca] ca] ca] ca] calca] cajcalca]c.a

Ul ca] ca] €a] 3Bl ggP@ first signal processor circuits 26, - 26,, and

aU] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] c”*a] cal NO+P1P2P<P=P>Pr PPQRQQQ

RX RRTT” Ud Ue UFR% B ~vAhyj &°] YpPeEles] 843 caPca) cattajarcay cal ca
cajc i

aU]] ca} ca] ca] ciixa] 84FCa] EBPCEPRA] CRTEET LIRS 3 EhgeuRg Aatddfc APEXX YY722Z

2221131\ "] ocare Tk U SARISRSSRela WL 63521 53,

aU] ca] ca] ca]ca

U cal cal cal ea) calgal s el cale daal cakeald salhegheakeabsal oadsal cal ca

H2%8mnene6

-fffg@Dhh2it)]jj))1)] &" kk4dn" o+oWoo{ ppppppp} xsni c] X e taU cdU ca] calc

aj ca] cajgal Eféﬂ&ﬁ] g8l eahealigakpal G Cin A-time sequence, and will

- aU] ca] ca] cal] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca

p_qqqr {rrrshsxsst RbatliguBEEY oMy VvV weWYaway By z{wd) gbAX] kheaherkedbaal ca] cal ¢

aJ ca] ca] ca]ca] calcal ca]c

al] ca] ca] ca] whérea] cederded | daf L ajon | airC ajest] oRjxc ajppajcamaieayz oneq{{ Z| } y} ~
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ONV&QS%PAwgegéigg %o?kgpproiimgégﬁg(gnéstdﬁn o%oégg&cgleM 1, then
performing track jumps, we will find that it cannot be
done: To read data in this manner, there must be at least
three readable light beam channels in a contiguous group.
Even when this condition (M =2 3) is not met, however,

10 high speed reading of data can still be performed by
combining readable channels and performing repeated
operations wherein data is read by the combined channels
over multiple revolutions of CD-ROM 1, followed by track
jumps of a prescribed number of tracks.

15 Specifically, in repeated cycles of continuous
reading and track jump operations, the number of disk
revolutions of continuous reading, and the number of
tracks to be jumped, may be determined as follows
with

20 Q as the distance, in number of tracks, between

the innermost and outermost beams of light beam
channels capable of reading recorded data, and
R as the number of beams in the most populous

contiguous group of light beam channels incapable

25 of reading recorded data, whose beams lie between
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between them, in number of tracks would be Q = (4 - 1) =
3. Also, the most populous contiguous group of light
beam channels incapable of reading recorded data, whose
15 beams lie between beams 3, and 3,, consists of only one
light beam: beam 3,. Therefore, R = 1. All three beams
that are capable of reading recorded data, 3,, 3;, and 3,
are designated as the h = 3 light beam channels. The
number of disk revolutions of continuous reading = 1 = (R
20 + 1) = 2. The number of tracks to be jumped in track
jumps performed during read = J = (Q - 1) = 2. Thus I
and J are both set to 2.
When the h = 3 wvalid 1light beam channels are

designated, and the wvalues of I (the number of disk

25 revolutions in a continuous data read) and J (the number
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Fig. 12). Simultaneous reading of the recorded data in
tracks (x - 1), (x + 1), and (x + 2) will then begin at

that point, through the three channels (circuits) made up

of photodetector PD, through first signal processing

10 circuit 26,, photodetector PD, through first signal

processing circuit 26,, and photodetector PD, through

first signal processing circuit 26,. Also, when HIGH

level frame sync detect signals FS,, FS,, and FS, are

received from all three of the first signal processing

15 circuits 26,, 26,, and 26,, a special write/read command

including valid channel information "1, 3, 4" is sent to
parallel-to-serial converter 30.

