; €3e66f 6FT\;/ DESCRI PTI ON OPTI CAL DI SC READOUT METHOD AND APPARA L‘}S WXRFHUUZ
FOCUSI NG Gydsi#5%¢g\ND OF THE I NVENTION 1. Field of the I|nvenpéfsposodsae -
present invention relates to a nultibeamtype optical disc read apparatus,

and nore particularly to a nultib tical disc read apparatus in
which different |ight beans are a%%%%%%?ﬁg&$he sanme time to a plurality of

s acent | Sokact Boechtsstut ey Mol Re R FROTOBIBY YD N

DVD- RAM MO, D an ata recor ont acks app the |ight

bearms are reagWrbING BECREE YRUANT systemin accordance with a detected
out put of each rePIected ??ghtﬁggan1 . Description of the Related Art 15 A

mul ti beam gt hed h§ gee+RE LHE ds of reading record data froma CD ROM
at hi gh speed. Vﬁ%h tgis netﬂo%ﬁg%l ferent |ight beans are applied at the

same ting to a plealgbyak aggggyiaﬁe%ﬂtagk%oofa eI &ée%}ﬁwé%géé hf ormed

with a spiral track, "data rec on the track.. 20 appli e |ight

beans are r ATV RNl e S r i cor dance
%?% Wahhgaskecahd Qﬁbéﬁ&g@%é dé{x|§<|§ Sxﬂ%:.f% pERPLIch I AF1y | Ho B8

with a detec out put of each re eam and the read data is

sequenti al | y, gt byl %,{5@ Bﬁ%QEglorcﬁ%c by.eRBEY A%Qei&eaﬁh%ﬁa from
m h o

bei ng duplicated or o ted. 25 Eac a plurality of light beans of such

a ”“btiif'%%%'éh%kgﬁg sgaﬁsrsgg %?Ef:[é&lu?%iéhé eguthé efihe b§ gorrectly

focussed onto an optica isc sign ane. not, record data cannot be

read with apllhgla_tutegaariaufabéw 12hckacHs S Yhidd aikRcusabAgeepti cal
systemis 5 provided for each of a plurality of light beans, it is possible

to focygp al roMe do-glot, RS DU-RoM) € DRD-RAM, Mol it and! &0€a bY

i ndependently control I'i ng these fopussing_opticar systens. However,
provi sion ofregoRigedabht ¥naf tEaeksshpPl P84 wHtn SYSé I Bght PEimETaFd i cal

| read with a record data read system in accordance with a
detected output of each reflected light beam.
2. Description of the Related Art
15 | A multibeam method is one of the methods of reading
record data from a CD-ROM at high speed. With this
method, different light beams are applied at the same
time to a plurality of adjacent tracks of an optical disc
formed with a spiral track, data recorded on the tracks
20 applied with the light beams are read with a record data
read system for each track in accordance with a detected
output of each reflected light beam, and the read data is
sequentially output in the record order by preventing the

read data from being duplicated or omitted.

25 Each of a plurality of 1light beams of such a
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10 fromboth the technical and econom cal viewpoints. Fromthis rge”,as,qNR 02
single fo | optical systemis generally used. An opti

associateﬁyéﬁyﬂg§5erratlon Even if the center of an opt|c§%k§§¥%M§£Iln an
i n-focus state %‘gm nt 1gr{)aced apart fromthe center 15 of the o%&lrcal axi s
is in an outMpitilean ® 119557 des CP%%U‘IFTHJSS preBHRY £l ality of

| i ght sources for nerating a Iural |t ht beans _are dispqsed in

i ne and ad) SETERFBLY AOqU5 R4 GRLO| BB EERR I@giﬁfaeé&"a&apiamm

optical axis be shifte éémerd t he olg)tl cal XI s wever, such

adj ust ment i 3°hotT@E2 3 {C3NYht ?)r%efaéjré'ﬁt G bg aII'IaII“I 155'/‘ of | i ght

sour ces (Iaser di od in order to_fealize a cost effec |ve )
plurality of°fF gﬂ? %QSI'h? §rt€tPOCusIs’Ieda AOGUESHRL| OptAfa Lo SV e&‘n 5pt| cal

di the f ft i ff t...Th f
i Insgr der gt ooé%l)%f)’ecIE tegotgo?‘a? ahpRPeggéﬁgyoéoﬁﬁgﬁgntb%'t%Qn&&t| %I\et gr ge

d by the t MI'E f det t t t
o e i yposRa & léﬁ%ﬁé fohR" yaobE peame Bt ey C%epoﬁ%%e'&?g. g A -
f th h f f
gﬁI)I)Irgssit ng $‘1n$cér &r%e "I‘:’gefrrg g,g“{,fqg?%g%&&%g%' EBIBI'II eﬁl'?"ur ality

o TS sl G e i rocsEEd (g oty o 1o
t f 1th t | t I udi I

SO % g SRS R B A P B s
I t I at I

o 90l phanealn e 0Rk hiacld B Beb @étgﬁ%tpvevgﬁatn § e

beam from a gle%gct}le%)gtsoq_‘ut pyt e%fm#i% I IfggI"FrQ ) %Jc%’; Et[#]sgtg%r& hg si gnal

pl ane, and rea a record the |ght beans )

were appli ed xIP eérlnfﬂ%ugg the q,‘et%ig& o%%&:% og_s (I)é% I;ttege pherein

t he optlcal So t e sig ane 5e optl dISC is

posi ti oned- aébeﬁa{'lcgjlw € Rfed §3°8HL L8nter of an optical axis is in

an in-focus state, a point spaced apart from the center
15 of the optical axis is in an out of focus state. In
order to solve this problem, a plurality of light sources
for generating a plurality of light beams are disposed in
line and adjusted so as to make a light source spaced
apart from the optical axis be shifted toward the optical
20 axis. )
However, such adjustment is not easy and it is not
preferable to use a plurality of light sources (laser
diodes) in order to realize a cost effective system. &
a plurality of light beams are focussed on a signal plane

25 of an optical disc, the focus states of the light beams



in-focus points of the n light beams as viewed along an 25 opti cal( AXMAR 2002

di recti onyghofdygs Obj ective lens. 3 It is therefore posgifhpgsiblsavol d a
poor in-focus state of each of the n light beans relative to the signa

pl ane and t | ad at a_f ' k-S.C ording to
an enbodi rre%fé g‘#i?ﬁ%y?éﬁ'entqh%%g%r%di %8 (?réﬁggnl:q:gi) ?;{‘O ?ng)%%‘ gglgél F%ﬁtﬁg&eam

generat ec RPGharfLodfcy oSip MO dd lHuAUL oARE BROEEAISS heor dor. /-

first order, .~ raction I1ght beans. The 7 -th order

diffracti ons+£9 b1 bEZEPU-@rh%VZf s %&@@&F%che'(ﬁtrwe d10 4 N b XA

diffraction Tight b the tocus states of the 1-th order

diffracti onojebhghbe eatly Ridhd dhih C8 AU shBBeSoRkA Pl Lt CHanRY:

characteristics are also identical, ‘so that the waveshape equali zer

circuity of;Lhe,saqe £har aeliehing! | 65 Galh oS esetni ghCorAlqbr, an

enbodi nment ~the invention, first and second focus control operations are
execut ed by?&hﬁéﬁeﬁ% &l detet?Pbh ButhPL Mnd’ %ﬁﬁﬁx?é%?éiﬁg rifQetssing the

O order diffraction Iight beamonto the signal plane of 20 an optical disc,

and then modbdyi NGrdPeLftd O UM L Gddiinildie thakak plaia ofy the

optical disc 1s positioned at the m ddle of the in-focus points of the O

order, +/ fhfShiPEdeEnt wav énaﬁétémggﬂ%xdicfi%qt&soarlai gBéabessa 25 4
Fig. 1 is a block diagramof a nultibeamtype CD-ROM read apparat us
accordi ng t@) gPRaeibodbFeNigRt bASmsNVeNtion.
10
SUMMARY OF THE INVENTION
In a multibeam optical disc read apparatus of this
invention, an optical system including an objective lens
applies n light beams at the same time to respective n
15 tracks on a signal plane of an optical disc in an in-
focus state near at the signal plane, and signal
processing means generates an RF signal for each light
beam from a detection output of the light beam reflected
from the signal plane, and reads data recorded on the
20 tracks to which the light beams were applied, basing upon
the detection output of the light beam, wherein the
optical system is set so that the signal plane of the
optical disc is positioned-at the middle of respective
in-focus points of the n light beams as viewed along an

25 optical axis direction of the objective lens.



5 Fig. 2 is a block diagram showi ng the structure of a conputati onﬁgtziuﬁ)?
shown in Fi Fig. 3 is a block diagram show ng the structur® ‘of

par al | el _t\g_g'ssog/%?sgf converter shown in Fig. 1. Fig. 4 is a JFJQ'P §(4s51

illustrati le.of the 10 contents, of hown in Fig. 3.
Fig. 505 a flowCchar EOPFPASTPaPPATLaLPell SVRI EoRCRTl BHORRES | o be

executed by a ,systemcontraqller shown in Fig. 1 ,Fig, 6_.s a,flaw chart
illustrati ngsﬁa#r%fneﬁf[c}hé’(ylggﬁi%g%%aeﬁﬂ% T6LEEEYE EROME iITMY. 5. Figs
.7 1) to 3 are di agr illystrati a focus bias adjustnment
operstion toPheIe.abdr 58 By LIRBIRppaPd: HECORGART REGM B MG 5 &
diagramillugtrating an exanple of a 20 data read operation of the

mul ti beam t yP&S8D- ROM read apparatus shown in Fig, 1. Fig. 9 is, a di agram

CD> RoM 1 Badappar AF TR Ehode Y oo npodinohE i Re Pruedfids antna.{f T at i ng
o0 PR3 € Oheb B eeeacK QO Sofl PSR UL LS 0Bl o) 1L 1
1 Plstrat i ng SREBABRETS BTN e RBRP RS S SIRE S RoPy SR ot T R .
the mil 11 hea Pohe- Ot RENT rBaH ARETa (et BHiR 0 TRt Poongt” ke 13 s
oA | L TLER" | SER RO 9308 SBRET AL P i B 0
ot 30105 8T BP0 el ERALL PR ARl "L AR 1P
Therefore, the focus states of the i-th order diffraction )
light beams are identical and the spatial frequency
characteristics are also identical, so that the waveshape
equalizer circuits of the same characteristics can be
15 used.
According to an embodiment of the invention, first
and second focus control operations are executed by first
determining a control amount necessary for focussing the
0 order diffraction light beam onto the signal plane of
20 an optical disc, and then modifying the control amount so )
that the signal plane of the optical disc is positioned

at the middle of the in-focus points of the 0 order, +/-

first order,..., +/- m-th order diffraction l1ight beams.

25



Fig. 16 is a diagramillustrating an exanple of the contents of t&s? rrermﬁﬂ/
showmn in Fig. 3. Fig. 17 is a diagramillustrating an exanple of- d AR 02
read oper¥Oi%9M%868 t he CD- ROM read apparatus shown in 20 FiF§TAF84458 g, 18
is adagramillustrating an exanple of a data read operation of the

mul ti beam t PBEEEDPRENRIBREOMIar B PRAMBNGS n Fig. 1.~ Fig. 19 is a diagram
ilTustrating an exanple of a 25 data read operation of the nultibeamtype
CD-ROMread 6 Fafpatatud bhedh 4¥rgygn of a mylgibepm; EyRe ffRgfehn
illustrating an exanple of the contents of the menory shown in Fig. 3. Fig.
21 is a di a5eafh i PPRSTARYS nRRPESERD| D ap 5 aMRQAINGRE of2f at T of the
CD- ROM read apparatus shown in Fig. 1. Figs. 22(1) and 22(2) are diagrans

i | lustratingn¥erbdPRcati on of an optical pickup shown in Fig. 1, with a
partial area being omtted. 10 Fig. 23 is a flow chart illustrating a
second Pocus adj H3fing HF 0@ L0 FHRITRNF| hovwsing ddieli FHer Ut tder

enbodi ment. DETAI LED DESCRI PTI ON CF THE PREFERRED EMBCDI MENTS 15 Next, an
enmbodi nent 8f CAMRUEEtBERNFEGHOTHIROM ridhd ighpdr-at us wil | be described with

reference to Fig. 1. In Fig. 1, reference nuneral 1 represents a CD-ROM
f or med Fig. 3 is a block diagram showing the structure of

a parallel-to-serial converter shown in Fig. 1.
Fig. 4 is a diagram illustrating an example of the
10 contents of a memory shown in Fig. 3.

Fig. 5 is a. flow chart illustrating a read start
control process to be executed by a system controller
shown in Fig. 1.

Fig. 6 is a, flow chart illustrating a first focus

15 bias adjustment process shown in Fig. 5.

Figs. 7(1) to 7(3) are diagrams illustrating a focus
bias adjustment operation to be executed by the apparatus
shown in Fig. 1.

Fig. 8 is a diagram illustrating an example of a

20 data read operation of the multibeam type CD~-ROM read
apparatus shown in Fig. 1.

Fig. 9 is, a diagram illustrating an example of a
data read operation of the multibeam type CD-ROM read
apparatus shown in Fig. 1.

25 Fig. 10 is a diagram illustrating an example of the



with a spiral track recorded with data ( the outer and inner circ‘yzfﬁggn?@
sides of CD-ROM ,are indicated by 20 arrows in Fig. 1). CD-ROM 1 a g
at a consM{h99/19868| i near velocity with an unrepresented spi REF&PHAUSY.

Ref erence nuneral 2 represents an optical pickup of a multibeamtype

capabl e of remiitemnitsy offi e mgimorlye shownTHe &Fddi-cdl- pi ckup 2 noves from an
inner circunference to 25 an outer circunference as record data read
advances, 7 WHid -e 1aD-FOV 19tagreesilinetsptiegl api exkapr2eapdl ites
different light beans 31 to 35 at the sane tine to n = 5 adjacent tracks of
CD- ROM Z, afipt@acieadfererabienght Bdwmmelyidiean cvper EBeRO¥d Teagi t h

phot odetectors PD1 to PD5 5 which output photocurrents as detection

si gnal s. | n appRIE3USc Zhopinckipp FAg-r df-erence nunmeral 4 represents a | aser
diode for radiating a_|laser beam 3. Reference nuneral 5 represents a
grating $diffractiléh dratrng)ddpgpeBetl perbeatingan SRMME G & axis of
10 the laser diode 4 for diffracting the |aser beamto forma -2 order

di ffracti on qangigntise&h $he gempryr ghown dirx Figet Bon | i ght beam 3z, a 0 .
order diffraction light beam 33, a +1 order diffraction |ight beam 34, and
a +2 order diffrd&d9-odd ihtd bdsagna" Re{uFEREEIRGNBRaPX8™PEer & 8sents a
beam splitter nade of two rectangul ar prisns glued together. Reference
nuneral 7 rétéserRad .0RSFREHARoPE| die Bl BHPRAN t YRS e SPNRAM F®SEd | i ght
beaminto a collimted |ight beam Reference nunmeral 8 represents an

obj ective | SHPFFEYHERE G Fd9-i ght 20 beans 31 to 35 passed through the
beam splitter 6 and o col|limator lens 7_onto a signal plane_1 of CD-ROM 1.
The opt}@al axis Fd@t He& o Rt FvRIFBRsi31pALERELRY 2Bt e¥aPP4Rt C4nFl e with
the signal plane 1. Reference nuneral 9 represents a focus actuataqr for |,
25 novi ng t KB hj %R vePREAELGNaPEnghe dipbEihesm stype FBrBENGIXEGCar to the

si gnal | ane 1 of CD- 1to follo
9 P apparatus shown in Fig.\q.

I

Fig. 15 is a diagram illustrating an example of a
data read operation of the multibeam type CD-ROM read
15 apparatus shown in Fig. 1. |
Fig. 16 is a diagram illustrating an example of the
contents of the memory shown in Fig. 3.
Fig. 17 is a diagram illustrating an example of a
data read operation of the CD-ROM read apparatus shown in
20 Fig. 1. )
Fig. 18 is a diagram illustrating an example of a
data read operation of the multibeam type CD-ROM read
apparatus shown in Fig. 1. -
Fig. 19 is a diagram illustrating an example of a

25 data read operation of the multibeam type CD-ROM read



a surface vibration of COD-ROM 1, in order to maintain an i n-focus gt 0
J7° 2002

each |ighiydaaneal to 35 relative to the signal plane 1 irpeppesis
surface vibrations of CD5 ROM 1. Reference nuneral 10 represents a

tracking actyal-QhL il <FRVNdnt Begobjective Iens 8 along a radial direction
of the signal "plane 1 of CD-ROM % to follow a center deviation of CD ROM 1,

in order to makepaach ol ght o heAm At Ol RRGALSL lah hakR1& 62 ERspoNdi ng

track. The 10 focus actuator 9 and tracking actuator 10 are i ndependently

driven by a Sgfoedts oFUidhet Qiepigrgeggbiwgegnl rigteg. The photodetectors PD
to PD5 are provided in correspondence with the Iight beans 31 to 35, and

each 15 outputs gjphotgcurd enty #)lpé}ﬂtip?%tlté)tﬁ) egsl ¥gdnhi@htsagount. The
| i ght beans 31, 321|,gh3" an(fSS r% ecte romthe %ignal pléme 1 of CDOROM 1

pass thr§Ug%a%erQQhe%§é¥§ti&9%fg +HIcHORbNBE S dpilirauadnaka (671 ected
by the beam splatter 6. Thereafter, they pass through an } 20 optical

system (not gghowy) including a cylindrical lens, a detector lens and the
| i ke and becone incident upon the correspondi ng photodetectors PD to PDS.

The optical axis ralgel.Ne AN Gla SHBEEM £A0SEL byt Rs OL18us¥LbBgRG Cal lens, a
detector lens and the like is 25 nmade coincident with the optical axis of

the light beRBi%icatids &ff bheoPtader pdicklpachb indklig.and {fenlight
beamis made vertically incident upon Fhe signal plane 1 of CD-ROM 1. The

l'i ght beans :3%a31d a3 afrd2 #89ndlbmikeelile +1 5 order diffraction Iight and
-1 order diffraction |ight

10 Fig. 23 is a flow chart illustrating a second focus
adjusting process shown in Fig. 5 according to another
embodiment.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

15 Next, an embodiment of a multibeam type CD-ROM read
apparatus will be described with reference to Fig. 1. In
Fig. 1, reference numeral 1 represents a CD-ROM formed
with a spiral track recorded with data (the outer and
inner circumference sides of CD-ROM are indicated by

20 arrows in Fig. 1). CD-ROM 1 is rotated at a constant
linear velocity with an unrepresented spindle motor.
Reference numeral 2 represents an optical pickup of a
multibeam type capable of radiating five 1light beams.
The optical pickup 2 moves from an inner circumference to

25 an outer circumference as record data read advances,



(+2 order diffraction light and -2 order diffraction |ight) of theﬂ?sgég 2002
beam 3 nade vertically incident upon the grating 5, are fornmed in perf

i ne symmeVPRP 28R t he |ight beam 33 of the 0 order diffrad®GTeRI894§H and
10 applied to the signal plane 1 in perfect symmetry with the Iight beam 33
vertically i WEtdenCOrFON therQtajirg- ' ETheanpticel chckem 2 apmddssr e,

I n-focus points P4 and_P2 %EPS anti P1 ) of a pair of |light beans 39 and 3z
( 35 and 31) ddféezrentndighkePpBBFt Pofoass vabwEke Sy e iR ita 515 axis
of the objective lens 8, and in-focus points of the |light beanms 31 to 35
are gener al | #93ACERTartE KT O HER Bt el . edBA PRChhaafilghttefeddTE is in a
perfect in focus state relative to the signal plane 1, the other |ight
beans are noPePR iRdHaFE®S (FRepd¥Ed) stk PhotedereeiRTEN: &PePPocussed
near the_signal Rl ane 1. The photodetectors PDl, PDz, PD4, and PDS out put
phot ocur Pent ¥P{¢h PYEPPE PRAYOPYTEeRbRras sinfeqtd are &igngd si-i ght anount s.
The phot odetector _PD3 is a four-division photodiode simlar to that used
for an optical picRuptBf 1P e5Ihe RCHURar ¢ - onEeHREGRES prumaiploutdut s .
photocurrents 13 10 A, 13-B, 13-C, and |13-D proportional to received

| i ght anount EeBFeFeBpECR| ¢8S8FviodreR dPEd&sdirtingencdasaiebaam 8-
represents a_sled notor for noving the optical pickup 2 in the radial
direction of RETEFERRR PUlGTRlg % FRBEPIRI teafcHTEPERat i (G Efrastigned not or
is driven with the servyo circuit and noves the optical pickup 2 to a
desired posi 8FBh*2P n&lﬁppﬁfa&/arp&raﬁnﬁwlé}éﬁ EIPr?égFi ertdGPLng*iRe fear ch

operati 98 0'(:he laser diode 4 for diffracting the laser beam to form
a =2 order diffraction light beam 3,, a -1 order )

diffraction light beam 3,, a 0 order diffraction light

beam 3,, a +1 order diffraction light beam 3,, and a +2

order diffraction light beam 3;. Reference numeral 6

15 represents a beam splitter made of two rectangular prisms

glued together. Reference numeral 7 represents a

collimator lens for converting each diffused light beam

into a collimated 1light beam. Reference numeral 8

represents an objective lens for focussing the light

20 beams 3, to 3; passed through the beam splitter 6 and

——

collimator lens 7 onto a signal plane 1 of CD-ROM 1. The
optical axis of the objective lens 8 intersects at a
right angle with the signal plane 1.

Reference numeral 9 represents a focus actuator for

25 moving the objective 1lens 8 along a direction



gradual |y noves the optical pickup 2 along the forward 10 directi ¢B 7dMARN3302
the read e LQn as the read operation of CDO-ROM 1 adva ference
28RF@@>§§ent ata re nﬁﬁgpmﬁﬁgﬁi

nuner al s a record d ad system whi ch reads ane
oo e " SRR R ARRCLE e ! PRSI CEAML SRCAbL SRR Per T
i1 the recofa SPGB Sot EBARERR 1B hRE0bivi Ha PRASF 58 TREBFAIDSEA f rom
Che data r eAd- GRELE PORCFSohET Add Gne Betole Indoarer cafofPRadabl ¢
Converter's CRBUFlopiang Y FoSespdtift S SRFEREY, ReoERELERA PETR 1, 12,
vol tage &i gRaTh kel RESSTRRFS. diiees 130 TePReTLGoRe RRCRI e 11 ght
) 213 A, 2158 S FETCT ok HOI 100 B OB B pheT D P ERE FordaitE B i atc,
o9 120,V dechia i B RagsLechoen PO Pt en S {30 JeLigy b B

section whi Gl ReLT LR RcA"dE NPT IPCIRIOALON Wah £0¥5 1o 1O

out put an RF signa corresponding to rrthmetic

[ ~ i j I, d
anari thnet PEBnr 217 o SPEtebat ifde ' cAfrRibaRarRECRABEKTT THOTE 1 T

orror 1" eofietPorblifedt TUE! Vb LIERNP ! BLLORLSEC IR 24rLs shown

) independently driven by a servo circuit to be described
’ later.

The photodetectors PD;, to PDy; are provided in

correspondence with the light beams 3, to 3;, and each

15 outputs a photocurrent proportional to a received light

amount. The light beamg 3,, 3,, 3;, and 3; reflected from

the signal plane 1 of CD-ROM 1 pass through the objective

lens 8[and collimator lens 7 and are reflected by the

beam splitter 6. Thereafter, they pass through an

20 optical system (not shown) including a cylindrical lens,

a detector lens and the like and become incident upon the
corresponding photodetectors PD; to PDj.

The optical axis of the optical system constituted

of a cylindrical lens, a detector lens and the like is

25 made coincident with the optical axis of the light beam



conput ation section, an adder 221 perforns an arithmetic 15 operqﬂ]olqegf?wz
VA + VH+ V- + VD) to output the RF signal RF3 corresponding to e |1 ght
beam 33. AWOR44B6Bsubtractor 22z perforns the arithmetic opBrHIR®MISEE (VA +
V~-) - (Ve + VD) to output 'the focus error signal, and an adder/subtractor
223 per f or ns34 HRE aFhe ydeniffaantian dightua and/pthe 1ighkc heam ) to
output the tracking ) error_signal. Reference nuneral 23 represents the
servo circui £5f BrdgeVeoitiragly LBeidertr yporoftheoIsignal R4aney sef%o

control, and _a sled servo control. In accordance with 25 the focus error
signal FE i npBtR®Mokrt he conputation 12 section 22, the focus actuator
9 is driven so as_to make FE zero and focus the ligh beans 31 to 35 upon

t,
the signal plane Theaddoht Re@Fsdahcend tPe t hds t PRk Sy 8FPorthg ghhl TE
input fromthe _conputation section 22, the tracking 5 actuator_ 10 is driven:
to make PE zeFgemndifdkaction- tighk prfhsl| icﬁ?ﬁe%ég’r%f%aic?’cp%iil%g%'ﬁe t he
correspondi ng tracks. Because of variatipn of optical characteristics of
t he opti cal gi*%kli’ﬁd?ran‘éllﬁi%ﬁqch?i% bi9Rte@A caf QrdeFctEfEFPEELIPR the
current/vol tage converters 213-A 10 to 213-D and the adder/.subtractor 22Z,
the focus ert&8PE) gRhl tRRIIARCT PERM ReMadB eV PELAERALY 01 NO2FeBAPRDt becone
zero but has an offset value specific to the apparatus, .even if the |ight
beam 33 is i A8 PERFLRE PnidctistmRY IR IRRTERCE oL iPR SYHPRFTYIWhER 1 of
CD-ROM 1. 15 The_focus, seryo systemcontrols_to nake zero the focus error
signal FE inpie 1H8RTt Realefy Ocitheuid oxslerrid £f5ration 1@ ¥octRerror

si gnal tput from.the der/subtractor 222 is supplied directly, to the,
servo 03 Cui Fpﬁg,le?héol i%gﬁt SHe8t 3B Bﬁﬁs%nd'tn é?ﬁ%‘?g‘fmesm?%%s‘%zﬁ‘st ate

relative to e si.gnal .pl ane. 1 because .of the, offset value. An error rate.
of data readEF?o%l%ﬂq’Rdfﬁaf‘ &Wﬁ@i 0 +%‘Fb§eﬁﬁdu§’8f‘a ds’c%‘&%fres )
i mpossi bl e i n,some.case solve this_problem _an of fset adj.ustnent
uneton 55 RASRBoRnoE ERrFdn Ty, TRECTEERES oo ihb toubonp Tagd bl anE

P, (P; and P,) of a pair of light beams 3, and 3, (3, and
3,) are at the same position as viewed along the optical
15 axis of the objective lens 8, and in-focus points of the
light beams 3, to 3; are generally on an arc line.
Therefore, even if the light beam 3; is in a perfect in-
focus state relative to the signal plane 1, the other
light beams are not in the perfect in-focus state

20 although they are focussed near the signal plane 1. )
The photodetectors PD,, PD,, PD,, and PD; output
photocurrents I,, I,, I,, and I, proportional to received
light amounts. The photodetector PD; i1s a four-division
photodiode similar to that used for an optical pickup of

25 the ordinary one beam type, and outputs photocurrents I,-

10



Specifically, the conputation section 22 is provided with a focuf§7oMaR 2002
vol t age generat circuit 229 for generating a variable fo bi as_vol tage -
Vf under m59(’:13§‘{8rol of a systemcontroller to be descri beﬁg’flﬁs’é?’?ss&nd an

adder 225 5 for_adding the fqcus hias voltage Vf to the focys._error signal
out put 1+ omncaidershibt PRG: dn- By Pt TocteCetver RS Fe by
suppl ying the focusg%i as vol tage ng_ suitabl e for each apparatus to the
focus bi as 8PS &t SEFPEFLIVE GRVEFEOBpFLOIPSsyst em and 10 el ectri cal
system are cancel |l ed out to make the |ight beam 33 be focussed gn the

Sl gnal plane 1. BEJEFEPRE tBMERAl 111, SPEFERERCAU RS At05 295

represent waveshape equal.i,zers for incfeasi nlg t he high?freﬂuency onponent s

of the RF sid"9 KPP CFWRES L Pifumer by EBApEAdLRE POFEREGRT PEquency
attenuation {o aused. by the spatial transm ssion frequency %I\/gF)
charact et i st c'§%§1fclﬂfiu§’i t2hESAE 8T (IS RPERH Vs tﬁgegﬁ &Fation of
i nter-code interfe.renge. The RI; sig{]al RF3 i nput t,g t he vvaveshagg equal i zer
243 or the BPOT g S5 ¥R HdtButths ofifTre AvSuhip&neUBPYSer 583 i s
input to j the .servo,.cjrcui tt23. Thﬁ servo gi rcuit, 23 act'vate%fthe focus
servo cont r PH5EH Pﬁlﬁjégﬁe (R QeFRFEAgPRASHPRELYVAILE SPREY BEus error
signal FE enters a ng&ati% f ee ba(ik req:i.lgl of thg focus iervo control
during a f ol F5%seqr&RC gé’f‘at it 08he v&eErFEui PPS534¢PPvat B the 14
tracki ng servo corr#krol upon judgenent .of a timng,. by usjng_the RE signal
RE3, when ¢ 19 S90GHTYo AEVESS TR RCAGR) HREGHTR o2  ShPUH Bet RETEPESKI ng
SEervo Cﬂ?t r(gi'rection during the read operation as the read operation

of CD-ROM 1 advances.

Reference numeral 20 represents a record data read

system which reads at the same time the record data

recorded on the tracks applied with the light beams 3, to
15 35, basing upon the 1light reception outputs of the

photodetectors PD; to PD, of the optical pickup 2, and

serially outputs the read record data in the record order

of CD-ROM 1 by preventing the read record data from being

duplicated or omitted. A focus bias adjustment at the
20 start of the data read operation is performed once before

and after an unreadable system judgement. In the record

data read system 20, current/voltage converters (I/V)

21,, 21,, 21,, and 21, convert the photocurrents I,, I,, I,,

and I; output from the photodetectors PD,, PD,, PD,, and

25 PD; into RF voltage signals RF,, RF,, RF,, and RF;

11



Ref erence nunerals 261 to. 265 represent first signal 5 processingpqiymmig§2
for perform ng bi nari zation, clock recovery using PLL circuits, bi o
dermpdul at i ¥R 974984%e sync detection, EFM denodul ation, and SGEIREHUSS
denodul ation, by using the RF signals RF1 to RFS, and outputting data DATAL
t o DATAS ( imm@w@ngin@, te) phei Light) bepmer 31 heSEFM«10 ahotulRLi on on
the basis of one block unit (unit of 98 frames conpl eting one sub-code
frame), togePWERPUt themor FeETRIM YR Rge menvaESerEt e1/Y hedlsddt a2laT1 to ATS
of the sub-code Q channel., The first signal processing circuits 261 to 266
serial |y outBut2}4m€.demeddi et ceniter t hsaphp tosupAeRSSoAe~ Ay boB/( 8 bits
) after another . The A tine data AT3 output fromthe first signal

processi ng cfr&ui tand3lysD i aptiputo fxrosysteen pbatedeteetes FP:déddPi bed

| ater. The first signal processing circuit 263 for the RF signal RF3 has a’
bui | t-i nSCLWebkRg8| valvesia 2Us( ndt: smeuY)y 2ot okRwy $hefe sync signals
be detected at a constant tinme interval. A CLV control is perforned for an
unr epresent ed spi RAFeTeREDr RWNeTRY eld? r fRRREEDIROM3L KCMPUEEIEOCENt | i near
vel ocity. Upon detection of the frame sync, the first signal_ 25 processing
circuits 2615¢3toen vhightrerierns e el e bic 1operatian ¢l Vars1 to FS5
of Hlevel to the systemcontroller. For example, these frame sync
detection si¥ndl ¥YeFs1Vilo tPSS’“&Pé‘tu%RfoﬁlPngi RE: \FREIRSPORAINGC E9 unp i s
conpleted or not. The first signal processing circuit 263 has a 5 built-in
fitter amountPPebtPt RPN rbui 80 (ABLIRRBELS PRRTIERNNQIG Va TiYdder anount

of the binarized RF signal, and ' has a function of outputting the nmeasured
fitter dfountVdatta YoB (@ t AETBYEt efn dRRYDI BEFOTThEIPREt er BMbUAR

arithmetic operation of (V, + V;) - (V. + V,) to output a )
tracking error signal. A specific structure of the
computation section 22 is shown in Fig. 2. In the
computation section, an adder 22, performs an arithmetic
15 operation of (V, + V, + V. + V,) to output the RF signal
RF, corresponding to +the 1light beam 3,. An
adder/subtractor 22, performs the arithmetic operation of
(Vo + Vo) - (Vy + V) to output the focus error signal,
and an adder/subtractor 22, performs the arithmetic
20 operation of (V, + V) - (V. + V,) to output the tracking )
error signal.
Reference numeral 23 represents the servo circuit
for performing a focus servo control, a tracking servo
control, and a sled servo control. In accordance with

25 the focus error signal FE input from the computation

12



data JD3 input fromthe first signal processing circuit 10 263 is _used faor
focus bias adjustnent. Reference nuneral 30 represents a parall el Dtlo NAR 12802
convert er WOP498Bor receiving in parallel data of one bl ocREUMMBOHH put
fromthe first signal processing circuits 281 to 285 and seri al
out putti ng SREMLPR £Re tBerEeehd JFHEITRY Drist SRIVIER e 88atq W?%ﬁ]being
duplicated or omtted, The specific structure of the P/S converter 30 is
shown in Fi §E gerppapg jfoans tiye Adgbd RERBE P T923s P Sheepi @R ht
menori es each having two storage areas, a first area and a second_ area, and
provi ded inpéén@o}ré?ﬁ%ﬂdbﬁ@@O%@Pﬁcﬁ Vo EReERR A Ak Hite eFFOLnBLIFRALt )
si gnal processLn% circuits 261 to 265. The data DATAL to DATAS5 output from
the first sTEndPPHTodESS S iTURY R BN (LI 22 st BRRATFACKHRS of the
first and second areas. Each of the first and second areas has akcapacity
25 al | owl ng2FhEaEaral B AriyamtasmgkeTE A97Q ikt “‘ﬁ'ﬁfﬁbgi’nlﬁrac Y of bl ock
units to be stored therein. Reference nunerals 331 to 335 represent
menori es ea(’fﬁehiﬁghﬁ PeRMS 1 dr e 3artkRce £he FQFr%sé’émgljngatggﬁfﬁﬁd area, and
provi ded in correspondence with a corresponding opne of the first 5 signal
processi ng ci r cuPES898¢ P YBSFa?HQnAPFngtHS?g KPP EGLRTESBLEPURE f rom t he
first signa rocessigg circuits 261 tqQ 265 are stored in_ones of_ the first
h

and second %Pgas?prﬁ ePiGFER star fPdddvesiatians P AS%Fft5+c%}a to aba
) and end addnesses ALeiLe A3C theoudhBriduBEabe! Lot 4aLEng (g focation
10 to 21,-D and the adder/subtractor 22,, the focus error
) signal output from the adder/subtractor 22, does not
become zero but has an offset value specific to the
apparatus, even if the light beam 3; is in a perfect in-
focus state relative to the signal plane 1 of CD-ROM 1.
15 The focus servo system controls to make zero the focus
error signal FE input from the servo circuit 23.
Therefo;e, if the focus error signal output from the
adder/subtractor 22, is supplied dirgctly to the servo
circuit 23, the light beam 3, does not enter the in-focus
)20 state relative to the signal plane 1 because of the
offset value. An error rate of data read from CD-ROM 1
may become too large and data read becomes impossible in
some cases.

To solve this problem, an cffset adjustment function

25 has been supplied +to +the focus servo system.
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to DATAS in the nenories 321 to 325. Each of the first and second“gr?ﬁ@fbﬂﬂ
a capacity allowng the A-tine data ATl to AT5 of a sufficient nuhbe

data sets WO MA%Bored therein. 15 Reference numerals 311 tRETAPS8H45PY esent
write controllers. provided in correspondence with the first signal

processi ng cPPeaific2biy i s somprEaiipReseehien|d%eis BIaVided Msidbntrol to
wite the data DATAlL to DATA5 output fromthe first signal processing
circuits 26z228P%¢s RS YOLREIr geperatas ol e#s of OF rEenanifdring 321 to
325, and to wite the A-tine data ATl to AT5 in the first or second areas

of the menorfe¥aBable Bocusibiesheeltngd Yhansies ttheddiandged A8 a0 A5g (
or als to ab8 ) and end addresses Ale to A5e ( or ale to a5e ) indicating
the | ocati onSYStef FPRLERFIE JshdenfedarabedTiaten, BAAASN AJEARE ABnories 17
321 to 325. The contents of nenories 32 f and 33f where f = 1 to 5) are’
showni n Fi g. 807 | adAiRg ekBppfecuapiaecomt Fage &if 3P fdwhtfuR ETH% el5

bl ocks of eachset_of5 data DATAf ( 1 )to DATAf( 15 ) inthe first area, and
to wite 15 BI8RRL SvtRYthixeRr thedaddepAsubtraghor 2 PpATS fors0 Yhe n t he
second area. In the first area of the nenory 33 f, the A-tine data for each
bl ock of thef@ara BAFARFL (Signal oFBATAf BY 15HPRA¥1RG; ttheh £9Cufotid@&nyl e,
frames of 10 23:40:60 to 23:40:74, together with a start address Afs ( 1)
and an end avatt’ge Afe Suitaplegfgrsearh apppeatufto (the focys higsin end

address Afe é 15 i ndi_cating the | ocation of the
ystem, offset “errors of the optical system and

10 electrical system are cancelled out to make the light
beam 3; be focussed on the signal plane 1. )
Reverting to Fig. 1, reference numerals 24, to 24,
represent waveshape equalizers for increasing the high
frequency components of the RF signals RF, to RF; to
15 thereby compensate for high frequency attenuation to be
caused by the spatial transmission frequency (MTF)
characteristics of the light beams 3, to 3; and suppress
the generation of inter-code interference. The RF signal
RF; input to the waveshape equalizer 24, or the RF signal
20 RF; output from the waveshape equalizer 24; is input to )
the servo circuit 23. The servo circuit 23 activates the
focus servo control upon judgement of a timing when the
value of the focus error signal FE enters a negative
feedback region of the focus servo control during a focus

25 search operation. The servo circuit 23 activates the

14



correspondi ng data DATAf (1) to DATAf (15) in the first area of gr? gggomnz
32f. In the second area of the nenory 15 33 f, the A-tine data f e

bl ock of twe9gtedsas DATAf ( 16 ) to DATAf (30) are witten a®BCTABIS/@SHANDI €,
frames of 23:41:48 to 23:41:62, together with a start address afs ( 1 ) and
an end addr essackiéng &eyvoocanstralt upddr gssigemest( offt § &hwiag, el address
afe(15) indicating the |location of the 20 correspondi ng data DATAf(16) to
DATAS (30) i nusimeg sdeoRF angaabfRHE;hewhenvtlye 32fghtRbkemefs @nhens &he34
represents a read controller. Wth reference to the A-tine data and the
start addr essegaid & toveginn (oforthgl treckdsg peand endtaddresses Ale to Abe (
or 25 ale to aye ) stored in the nenories 331 to 335, the read 18

control | er 34 reatefehencatramDaFAs 26, DATAS; stepxasant thiestemdonad 331 to
335 by preventing the data from being duplicated or omtted, and serially
out put s Bhe precessbngyabotuits efomnpehferning hbinarbrdtipder clack ne
order) 5 of CD-ROM 1. Specific operations of the wite controllers 311 to
315 and readreooveny |lusirgy Phi|dingnitst, ebidedenodabotien urfiriane ¥k to Fig.
1, reference nuneral 40 represents a second signal processing circuit. The
10 second si@ebechpionesEiMdanaduliation,r @adi wub-chdeddemosdipdiilon ., out put
fromthe P/S converter 30, descranbles the data in the unit of one bl ock,
and t her eaf ty defpduthe eBF Leignaks R det KFsn abdf opkPuytinohdefa CD- DA
specification through error detection/correction based on 15 Cl RC codes
(error det ecPABNY dor PATA; driingilugipepafi Pi @, pawi tites ) a&fikamhee EFYy
detection/correction with Q parities). The second si gnal processing circuit
40 t henl@envdenedelatien Gm R d@sd st ofmoniee blerkanniRe k uadita ofy 98er f or mi ng
sync detection, descranbling, header ~ 20 detection, and error

det ect i on/ cof¥aRes o FONPLEtENT SnNe CBubreeds frameder diRERTREY hWwikd CD- ROM
specification, and thereafter outputs the CD-ROM data to an external host
conput er . R&%E%WW%‘WQ%%H?‘&:W Rt ToiedBR59%mde of a

m croconputer. For the search operation, the 19 . ,
the sub-code Q channel. The first signal processing

circuits 26, to 26, serially output the demodulated data
15 DATA, to DATA; one symbol (8 bits) after another. The A-
time data AT, output from the first signal processing
circuit 26, is input to a system controller to be
described later. The first signal processing circuit 26,
for the RF signal RF; has a built-in CLV control circuit
) 20 (not shown) for making frame sync signals be detected at
a constant time interval. A CLV control is performed for
an unrepresented spindle motor to thereby rotate CD-ROM