The special write/read command is fed through read

controller 34 to the write controllers. After that, only

20 the write controllers 31,, 31,, and 31, identified in the

valid channel information "1, 3, 4" write the data DATA,,

DATA;, and DATA,, received from first signal processor

circuits 26,, 26;, and 26,, respectively, a block at a

time, to the first areas of the memories 32,, 32,, and

25 32,, in sequence (the sequence in which it was recorded).
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10‘:;(')05249(&) E )@ ge%%){g (3§3213 1,":-3é3@ %?Io%b (@Qﬁl{'{%@y@l Qé@ (s)tarjt agdres(s)eg' 055

T*10% 0& ()-Q S &ADb d ' 1100 ‘e g ! ~Lty 10%&, L-TVEt!10% | &
() Lot Lodel - Lt Rovre (oL “RAVERSRE (i7afbr eecnseds - 1+ y100&

"()-3 10% (wembF ik} 32,, 33,, and 33,, [at which the corresponding

data is stored]. For the case illustrated in Fig. 12,
10 the data written as A-time data in the first areas of
each of the memories 33,, 33;, and 33, would be 23:40:60,
23:41:15, 23:41:30, and so on, as shown in Fig. 13.
Having received a special write/read command, read
controller 34 checks only the data written to the
15 memories in the indicated valid channels "1, 3, 4". Thus
it accesses the data just written to the first areas of
memories 33,, 33,, and 33, to verify that the state of the
stored data is such that
the A-time immediately prior to the A-time data
20 stored at the top address in the first area of
memory 33, is included in the first area of memory
33,, and
the A-time immediately prior to the A-time data
stored at the top address in the first area of

25 memory 33; is included in the first area of memory
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Because it finds no gaps in the data read from the valid
channels, the read controller 34 sends a halt command to
10 the write controllers 31,, 31,, and 33, to halt the write
operation, and sends a track jump command to the system
controller 50. The read controller 34 then accesses the
A-time data and the start and end addresses stored in the
first areas of memories 33,, 33,, and 33,, and starts
15 reading the corresponding data from the first areas of
memories 32,, 32;, and 32, (to which it was written this
time). The read controller 34 outputs this data to the
signal processing circuit 40 in A-time sequence, starting
with the data corresponding to the newest A-time. In
20 this case, it outputs the data corresponding to A-times

23:40:60 through 23:41:59.
When the write controllers 31,, 31,, and 31, receive
the halt command, they stop writing. When the system

controller 50 receives the track jump command, it sends

25 commands to the servo circuit 23 to execute a track jump
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controller sends a "track jump completed" notification to
the read controller 34.

10 Upon receiving the "track jump completed"
notification, the read controller 34 sends a "resume"
command to write controllers 31,, 31,, and 31,, causing
them to start writing to memory, the data output by the
first signal processing circuits 26,, 26;, and 26, after

15 the track jump. This time, the write controllers write
these DATA,, DATA,, and DATA, outputs to the second areas
of the memories 32,, 32,, and 32,, and write the
corresponding A-time data (AT,, AT,, and AT,) along with
the memory 32,, 32,, and 32, start addresses (a,,, a,;,, and

20 a,,) and end addresses (a,,, a;, and a,,) of the DATA,,
DATA,, and DATA, data currently being stored, to the
second areas of memories 33,, 33,;, and 33,. For the case
illustrated in Fig. 12, the data written as A-time data
in the second areas of the memories 33,, 33,, and 33,

25 would be 23:41:48, 23:42:03, 23:42:18, and so on, as
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'33,, and 33, (the areas just written to) to verify that
there are no gaps in the data read by the valid channels.
It does this by verifying that the state of the stored
data is such that

the A-time immediately prior to the A-time data

stored at the top address in the second area of

memory 33, is included in the second area of
memory 33,;, and

the A-time immediately prior to the A-time data

stored at the top address in the second area of

memory 33; is included in the second area of

memory 33,.

When the reading performed by optical pickup 2 at
approximately I = 2 revolutions (actually slightly
greater more than two revolutions) advances to position
VI in Fig. 12, the contents of the second areas of
memories 33,, 33;, and 33, will be as shown in Fig. 13.
Because it finds no gaps in the data read from the valid
channels (1, 3, and 4), the read controller 34 sends a
halt command to the write controllers 31,, 31,, and 31, to
halt th write operation, and a track jump command to the

system controller 50. The read controller 34 then
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109%@&' () - r st angke B2h memories 32,, 32,, and 32, (the areas to which it
5 was written this time). The read controller 34 outputs
this data to the second signal processing circuit 40 in
A-time sequence, starting with the data corresponding to
the A-time immediately following the A-time of the block
of data 1last output to the second signal processing
10 circuit 40 the previous time (before the last track
jump). In this case, it outputs the data corresponding
to A-times 23:41:60 through 23:42:47.
When the write controllers 31,, 31,, and 31, receive
the halt command, they stop writing. When the system
15 controller 50 receives the track jump command, it jumps
the optical pickup 2 by J = 2 tracks, from position VI of
Fig. 12 to position VII, positioning the beams 3,, 3,, and
3, on-track to start reading data at tracks (x + 7), (x
+ 9), and (x + 10). From this point on, the above
20 operations repeat until the desired recorded data has
been read from the CD-ROM 1 in the sequence in which it
was recorded, using the three valid beams 3,, 3;, and 3,,
operating at high speed, and with no duplications or gaps

in the data.

25 In this method, for example, it takes the time of
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using this method, then, is a major improvement over the
5 time of nine revolutions of CD-ROM 1 that would be
required read the same data with only one beam.
(8) Special Write/Read Operation, Part 6 (Beam Channel
3,, 3, and 3, Unreadable) (Figure 14)
If the system controller 50 determines, during one
10 revolution of relative motion between the optical pickup
2 and CD-ROM 1, starting from position I of Fig. 14, that
recorded data cannot be read from the beam 3,, 3, and 3,
channels, then there are not three adjacent channels from
which data can be read (the M > 3 condition is not
15 satisfied). As in the case illustrated in Fig. 12,
however, in repeated cycles of continuous reading and
track jump operations, the number of disk revolutions of
continuous reading, and the number of tracks to be
jumped, may be determined as follows:
20 with
Q as the distance, in number of tracks, between
the innermost and outermost beams of light beam
channels capable of reading recorded data, and
R as the number of beams in the most populous

25 contiguous group of light beam channels incapable
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Eovgogynga@g@;(9ndjguggrmost light beams,

if Q is at least 2, and R is at least 1,

5 (R + 1) is the number of disk revolutions of

continuous reading by the beams capable of reading

recorded data (1), and

(Q -1) is the number of tracks to be Jjumped (J).

In the present case, the innermost and outermost

10 beams of light beam channels capable of reading recorded

15

20

data, are beams 3; and 3,. Therefore, Q = (5 - 3) = 2.
Also, the most populous contiguous group of light beam
channels incapable of reading recorded data, whose beams
lie between beams 3, and 35, consists of only one light
beam. Therefore, R = 1. The two beams that are capable
of reading recorded data, 3; and 3,, are designated as the
h light beam channels. The number of disk revolutions of
continuous reading = I = (R + 1) = 2. The number of
tracks to be jumped in track jumps performed during read
=J =1(Q -1) = 1. These values of I and J are set.
When the h = 2 valid light beam channels are
designated, and the values of I (the number of disk
revolutions in a continuous data read) and J (the number
of tracks jumped in a track jump) are set to I = 2 and J

= 1, if the optical pickup 2 is located at position II of
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9.= 10"9 1) and (x + 1) (position III in Fig. 14). Simultaneous
10% & ()-! " 3&10%"& ()-'Ma,:1'10%"& ()-e*}10% & ()-19°1:110% " & () -
110% " & () - Redingl @RVERE) We@) dateyir tracRsOodk-(}-) and (x +
10%W&I() %FIO%W& S{ t§é£ begin at that point, through the two
channels (circuits) made up of photodetector PD, through
first signal processing circuit 26,, and photodetector PD,
through first signal processing circuit 26,. Also, when
HIGH level frame sync detect signals FS,, and FS, are
10 received from both of +the first signal processing
circuits 26,, and 26;,, a special write/read command
including wvalid channel information "3, 5" is sent to
parallel-to-serial converter 30.
From that point on, operation is almost the same as
15 for the case illustrated in Fig. 12. (In the Fig. 14
case, the write controllers 31, and 31, write the data
DATA; and DATA;, from first signal processor circuits 26,
and 26;, and the A-time data AT, and AT, to memories 32,
and 32;, and 33; and 33;,. Also, the read controller 34
20 checks the A-time and start and end address data stored
in memories 33, and 33,, and then reads out the data
stored in memories 32; and 32, so that it will be in A-
time sequence, and will have no duplications or gaps in

it.) Ap the location where recorded data has been read

25 for approximately I = 2 revolutions of the CD-ROM 1, a
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the output data.
In this method, for example, it takes the time of
four revolutions of CD-ROM 1 to read the data in the
seven tracks between (x - 1) and (x + 5) and complete the
10 one track jump, as indicated in Fig. 14. With only two
good channels, then, the data read time using this method
is still a major improvement over the time of seven
revolutions of CD-ROM 1 that would be required read the
same data with only one beam.
15 (9) Special Write/Read Operation, Part 7 (Beam Channel 3,
Unreadable) (Figure 15)
If the system controller 50 determines, during one
revolution of relative motion between the optical pickup
2 and CD-ROM 1, starting from position I of Fig. 15, that
20 recorded data cannot be read from the light beam 3,
channel, the contiguous group of the three beams 3, - 3,
could be used to read data as described in the above