1l at a constant linear velocity.
Upon detection of the frame sync, the first signal

25 processing circuits 26, to 26; output frame sync detection
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system control |l er 50 operates to supply a search conmmand to the servo
circuit 23, and to drive the sled notor 11 for the search operatiﬁRtMﬁR 2002
t her eby nww@oed/fegesopt i cal pickup 2 along the forward or revecsgrelieenti on of
CD-ROM5 1 to a desired position. For the read operation, the system

controller H}pRAAS t6 BUPRDY NaLbGHS $£6' ¢A=OBRyseBhBRORte118e . Servo
circuit 23, and to focus the |light beans 31 to 35 upon the signal plane 1

of CD- ROM 1 Hor bhemph¥, t{rese adiadeeBynt deteEEKS . sfpedn ¢ iy teaw,d 10 data
is read fromeach track during a proper nunber of rotations of one or two

or nore, the%yakel €6t {wddfig ShetR beerhBR $OIY A Lidduiplletdd Wit h a
track junp command of junping the optical pickup by a predeterm ned nunber

of tracks imdie faneardicit eeigfal IPrddedditngt aicolita aEathapesation,
the systemcontroller 50 nonitors the fitter amobunt data JD3 input fromthe

first signalpyinacassijigterr SrbinebdedHueong rel rduter f(@rits dhiocas )va@birage
generator circuit 224 and change the focus bias voltage Vf and fix the Vf

val ue when tleas2@ijnd tejitter dmdlait JFe¢heesi RAPi FE@ROIs Igiall,0aadt he franme
sync detection signals FS1 to FSS input fromthe first signal processing

circuits 26hds a?2@unctiionn@fobethoiatingn the @RaBOMed, jtietekeatkovhet her or
not any systemof the light beans 31 to 35 cannot read record data because

of 25 a tracietR tI0) W i gHd OBys€emt ebndewilakiron amsk thetteke anbund
CD-ROM 1. If all the frame sync detection signals FS1 to FS5 are H and

there i s no &s ap,unaple fpPomcdHer €6REE Sabaalt peoseskeAyCeirEabiier
supplies a general read/wite conmand to the P/S converter 30 to thereby

read/ wite 2Rejaia agéputof rovehdcbias saapagtménpr ocessing circuit 261 to
265 to and fromthe nmenories 321 to 325. _ ‘
Reference numeral 30 represents a parallel-to-serial )
converter (P/S) for receiving in parallel data of one
block unit output from the first signal processing
circuits 28, to 28; and serially outputting them in the
15 record order by preventing the data from being duplicated
or omitted. The specific structure of the P/S converter
30 is shown in Fig. 3. 1In Fig. 3, reference numerals 32,
to 32; represent memories each having two storage areas,
a first area and a second area, and provided in
20 correspondence with a corresponding one of the first )
signal processing circuits 26, to 26,. The data DATA; to
DATA; output from the first signal processing circuits 26,
to 26, are stored in ones of the first and second areas.

Each of the first and second areas has a capacity

25 allowing the data DATA, to DATA; of a sufficient number

16



If the frame sync detection signal for one or a plurality of light beans is
L for a predeternmined tine ( e. g. , 1/75 sec or longer ) and dafj @002
be read, Wm@d9g® beans 3i, 3j, 3k,..... to be used for thecTarss/0ssad are |
selected fromthe Iight beans 31 to 35, and a specific read/ wite comuand

I ncl udi ng r esd b3yeke iminkotoabe otdred jthdrein.' Rediexamiosg numerbilght beam
systens to be used for the data read is supplied to the P/S converter 30 to
15 thereby r3pdiver i3 dedprdyeiid, mE&AdAies DARAK, having otwputstbreget he first
signal processing circuit 26i, 26j, 26k, . . . anong the first signal
processi ng Gireas,t 3 Mhrdto fdn tandna éeocond hereepoands p32titied328. The
general read/wite command or specific 20 read/wite command out put from

t he system coniresiposdente switiput taprtrtespaatingpnonel loefi Sde offirke P/ S
converter 30 and transferred fromthe read converter 34 to the wite

cont r ol | ®r s silyhatio p¥Hreddpioy rcdaentiiten a6, the 2§ener Zher dadhimei detsonmand at
the start of the data read, 25 the wite controllers 31 to 315 control to
wite the daiTa 2o AT, DRATYHut o MBMASthet pfitrét orsigial herbcessisggnal
processing circuits 261 to 2b5 first in the first areas of the nenories 321
to 325. Uporirensdptsi @6,0to0al6l naxe cepored nimndnésoaft lther datstoandol | er 34,
the read operation 5 is intercepted until a resune conmand is received, and
t hen t he datsedondweiregen tagéhbeseaebbhl stass.addinadsed B, WoeAsd fori nt er cept
command is received thereafter, the read operation is intercepted, and when
the resune eppmbodais raudi epd, addrasiseswvAtt to M. t heraegastmods.10 used at
the preceding tine. If the wite controllers 311 to 315 receive the ?

speci f i 10 r edavdiciattd ngorhend cata tiioime osft arhte gfonresplmiding data DATA,

| to DATA, in the memories 32, to 32,. Each of the first
and second areas has a capacity allowing the A-time data
AT, to AT, of a sufficient number of data sets to be
stored therein.

15 Reference numerals 31, to 31y represent write
controllers provided in correspondence with the first
signal processing circuits 26, to 26;. The write
controllers 31, to 31, control to write the data DATA; to
DATA, output from the first signal processing circuits 26,

) 20  to 26, in the first or second areas of the memories 32,
to 32,, and to write the A-time data AT, to AT; in the
first or second areas of the memories 32, to 32, together
with the start addresses A,; to A;,; (or a,;, to a;,) and end
addresses A,, to A,, (or a,, to a;,) indicating the location

25 of the corresponding data DATA; to DATA, in the memories
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read, only the wite controllers 31i, 31~, 31k, . . . indicated by the read

systeminformation "i, ~, k,..." 15 operate to wite the data DATON/, MBRT2(02
DATAK, ... weidoubgerom the first signal processing circuits ptaiypodfiss: 26k,
first in the first areas of the nenories 32i, 32j, 32k,.... Upon

reception of sbhetd ggr.cept command fromthe read controller 34, the read
operation is intercepted 20 until the resune command is received, and then
the data ) is wWitrhBNcbAtéRes SHE MU RS 3291 &hd Bd,Y (whBea £he ingercept
command is received thereafter, the read operationis intercepted, and when
the resume cgnymegkk | shoRaeiMedrigat g s Wi t k@A si Neddifpis cas nptitsed at
the 25 preceding read cycle. 22 After receiving the general read/wite

command (speebhicgoll@ad/ 3u] tenteBIBNED i LR LI bIWTkeLEOBAER! 46 &P, the
read controller 34 supplies the intercept conmand to the wite controllers -

311 to 385 (dika Phra,3lk) to. DAkAgN(1S)aihUkBeCETFRR afreal, Nergy Steem
controller 50, when all A time data becone continuous w thout om ssion in

the areas amppgtehesmpaeekesod3éath 2% 0f33ata BATA, B8BK) to.DATA, Where
data,were witten by the wite controllers 311 to 315 (31li, 31j, 31k

) at the preggot irathe)sHddndeirball Irfaiemiadtoarba Aftthe miidryand t he
start and end addresses stored in the areas anong the nenories 331 to 335 (

33~, 33~, 33R3,, the A-vifieS Qadat BoveescH bldck o thee daraseAlral ear) cycl e,
the read controller 34 controls to read and output record data in the order

of A-tine 15tet @ATA (IoMmddfe wkdesénAdd, Mefor ebabmp®e} O firhmedatls¥ St or ed
in the areas anong the nenories 331 to 335 ( 33i, 33 , 33k, . . . ) where

data wene w 2Bt ea0:80 tbe2p:aseny,r eagetyelrewitheseaftaet, addeesseagpti on of
a junp conpletion
(1) and an end address A;, (1) to a start address A, (15) )
and an end address A,, (15) indicating the location of the
corresponding data DATA, (1) to DATA; (15) in the first
area of the memory 32,. In the second area of the memory
15 33, the A-time data for each block of the data DATA; (16)
to DATA; (30) are written as, for example, frames of
23:41:48 to 23:41:62, together with a start address a,

(1) and an end address a,, (1) to a start address a;(16)

and an end address a8,,(15) indicating the location of the

~—

20 corresponding data DATA,(16) to DATA,(30) in the second
area of the memory 32,.

Reference numeral 34 represents a read controller.

With reference to the A-time data and the start addresses

A, to A;, (or a,, to a;,) and end addresses A,, to A;, (or

25 8, to a;,) stored in the memories 33, to 33;, the read
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20 notice fromthe systemcontroller 50, the read controller 34 Su%%:fﬁR ﬂmz
the resune command to the wite controllers 311 to 315 ( 31i, 31 |

. ) . Theoewiser, the read controller 34 supplies the |ma§r/m9p/mssommnd
to the wite controllers 311 to 315 (31, 31, 31k, . . . ) and the junp 25
command to tdoatsypdtiem Bénreaﬂ‘sethéaiathTaLItd\-DAm gadbraed@3in thdecone
continuous wthout omssion in the areas anong the nenories 331 to 335 (
331, 33~, 33emories. 33,ndto W3R kIt pheveneieri tige r dattacydlom Métdg ref erence
to the A-time data and the start and end addresses stored in the areas
anong 5 t he dupidceeed3d8t ¢0ifted( 3@ se3allly 83kputs . the)dabs axsed at the
preceding read cycle, the read controller 34 controls to read and out put
record dat a siymbblie adteer anbthet-i dB shar reogrd rondéde( A-tinme owddr) o t he
A-tinme corresponding to the one block data lastly output to the second
signal 1 prdceSP-RPMi rlcui t sSpeadief iy ecginactilomad ©fc| eche elvatitve to the
data stored in the areas anong the nenories 321 to 325 (32i, 32j,
32k, . ..... ) conttrodderst 3he fur edhdiangl resall cgohtroBler | 834 ofddatbens are
repeated thereafter. The operation of the enbodinment will be described. 15
Fig. 5 is alaltew desctribkedustrati ng the overall process to be executed by
the systemcontroller 50 at the start of data read, Fig. 6 is a flow chart
illustrating a fResurhdogs baclk ad UStgent, procbeenae t hemexedut4® by t he

systemcontroller 50, Figs. 7(1) to 7(3) are diagranms 20 illustrating a
focus bi as agpuesepts opers@dond, Figpal 8processing3 ciluilth, 17Thd8, 19,
and 21 are diagrans illustrating notion positions of the optical pickup 2

rel ati Vi@ t o s€eboROGMsl,gredd Progesding 1@irddit add 2eceiwvedi ddpeandatshowi ng t he
data contents in the nenories 331 to 25 335. 24
) serially output from the P/S converter 30, descrambles
the data in the unit of one block, and thereafter
demodulates Lch and Rch data in conformity with the CD-DA
specification through error detection/correction based on
15 CIRC codes (error detection/correction with P parities,
deinterleaveing, error detection/correction with Q
parities). The second signal processing circuit 40 then
demodulates the CD-ROM data from the Lch and Rch data by
performing sync detection, descrambling, header
)20 detection, and error detection/correction with EDC and
ECC codes in accordance with the CD-ROM specification,
and thereafter outputs the CD-ROM data to an external
host computer.

Reference numeral 50 represents a system controller

25 made of a microcomputer. For the search operation, the
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It is herein assuned that CD-ROM 1 rotates at a constant |inear vel(pleXR 2[][]2
under CLV control and the focus servo is turned on, and that different

i ght beanw®99/1986835 are applied at the sane tine to respecpcyordIs/niss? 5

adj acent tracks of CD-ROM 1. (1} First Focus Hi as Adjustnent Wien an

unr epr esent egyk@sin e6ARYbEIed &) Gpreet RAGUPPANL apeklirchl cEin&d 1 as a
frame having A-tine, 10 for exanple, 23:41:0, the systemcontroller 50

determi nes the RBei Ee@WoOtitbeit 2@k &£0atedndpgvéhehteadeat abtoA-11i Ne
frame of CDOROM 1, the read start point being represented by x (refer to

Figs. 8, 9, ¥br lhelSsedrcHdopapdtldn. tbhetisysdiey aoel Aner opfial st
supplies the 15 search command to the servo. circuit 23 to nove the optical

pi ckup 2 so phakuphe diehy theafbdwareash aevdisd@iddcicd offtheptramk (x-8)
(Step S30 shown in Fig. 5). Thereafter, the focus bias voltage generator

circuit 224 i1s teord radsrkd podiiticj zeryt aheV fead Oopetatiew, SBRe) . .)O0
Thereafter, the systemcontroller 50 supplies a tracking servo-on conmand

and a sl ed segw@emncontitdlled G0 bpeiertes &of supblzy3vhgiaaki ¥a8teolbe
tracking servo and sled servo (Step S32). Therefore, the light beans 31 to

35 radi at ed toanehbie ept thalsquvekdd réwne 2BQc ungedoofotie thacksghiy 25 8)
to (x-4) in an track-on state (refer to |l in Figs. 8, 25 9, 11, 13-15,
17-19, and 2beamkn 3 hite ${atpeonathet kadgnaghtphmess13bft CIBRMrel ned i n an
optimumin-focus state
thereby trace adjacent five tracks. Each time record
10 data is read from each track during a proper number of
rotations of one or two or more, the system controller 50 )
supplies the servo circuit 23 with a track jump command
of jumping the optical pickup by a predetermined number
of tracks in the forward direction.
15 At the start of a read operation, the system
controller 50 monitors the jitter amount data JD, input
from the first signal processing circuit 26, to control
the focus bias voltage generator circuit 22, and change
the focus bias voltage V; and fix the V, value when the
20 jitter amount data becomes minimum, or monitors the frame )
sync detection signals FS, to FS; input from the first
signal processing circuits 26, to 26,, during one rotation
of CD-ROM 1, to check whether or not any system of the

light beams 3, to 3; cannot read record data because of

25 a track pitch variation, center deviation and the like of
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because the focus bias adjustnent is not still perfornmed. 5 The 'ﬂghMAReﬂﬂﬁ
31to 35 reflected by the signal plane 1 are received by the

phot odet eWOME8986B1 t 0 PD5 whi ch out put photocurrents |i' tRCTAPISRESSt hese
phot ocurrents, the photocurrents 11, 1Z, 19, and 15 output fromthe

phot odet ect@P-<ROMDI L. PBZ, aPbitheframs syne feteohion sdonails RF: dignal s RFI,
RFZ, RF4, and RF5 by the current-to-voltage converters 211, 212, 214, and
215 whi ch )FSy engaesrapethepal igeno byyshemwanabhgpdoeqigad R8aOTHL1, 247,
244, and 245 and input to the first signal processing circuits 261, 26Z,
264, and 26fat#@hdthecsystanscostyoller 3upplids sngenerphaeatbivsittesr PD3 are
converted into voltage values VA to VD by the current-to-voltage converters
213-A to 2|Geinamdl tddsbet Fyét mamvprtde 3Wdee 2herebyt eeashiauitt® i on
section 22 to generate an RF signal RF3. The RF signal RF3 is waveshape
equal i zBd biatdheouwkwes faem theeddaisitzedigrad prdceapingt eiraviti26i signal
processing ) circuit 263. The optical axis of the optical system

consti t ut edt@f2@hdchead Eppmt the BemesiepndRortd é&-7, objective lens 8,
cylindrical lens, a detector lens and the like is made 25 coincident with

t he optical axist®f thae firieget syngn @Stegtien signphe PoreRe @Ff & action
light, and the Iight beamis made vertically incident upon the signal plane
1 of CD- ROWhurajwchy t®E light beams3dsi & ifert Re PF@dat@rmineodiidest at e
relative to the signal plane 1, the in-focus points of 5 the other |ight
beans 31, 3te-B4, VP 38cafE henrgen) tand sertieeanpats Beusead atld it hough

they are near the signal
10 beams 3,, 3y, 3y,... to be used for the data read are

) selected from the light beams 3; to 35, and a specific
. read/write command including read system information "i,
j, k,..." indicating the light beam systems to be used
for the data read is supplied to the P/S converter 30 to
15 thereby read/write data DATA;, DATA,, DATA,, ... output
from the first signal processing circuit 26,, 26,, 26,,...
among the first signal processing circuits 26, to 26 to

and from the memories 32, to 32;.
The general read/write command or specific
‘)20 read/write command output from the system controller 50
is input to the read controller 34 of the P/S converter
30 and transferred from the read converter 34 to the
write controllers 31, to 31,. Upon reception of the
general read/write command at the start of the data read,

25 the write controllers 31, to 31; control to write the data
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plane 1. The light beans 34 and 32 ( 35 and 31 ) are the +1 order 002
diffraction light and -1 order diffraction |ight 10 (+2 order di fp?amRoz
i ght and wobondsss diffraction |ight) of the | aser beam 3 rekIPogR4ssical | y

i nci dent upon the grating 5, are forned in perfect line symretry with the

| i ght beam 3BAOA, ttdoe DATAL dertpaitf frramt abh theylfiirsandigpgl ippbaesging si gna
plane 1 in perfect symmetry with 15 the |ight beam 33 vertically incident
upon t he si gnakcpitae 26,oftcCIREOMELrsTharef bhe, farpdi raxdasd i glit Yheans 34
and 32 (35 and 31) has the sane cross sectional area on the signal plane
and t he sanmemeparies t32andw s32.0n f Upqoenmceaptdraact@f i ehi cigteaente
waveshape equalizers 241 to 245 increase the high frequency conponents of

t he RF si gnatemR&hdt 6r8R5the réadebyntonpbesad4, fore hiegd f i
attenuation to be caused by the spatial transm ssion frequency (MIF)

char act ebi st iesinterkepteghunipédnme Iesume3Toamadngiupgsr essed¥edhe agdner at i on
of inter-code interference. As described 27 above, since the |ight
beans 31 andtBénhtlve ddtm dsnwripsenainttiznsscsidoaréasquadioyilarly,
characteristics (MF), the waveshape equalizers 241 and 245 are nade to
have t he sanwhanvébbBapgategqoebitzicogmands dct ardcaiivesl diardadfitlex,, dihece 5 the
| i ght beans 32 and 34 have the sane spatial transm ssion frequency

char act eri st regd( MpFgyatien wdveshnperegntbfizeran@4xhgnd tha aresumede to
have the sane waveshape equalizing characteristics. Therefore, three types
of waveshapeceguand ziigg neegiyeder idatasiarvridteesignsbef arepgise Matyve
waveshape equalizer circuits 241 to 245. ) The first signal processing
circui t $0261used28t threpreeedipattiFesignals RF1 to RF5 be subjected to
binarization, clock recovery using PLL circuits, bit 15 denodul ation, frame
sync detection, EFf ddwdurdteosonda@ldelrscode deproddt arkeaivandhsut put
data DATALl to DATAS (inclusive of P, Qparities) after the EFM denodul ati on
on t he basi sSBechfitCpxead/waite t%@ﬁﬂ,ﬁ? att Fheorse@onef n§ha- dak@ data AT1
to AT5 of the sub-code Q 20 channel. The first signal processing circuits
261 to 266 tTreefial PHLButBRR tWel e mSRtEAd eF&t aSbaTAB e DA¥AS -one synbol
(8 bits) after another., The A-time data AT3 is input to the system
control | er 58NAiFBEeHeb¥cithEn T8RS Y SSHehel nATmadii®Ral'd the ¥irst signa

processipg circuits 25 261 to 266 output the frame sxnc detection signals
FS1 to g operate to write the data DATA;, DATA;, DATA,, ... output

from the first signal processing circuits 26,, 26,
26y, ... first in the first areas of the memories 32,, 32,,
32,.... Upon reception of the intercept command from
the read controller 34, the read operation is intercepted
20 until the resume command is received, and then the data }
is written in the second areas. Similarly, when the
intercept command is received thereafter, the read
operation is intercepted, and when the resume command is
received, data is written in the areas not used at the