section (4) and shown in Fig. 8. The data can be read

faster, however, by performing the read operation as

25 shown in Fig. 12.
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populous contiguous group of 1light beam channels
incapable of reading recorded data, whose beams lie
between the above innermost and outermost light beams (3,
and 3;) is the single beam, 3,; therefore, R = 1.
Accordingly, the beams 3,, 3,, 3; and 3, are allocated as
the h valid channels; R (the number of disk revolutions
of continuous reading) and J (the number of tracks jumped
in a track jump), respectively, are set to I = (R + 1) =
2, and J = (Q - 1) = 3,

When the h = 4 valid light beam channels are
designated, and the values of I = 2 (the number of disk
revolutions in continuous data read) and J = 3 (the
number of tracks jumped in a track jump) are set, if the
optical pickup 2 is located at position II of Fig. 15, it
will be jumped forward from position II by four tracks,
to put beams 3, - 3; and 3; on-track at tracks (x -1) - (x
+ 1), and (x + 3). Simultaneous reading of the recorded
data in tracks (x - 1) through (x + 1) and (x + 3) will
then begin at that point, through the four channels made
up of photodetector PD, through first signal processing

circuit 26,, photodetector PD, through first signal
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109%&' () - F, ptrSekssings5cipsuit 26,, photodetector PD; through first
signal processing circuit 26,, and photodetector PDg
through first signal processing circuit 26,. Also, when
HIGH frame sync detect signals FS, - FS; and FS; are

5 received from all four of the first signal processing
circuits 26, - 26,, and 26;, a special write/read command
including the valid channel information "1, 2, 3, 5" is
sent to parallel-to-serial converter 30.

From that point on, operation is almost the same as

i0 for the case illustrated in Fig. 12. (In the Fig. 15
case, the write controllers 31, - 31, and 31; write the
data DATA, - DATA, and DATA, from first signal processor
circuits 26, - 26, and 26,, and the A-time data AT, - AT,

and ATy to memories 32, - 32; and 32,, and 33, - 33; and

15 33,. Also, the read controller 34 checks the A-time and
start and end address data stored in memories 33, - 33,

and 33;, and then reads out the data stored in memories

32, - 32, and 32; so that it will be in A-time sequence,

and will have no duplications or gaps in it.) At the

20 location where recorded data has been read for
approximately I = 2 revolutions of the CD-ROM 1, a
forward jump of J = 3 tracks is executed, and after
reading data for another I = 2 revolutions, another J =

3 jump is executed, and so on, continuing in this manner

25 to read the recorded data, at high speed, in the sequence
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Fig. 8, three track jumps are required to read data for
the time of four revolutions of the CD-ROM 1.
(10) Special Write/Read Operation, Part 8 (Beam Channels
10 3,, 3, and 3; Unreadable) (Figures 16 and 17)

We will now consider the case where it is
determined, during one revolution of relative motion
between the optical pickup 2 and CD-ROM 1, starting from
position I of Fig. 16, that recorded data cannot be read

15 from the light beam 3;, 3,, and 3; channels. If we try to
read as before (by performing repeated cycles alternating
between reading for one or more revolutions of CD-ROM 1
and executing a forward track jump) with only the two
remaining adjacent channels 3, and 3,, there will be gaps

20 in the data. In this situation, the data must be read
from CD-ROM 1 continuously by only one 1light beam
channel.

Specifically, of the two light beams that can read
data, 3, and 3;, the one nearer the center [of the disk]

25 (3;) is designated as the valid channel (h = 1), the
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track jump is set to J = 0.
When the h = 1 wvalid 1light beam channels are
5 designated and the values "I = unlimited” (the number of
disk revolutions in a continuous data read) and "J = 0"
(the number of tracks jumped in a track jump) are set, if
the optical pickup 2 is located at position II of Fig.
16, it will be jumped forward from position II by two
10 tracks, to put beam 3; on-track at track (x - 1).
Reading of the recorded data in track (x - 1) then begins
at that point, through the single channel made up of
photodetector PD, through first signal processing circuit
26;. Also, when a HIGH level frame sync detect signal FS,
15 is received from the first signal processing circuit 26,,
a special write/read command including valid channel
information "3" is sent to parallel-to-serial converter

30.