25 preceding read cycle.
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FS6 of Hlevel to the systemcontroller 50. The first signal procmsj? HR 2002
circuit 263 neasures a fitter anount of the binarized RF signal R
suppl i es Wo9%19868er anount data JD3 to the system control |RGT/JIPIBN4$5E hi s
state, the systemcontroller 50 executes a first focus bias adjustnent
process during dftteaxi meteliyioge tit atgenerel CheRAYWiit&t epomBd)di n
accordance with the sequence shown in the flow chart of Fig. 6. At Vf =0
V, the syst{epexomtiioiread/¥riteadsmhaed jifirter theosgstéf dantrdDBeneasured by
the first signal processing circuit 263 and stores it in its nenory (not
shown) as j5dY,0)xheStrepd SIt)trdNebdr, 3dheupplless Mitas intktragptgeommandr circuit
224 is controlled to increase Vf by OV (positive value) fromO V and the
fitter anowat thet arib8 contrabldlfs &1 dtetddreBln Bhe, MHgpry.asandi(+1). The
voltage Vf is decreased by OV (negative value) fromO V and the fitter
anmount Hat @ JEnp scameschdantd sther ey sitemt hentreablgraS0j dghdn 45t e~ S11). The
values j d( +1) , j d( 0) , andj d ( -1 ) are conpared Q0 and if
jd(+1) > | dife dade- becoOES @t iStumusSh2 thottheorigdirn dmothe aseas ni mum at
Vf - 0 Vand it can be considered that the focus offset was initially and
appr oxi mat @mpryy theereénoeied hd3f oows3B a3340] Bage f8peratprwlkereuit 224 is
controlled to set Vf to OV ( Step 25 S13 ) . 29 If jd(+1) < jd(0)
<jd(-1) (YBEStm Seep Stdrtent bys tdet wihite kconr¢lBeep S yoaBd;VvV f - ( +2
) ~V, and the fitter anmount JD3 is read and stored as jd(+2) (Step S16).
If jd(+2) *31d¢+D1,;5) W) -¢ YES &t Bhep pSegpntt heedd f cycke. anddithi s m ni num
at f = (+1) OV, and it can be considered that the focus offset at the
out putl@f tred eakiere stdt rde oA - 2RRe wakatiani andl ftheansttamppr exidneerdy (+1)
(-0V). Therefore, the focus bias voltage generator circuit 224 is
contr ol | ed addiragses fstared An jthe @reassespny0 thegpempriast 3pd(¥Q) > jd( +1)
<jd(0) (NO at Step S17), the value k is increnmented to 3 (Step S19), and
the flow r&Burd83e §ﬁep 836 1o ) epexe t AatabwereopRiidtesnat |thed(+k) >
jd{+(k-1)} <j d{+(k-2)} (YES at Step S17), the

esent read cycle, the read controller 34 controls to

read and output record data in the order of A-time

15 starting from the oldest A-time, relative to the data

stored in the areas among the memories 33, to 33, (33,,

335, 334,...) where data were written at the present read
cycle.

Thereafter, wupon reception of a jump completion

‘120 notice from the system controller 50, the read controller

34 supplies the resume command to the write controllers

31, to 31, (31,, 31,, 31,,...). Thereafter, the read

controll;r 34 supplies the intercept command to the write

controllers 31, to 31, (31,, 31;, 31,,...) and the jump

25 command to the system controller 50, when all A-time data
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15 fitter amount is mnimmat Vf = {+(k-1)} (~V), and it can be 7 MAR 2002
consi dered that the focus offset was initially and approxi mately {+(k- ﬁR}

(-~V). Thewefooigses t he focus bias voltage generator circuit péalipbso4ss1
controlled to set f to {+(k-1)} OV (Step S18). 20 If not jd(+1) < jd(0)

<jd(-1) at StesmSkbntitfiond Wetkolt GRfsdbrd irSieR $28hs Mhohg 1R to (-2)
OV and the fitter amount JD3 is read and stored as jd(-2) (Step S21). If

jd(-2) > | dheddrredl(83, (03t Fxp 382), 38he. | tebraneeat dts tHNi mum at
vt =(-1) OV, and it can be 25 considered that the focus offset at the

out put of tpeedfding HHIEILYSIRL N agt @h 22Fe¥BRceNtdi ehé YA abthapwexi matel y
(-1) (-~V). Therefore, the focus bias voltage generator circuit 224 is

control |l ed hAdsete Wtar® &nd)end BidralsiiesSddbred hh tRE dféad)amornd(- 1)
<jd(0) (NO at Step S22), the value k is incremented to 3 (Step S24) to

repeat the shevfemieled 380sto 133,] 43 K) 33 JCH3k(,k 1} néitdﬁséli 28 }tHeYES at
Step S22), the jitter anount i s m ni num at {-(k-1)} ~ (DV), and it can

be consi der gdetd@ind headdeye180 QB&Sﬁéaatcéxher@yl@ﬂts@fcémerols to
adder/subtractor 22Z was initially and approximtely {-(k-1)} ~ (-0V).

Therefore, {Bgaf eglds HudsutyOhkbasedgedtat @h CthéUidraddd b Gondin@ | ed to
set Vf to {-(k-1)} ~ (~ (Step S23). In this focus bias adjustnent set

state, onlystaet#iy i@ theam S8né hdxt tbetperi eeimé edOdspdaiidly rel ative
to the signal plane 1 (in Fig. 7(1), the in-focus point P3 of the |ight

beam 33 is €6itigd ¢y blddk HAtasigsadlypba@tisut to.tidkddend®tdigndli ght beans
31, 3Z, 34, and 35 are not in the perfect 1n-focus state and the in-focus

poi nt s1p 20pPacéesshimp cilrduiiec et €h8Dpte6aLHYT L8N (Sydl e, Heaidiwespaced
fromthe signal plane. According to the invention, after Step S13, S18 or
S23, the foeostis amtelsttagedgenetivd dradd Gitidng’ he iemories 32, to )
32, (32;, 32, 32,,...) not used at the preceding read
cycle. Similar operations are repeated thereafter.
The operation of the embodiment will be described.
15 Fig. 5 is a flow chart illustrating the overall process
to be executed by the system controller 50 at the start
of data read, Fig. 6 is a flow chart illustrating a first
focus bias adjustment process to the executed by the
system controller 50, Figs. 7(1) to 7(3) are diagrams
20 illustrating a focus bias adjustment operation, Figs. 8, S
9, 11, 13, 14, 15, 17, 18, 19, and 21 are diagrams
illustrating motion positions of the optical pickup 2
relative to CD-ROM 1, and Figs. 10, 12, 16, and 20 are
diagrams showing the data contents in the memories 33, to

25  33,.
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controlled to change the value Vf by a predeterm ned 25 amount W to nov

t he obj ecyj vglﬁ%sgps 8 by L1/2 renotely 31 fromthe si g}%a_éﬁhgz@%ZMARgzﬂﬂz

L1is a d'9 (refer to Fig. 7(1)} between the in-focu of the
light b 33 d the._ in-f int P1 (P t light b 31 (35

a: gng aﬁa?pti ca taith:ﬁ’lr}leég‘fius ug’lfe%[ hgh%{)j g@t’?\b@ t51le| Ehga%ese%i’{nneq y,( a% St ep
S25 S26, V. f i et to V.f + WL.. Th I | pl 1.0of ROM i

Cher of ore SERFTILRe iReH NELAFAGPe Bt nG LT oPBERaL R A5 T % he |1 ght

Lo Fo. 70555V8 A WS 8 n i sodo N FE, ST R Bedmsy (e @
i | pl 1 d . | d fr. t.h i l,..pl 1. Aft

Stop 515, B1d0 95 “pRE s U8t Fu8 TE 5 e e RS 24 mmy be

controlLl ed_.to.change the val f predet ermi ned anount WZ to nove the
15 obj §cti§/eac?:éer’1%ergt b%/ref_czﬁsz O%‘g t'éﬁ% ﬁr'omthe signal plane, where LZ is a
di stance (refer to Fig. 7(1)) between the in-focus point P3 of the |ight

beam 33 and the in-focus point PZ (P4) of the Iight beam 32 (34) al ong an

optical axjs,ditect. of the ohjecti.ve l.ens 8 The signal plane 20 1 of
CD-ROM i s {fﬂare bre- (;}gc"ﬁ‘fsi CI)J:%@@ g{dgtuﬁécmr‘ﬁn(fdl e of the in-focus point P3 of

the Iight beam 33 and the_in-focu oi,nt_.PZ P4 of, the Light beam 32 (
34 ) ( refer to |r§.a9(é‘f’f.‘apﬁgsﬁnnl%f38bé’ Seﬁecf;(g %E%Fbggflgﬁflgggpearation is

roct oroee (SAEPELE SOLO0 GhIKOY 3 SECH TS F et ot 1]
10 for example, 23:41:0, the system controller 50 determines
the position of the track containing the read start A-
time frame of CD-ROM 1, the read start point being
represented by x (refer to Figs. 8, 9, 11, 13-15, 17-19,
and 21). The system controller 50 first supplies the
15 search command to the servo. circuit 23 to move the
optical pickup 2 so that the light beam 3, reaches the
position of the track (x-8) (Step S30 shown in Fig. 5).
Thereafter, the focus bias voltage generator circuit 22,
is controlled to initialize V, as V, = O V (Step S31).
20 Thereafter, the system controller 50 supplies a tracking
servo-on command and a sled servo-on command to the servo
c;rcuit 23 to activate the tracking servo and sled servo
(Step S32). Therefqre, the light beams 3, to 3; radiated

from the optical pickup 2 are focussed on the tracks (x-

25 8) to (x-4) in an track-on state (refer to I in Figs. 8,

25



0 7 MAR 2002 unreadable. (2) Judgenent of System Unable to Read Qf@? tZﬁ'U?
systemcontroller 50 perforns the first 5 focus adjustnent at Stg

shown in W@99/B86% set the positional relation of the in-f@cugrisa4assis Pl to
P5 of the Iight beans 31 to 35 as shown in Fig . 7 ( 2 ) , the system
control |l er 0 hbni 068FA 5, ha 7+180e ssyin ldet ecinovhssgsabseFSalto thes i nput
fromthe first signal processing circuits 10 261 to 265, during further one
rotation oflightr@édmst3) the8k areenber inr anobdptiwus yii-efinmfs tsitatlkei ght beans
31 to 35 continues to take L level for a predetermned tinme or |onger
(e.g., one ddcmkse the/ Fopasobhilasrad pngmientaid aamnnstitkeakrfecmed .dat a
(Steps S34 to S36). 15 (3) CGeneral Read/wite Operation (refer to Fig. 8,
all systens of the light beanms 31 to 35 can read record data ) . If the

j udgenent of a presence/ absence of a record data unreadabl e system shows
that th®re i s ndlhecbightdabaam203unr eaddhl eefyetesyd bie thestsdomadntrol | er
50 allocates all the five |light beans 31 to 35 as the read systens of h

| i ght beanmlaheoht ianeouseceiekd obnt ithe miterddtdcstozet Ry Ito= HD; and a
read track junmp nunber J is set as J = (n-2) - 3 (Step S35). The second

f ocus bi as wddjalst nentp$ spbwtocnrEegts5 iIs executled t o Ofieckheiset her t he
i ght 33 beam 31 or 35 is included in the h =5 read |light beans 31 to
35 ( Step $BW®Hocurrentss whapblococsrmeatshs, | ilght Ijeanmd Bl carkgpud5 are

i ncl uded, the second focus bias adjustnent process is term nated w thout
changi ng Viffgmmthe photodetectors PD,, PD,, PD,, and PDy, are

10 converted into RF signals RF,, RF,, RF,, and RF; by the
current-to-voltage converters 21,, 21,, 21,, and 21, which )
are waveshape equalized by the waveshape equalizers 24,,
24,, 24,, and 24, and input to the first signal processing
circuits 26,, 26,, 26,, and 26,. Photocurrents I,~A to I,-
15 D from the photodetector PD, are converted into voltage
values V, to V, by the current-to-voltage converters 21,-A
to 21;-D and added together by the adder 22, of the
computation section 22 to generate an RF signal RF,;. The
RF signal RF, is waveshape equalized by the waveshape
20 equalizer 24, and input to the first signal processing )
circuit 26,.
The optical axis of the optical system constituted
of the beam splitter 6, collimator lens 7, objective lens
8, cylindrical lens, a detector lens and the like is made

25 coincident with the optical axis of the light beam 3, of
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5V + W.. The signal plane 1 is therefore positioned at the m'ddl@ OP, Bhﬁ]
renotest P3 and the nearest P1 ( P5 ) along the optical direction Z A 02
obj ect i veW@419868 anong the in-focus points Pl to P5 of thBCTARASOBAG | i ght
beams 31 10 to 35, so that P2 and P4 are very near to the signal plane 1.
Since the i%he Gcosdpsi ALEfractiopslight orargl bkl yightikpowdd medel arly on
generally on an arc line and the position-distribution of the in-focus

poi nts Pl twerdchlday ineddepti emonakhs gilgnelipkerg X ief GB-8OM de lens is
15 limted in a narrow area, Pl, P3, and P5 are al so very near to the

si gnal pl arthen ghesholght rqu}"g 337(l§) inTideegerdect: Aa-Socest stateens 8
moves to follow a surface vibration of CD-ROM 1, under the control of the
focus servoshatisig emythg $i@nah-pdens poi the pR-£gCPS POiBtst RE | i ght
beans 31 to 35 does not nove greatly spaced ) fromthe signal plane 1, and
all théd|i ghe pehrB11ighB5beyBs efs cn rli 8PPy 35 edBet Aetr éBothedata from
CD-ROM 1. (3-2) Data Read Operation After the second focus bias adjustnent
process is BEF [iex-dcuisn Ske&6r datbeught kheneaye Ne9pRr ddieasignal
representative of the latest A-tine data AT3 input fromthe first signal
processi ng Rhan&uik- 263 and the read start point A-tinme designated by the
host conputer, the track junp direction and nunber are determned so that 5
the |ight beam Fheatlighti hReMfosk ANGCudS erdnd@@danbrg 3%k Bhe Slread |ight
beanms is focussed in the track-on state on the track (x-1) one track inner
than the treRdes TohtEAHIRP thighkaandt att operRt JELFRETAOR] ARINES t he
optical pickup 2 is at_a position Il shown |n 10 Fig. 8 after the second
focus M as a(ﬂpu‘é’?ﬁ%ﬁt dd'r T8SEI0R chhghkt 889 tite Bﬁ@?ﬁaldlrflfé?ﬁ&ﬁi?nl s j unped
fromthe p05|t|on Il by four tracks in the forward direction so that the

li ght bear’rsllﬁt%oo\??)t&eelf’%ﬁs?@éml% ade t YereklGal Iot dCigenthBPPRacks (x- 1)

to (x+3) (refer to IlIl in Fig.
the grating 5, are formed in perfect line symmetry with

the light beam 3, of the O order diffraction light, and
applied to the signal plane 1 in perfect symmetry with

15 the light beam 3; vertically incident upon the signal
plane 1 of CD-ROM 1. Therefore, a pair of light beams 3,
and 3, (3; and 3,) has the same cross sectional area on
the signal plane and the same spatial transmission
frequency characteristics.

)20 The waveshape equalizers 24, to 24; increase the high
frequency components of the RF signals RF, to RF; to
thereby compensate for high frequency attenuation to be
caused by the spatial transmission frequency (MTF)
characteristics of the light beams 3; to 3; and suppress

25 the generation of inter-code interference. As described
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15 8). Then, reading the record data on the tracks (x-1) to (x+311pimégqmgz
sane tinme starts, by using five systens including the photodetector 0
first si gnWPPAMSBssing circuit 261, photodetector PDZ to fRGEIPISNHARI
processing circuit 262, photodetector PD3 to first signal 20 processing
circuit 263abpNerodeings okhepDlightf begmssiHhnandgrdceb3Vag 19 cErPe264z, and
photodetector PD5 to first signal processing circuit 265. Wen all the
frame sync &ep&deilohrangmissiqsireguerey sthargahaistics ANTE ir BRet he fir st
signal processing circuits 261 to 265, the general 25 read/wite conmand is
suppl i ed t ovBNeshageceavelizerss@4,3®nd 24 Upom fadeefiq §aver thResgBfer al

read/ wite command, the P/S converter 30 wites the data DATAL to DATAS

out put froneNeshppet egughiring oekateterlseifds 281mibaDby, FHPECt he
menories 321 to 325. After CD-ROM 1 rotates by 5 generally one rotation (in-
actual , 3l i §hel y 1ighger PEABA ofe B&Gat Ben)bayRl ithes S¥REi rFRAtiddt there
is no omssion of record data read with the |ight beam 31 to 35 systens
(refer to | YrERSPigsign  fEeau@ngit a SRa¥CIeNS RS neddBTFds 32%re0 325 is -
intercepted, and the record 10 data is serially read fromthe nenories 321
to 325 i n t HAVAShERE BA¥Rl1FRTH2dkePRd Fdit Hee Madn T ReYSf £t BaPMfg )
duplicated or omtted, to_supply the read record data to the second signal
processi ng WRVESPEPL0egHaliaphy yCha¥aaks s omErRr e EC¥ e EhEeem
controller 50. The 15 system controller 50 received the track junp command
control s t h&Y®eFvo &ff r Aveshgpeo G inghp MRFIPRGTFEIFTKUPTS by t he
track junp nunmber J = 3 in the forward direction so that the |ight beans 31
to 35 e f 8549889 forhEhe TR YAVeFhRRe PAYRELFRRGFIULES 341t 5O x+7 ) (
refer 20 to Vin Fig. 8. ) Wen all the frame sync detection signals FS1.
to FS5 of H2fevel are output fromthe first signal processing circuits 261

to 265, a track | onpl etion notice is
J’I"l!xgpfgrs signal processing circuits 26, to 265 make

the input RF signals RF, to RF; be subjected to
binarization, clock recovery using PLL circuits, bit
15 demodulation, frame sync detection, EFM demodulation, and
sub-code demodulation, and output data DATA, to DATA;
(inclusive of P, Q parities) after the EFM demodulation
on the basis of one block unit, together with
corresponding A-time data AT, to AT, of the sub-code Q
20 channel. The first signal processing circuits 26, to 26 )
serially output the demodulated data DATA, to DATA; one
symbol (8 bits) after another. The A-time data AT, is
input to the system controller 50. Upon detection of the
frame sync signals, the first signal processing circuits

25 26, to 26, output the frame sync detection signals FS, to
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supplied to the P/'S converter 30. The P/'S converter 30 25 received the

track |j um ?9355” etion notice wites the data 36 DATA!Pr?Lr?)Jﬁ?@‘g%ZOMA{RuQUUZ

fromthe ?Pgnal processing circuits 261 to 265, agai

menories 321 to 325. After CD-ROM 1 rotates by generally one_rotation (in
actual, slifgist Of Fordgded ke Ui FHTERN o?ﬁ“’é’?%“igetr ii&S CORTi F?‘rﬁﬁ@t hat there
is no om ssi_onﬁ‘%:c record_.data.read v%h t he Iight .t}%%m 31 to 25 fystem; (
refer to VISiINF §FOEFSSHBEFET Gt 4% PEEFITSS t9he r PEEU8%C%t o 325 s

intercepted,, and. the re data j rially. read fromthe nenorjes 321 to
3251 1 1 he RS SS9 75 T0PRIAS L ool FESpoRtPRG o ¢ he
A-ti t.t t A-t] dj { t he dat | tl t Tt th

i e nex 0 e £l hgg cor{_]espon ﬁgg}#‘gl‘ e data lastly outpu 0 e

second si gi*Hrike cPYTHFT 9e° precedi ng read cycle, by

reventing the record data.from being duplicated.or itted, . to supply the
rpead r o?d dat &1 d-tife S$EEnd ﬁ’%r‘f&f“pﬁf’%’égg?‘ﬁﬁ g&%ﬁ??”ﬁﬁsaﬂdpgu%pl y a