A special write/read command is fed through read
20 controller 34 to the write controllers. After that, only
the write controller 31, (identified by the [special
write/read command] valid channel information "3") writes
the DATA, data received from first signal processor
circuit 26,, a block at a time, to the first area of the

25 memory 32,, in sequence [(the sequence in which it was
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data corresponding to the above data to memory, along
with the memory addresses at which that data is located,
by writing AT, (the A-time data for DATA,;) to the first
5 area of memory 33; along with the start address A, and
end address A,, of memory 32; at which DATA, is stored.
For the case illustrated in Fig. 16, the data written as
A-time data in the first area of the memory 33;, would
start with 23:40:60 as shown in Fig. 17. If enough data
10 is written to the first areas of memories 32, and 33, to
£fill them, the write controller automatically goes back
to the first area and continues writing.
When the read controller 34 receives the special
write/read command, if only one channel (3) is indicated
15 in the valid channel information, it accesses only the
data written to the first area of the memory for that
channel, memory 33;, and reads the data from the first
area of memory 32, in A-time sequence, starting with the
data corresponding to the newest A-time, outputting it to
20 the second signal processing circuit 40. It issues no
halt or track jump commands. Thus during data read,
optical pickup 2 simply reads data from (x - 1) and
subsequent tracks through the beam 3, channel, reading

continuously without jumping tracks as CD-ROM 1 rotates,

25 sending the data to the input of the second signal
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3,, 3,, 3, and 3; Unreadable) (Figures 18)
If it is determined, during one revolution of
5 relative motion between the optical pickup 2 and CD-ROM
1, starting from position I of Fig. 18, that recorded
data cannot be read from the light beam 3,, 3,, 3,, and 3,
channels; and if we try to read as before (by performing
repeated cycles alternating between reading for one or

10 more revolutions of CD-ROM 1 and executing a forward
track jump) with only the one remaining adjacent channel
3;, there will be gaps in the data. Here too, the data
must be read from CD-ROM 1 continuously (with no track
jumps) using only one light beam channel.

15 Specifically, the single light beam that can read
data (3;) is designated as the valid channel (h), the
number of disk revolutions of continuous reading is set
to I = unlimited, and the number of tracks jumped in a
track jump is set to J = 0.

20 When the h = 1 valid 1light beam channels are
designated, and the values "I = unlimited"” (the number of
disk revolutions in a continuous data read) and "J = O"
(the number of tracks jumped in a track jump) are set, if

the optical pickup 2 is located at position II of Fig.

25 18, it will be jumped forward from position II by two
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Reading of the recorded data in track (x - 1) then begins
at that point, through the single channel made up of
photodetector PD; through first signal processing circuit
26,. Also, when [a HIGH] frame sync detect signal FS, is
received, a special write/read command including valid
channel information "3" is sent to parallel-to-serial
converter 30.

From this point on, operation is exactly the same as
for the case illustrated in Fig. 16: Data from (x -~ 1)
and subsequent tracks are all read through the beam 3,
channel, reading continuocusly as CD-ROM 1 rotates,
without having optical pickup 2 Jjump tracks, and
outputting the data with no gaps.

Moreover, although the above embodiment was
described for n = 5 optical beams, the desired effect can
be achieved as long as there are three or more beams.
With an optical pickup 2A, such as shown in Fig. 19(1),
for example, if data through the channel the center beam
(3,) of beams 3, - 3, became unreadable (assuming that the
focus and tracking error signals are generated from the
returned beam of light beam 3, or 3,), then with Q = 2 and
R = 1 (as in the case illustrated in Fig. 14), the two
beams 3, and 3, would be designated as valid channels, and

I (the number of disk revolutions in a continuous data
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With an optical pickup having the seven beams 3, -
3, as shown in Fig. 19(2), if data became unreadable
5 through the 3; and 3, light beam channels (assuming that
the focus and tracking error signals are generated from
the returned beam of light beam 3,), then Q = 6 and R =
2, and all five of the readable beams 3, - 3, and 3,
should be designated as valid channels, and I (the number
10 of disk revolutions in a continuous data read) and J (the
number of tracks jumped in a track jump) set to I = (R +
1) =3 and J = (Q - 1) = 5.
In addition, as in the case described section (3)
and illustrated in Figures 6 and 7, where the beam 3,
15 channel was unreadable, "M" (the number of beams in the
largest contiguous group of beam channels from which data
can be read) was made up of the four beams 3, - 3,.
Therefore, since M 2 3, the channels of the M beams (3, -
3,) were designated as the h valid beam channels, and I
20 and J were set to I = 1, (where I is the number of disk
revolutions in a continuous data read) and J = (M - 2) =
2 (where J is the number of tracks jumped in a track
jump). However, with beams 3, - 3, designated as the h

valid b_eam channels, we have Q = (4 - 1) = 3 (where Q is

25 the distance, in number of tracks, between the innermost
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(I) and the number of tracks in a track jump (J), we can
set I = (R+ 1) =1, and J = (0 - 1) = 2.

10 Also, in the description of section (4) above
(Figures 8 and 9), where +the beam 3, channel was
unreadable, "M" (the number of beams in the largest
contiguous group of beam channels from which data can be
read) was made up of the three beams 3, - 3,. Therefore,

15 since M 2 3, the channels of the M beams (3, - 3,) were
designated as the h valid beam channels, and I and J were
set to I = 1, (where I is the number of disk revolutions
in a continuous data read) and J = (M - 2) = 1 (where J
is the number of tracks jumped in a track jump).

20 However, with beams 3, - 3, designated as the h valid beam
channels, we have Q = (3 -~ 1) = 2, where Q is the
distance, in number of tracks, between the innermost and
outermost beams (3, and 3;) of light beam channels capable
of reaging recorded data, and R = (, where R is the

25 number of beams in the most populous contiguous group of
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Similarly, in the case of the above section (5)((6))
as well, if Q is the distance, in number of tracks,

10 between the innermost and outermost beams of the h = 3
valid channels 3, - 3; (3, - 3,), then 0 = 2; and if R is
the number of beams in the most populous contiguous group
of light beam channels incapable of reading recorded
data, whose beams lie between the innermost and outermost

15 of the h = 3 valid channels, 3, - 3; (3, - 3,), then R =
0. Therefore, by using this Q and R to compute the
number of disk revolutions in a continuous data read (I)
and the number of tracks in a track jump (J), we can set
I=(R+1)=1, and J = (R - 1) = 1.

20 Also, in the embodiment described above, the
determination as +to whether there were unreadable
channels was made at a track location just before the
"read start point" specified by the host computer. Then,
based on the results of this determination, the h valid

25 light beam channels, and the wvalues of I and J were set
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point specified by the host computer, and the reading of
data commenced at that point. 1Instead of doing it this
way, however, the determination as to whether there are
channels incapable of reading data may also be made at
the track position that contains the read start point, or
at the read-in®’ nearest the center of the CD-ROM 1.
Also, in all of the cases described in sections (3)
- (9), and Fig. 19, the system controller 50 made a
determination as to the light beam channels (if any) that
were incapable of reading data; and if the results of
this determination indicated that some of the channels
were incapable of reading data, after a combination of
the remaining channels capable of reading data were
designated as the "h" (number) valid channels (where that
combination consisted neither of only one channel nor of
only two adjacent channels); the values of I (the number
of disk revolutions in a continuous data read) and J (the
number of tracks to be jumped in a track jump) were set,
based on a prescribed standard. [As an alternative],
however, in continuous reading of the CD-ROM 1 using a

combination of the h beam channels designated as wvalid
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Lo determined as the constant (R + 1) (where R is the number
5 of beams in the most populous contiguous group of light
beam channels incapable of reading recorded data, whose
beams lie between the innermost and outermost of the h
valid channels); thus requiring only "J," the number of
tracks jumped in a track jump, to be set. In continuous
10 reading of the CD-ROM 1 using the combination of all of
the n beam channels (where there are no bad channels),
the number of continuous reading revolutions of the
optical disk that are required before there will be no
gaps in the data read therefrom is also automatically
15 determined as approximately 1.

Also, although in the above described embodiment, it
was assumed that the CD~-ROM 1 was rotated at a constant
linear velocity, it may also be rotated at a constant
angular velocity (CAV). The optical disk may be of a

20 type other than CD-ROM. It may be, for example, a CD-WO,
DVD, DVD-ROM, or DVD-RAM optical disk having its tracks
formed in a spiral.