1ok ) U SOE L Lbe oxstem st olier S0, The BiRtepagaLie! er B0
Forvar d i 08 A Tha® (e T DR B1 T G asedr e Fante R n  he
Second oi gridle RBREGTGRE Pt h PLBW CBETL I Gt &iri A5 Yroti put from
the P/'S Coqyeéfe£h309ystem controller 50 reads the jitter amount
10 data JD, measured by the first signal processing circuit
26, and stores it in its memory (not shown) as jd(0)
(Step S10). Next, the focus bias voltage generator
circuit 22, is controlled to increase V; by AV (positive
value) from 0 V and the jitter amount data JD; is read
15 and stored in the memory as jd(+1). The voltage V; is
decreased by AV (negative value) from O V and the jitter
amount data JD, is read and stored in the memory as jd(-
1) (Step S11).
The values jd(+1), jd(0), and jd(-1) are compared
20 and if jd(+1) > jd(0) <jd(-1) (YES at Step S12), the
jitter amount is minimum at V, = 0 V and it can be
considered that the focus offset was initially and
approximately O. Therefore, the focus bias voltage
generator circuit 22, is controlled to set V, to O V (Step

25 S13).
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25 descranbles the data in the unit of one block, and 37 thergaf WR 2002
denodul ates Lch and Rch data in conformty with the CD DA specificati

t hrough error detection/correction based on CIRC codes (error

det ecti on/ Wor994886Bon with P parities, deinterleaveing, 5 erRGrIPI8/ 04551

detection/correctirenjdt ¢ Q ppdid) esha(-ihe (sapnck Seael s pcessifg circuit
40 then denodul ates the CD-ROM data fromthe Lch and Rch data by perform ng

sync detecti gt dgser amhl ing,stgadsers deietvon, aeng)errav, and the
detection/correction with EDC and ECC codes i n accordance 10 with the

CD- ROM speci fjii ¢abiORmodnd (Igr aaf t8adubpgt $ddieLhaROMaaty t(@wsp ext er nal
host conputer. (4) First Specific Read/wite QOperation (read unable by the

| i ght beam sgsbem 35 jef€Z)t0 fdEa) XD )INQVES {¥-dyePesond, Fdous Bi as
Adj ust nent Process If the judgenent of a presencel/ absence of a record data -

unr eadablse systearsanwent hiad mikgmami atong = eeand - dava ansentdadde st em of
the light beam 35 at the outernost circunference, the systemcontroller 50

20 al | ocat escihkigBtefe@nEt3thko f34uads difesdteatt Syréemmtpit) Jf |itght bears.
Mis the maxi mnum nunber of adjacent |ight beam systens usable, which is "4"

or a conbi nahi@arpEubtgittHe DR s linriF4 aang Whd_apprdheémsesly nuaus read
rotation nunber | is set as | - 1, and the read track 25 junp nunber J is

set as J = (M 2)Av)2 (Stefrs3dhe, Hike 3Bocus biaeORGIteR}es demsraaghist ment
shown in Fig. 5 is executed to check whether the |light beam 31 or 35 is

included in thechit 42[ebsl tcogbtollRaIBtS1sé®d 899 €St €p1336) AU n( Sters
exanpl e, since the |ight beam 31 is included, the second 5 focus bias
adj ust mat psoeess is term nated w t hout
If not jd(+2) > jd(+1) <jd(0) (NO at Step S17), the )
value k is incremented to 3 (Step S19), and the flow
returns to Step S16 to repeat the above operations. If
ja(+k) > ja{+(k-1)} <jd{+(k-2)} (YES at Step S17), the
15 jitter aﬁount is minimum at V; = {+(k-1)} ° (AV), and it
can be considered that the focus offset was initially and
approximately {+(k-1)} * (-AV). Therefore, the focus
bias voltage generator circuit 22, is controlled to set
V, to {+(k-1)} + AV (Step S18).
20 If not jd(+1) < jd(0) <jd(-1) at Step S14, the value )
k is set to 2 (Step S20). V, is set to (~-2) * AV and the
jitter amount JD, is read and stored as jd(-2) (Step
S21). If jd(-2) > jd(-1) <jd(0) (YES at Step S22), the
jitter amount is minimum at V, = (-1) * AV, and it can be

25 considered that the focus offset at the output of the
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changing Vf fromV f + W. The signal plane 1 is therefore positi%P?d Xh
the mddle of the renptest P3 and the nearest Pl al ong the opti cal MAR 2002
direction of the objective lens 8, anong the in 10 focus points Pl to P4 of
t he four WEEY/1P86§ht beans 31 to 34, so that P2 and P4 are PETAYPIINAISIt 0 t he

St gnal. pl angader PhubBPEcES: 32 S QNEEN NIRRT abBgoskAREL1RI ADP) L as

shown in Fig. 7(2). Thereaftef, the obj ecti've | ens noves tO ow a

surface vi brayion)of GREBRMcke, Undes E5chae o r\%l@ef d Ngehiofugoser vO
system any of the in focus points Pl to P4 of the eans 31 to 34

does not noxergheat by, spacsshifomddersi gaal ! age (la )and W&é%aw' ght B

beam 31 to 34 systens can reliably read the récord data from
20 (4-2) DagasfRead Operation After the second focus bias adjustnent process
is conpleted, in accordance with the A-tine data representative of the

latest A-time data Ad8 jdynut) fr gaathe Q'@%b)sk&6ahtpéeéﬁs§kﬁg CEpEui t 263
and the read 25 start p0|nt A-time deS|gnated by the host conputer, the 39

track junp ghiget ikOn AnthirumRait ecrdelerBagy §949hab thgpddhthdeam 3, at
the innernost circunference anong the h - 4 read |ight beans is focussed in

the track- oapstat @peratthenkt acki£ X414y -Rye >t rAflc duueyy thpacthe-35pck 5 x
contai ni ng the reaéﬁgtart poi nt ofjthe A-time (Step f3 f@?f the optlcal

pi ckup 2 IS(?EsaaiQOStépogzib smém#etérgamauafct g5 hhﬁlﬁﬁﬁoa@ yocus bias
adj ust ment process is conpl et ed e optical pickup 2 is junped fromthe 10
position Il (byktoyy {recks ighd he tCanvpedcBhkeakr8d €Rat the focus
10 offset at the output of the adder/subtractor 22, was
) initially and approximately {-(k-1))} * (-AV). Therefore,
the focus bias voltage generator circuit 22, is
controlled to set V, to {-(k-1)} - (AV) (Step $23).
In this focus bias adjustment set state, only the
15 light beam 3; is in the perfect in-focus state relative
to the signal plane 1 (in Fig. 7(1), the in-focus point
P; of the light beam 3, is coincident with the signal
plane 1), and the other light beams 3,, 3,, 3,, and 3, are
not in the perfect in-focus state and the in-focus points
) 20 P, and P; at the outermost circumference are greatly
spaced from the signal plane.
According to the invention, after Step S13, S18 ox
S23, the focus bias voltage generator circuit 22, is

controlled to change the value V, by a predetermined

25 amount W, to move the objective lens 8 by L,/2 remotely
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that the light beans 31 to 34 are focussed in the track-on ) statqpn hg 002
tracks (x-1) to (x+2). Then, reading the record data on the tracks ? Q- E?
to ( x+2 Webo/tobes sane tinme starts, by using four systens potiredioass1t he
phot odetector 15 PDl to first signal processing circuit 261, photodetector
PDZ to firstfxdngneie E0HESS i pldard | Giidre2GZ, ighet adettenicer (PBZelrothi r st
signal processing circuit 263, and photodetector PD4 to first signal
processi ng @igui?(26%4. bdkeaeal kheha ot ikt BetopNtEegnalghtFSl to
FS4 of 20 H level are input fromthe first signal processing circuits 261
to 264, the mpacid, endeatewWin-Eoeasmpddnitns| ude g dfthehecad ghys bedm
information "1, 2, 3, 4" is supplied to the P/S converter 30. Upon
reception of3;t 8, 5peldridg Can espl Itd 1 eaxiMmARGctEiod aft vher @ddecaiveol | er 34,
only the wite controllers 40 311 to 314 indicated by the read system’
i nformats on Iehs 8. 3Nathely, i e Step BB lorafser, apoidatet e data WATAL to
DATA4 output fromthe first signal processing circuits 261 to 264, into the
first areas e tdigmaEinplias b CBROM 5 antthemadfions poeisibned data ATl to
AT4 corresponding to the data DATAl toDATA9 and thepairs of start

addr essesAl sile Adiddrd cehdaddriessesudl podnAd®, | of ttiee NElght dsed? 13,0324,

into thefirst areas ofthe nenories 331 to 339.1n the exanple shown in Fig.
9, in the fiarsl tdream-ofodure ddimermri(®@s) 334 tbe3Bdghthbedmt Bjre(3lata i s
witten fromthe franes of 23:40:60, 23:41:00, 23:41:15, and 23:41: 30
(refer to Fi(grefHY) .tolheig.edt Zpht ranld erl134thee cianvidsbushepasipees fB,C tbead/ wri t e
command checks whether there is no om ssion of 15 record data read with
each reddl syt ame mearwfatrithg sdghbé fPpiliage dr emsd ofre heotegweeddy331 to
334 indicated by the read systeminformation "1, 2, 3, 4" and used at the
present reacdmaadd firpnredife rsngrwEt pllameAldt.i me one frane before the start )
A-time data in the first area of the 20 nenory 334 is contained in the
first area of thdfitEmrSte38F13 hALY lvg £23, nhend douambilasf ypd tage st art
A-tine data in the first area of the nenory 333 is contained in the first
area of the gemesat@3z¢inmdithde, t hay Abei mroimo fleghetdetbarge hdhet ar t

A-time data in the first area of 25 the nenory 33z is contained in the
first area oRliuge ¥1 by a predetermined amount W, to move the

15 objective lens 8 by L,/2 remotely from the signal plane,
where L, is a distance (refer to Fig. 7(1)) between the
in-focus point P, of the light beam 3, and the in-focus
point P, (P,) of the light beam 3, (3,) along an optical
axis direction of the objective lens 8. The signal plane

20 1l of CD-ROM is therefore positioned at the middle of the )
in-focus point P, of the light beam 3; and the in-focus
point P, (P,) of the light beam 3, (3,) (refer to Fig.
7(3)). As will be later described, this operation is
performed (Steps S38 and $39) during a second focus bias

25 adjustment if the light beam systems 3, and 3; are
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menory 331. After the read operation by the optical pickup 2 is [ppf AFEH]U
approximately | - one rotation (in actual, slightly nore than one rota ion?
and t he dﬁ?i*’g’é’?“ﬁi ckup 5 2 reaches a position 1V shown i nPETgPI&P453l e
contents of the first areas of the menories 331 to 334 becone as shown in
Fig. 10 anduprepéabieno onission of record data read with the read systens.
Therefore, the read controller 34 supplies the intercept conmand to the
wite controllers 10 31, to 314 to intercept the wite operation, and
supplies the track junp command to the systemcontroller 50. Wth reference
to the A-tih2)dadudgemenhectt Jystemdl eddr &Rk stored in the first
areas anong the nenories 331 to 339 where data were witten at the present
read 15 cycle, tREteeagheopyssemecopdredaerob perieznsr &b6r Fid&% in the
order of A-tine starting fromthe oldest Atine, relative to the data
stored Pn thecusradiugbasnhndhgStelR FRHoThay 3 Rig-3 M Ythéed Fhea DATAL to
DATA4 were witten at the present read cycle, and outputs the 20 read data
to the secoR@sitipnplprerakiom@icitheuin-Eocus paimts BxdithFe, 0% A®edata from
the frame 23:40:60 to the frame 23:41:44 is output. The wite controllers
311 to 314 régbfvbeamfie 3inter 8epdScEhAEAdiPnFéfcepdi @)t hdPre RYSHSEY ati on of
the 25 nenories 321 to 324 and 331 to 334. The systemcontroller 42 50
recei ved t heoREREKLIPHNPO cHARBRETS UBPE | E5ane ST VIPTeT AT SAInAilth t he
track junp comrand indicating a track junp by J = 2 tracks in the forward
di rection tBSt i&r EBy {nRWF £memopee cBirsh eligpa PFeresHtngsinaudtsiv to a 5
position V shown in Fig. 9. After the light beans 31 to 34 are focussed in
the tr&fk- oR®sttR e26m ing, fur ther, pne xotatiop 9fe SARM deor® dat a
resunmes. When all the frane sync detection signals FSl to FS4 of H | evel

ar e jout put FReFKt HReEheT ok ek any e @ictheulighscheeBs 18 364, the
track junp conpletion notice is_read and supplied to the controller 34. The
control |l er %ﬂ%‘é’iﬂ}&f 9% tekec ik LeNBLlcERPI Bt PERCRERTRENRY fiM% £t he resune

nman he wri
co d to iogger %%.g., one block = 1/75 second or longer) and

cannot read record data (Steps S34 to S36).
15

(3) General Read/write Operation (refer to Fig. 8, all
systems of the light beams 3, to 3y can read record data).
If the judgement of a presence/absence of a record
data unreadable system shows that there is no record data
| 20 unreadable system, the system controller 50 allocates all
the five light beams 3, to 3; as the read systems of h
light beams. A continuous read rotation number I is set
as I = 1, and a read track jump number J is set as J =
(n-2) = 3 (Step S35). The second focus bias adjustment

25 shown in Fig. 5 is executed to check whether the light
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controllers 311 to 314, and the wite controllers 311 to 15 314 rﬁ9e§%&dmm2
the resune command wite the data DATAL to DATA4 output fromthe Yir

signal pro¥e9RiME8circuits 261 to 264 after the track junpPCTHP88/Q4EHe into
the second areas of the nenories 321 to 324, and wites the A-tinme data ATl
to AT9 corr&gamdngr st he HpelkudyaIAn ttheAT 520eaddliabtpherssof start
addresses al S to a4s and end addresses al4 to ade in the nenories 321 to
324, into tha decchd (StensS86)t he Imerhviise 2380 len 3Bince ntheeldghitpl e shown
in Fig. 9, in the second areas of the nmenories 331 to 334, the A-tine data
is witten fyeans hd.f mades3sofartss 28ciuded, XIedlsagond3 fpcwg, biarg 23: 42: 03
(refer to Fig. 43 10). After the read controller 34 supplies the resune
command, thedigtRent pgoress3is dieaskiaakied: Wakthohsr ehargihng o $5PBN of
record data read with each read system by 5 referring to the second areas -
of the nenorNes ¥31 to 339 used at the present read cycle to confirmthat
the A-tine one franme before the start A-tinme data in the second area of the
menory 33q i s corthg reinad thHansedorids diherefoneherpahibigned3att ke t he
A-tinme one frame before the start A 10 tine data in the second area of the
menory 333 imiddBR Phethe revrtesic dhd anfedher naprafthdhy (32, adARIt hat t he
A-time one frame before the start A-tine data in the second area of the
menory 33z ithe antEigrdd dinechéon b ithenaby esrtiviee 1gdFofy 9BPNIALPEr t he
read operation by the 15 optical pickup 2 is perfornmed approximately | -
one rotati oﬂ?'ﬁ%%tmqt%lﬁlgﬁ?lgs fr &henh 4 venaeast ddight Yoammf the opti cal
pi ckup 2 reaches a position VI shown in Fig. 9, the contents of the second
areas o¥0t hetGredver Festt R.oend A harenvery naswnta ithei §19923n81eRGre is no
om ssion 1. Since the in-focus points P, to P, are originally )

disposed regularly on generally on an arc line and the
position -distribution of the in-focus points P, to P;
along the optical axis direction of the objective lens is
15 limited in a narrow area, P,, P;, and P; are also very
near to the signal plane 1 as shown in Fig. 7(2).
Thereafter, the objective lens 8 moves to follow a
surface vibration of CD-ROM 1, under the control of the
focus servo system, any of the in-focus points P; to P;
20 of the light beams 3, to 3; does not move greatly spaced )
from the signal plane 1, and all the light beam 3; to 3g
systems can reliably read the record data from CD~-ROM 1.
(3-2) Data Read Operation
After the second focus bias adjustment process is

25 completed, in accordance with the A-time data
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20 of record data read with the read systems "1, 2, 3, 4". ) .Thefef MAR 2002

the read r er 34 supplies the intercept conmand to t

controll eﬁ’g’n@fgé‘s%o 314 to intercept the wite operation, aﬂ%’%é’%&les t he
track dunp command to the systemcontraoller 50. Wth reference to the A 25
tine data ancPRYRSEYERASvENFTe eaé@ﬁ@s“’?e@"s‘i%&??t ARPUT £E0U. g
areas anong the nenories 331 to 334 where data,were witien at the present
read cycle, tMe FEERATcSAIPELI HFOELSTMT of LTEBLFedPsr dgla%t 8PR the
order of A-tinme starting fromthe A-tinme next to_.the one block ta 5
lastly out putta%t R defoifd ™S GrsiIprsessSondhe PAst PR he Yhfecedi ng
read cycle, relative to the data stored in the second areﬁs am%ﬂlgtt he
menori es 321FTFR 2 FEFRLTHANA PR AT G ERITEPEA 50 hE8%present

read cycle, and tputs the read data,to the second signal 10 processin
circuil 50 FIF t L e,B890 o (e the alPPEFTORE FRARUTS3240585 A8 6he {1 ane

23:42: 17 i tput. Jh i troll 11 t 1 ived the int t
202 1,15 . Jrecdt ] Sogebegil et L Lee e s yedeh ey o o
the t K j 1 trolg.to j t .optical pi 2. f th
e ack | R PTRG 0.0 95 B LU Sl Ul SR gliom L,
3 f dinthet k- t at t.he t +5) t +8) , di
29,01 forusp el G GRS BE Loty Bl (0, oAl

0L LEvel %20, S QU B AR L o RO REERRHIB At > 200 0
contOIAR!, g TN Ene LIRS LRSIZLLPOE BIREREE, RS T 1L 190
and )by Prevepti e ddf " eRe" bty M QTLREEN 92 4 jAMBLLCAE Rt agheom Lt ed.
position II by four track!s in the forward direction so
that the light beams 3, to 3; are focussed in the track-on
state on the trapks (x-1) to (x+3) (refer to III in Fig.
15 8). Then, reading the record data on the tracks (x-1) to
(x+3) at the same time starts, by using five systems
including the photodetector PD, to first signal
processing circuit 26,, photodetector PD, to first signal
processing circuit 26,, photodetector PD; to first signal
20 processing circuit 26,, photodetector PD, to first signal
processing circuit 264,, and photodetector PD; to first
signal processing circuit 26;. When all the frame sync
detection signals FS; to FS; of H level are input from the

first signal processing circuits 26, to 26;, the general

25 read/write command is supplied to the P/S converter 30.
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(5) Second Specific Read/write Cperation (read unable by the Iighf) Tod4tR 2002
system 34, refer to Figs. 11 and 12) 5 (5-1) Second Focus Bi as Adj ust nent
| f the jucgmoer9B6sof a presence/ absence of a record data unP€INBINESHYSst em
shows that there is one record data unreadable system of the |ight beam 3q,
the system contr dldeer SHrepiiovates the 8eheghl breadyw3lteo ®pmasnd;he 10
read systens of h |ight beans, where Mis the maxi num nunber of adjacent
| i ght beam syrst 8§ ceabketenhd@hwristeé's3"ther dateoPhThatticoRABA; lougputbeans 31
to 33 and Mz 3. The continuous read rotation nunber | is set as | - 1, and
the read tradon tie fAimbersignal getodessing CMr2nitsl1265 toSRep $85p. The
second focus bias adjustnent shown in Fig. 5 is executed to check whether
the |ight beda 3demor3sési 82,nctauddd; i n tAftdr - CB-ReMd 1 i ghtabeanby3l to 33
(Step S36). In this exanple, since the |light beam 31 is included, the
second fHcugdreasnldd ustererttgiriceessin sascimaler rmlnghsd yiltidnper ¢changi ng Vf
fromVvf + W.. The signal plane 1 is therefore positioned at the m ddl e of
t he renot estorie3 matathennearest iRl &$ oognifhiemegdt | Yadt ditheae obs ohot he
objective lens 8, anong the in focus points P1 to P3 of the three read
| i ght beans B@tissddib &3 rescordhdetR2resdveihnelze Yighhdedami@al tplkne 1. P
and 46 P3 are also very near to the signal plane 1 as shown in Fig.
7(2). Ther eafytssremst Heredigredta I |ignFigy nblles nerdngl |[davaa wiirdeadatei br at i on
of CD-ROM 1, under the control -

the memories 32, to 32; is intercepted, and the record

10 data is serially read from the memories 32; to 325 in the
A-time order by preventing the record data from being )
duplicated or omitted, to supply the read record data to
the second signal processing circuit 40 and supply a
track jump command to the system controller 50. The

15 system controller 50 received the track jump command
controls the servo circuit 23 to thereby jump the optical
pickup 2 by the track jump number J = 3 in the forward
direction so that the light beams 3, to 3; are focussed
in the track-on state on the tracks (x+3) to (x+7) (refer

20 to V in Fig. 8). )

When all the frame sync detection signals FS; to FSg
of H level are output from the first 'signal processing
circuits 26, to 26;, a track jump completion notice is
supplied to the P/S converter 30. The P/S converter 30

25 received the track jump completion notice writes the data

36



of the focus servo system any,of the in-focus points P1 5 to P3 o; mz 02
| i ght beans 31 to 33 does not nove greatly spaced fromthe signal pl ﬂ
and all t WO 99%13BG8 beam 31 to 33 systens can reliably read RCRIRIBB4HFH dat a
fromCD ROM 1. {5-2) Data Read Operation 10 After the second focus bias

adj ust nrent PrIPgsso PARMploettedt ifiromc cidradaficesti $hgnhde processiag a
representative of the latest A-tine data AT3 input fromthe first signal
processi ng GimswittPEd,and Lhe rageirstimto poheitmemarins dbhi gratdd. by t he
host conputer, the 15 track junp direction and nunber are determ ned so
that the |i gHfitelrea@dSROMt 1t motiarbesr reist generabl¥r omee rom@tyjarhe(in= 3 read
| i ght beans is focussed in the track-on state on the track {x-1) one track
i nner than @eEualackskiglybtni hbnger hahagadore arotpbion) ofndhdtA-t$me (Step
20 S35). If the optical pickup 2 is at a position Il shown in Fig. 11 after
the secénd fconfsryiess thgjtudheret igr ooeomissioonpferecordedapr i £¥edd pi ckup 2

i's junped fromthe position Il by four tracks in the forward direction so
25 that thewiitghtthigeddghy1beam3d &oe3f ceyseanms i(rafier teal¥k-bn Bg. state
on the tracks (x-1) to (x+1) (refer to Ill in Fig. 11 ) . Then, reading the

record dat aBon t¥rRcerdicdatg writy Hotox+he memohiesad®; ttoe3diai®s, by
using three systens including the photodetector PD1 to first signal 5
processi ng dinteyicepres, mnst ddhet exganrdifata i rsertaljpmlread from

the memories 32; to 32; in the A-time order, starting from

10 the data corresponding to the A-time next to the A-time

) corresponding to the data lastly output to the second

signal processing circuit 40 at the preceding read cycle,

by preventing the record data from being duplicated or

omitted, to supply the read record data to the second

15 signal processing circuit 40 and supply a track jump
command to the system controller 50.

The system controller 50 received the track Jjump
command controls the servo circuit 23 to thereby jump the
optical pickup 2 by the track jump number J = 3 in the

)20 forward direction so that the light beams 3; to 3; are
focussed in the track-on state on the tracks (x+7) to
(2+11) (refer to VII in Fig. 8).

The second signal processing circuit 40 receives the

data serially output from the P/S converter 30,

25 descrambles the data in the unit of one block, and
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processing circuit 262, and photodetector PD3 to first signal pr oc[p%smm 2002
circuit 263. Wen all the frame sync detection signals FS1 to FS3 of

| evel are WhW19868om the first signal processing circuits XAT/R98NES] the
specific 10 read/wite conmand i ncluding the read systeminformation "1, 2,
3" is suppli &pereafierp/cenasnletesr 3% abnRekcdptiRorinfcentospbeyfic
read/ wite command via the read controller 34, only the wite controllers
311 to 313 i mditbat edthg t h€D-8Ad syspesd fidalrimn i onthrough 2, grre¥ite one
bl ock after another the data DATAl to DATA3 output fromthe first signal
processi ng cidedgctd opgtoryeesdoni ntasdde f ppst GiRkas ebdelse negd¥des 321 to
32,, and wites the A-tine data ATl to AT3 corresponding to the data DATA

t o DATA3 and deffecisiiong correchien aydiths fe Patistiks t cdeBrtenteayeirgdr esses
Ale to A3e in the nmenories 321 to 1 323, into the first areas of the .
menor i es B3l eggog3detprting/coungteiamovith @ Prgities)i.n The seeerdareas of
the nenories 331 to 334, the A-tine data is witten fromthe franes of

23: 40: 60, 23s49n@d paREessing:abrquict &0 thep gempgulayesqghe CD-ROM read
controller 34 received the specific read/wite command checks whether there
is no onissi 6Ftef FEEBr Fheat &Chedtndyi Rehea@it? ey sPSTERTMBNIr eF¥REing t O
the first areas of the nenories 331 to 333 indicated by 5 the read system

i nformation 'dptegtign andesrearliinge pradert JalRFEiRN e BdcoPFTP t hat
the A-time one frame before the start A-tine data in the first area of the
nmenory 333 i §edeRtadORdEorHeehéon visth FDEqand Elfe coegsy §n3BCORMRNEPat t he
A-tinme one frame before the start A 10 tine data in the first area of the
nenory 34> j ¥ith the CD-ROM specification, and thereafter outputs the

CD-ROM data to an external host computer. )

(4) First Specific Read/write Operation (read unable by
the light beam system 3,, refer to Figs. 9 and 10)
15 (4-1) Second Focus Bias Adjustment Process
If the judgement of a presence/absence of a record
data unreadable system shows that there is one record
data unreadable system of the 1light beam 3, at the
outermost circumference, +the system controller 50
20 allocates M light beams 3, to 3, as the read systems of )
h light beams. M is the maximum number of adjacent light
beam systems usable, which is "4" or a combination of
light beams 3; to 3, and M 2z 3. The continuous read
rotation number 1 is set as I = 1, and the read track

25 jump number J is set as J = (M-2) = 2 (Step S34). The
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contained in the first area of the nmenory 331. After the read operq'xz PI'ARbZUW
the optical pickup 2 is perfornmed approximately | - one rotation gs
actual , sWQ1%68pre than one rotation) and the optical pPEKIRPSNASSE 2
reaches a position IV shown in Fig. 11, the contents of the first areas of
t he menori ese8®ndt §o0884 bban A jars tolepwn showhi gn F2gand ifcereteted oni ssion
of record data read with the read systens. Therefore, the read controller
34 suppl i es teheheaske wbeshesohandigbtt heagr Bt e0xofd righ | paluded 3in to 313
to intercept the wite operation, and supplies the track junp command to

t he system &&6t tol=l ér rged. liyght bednrg chcéot 8.t HBtept$Pe) dat Bnafai$he start
and end addresses stored in the first areas anong the nenories 331 to 334
where data wEREDAe|t Séncat theel kghts beanr Sadigsingtyded: hehe esgcendt rol | er
34 controls to read record 49 data in the order of A-tinme starting
fromthé ol desusatbhes majasitpento pIRC]RSE a ist otedmipatpee fvithowEeas anong
the nmenories 321 to 323 where data DATAl to DATA3 were witten at the
present reaghepgiag Ynofxam puts Whe 5 read data to the second signal
processing circuit 40. In this exanple, the data fromthe frame 23:40:60 to
the frame 23:41: Tei signepuplamheluirt shegetosle mosidirnes AL theei ved t he
intercept command intercepts the read operation. The 10 system controller
50 recei ved™iR8ler &fk fhenremahestd PsuBﬁFil é%let mearssto Ri ratfng 28MQi th t he
track junp comrand indicating a track j J - 1ltrack in the forward

di rection tS’PttHE'PébWFEﬁﬁl?‘hé)%&thec&PJSF&R’L‘{S 3epsofly t RBOPESFREOHTV to a
position V shown in Fig. 11. After the 15 ght . beans 31 to 33 are focussed
in the 44 aCI@OSHSsPQtlét%Pt HeP tpmaeiﬁstbﬁ+i?uFor€i‘¢3}19P§aHPﬁ§‘Sr 8cof® data
resunes. When all the frane_ sync detection signals FS1 to FS3 of H | evel
are putput PeonF? HOFG Pgrand dyaqir%r‘t%‘é’sé‘leﬁg &Pr thet 819821t B1288, Lt he track
junp conpletion 20 notice is read and supplied to the controller 34. | The
control | er 34, r 88| Fe P¥Pe21FACKETUMLRDNPP e thBn SHOde RAFIF i £sBFhe resune
command to the wite controllers 311 to 313, and the wite controllers 311
to 313 receFROHT K rEdme’ CohmuntPsFeREtehe HhEa OBARRTIVG 2EMITA3 out put

fromthe first signal rocessi n circui
moves S;l:o fo&low a face v:.i:ratlon of CD-ROM 1, under

15 the control of the focus servo system, any of the in-
focus points P, to P, of the light beams 3, to 3, does not
move greatly spaced from the signal plane 1, and all the
light beam 3, to 3, systems can reliably read the record
data from CD-ROM 1.

~) 20 (4-2) Data Read Operation
After the second focus bias adjustment process is
completed, in accordance with the A-time data
representative of the latest A-time data AT,; input from
the first signal processing circuit 26, and the read

25 start point A-time designated by the host computer, the
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50 to 263 after the track junp, this time into the second aref§ AR @802
menories 321 to 323, and wites the A-tinme data AT1 to AT3 corresponding to
t he dat a DXPAY19868 DATA3 and the pairs of start addresses alSWHHESSand end
5 addresses ale to a3e in the nmenories 321 to 323, into the second areas of
t he nmenori estBEskK t Humz3diracthen erpfpnanbrswdren detgrmined $a Hdadecond
areas of the nenories 331 to 334, the A-tinme data is witten fromthe
frames of 23thel:lBghb3bgam33; ahdthe: 4nnegmosdy eincynfieyency) ampmoAfter t he
read controller 34 supplies_the resume command, the read controller 34
checks whet Hee tihet e4i 52A8 dAPBSI brags dscHicrussed ddndEhf tHaseP ead
system by referring to the second areas of the nenories 331 to 333 used at
the present $Eake 2Iee Fxash i ¢t ha@ne nerack  anes dad rihge1s8&Hore t he
start A-tinme data in the second area of the nenory 333 is contained in the "
second aPea HfcConkaipipgdythso readd SHRET tPRINL t Phe thRe ArtdMe H&G e t he
start A-tine data in the second area of the nenory 33Z is contained in the
second area $¥5khe nmenory 331. y 20 After the read operation by the optical®
pickup 2 is performed approximately | - one rotation (in_actual, slightly
nore than one rotkf it omacpﬂepasiir@a? bF AP PopdidResIh FRRM idh i
shown in Fig. 11, the contents of the second areas of the nmenories 331 to
333 becone &LP5 SdHeT e gecepdafgcrRebéapsaddushnert Rrefesedst d dat a
51 read with the read systens "1, 2, 3". Therefore, the read controller
34 suppl i es €Ik cepecoppbhEel o RIFKUR | e tDnTMBRES sEReR (tde313 to
intercegt the wite operation, and supplies the track junp command to the 5
syst em t8nt rRPFiErion 1yPY fevE EReekeo ihdhe fiorvarsd AiHfF R §2art and

end addresses stored_.in the second ,
that the light beams 3, to 3, are focussed in the track-on )

state on the tracks (x-1) to (x+2). Then, reading the
record data on the tracks (x-1) to (x+2) at the same time
starts, by using four systems including the photodetector
15 PD, to first signal processing circuit 26,, photodetector
PD, to first signal processing circuit 26,, photodetector
PD, to first signal processing circuit 26;, and
photodetector PD, to first signal processing circuit 26,.
When all the frame sync detection signals FS; to FS, of
20 H level are input from the first signal processing }
circuits 26, to 26,, the specific read/write command
including the read system information "1, 2, 3, 4" is
supplied to the P/S converter 30.
Upon reception of the specific read/write command

25 via the read controller 34, only the write controllers
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areas anong the nmenories 331 to 333 where data were witten at thﬁ?‘)?@?e?ﬁw
read cycle, the read controller 34 controls to read record data in't
order of wkotwneses0 starting fromthe A-tinme next to the orRCTIRIBRISERL a
| astly output to the second signal processing circuit 40 at the preceding
read cycl e,31eltat i3 timdiloatedt dystiheeddad tdyestsac ardf amedsicgndiig t he
menories 321 to 323 where ,data DATAL to DATA3 were witten at the present
read 15 cyc2ge,3 aml" autpied oridebIoedd addiear andthers abendasaghATAprigcessi ng
circuit 40. In this exanple, the data fromthe frame 23:41:30 to the frane
23:41: 62 i sSDNTA poutpllef mom ttehe ditrsdl & bgsaB irdaceSihg edecuddst b€, i nt er cept
command intercepts the read operation. The 20 systemcontroller 50 received
t he track jtwp2égmiarted cod rivlrstt arjeayp dthechepmamsdrigscid?p Rob§24,he junp
track nunber J = 1 fromthe position VI to a position VII shown in Fig. 11.
After the |anghtwibicers 13k Ret38eadatd lijssedAT ncorespavling w0 dthe on t he
tracks (x+3) to (x+5), 25 reading record data resunes. Wen all the frane
sync 52 datet BATAOtsiDARA,s aR8l the B83rsf df |shealt addresispst Ay om t he
first signal processing circuits 261 to 263, the track junp conpletion
notice is readdgndndupplli eddressbe Bpntook|.edn3theThemerfieer 32sitd | ar
operations are 5 repeated to read at hi gh speed desired record data from
CD- ROM 1 by325i dgrttchehehfdestieamea8, of 0tB8 mewobyepr3ertoi A3, + hdmr ecord
data from being duplicated and omtted. 10 (6) Third Specifi¢ Read/wite
Oper ati on (tkeadesamble bBhowheihi §hg.b8amisy sthensfidstarmyed® afefhe t o Fi gs.
13 and 12) (6-1) Second Focus Bias Adjustnent |If the judgenent of a
pr esend@/ absemeries 337 dsoidd,15tHat A-bimeadabheisywribtermolwon Hdte t here are
two record

) frames of 23:40:60, 23:41:00, 23:41:15, and 23:41:30

(refer to Fig. 10).
The read controller 34 received the specific
read/write command checks whether there is no omission of
15 record data read with each read system, by referring to
the first areas of the memories 33, to 33, indicated by
the read system information "1, 2, 3, 4" and used at the
present read cycle to confirm that the A-time one frame
before the start A-time data in the first area of the
)20 memory 33, is contained in the first area of the memory
33,, that the A-time one frame before the start A-time
data in the first area of the memory 33; is contained in
the first area of the memory 33,, and that the A-time one
frame before the start A-time data in the first area of

25 the memory 33, is contained in the first area of the
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data unreadabl e systens of the |ight beanms 39 and 35, the system ccﬂn? rﬁAReZﬂUZ
50 allocates M= 3 |ight beans 31 to 33 as the read systens of h |i‘ght
beans, whevV@9%19868 t he maxi mum number of adj acent |ight beaﬁF?%?séDﬁégusabl e,
20 which is "3" or a conbination of |ight beans 31 to 33 and M? 3. The
conti nuous MEA®IYot3Huion nunber | is set as | = 1, and the read track junp
nunber J is set toJ = (M2) - 1 (Step S35). The second focus bias

adj ust ment shown AifiteR; ghesread eqrenatin dycibekophéehér PLEEUP| §hiS 25 beam
31 or 35 is included in the h = 3 read light beans 53 31 to 33 ( Step
S36 ) . | n terfoaRash| aPPEPRHERLHY | T gt eanFgtationpndlidfdedctedd, second
focus bias adjustnent process is term nated without changing Vf fromW +
WL. The si gfdiighitdive mpries thRsr &per E0patieR dndd athe P HLERHIPECHEP t he
renotest P3 and the nearest Pl along the optical direction of the objective
| ens 8, JanprgYERENEST 8cBeShbiaR sI\pBhaympingFighedt hEhe ¢@ABEREFHRE beans 31
to 33, so that P2 is very near to the signal plane 1. Pl and P3 are al so
very near t&Pen€i¥sgnareds fe theadeBathnsiH1160F3 3. PeEoPe gRefafRer, the
obj ective lens 8 noves to follow a surface vibration of CD-ROM 1, under the
control of tife FiGcud&ango thggeeds BAyOBISEhan|of fRERTPARE:R Paado P3 of
the Iight beans 31 to 33 does not nove greatly spaced fromthe signal plane
1, and all tH&h thRt reRAMYELeMms + oTharelarenstheanend| FaBryoLésy %‘%e recor d-
data from CDROM_1. (6-2) Data Read Qperation After the second_focus bias
adj ust nent UPPddes FheoApteregpti FOBRRBA dhACENR TR FRLAREFALLIYEE a 20
representative of the |latest A-tine data AT3 input fromthe first signal
processithg &l ctR t3boFoahptereert s tdriite) OPRE 2 AL PR e R sF YRR £ by t he
host conputer, the track ju di rection and nunber are determn so that
the I'ight bddf ’3‘1’355* g PP ML T Fhe T BT Ih &2 92"5%?)he ‘P’uf‘cljhs read !

i ght beams s hocussed i ihe, LAtk 41,34 ng oRLOSO TS agK ()

addresses stored in the first areas among the memories

33, to 33, where data were written at the present read
15 cycle, the read controller 34 controls to read record
data in the order of A-time starting from the oldest A-
time, relative to the data stored in the first areas
among the memories 32, to 32, where data DATA, to DATA,
were written at the present read cycle, and outputs the
20 read data to the second signal processing circuit 40. In ;
this example, the data from the frame 23:40:60 to the
frame 23:41:44 is output.
The write controllers 31, to 31, received the
intercept command intercepts the read operation of the

25 memories 32, to 32, and 33, to 33,. The system controller
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X containing the read start point of the A-time (Step S35). If th?pﬂqA%aZugz
pickup 2 is at a position Il shown in 5 Fig. 13 after the second focus bias
adj ust mentWpE99388 | s conpl eted, the optical pickup 2 is jR&I&HIFMEM t he
position Il by four tracks in the forward,direction so that the |ight beans
31 to 33 ar &Y ceessived nth¢etraakkjonpsicommapd tSWPRIigsk sthia- $prve (x+1)
(refer to Ill in Fig. 10 13 ) . Then, reading the record data on the tracks
( x-1) to (chenit 2B whthsthee treckejvnareenmand dgidigatiinge asysaeks

i ncludi ng the photodetector PDI to first signal processing circuit 26,

phot odet ect ciunRDbPxt @ i Rstra¢kmain priee dogiwagrde directi262 toatbiepabyodet ect or
PD3 to first 15 signal processing circuit 263. Wien all the franme sync

det ecti on siiymp sthel opdiF83 @icHupevk| faps itheutpdsbbieme IVi ren 8i gnal
processing circuits 261 to 263, the specific read/wite comrand i ncl udi ng

t he readd syashtisorihwbioyn 1in Fg. 39. | sAftgmplthel highthdems canterter 30.

] 20 Thereafter, quite simlar to the case shown in Fig. 11, an operation
of reading riacerd fecussedhnCbhrOWackyonpprake an dhe drackst &&#+8n, j unpi ng
the optical pickup by the track junp nunber J - 1, again reading. record
data from CORAEHS by AppASRY naeepPydosiad teot ZRFWRES and WheRpisgl 25hehe
optical pickup by the track junp nunber J - 1 is 55 repeated (refer to
111 to VI ifFamey. suyy deteqddw@rn etignpkmtBSatthikfh ffeddl 1evehearecord
order by preventing the record data from being duplicated and omtted. 5
(7) Fourth SpEAUG Cremdhg ifilastpsignadn Preeggsdnabicd ippits 26, to

10 26,, the track jump completion notice is read and
) supplied to the controller 34.