Through the present invention, even if some of the
light beam channels become incapable of reading recorded

25 data because of problems with optical disk such as track
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pitch variance, surface flutter, and eccentric wobble, it
is possible to perform accurate high-speed reading of the
desired data from an optical disk with no gaps in the
data, by using all or a portion of the remaining light

5 beam channels that are capable of reading recorded data.
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1. An optical disk readout method wherein n adjacent tracks, n being an
integer of 3 or greater, of an optical disk (1) are illuminated simultaneously by
separate n light beams (34, 32, ..., 3,) arranged in the radial direction of the
optical disk in order to read recorded data in the tracks illuminated by the n light
beams from outputs obtained by detecting reflected ones of the n light beams
through n light beam-read channels (21, 24;, 26;, 31, 32;, 33; with i = 1 to n),
whereby the reading of the optical disk is performed by alternating between the
continuous readings and track jumps in the forward direction,
CHARACTERIZED BY,

detecting the relative positions in said radial direction of light beams associated
with the light beam-read channels capable of reading recorded data from the
optical disk;

designating a set of said light beam-read channels which are capable of
reading recorded data from the optical disk to be used for reading and
determining the number of tracks to be jumped, according to the detected radial
positions of the light beams associated with the capable light beam-read
channels;

continuously reading data from said disk with said set of light beam-read
channels and storing the readout data and corresponding addresses of the
optical disk during the continuous reading by said set of light beam-read
channels designated for reading; and

if said set comprises more than one light beam-read channel, executing the
track jump by the determined number of tracks when the stored corresponding
frame addresses show that said stored readout data correspond to a
continuous block of data recorded on the optical disk.
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3. The optical disk readout method according to Claim 1, wherein M is the
number of beams in the most populous contiguous group of light beam-read
channels from which data can be read and M23, said M light beam-read
channels are designated as said set of light beam-read channels, and the
continuous reading of approximately one revolution of the optical disk and the
track jump of M-2 tracks are performed.

4. The optical disk readout method according to Claim 1, wherein

if Q is the distance, in number of tracks, between the innermost and outermost
beams of light beam-read channels capable of reading recorded data,

R is the number of beams in the most populous contiguous group of light
beam-read channels incapable of reading recorded data, whose beams lie
between said innermost and outermost light beams, and also

if Qis at least 2, and R is at least 1, then

the optical disk is read by alternating between

performing continuous reading of the optical disk through the light beam-read

channels that are capable of reading recorded data for approximately (R+1)
revolutions of the optical disk, and
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5. The optical disk readout method according to Claim 4, wherein when (Q-
1) is equal or less than zero, a single light beam-read channel only is
designated for reading and the continuous reading is successively performed
without executing the track jump.

6. An optical disk readout apparatus wherein n adjacent tracks, n being an
integer of 3 or greater, of an optical disk (1) are illuminated simultaneously by
separate n light beams (34, 32, ..., 3,) arranged in the radial direction of the
optical disk, comprising optical detection means (4, 5, 6, 7, 8, PD; to PDs) for
reading recorded data in the tracks illuminated by the n light beams, from
output obtained by detecting reflected ones of the n light beams through n light
beam-read channels (21;, 24;, 26;, 31;, 32, 33,, with i = 1 to n), and readout
control means for controlling the optical detection means to read the optical
disk, whereby the reading of the optical disk is performed by alternating
between the continuous readings and track jumps in the forward direction,
CHARACTERIZED BY,

means (26, 50) for detecting the relative positions in said radial direction of the
light beams associated with the light beam-read channels capable of reading
recorded data from the optical disk;

means (50) for designating set of said light beam-read channels which is
capable of reading recorded data from the optical disk to be used for reading
and for determining the number of tracks to be jumped, according to the
detected radial positions of the light beams associated with the capable light
beam-read channels;



11 MAR 2002

87

means (20) for continuously reading data from said disk with said set of light
beam-read channels;

means (32, 33;) for storing the readout data and corresponding frame
addresses of the optical disk during the continuous reading by said set of light
beam-read channels designated for reading; wherein

said readout control means has means (50) for executing the track jump by the
determined number of tracks when the stored corresponding frame addresses
show that the stored readout data corresponds to a continuous block of data
recorded on the optical disk and only if said set comprises more than one light
beam-read channel.