The controller 34 received the track jump completion
notice supplies the resume command to the write
controllers 31, to 31,, and the write controllers 31; to

15 31, received the resume command write the data DATA, to
DATA, output from the first signal processing circuits 26,
to 26, after the track jump, this time into the second
areas of the memories 32, to 32,, and writes the A-time
data AT, to AT, corresponding to the data DATA, to DATA,

~ 20 and the pailrs of start addresses a,; to a,; and end
addrésses a,, to a,, in the memories 32, to 32,, into the
second areas of the memories 33, to 33,. In the example
shown in Fig. 9, in the second areas of the memories 33,
to 33,, the A-time data is written from the frames of

25 23:41:33, 23:41:48, 23:41:63, and 23:42:03 (refer to Fig.
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the Iight beam systems 31 and 35, refer to Fig. 14) (7-1) Second iofudARiZel
Adj ust mnent Process If the judgenent of a presence/absence of a record data
unr eadabl &VQYXKBEH shows that there are two record 10 dat a BRTERPAMPA
systens of the light beans 31 and 35, the systemcontroller 50 allocates M
= 3 light bé8ns 32 to 34 as the read systens of h |ight beans, where Mis

t he maxi mum nunber of adjacent_ |ight beam systenms usable, which is "3" or a
conbi nati on of | p§Kerbéhfs T8AG CIAtERHLIES B> SupPliRS CEift | KEBWEer ead

rotation nunber | is set as | =1, and the read track junp nunber J is set
to J = ( meyoummgngdg: ghe spegd gpatsetbed %cﬁéeﬁkaswiaﬁrfa%l?n’éh?r%hbﬁn in Fig.
5 is executed to check whether the |light beam 31 or 35 is included in the h
= 3 read |i BRtOBESFEOR PR3 Fecordsdpte; EpadIeith each pripd eY&FBMe, P¥ince t he
l'ight beam 31 or 35 is not included, the second focus bias voltage '
gener at &r cFPéBFF12Q4t?s“é%n‘-ﬁ?%@‘l‘@da?%a%h‘éﬁg‘éhﬁ%/fm?fﬂ%%?%@%l%3%‘#1 V=V
f + W to the value of \f =V + W ( V\2<Wt)'( Step S39 so that Vf =
( VI + w psed\gt. thy pregept ysagycycip tggonfirphdhatykhe priqee] s

t herefore positioned at the mddle of the renpotest P3 and the nearest Pl

al ong the opPPchFameRaiarsh the sharspPetinecdsehs s thenSREOPAATRR ocus
points P2 to P4 of the three read |light beans 3z to 5 34, so that all the

i n-focus poPft §heomeRoxy, 33 1FeLpritadnedy ipndhei grarngl are21°trBf@r to Fig.
7(3)). Thereafter, _the objective lens 8 noves to follow a surface vibration
of CD- ROM 1MefR¥Er38ne thEht FBE Artime rRrang Pofors &he §E8TEMR-i n-focus
points P2 to P9 are maintained very near 10 to the signal plape 1, and all

the 1ight b&AMP3ARER 38NsyERR S doPEefel PhbIYS eBEMPRE r¥toriSdata from

CDROM 1 than the case of Fig. 7(2). (7-2 ta Read ration After the

second focuSOoBtaingd; iRt H%S %&%s%‘(er% 31% Sty 'ae’aarglé?lf:e with '

the A-time dgtaregresentaive f the latest A-tine.,datg AT3,input fromthe
FRg, BSELEP P TRANG PREPLE dhe & §a8td ASEARE PBtAL LA Ehfre

first signal
desgnat od by bis, Ag5h, SEBUS Stanblle 4455 LR, dhescll oB, and unper ore
arong 1 Maged bEtut! Ao R ER | S APRAREE Al A PR e O,
Ip_?_i 2?\0\(};? ;[ E%p'%lyaire [glsctked%) S5}5)1'5 ZSelrf‘.o:E'plgdopatggpcr%lxirr)liagckeli% 21i % a&ng position
rotation (in actual, slightly more than one rotation) and
the optical pickup 2 reaches a position VI shown in Fig.
9, the contents of the second areas of the memories 33,
to 33, become as shown in Fig. 9 and there is no omission
20 of record data read with the read systems "1, 2, 3, 4". )
Therefore, the read controller 34 supplies the intercept
command to the write controllers 31, to 31, to intercept
the write operation, and supplies- - the track jump command

to the system controller 50. With reference to the A-

25 time data and the start and end addresses stored in the
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57 Fig. 14 after the second focus bias adjustnent process is R 2002
conpleted, the optical pickup 2 is junped fromthe position Il by QZrm@
tracks i n wa8Yip8ar d direction so that the |ight beans 3zPECH/JBB45E
focussed in the track-on 5 state on the tracks (x-1) to (x+1). Then,

readi ng t he sessmdl adebs amondehe nekorfes- 33) too3f, where giatehwesane tine
starts, by using three systens including the photodetector PDz to first

si gnal processitiprciatcthe mE&Esenghoeedecrclier PBS nead coptroildeal 34r ocessi ng
circuit 263 10 and photodetector PD4 to first signal processing circuit

264. When arkbrtimelfy ape spad decssid odatd gdal sthiesSzordefSoHf AHtiveel are

I nput fromthe first signal processing circuits 26z to 269, the specific
read/ wite ctrarndd ntreni thet Re tiged »gxt ek rfhe maneorpark 3data js 15
supplied to the P/S converter 30. Thereafter, nearly simlar to the case
shown i P Fi gastily Eufpulietesthe gfedring signalher@cessingnriskcbdits481z and
31d control to wite the data DATA2 and DATA4 and A-tine data AT2 and AT4
out put fromathahlei precefigngl readcasiag rELatiiveitos thez dega2esoredt o t he
menories 32z and 324 and 33z to 339, and with' reference to the the A-tine
data and st adm thel seaprdd@resse amongr ddve menier imsside$0332,anbes8" t he
read controller 34 controls to read record data stored in the nenories 33z
and 334 in tdeteorPRTA oftnt DATA: weTrey waridten g the rmxefentaraadr om bei ng

duplicated and
cycle, and outputs the read data to the second signal

10 processing circuit 40. In this example, the data from
) the frame 23:41:45 to the frame 23:42:17 is output.

The write controllers 31, to 31, received the
intercept command intercepts the read operation. The
system controller 50 received the track jump command

15 controls to jump the optical pickup 2 from the position
VI to a position VII shown in Fig. 9. After the light
beams 3, to 3, are focussed in the track-on state on the
tracks (x+5) to (x+8), reading record data resumes. When
all the frame sync detection signals FS, to FS, of H level

}y 20 are output from the first signal processing circuits 26,
to 26,, the track jump completion notice is read and
supplied to the controller 34. Thereafter, similar
operations are repeated to read at high speed desired
record data from CD-ROM 1 by using the four beams 3, to

25 3, and by preventing the record data from being
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58 omtted ) , an operation of reading record data fromCDREyl
approxi mately one rotation, junping the optical pickup by the tr I<M&§%8mu
nunber J wd9ymges n reading record data from CD-ROM 1 by aporaepsmasal y one
rotation, 5 and junping the optical pickup by the track junp nunber J - Z

I S repeat eddupietareoahtl omt¥elh.in Fig. 14 ) to sequentially read record
data at high speed in the record order by preventing the record data from
bei ng duplicated and omtted. 10 (8) Fifth Specific Read/wite Operation
(read unable by the light beans 32 and 35, refer to Figs. 15 and 16) (8-1)
Second Focug SBi aecAdijuspaenfitfRaad tegite ipeafa i gt ek valaddecbyof a
record 15 data unreadabl e system shows that there are two record data

unr eadabl e Thet adghaf behe byghtmbsgsréferntb Ivigs henl cad 120 | i ght beans
33 and 34 are adjacent each other anong the remaining three |Iight beans 31,
33, and 334. (Br1lneseconpdarobughBipseddjaeemdntdata of CD-ROM 1 by 20
repetitively performng continuous record data read by approximately two
rotations and track thengjudgemeatnedceas prgseacegdatbseacer dfdat aeadky with

adj acent |ight beans. Hi gh speed read is possible even for a conbination of
read |ight dexss urateaciahilectsytyten] ahens 2batadthexichets oheceptorndous
record data read of CD-ROM 1 59 during a plurality of rotations and
track junp kptpr ateradabled styrsaeks ofr eheeddaihad begped,f, | ¢hkl gystemt i nuousl y
reading record data with data readable |ight beans during approxi mately
(R+1) 5 rot aonamelded SPasklpoapebyM (€3 )liglecks=ams tHhetd odwasdther ecti on
can be repeated if Qis 2 or larger and Ris O or larger, where Qis the
nunber 1d¥ t reekds syspressemf ny didhtt beamshewhese thieis ntbemuakimught beam
and outernost |ight beam anong the record data readable |ight beam 10
systens, anduRbeg ife atpacamh nuidler lfamdfpseansreseblle, which is

"3" or a combination of light beams 3, to 3, and M 2z 3.
The continuous read rotation number I is set as I = 1,
and the read track jump number J is set to J = (M-2) =1
15 (Step S35). The second focus bias adjustment shown in
Fig. 5 is executed to check whether the light beam 3, or
35 is included in the h = 3 read light beams 3; to 3,
(Step S36). 1In this example, since the light beam 3, is
included, the second focus bias adjustment process is

20 terminated without changing V, from V, + W,. )
The signal plane 1 is therefore positioned at the
middle of the remotest P, and the nearest P, along the
optical direction of the objective lens 8, among the in-
focus points P, to P, of the three read light beams 3, to

25 3;, so that P, is very near to the signal plane 1. P, and
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data unreadabl e |ight beans between the innernost and ) outernost fecord
data readabl e |ight beams. In -the exanple shown in Figs. 15 and 18/ MRt B&2
record daWQ9%@a%e8bl e |ight beam systens, the innernost 15 RGTYHRP34E3M is t he
l'i ght beam 31 and the outernost |ight beamis the |ight beam 34 so that Q =
3. In the aBj &Frentdlsseoegydaeaiuhiceddieblsd aniaghp &t WEOWTt R | i ght
beans 31 and 34, the maxi num nunber of adjacent record data unreadabl e

| i ght beansFig. "71¢2pecadhenanditer s e oipatias | 1Pns bRakP3es A9 the h

read |ight beam systens, all the three record data readable |ight beam
systens 31,f@Blowml syxface vibsahien offkO-EOM Lnusnde¥ st COPEEPIN nunber |

is set as | - (R+ 1) - 2, and the read track junp nunber J is set to J =
(Q- 1) = Xfdkhy B3s sERVOFYEEEIndanryced bhasihdfaserer®i’tdvih in Fig. 5
i s executed 60 to check whether the |ight beam 31 or 35 is_included in

the h =53 readPd igfhtthrakkost beams o3d t99 I SPeF 89% Jrove| greRitdYexanypl e,
since the light beam 31 is included, the second focus_bias adjustnent
process is $SRAGRGELEI FhG SHERCICRAABEnY \APG Bdrh Whes lightheari}{nal pl ane
1 is therefore positioned at the mddle of the renotest P3 and the nearest
P1 al ong t He® obt S¥&tedS: €8P 5R1dRPLKT o2} cBe etk dRta &3 £Re in focus
points P1, P3, and P4 of the three read |ight beans 10 31, 33, and 34, so
that the i B®bchis point P4 is very near to the signal plane and al so the
in-focus points P1 and P3 are also near the signal plane 1 ( refer, to Fig

7 (2 ) Y 5-Fherkaka dfead {PHAF QM ve | ens 8 noves to follow a

10 After the second focus bias adjustment process is
completed, in accordance with the A-time data
representative of the latest A-time data AT; input from
the first signal processing circuit 26, and the read
start point A-time designated by the host computer, the

15 track jump direction and number are determined so that
the light beam 3; at the innermost circumference among
the h = 3 read light beams is focussed in the track-on
state on the track (x-~1) one track inner than the track
® containing the read start point of the A-time (Step

20 S35).

If the optical pickup 2 is at a position II shown in
Fig. 11 after the second focus bias adjustment process is
completed, the optical pickup 2 is jumped from the
position II by four tracks in the forward direction so

25 that the light beams 3, to 3, are focussed in the track-on
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surface vibration of CO-ROM 1, under the control of the 15 focus o &
system all the in-focus points P1, P3, and P4 are maintained verjiﬁ“tw
t he signalwopbairesésl, and all the |ight beam 31, 33, and 34 gysiiesgnssan
reliably read the record data fromCD-ROM 1. (8-2) Data Read Operation .)

20 After thest2eonsh ferdlclicads -9t #BNL xPLPCEESESS €O NP Bli Filg
accordance with the A-tine data representative of the latest A-tine data

AT3 input from i hendn) HeadigRakhpr 66ESEd Mt enl thdborames thie-read start
point A-tinme designated by the host conputer, the 25 track junp direction

and nunber agg+Dpt aenmivhed ssnd Mgiimblstarts [ sy | L§hhgbeawred]l s3is tdr@
I nnernost circunference anong the h = 3 read |ight beans is focussed in the

track-on staigcDidihg traek (pholboseRtedtoack ponered hapikhe tIsaghan _
containing the read start point of the A-tine (Step 5 S35). If the optical

pi ckup 25i s pEocePoshd i irddits2e\W phbtoddectbr #bi efo thirseeanghaliocus bi as
adj ust nent process is conpleted, the optical pickup 2 is junped fromthe

position || pyodessingackscuntt ke, oanar ghetoasteeBos0Pb) tbhatritdae | i ght
beans 31, 33, and 34 are focussed in the track-on state on the tracks

(x-1), (x+1)sigmall (prdgesgirdetirdweiadi2g) .t h@heacald daka faaneheyinicacks
{x-1) to (x+2) at the sane tine starts, by using three systens including

t he phot odet@stestR digridIsStFSSiENFS, 16f T 0e@edi afe Cifiput t£xHml the
phot odet ector PD3 to first signal processing circuit 263 and phot odet ect or

PD4 to firstfirgnasignal gasicedsdingcircidfés Meroas, | thd repeEeifiec
detection signals FS1, FS3, and FSO of H level are input
10 read/write command including the read system information
"1, 2, 3" is supplied to the P/S converter 30. )
Upon reception of the specific read/write command
via the read controller 34, only the write controllers
31, to 31, indicated by the read system information "1,
15 2, 3" write one block after another the data DATA, to
DATA, output from the first signal processing circuits 26,
to 26,, into the first areas of the memories 32, to 32,,
and writes the A-time data AT, to AT, corresponding to the
data DATA, to DATA; and the pairs of start addresses A
20 to A,; and end addresses A,, to A,, in the memories 32, to )
32;, into the first areas of the memories 33, to 33,. 1In
the example shown in Fig. 11, in the first areas of the
memories 33, to 33,, the A-time data is written from the
frames of 23:40:60, 23:41:00, and 23:41:15 (refer to Fig.
25 12).
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fromthe first signal processing circuits 261, 263, and 20 26,, thﬁ
specific read/wite command including the read ) systeminfornmatio ZKMAR3ZND
4" is suppawd9868 the P/ S converter 30. Upon reception of RGEIRIBEEST ¢
read/ wite command via the read controller 34, only the wite controllers
25 311, 313, andTBé&4 reddcatentinllidre rdhd esticred nfdremtspecblic "1, 3,
4" wite one block after another the data DATAI, DATA3, and DATA4 out put
fromthe fireadgiwghtie gorowessichgcker¢hetbeRBherz63 s andorbgsiont@f t he fir st
areas of the nenories 321, 323, and 324, and wites the A-tine data 5 ATI,
AT3, and AT#ecordedptadregdtwitiheccath o<l Ay stOATARY areif OATIAW afrel t he
pairs of start addresses Als, A3s. and A3s and end addresses Ale, A3er and
Ade in the bbeofigst3areag2ef thd seaprieso3Bhetd P3¢ imdipatdd thie nmenories
331, 333, and 334. In the exanple shown in Fig. 15, in the 10 first areas
of the Benothesrggd sysIemadaf®Imation Alti e it aand wsedt &t f¥hen t he
frames of 23:40:60, 23:41:15, and 23:41:30 (refer to Fig. 16). The read
control | er BZesensi veddt frcketd feenfioxml/ thatt cheomaridne: ek sEX@Re her t here
s no omssion of 15 record data read with each read system by referring
to the firsbefipres the Sterfedoitime 3ta 3338, thardf8Boti AXeeatrfd WYL t he read
systeminformation "1, 3, 4" and used at the present read cycle to confirm
t hat the A-meRerynd3frisncantfadned Ha sther tfixsti pregataf ithe Heme¥st area 20
of the menory 334 is contained in the first area of the nenory 333, and
that the A-BPoe 2n@ thahethefdrbimpeoneaframet bafonst Fhien SYREY iAst area of

the menory 333 is contained in the first area of the nenory 33l.
10 ° time data in the first area of the memory 33, is

) contained in the first area of the memory 33,.

After the read operation by the optical pickup 2 is
performed approximately I = one rotation (in actual,
slightly more than one rotation) and the optical pickup

15 . 2 reaches a position IV shown in Fig. 11, the contents of
the first areas of the memories 33, to 33, become as shown
in Fig. 12 and there is no omission of record data read
with the read systems. Therefore, the read controller 34
supplies the intercept command to the write controllers

Y 20 31, to 31, to intercept the write operation, and supplies
the track jump command to the system controller 50. With
reference to the A-~time data and the start and end
addresses stored in the first areas among the memories
33; to 33, where data were written at the present read

25 cycle, the read controller 34 controls to read record
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After the read operation by the optical pickup 2 is 25 perforned
approximately I - two rotations (in actual, 63 slightly nor§ 7t MAR 2062
rotati ons)Wadd1986& optical pickup 2 reaches a position |V sMEU#PIBMSEl g. 15,
the contents of the first areas of the nmenories 331, 333, and 334 becone as
shown in Fi gdaté andthaeredés nb dnAtimeostertivgofdod Hheaoddedtwhth the
read systens. Therefore, the read controller 34 supplies the intercept
command to thdmesi relatdyet riod | the 8bta 3d8oredhdino 34 fiorsht areapt t he
wite operation, and supplies the track junp command to the system

control | er 5@mowgt theeimemendest 32, h&aoA3d;nwheaea daFaaih T e tot HMTAgnd end
addresses stored in the first areas anong the nenories 331, 333, and 334
wher e data weezewrittenaatthbeppresentr zeddcyyptde, t Andrendpubat thel er 34
controls to read record data in the order of A-time starting fromthe

ol dest ASdi nweadedatad veo tthet kecdatiasigneioprocessine diraitddas Hnong t he
menories 321, 323, and 324 where data DATAl, DATA3, and DATA4 were witten
at the preseffhisegsappdre, thed dAandpufsonhdheeddaggt 23:AQHD steobldesi gnal
processing circuit 40. In this exanple, the data fromthe frame 23:40:60 to
the frame 23f2amgo28s4202%uipueutmut. wite controllers 33.1, 313, and 314
received the intercept command intercepts the read operation. The system
controll er 50 recE&hgedviike t rcktyaierdmidind tappdlesrereivedvotercuit 23

with the track junp command 25 indicating a track junp by J = 2 tracks in
the forward éptercept command intercepts the read operation. The

10 system controller 50 received the track jump command
supplies the servo circuit 23 with the track jump command )
indicating a track jump by J = 1 track in the forward
direction to thereby jump the optical pickup 2 from the
position IV to a position V shown in Fig. 11. After the

15 light beams 3, to 3; are focussed in the track-on state
on the +tracks (x+1) to (x+3), reading record data
resumes. When all the frame sync detection signals FS,
to FS; of H level are output from the first signal
processing circuits 26, to 26,, the track jump completion

20 notice is read and supplied to the controller 34. )

The controller 34 received the track jump completion
notice supplies the resume command to0 the write
controllers 31, to 31,, and the write controllers 31, to
31, received the resume command write the data DATA, to

25 DATA; output from the first signal processing circuits 26,
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direction to thereby junp the optical pickup 2 fromthe positionAdg gz a
position V shown in Fig. 15. After the light beans 31, 33, and 3 r AR 2002
focussed WO 9MeB68 r ack- on state on the tracks (x+3), (x+5),PCIAPIY/A4EEN)
reading 5 record data resunes. Wien all the frane sync detection signals
FS1, FS3, amnd B84 afteir| ehel tamekoutuympt, fuhdm tthiend i isto stiymasequmtessi ng
circuits 261, 263, and 264, the track junp conpletion notice is read and
suppl i ed t oarkescoffit rublel even®4ies) 3PhetooARsolamt Bditesethedhttine rack junp
conpl etion notice supplies the resunme command to the wite controllers 311,
313, and 314atandTi htoWATi eccoomegpairddmg 3Dl ,thxl Jaten A, tecB®ATFAd t he
resume conmand wite the data DATAl, DATA3, and DATA output fromthe first
si gnal 15 pandesshengpeaiirsui ¢ 2Ghrt263ddcesse64 aqf t €p tdhe @ndckendinp, this
time into the second areas of the nmenories 32|, 323, and 323, and wites
the A-tiSne ddflzes3$és Al3)tcamd. AT o resporidisnB 2,0 toh82dat anTATHIe DATAS3,
and DATA3 and the pairs of start addresses alS, a3S, and a4s and end ~~ 20
addr esses agseronBearend afethe memonbesrB8ds 32 B0 328, thatexanwlaecond
areas of the nenories 331, 333, and 339. In the exanple shown in Fig. 15,
in the secosbouneds Bigt hkl memprihes s@@dnd3gBeaandf 3¢k enaniegifst BAp data i s
witten fromthe frames of 23:41:48, 23:42:03, and 23:42:18 25 (refer to
Fig. 16). 6%0 33,Af ttbe tAredimeadlatmt sl eltBensdpoem dahe hramesunef conmand,
the read controller 34 checks whether there is no om ssion of record data
read with e3gh4itedd,sy¥sSt:di:38y mnfleRBiAg:48 (hefercbadFigeab2bf the
menories 331, 333, 5 and 334 used at the present read cycle to confirmthat
10 After the read controller 34 supplies the resume

) command, the read controller 34 checks whether there is
no omission of record data read with each read system, by
referring to the second areas of the memories 33, to 33,
used at the present read cycle to confirm that the A-time

15 one frame before the start A-time data in the second area
of the memory 33; is contained in the second -area of the
memory 33,, and that the A-time one frame before the
start A-time data in the second area of the memory 33, is
contained in the second area of the memory 33,.

) 20 After the read operation by the optical pickup 2 is
performed approximately I = one rotation (in actual,
slightly more than one rotation) and the optical pickup
2 reaches a position VI shown in Fig. 11, the contents of
the second areas of the memories 33; to 33; become as

25 shown in Fig. 12 and there is no omission of record data
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the A-time one frame before the start A-tine data in the second @VeﬂAt?f?ﬁU@e
menory 334 is contained in the second area of the nenory 333, and that the
A-time onewbroamssebef ore the start A-tine data in the secon®CEJBP/IFSIt he 10
menory 333 is contained in the second area of the menory 331. After the
read oper ati veadywitb d¢pei celadisyatens i'sl,ped f o3'hed Epprefomet etthel = two
rotations (in actual, slightly nore than two rotations) and the optical

pi ckup 15 2 readhesntreblin i3#h svppdliesnthe Fatercedpt (cammarcbricethe of t he
second areas of the nenories 331, 333, and 334 becone as shown in Fig. 16
and there iswnbtenisyituwldensecdtd dat Bledtb winkerbepteathesysrdte "1, 3,
4", Therefore, the read controller 34 supplies the intercept command to 20
the wite coopevaties, 3and 8upPpliesd &4 thmadknt pimge ptonhendy toe tbper ati on
and supplies the track junp command to the systemcontroller 50. Wth

ref erencé t osystem-comerafcter Lt t Wétht zefevenicemb dihdr dsddgmesdetad in the
second areas anong the nenories 331, 333, and 334 where data were 25
witten at taedptbeemtamadargcend wddressdscastiorsd e 3thgs secondcontrol s
to read record data in the order of A-tinme starting fromthe A-tinme next to
t he one bl ocRreas aameng ythet memordeshe3Jecemd 33 gwiergr cd%si WGTei rcuit 40
at the preceding read cycle, relative to the data stored 5 in the second
areas anong Vhéthemwy dhe3preseng reg@d @xde, the read controller 34

controls to read record data in the order of A-time
10 starting from the A-time next to the one block data
lastly output to the second signal processing circuit 40 )
at the preceding read cycle, relative to the data stored
in the second areas among the memories 32; to 32; where
.data DATA; to DATA, were written at the present read
15 cycle, and outputs the read data to the second signal
processing circuit 40. In this example, the data from
the frame 23:41:30 to the frame 23:41:62 is output.
The write controllers 31, to 31, received the
intercept command intercepts the read operation. The
20 system controller 50 received the track Jjump command 5
controls to jump the optical pickup 2 by the jump track
number J = 1 from the position VI to a position VII shown
in Fig. 11. After the light beams 3, to 3; are focussed
in the track-on state on the tracks (x+3) to (x+5),

25 reading record data resumes. When all the frame sync
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where data DATAl, DATA3, and DATA4 were witten at the present rq@i ﬂ%ﬁlﬂmz
and outputs the read data to the second signal processing circuit 40."1Tn
this exanplo99/19868 data fromthe frame 23:41:60 to the franeC2B998458Y is 10
output. The wite controllers 311, 313, and 314 received the intercept
command i nt @eteits drhesirgead soPps; atd OFS, Hie Bylsiwdd card robtpeut SOroecei ved
the track junp conmand controls to junp the optical pickup 2 by the junp
track 15 nurdber first2sigeal ihreceesingooidtuits 24Qot0t2®y) Yhe shawk in Fig.
15. After the |light beans 31, 33, and 34 are focussed in the track-on state
on the trackampx+@pmpletddn aadicet+l, readdi angdr enqpd itad atpestines.
Thereafter, simlar operations are repeated to read at 20 hi gh speed
desired recaothtaailderr 08UCD- ROMelrdayf tiexi, ng stihe lsalhr cepberatitofld, &8¢ and 33
and by preventing the record data from being duplicated and omtted. For
exanpl e,5 i n repeated toeadathatr adghdspetd desiréderécordcistdrfmomhe track
(x-1) to the track (x+7) 25 shown in Fig. 15, only reading the record data
of CD- ROM 6TD-ROM llduwy ngsingr thet athpes awhnmeEne3tr aok Byumandr ebyequi r ed.
Therefore, the record data can be read nore rapidly than data is read with
one |ight beamveramngD 6 tedordnga%ar ofzadm oheing duplicated and

omitted.

10 (6) Third Specific Read/write Operation (read unable by
) the light beam systems 3, and 3;, refer to Figs. 13 and
12)

(6-1) Second Focus Bias Adjustment
If the judgement of a presence/absence of a record
15 data unreadable system shows that there are two record
data unreadable systems of the light beams 3, and 35, the
system controller 50 allocates M = 3 light beams 3, to 3;
as the read systems of h light beams, where M is the
maximum number of adjacent light beam systems usable,
) 20 which is "3" or a combination of light beams 3, to 3; and
M 2 3. The continuous read rotation number I is set as

I

1, and the read track jump number J is set to J = (M-
2) = 1 (Step 835). The second focus bias adjustment
shown in Fig. 5 is executed to check whether the light

25 beam 3, or 3; is included in the h = 3 read light beams
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(9) Sixth Specific Read/wite Operation (read unable by the |ight beans 31,
3z, and 34, refer to Fig. 17 ) (9-1) Second Focus Bias Adjustment P7oMaRs2002

I f a judge{@yyy 6iss 2 pPresence/ absence of a record 10 data urgSafaPbassyst em
shows that there are three record data unreadabl e systens of tﬁg P?gﬁt

beams 31, 32 3angh 34, {drdp 44PPSSI bhe bl SalrACOr Ll #id Iy diee

adj acent | i ght beani syst ens. wever, simlar to t'he case Fig. 15,
contlnpouslybgﬁgdbngigqugidygﬁav%ﬁ@ Q€E3n35fb%ﬁ ablie d i gty during
approxi mately (R+I} rotations arid track junp by Qﬁb tracks 1n the

forward di reﬁ%@@sgaﬂsb@eﬁﬁ"ﬂ%"éé‘@ \Htt%&‘@_&éﬂg:’d?% Ger s2Bf B 15 @ or larger,

where Qis the nunber of tracks representing a tdnce betfeen the

| nnermost 11 ght beae 8agnayt SLERSL1! keNeHREAPAL PBNEdHed SO ¢hdlat a

readabl e |ight beam systens, a R is the maxi num er of adjacent record

data unr eadaplgal OB RERTERRLURRN £ 1SRN OBl Qi giRgord data

readabl e 1ight beams. In the exanpl e’shown in Fig. 17, of the record data

25 readabl e hhghtabegmsysisir %m%hk%@%%QQ§E EEQQtBPﬁ?H%ﬁé 2 in- the

| i ght beam 33 and the outernost lig eamis the lig eam 35 so that Q =

2. In the adirgeggtpsehes d debapud£adablild O RFaTHNRCLIRRR Bhegd i ght

beams 33 and 35, the maxi num nuhber of adjacent record data unréadable 5

light beams Bs 'sb' tha¢apsad hehs hea®nt¥ Lhe éi%g‘%lle A4, A tdifa h read

| i ght beam systens, all fhe two record data rea [1 ght beam systens 33

and 35 are apl QG 6 sl RRGOMIAIIANS FIRAGIHAL | PIhd¥ D& IsHGnSein as | =
(R+ 1) =2, and the read track junp nunber J is set to J = (Q
10 Fig. 7(2). Thereafter, the objective lens 8 moves to
follow a surface vibration of CD-ROM 1, under the control )
of the focus servo system, any of the in-focus points P,
to P; of the light beams 3; to 3; does not move greatly
spaced from the signal plane 1, and all the light beam 3,
15 to 3; systems can reliably read the record-data from CD-
ROM 1.
(6-2) Data Read Operation
After the second focus bias adjustment process is
completed, in accordance with the A-time data
20 representative of the latest A-time data AT, input from
the first signal processing circuit 26, and the read
start point A-time designated by the host computer, the
track jump direction and number are determined so that

the light beam 3, at the innermost circumference among

25 the h = 3 read light beams is focussed in the track-on
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10 - 1) - 1 (Step S35). The second focus bias adjustnment shown in ﬁi m 5 @
executed to check whether the light beam 31 or 35 is included in @ e R=2
read |i ghwamaess833 and 35 (Step S36). In this exanpl e, siRCBIRISH4ISIght
beam 35 is included, the second focus bias adjustnent 15 process is

term nat ed vétawmitore HargitngpcW (fr-AdnM \dnet tifackThewrssmddam | toee thack
therefore positioned at the mddle of the two in-focus points P3 and the
nearest P5 of ¢dretdivineathéi ghadbedrmr t3Pp @itk 36E alktbag At-trd mept(iSdap
direction of the objective lens 8, so that the in-focus Q0 points P3 and
PS are very gg&sy. to the signal plane ( refer to Fig. 7( 2 ) ) . Thereafter,
the objective lens 8 noves to follow a surface vibration of CO-ROM 1, under
the control of thef fubeuspseced piskem 2ald dthe pasivios pbhistiewrP3nand PS
are mai ntai ned very near to the signal plane 1, and 25 all the |ight beam
33 and 35 symignd3cafiteel tladlgecmall idisH6Bias adpustuenhtprdeass GB ROM 1.
(9-2) Data Read Operation After the second focus bias adjustnent process is
conpl et ed, icomelcoredhncehei tdptimalAd- pimkugat 2 5ig egumpedt afroe dhet he

| atest A-tinme data AT3 input fromthe first signal processing circuit 263
and the readhodiartorpcihtbyA-fowe teachaatied the tfoewasd: diogorion sche track
junp direction and nunber are determ ned so that the |light beam 33 at the

i nner nost cithamfdvecdd¢gh&inbagmd B,t lte B; ar2 feesdsbedhinbdmsrdack-@tussed in
the track-on state on the track (x-1) one track inner than the track x

cont ai ni ng ts$teatesavh dther trpokst (B8F10hsoA{ kirhe (Sefer B5)I1] fin Fdgopti cal

pickup 2 is at a position Il shown in 15 Fig. 17 after the second focus
bi as adjQst nEhi. Jheresseadivgnphetrecordalans icvalthpi tkapke (x-3 urhged from
the position Il by two tracks in the forward direction so that the |ight

beans 33 and(:86l hretf thaesseme| timee s¥ackon byavsivg tUheeer KWSLME 1) and
(x+1). Then, reading
including the photodetector PD;, to first signal

processing circuit 26,, photodetector PD, to first signal
processing circuit 26,, and photodetector PD; to first

15 signal processing circuit 26;. When all the frame sync
.detection signals FS; to FS; of H level are input from the
first signal processing circuits 26; to 26,, the specific
read/write command including the read system information
"1, 2, 3" is supplied to the P/S converter 30.

) 20 Thereafter, quite similar to the case shown in Fig.
11, an operation of reading record data from CD-ROM 1 by
approximately one rotation, jumping the optical pickup by
the track jump number J = 1, again reading record data
from CD-ROM 1 by approximately one rotation, and jumping

25 the optical pickup by the track jump number J = 1 is
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20 the record data on the tracks ( x-1 ) and ( x+2 ) at the sane tig*AR 2002
starts, by using two systens including the photodetector PD3 to Mi'r

signal pree@seidags Ci rcuit 263 and phot odetector PDS to firerapéiabsi
processing circuit 265. Wien all the frane sync detection signals FS3 and

25 FS5 of Hil&yelead o vt o gt B8 ik sin Shonali Py aeesaad ré@ord
circuits 263 and 265, the specific read/wite command including the read

system i nf orq@td ot "HBighd speeds ¥RPLh&dréfotdRier N idwntithg Thereafter,

nearly simlar to the case shown in Fig. 5 15 (in the case of Fig. 17, the

wite controld&ssy Hat &Nerohl HLHY Rp1ti@aweldt anihemdaitaaDATA3 and DATAS and
A-time data AT3 and AT5 output fromthe first signal processing circuits

263 and 265, into the nenpries 323 and 325 and 333 to 335, and with
reference to the the A-tine data and 10 start and end addresses stored in

the nmenosi esBEFANEEBHpediFac RAHaPARE EE! SErSEi SO N(Fed S UrRvleagyr ecord

data stored in the nenories 333 and 335 in the order of At-tinme by

preventing tfige receie wedm Qjﬂ@n@iﬂgaﬂap%&t@ha% onig.tad)) , an

operation of reading record data from CD 15 1 by approximately I = 2

rotations, junpindsédendMddiad Hii=GkWa s tidat! Paekejsgnp number J - 1, again
reading record data from CD-ROM 1 by approximately I - two rotations, and

junping the opticat ehékjpdemdiie df ackrdsandadbeiente ok iasS reepeat ed
(refer to Ill to VIl in QO Fig. 17) to sequentially read record data at

hi gh speed idantdeufir68dsbDs d6ystam PsRyRSt tRatt BRerecard dabarkeeidbei ng
duplicated and omtted. , Far exanple, in order to read the record data
fromtheo7 tdaeksudfedadbiee igyademeXok) the 1hght nasdmd 8t54nd 3,, the
system controller 50 allocates M = 3 light beams 3, to 3, )
as the read systems of h light beams, where M is the
maximum number of adjacent light beam systems usable,
which is "3" or a combination of light beams 3, to 3, and
15 M =2 3. The continuous read rotation number I is set as
I =1, and the read track jump number J is set to J = (M-
2) = 1 (Step S35). The second focus bias adjustment
shown in Fig. 5 is executed to check whether the light
beam 3, or 3; is included in the h = 3 read light beams
20 3, to 3, (Step S36). In this example, since the light )
beam 3; or 3; is not included, the second focus bias
voltage generator circuit 22, is controlled to change V;
from the value of V, = V; + W; to the value of V, = V; + W,
(W, < W,;) (Step S39) so that V, = (V, + W,) - W, + W, = V, -

25 W, + W,.
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25 shown in Fig. 17, only reading the record data of CD-ROM 71 1 during

four rota d one track junp are required and the record datﬂa?cmyﬁtﬁgﬂz
r ead noreRNq(E%’I?? than record data is read with one |ight %%'%Hﬁs‘a’@?ﬁshg

rotations of CD-ROM 1. 5 (10) .Seventh Specific Read/wite Qperation (read
unabl e by the Ii gﬁf‘ebééﬁlngzi prlé‘f‘@r 1t dSFlﬁ‘erﬁaf)OIFI(Pof)ltS@B&ﬁd Fodd¥€ Bi as

Adj ust ment Process |f a _judgenent of a presence/ absence of a recqord 10 data
unr eadabl e s?‘%figllnest‘?(fwst]{ R iR G rRCoMPRRSE Fr 4PR9 NS st ens of
the light beam 34, it is possible to read the record data vvlth the three

li ght beam s??FéHE13§lFSC§$°Bs°€Ie% iR HIVe t]-ﬁﬁsc seTORI ) ERHIE (refer
to Fig. 11). However, if the case shown in Fig 15 i s incorporated, the
record data EQRUSePPARESAF: Hiyer 0 PRl thuee W@a@x&ﬁﬁpé LRBMA Bn ¥ g. 18,

of the record data readahle |ight beam systens, the innernost |ight beamis
the |igh® bedm 39 dhtet Bd LofPer hBstoFUg MOIMEEP: sEQ e 278 | YR RHm 35 so

that Q= 4. In the ad acent_record data unreadabl i ght beans_between the
li ght beams 39 §H8 §$ n??\epjrr%%“' nurhTsAFe CORF &8 - adf%\iént e Wha
unr eadabl e |i B ", éAs the h read_|ight be msystems all the
four record dg‘Fa éﬁﬁﬁm’@ FEBRLS MRS S éﬁ’%lQYi 3554 350l e
sl located. The ERILRAUPUS LRd Sl lon T2, e gg‘éﬁéﬁ«fao S, 5 (0
S35). The secqqd. f2cHs- BLass A Mot c MM L bl JraPndd SR8 Rk
10 to the signal plane 1, and all the light beam 3, to 3,
) systems can more reliably read the record data from CD-
ROM 1 than the case of Fig. 7(2).
.(7—2) Data Read Operation
After the second focus bias adjustment process is
15 completed, in accordance with the A-time data
representative of the latest A-time data AT, input from
the first signal processing circuit 26; and the read
start point A-time designated by the host computer, the
track jump direction and number are determined so that
20 the light beam 3, at the innermost circumference among
the h = 3 read light beams is focussed in the track-on
state on the track (x-1) one track inner than the track
X containing the read start point of the A-time (Step

S35).

25 If the optical pickup 2 is at a position II shown in
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to check whether the light beam 31 or 35 is included in 5 the h,z 4 re%i
| ight beans 31 to 33, and 35 ( Step S36 ) . In this exanple, sia(?e 02

| i ght beanmyodbogsd 35 are included, the second focus bias agtisioRisss;
process is termnated without changing Vf fromV f + W.. The signal plane

lis thereforﬁscﬁ;)agt Lered dAle tdReo lﬁ FLAdk e Pl tE) LIRSS 2R s Ehe

nearest P1L ( P |l ong the optical direction o he objective |ens 8,

anong the in-dQEs Rl Nt $nEl kB3 aPfcRipOf2 the f gimpegadddnghinReans 31
to 33, and 35, so that the in-focus points are very near to the signal

pl ane (refer ﬁ&i@i&bn 71(12)o)y th2edhergaktein the ¢bheetdavaikepgsi8nmaues to
follow a surface vibration of CO-ROM |, under the control of the focus

servo systemiiphl the1ignt Wil KS Flate Foouddda B aie WRbBkabped very
near to the signal plane 1, and afl thé Tight beam 31 to 33, and 35 systens.

can reliaply (el e 41e 0600 daliy oM ROM dhefi10rdhgbagatRead

QOperation After the second focus bias adjustnent process is conpleted, in

accordance Wtdrdie gathl AR € ar=@iise$)013t t¥e(ff1h her | @l Hand thime data
AT3 input from25 the first signal processing circuit 263 and the read 73

start point As{dJs designat gdify (hghast G . LIRS | URRe
direction and nunber are determned so that the |ight beam 31 at the

i nner nost  Ci rgHEdRIARER RTPRY ¢ ikst 4ihRa4 proBEsBeAgSciscdpeyssed in the
track-on 5 state on the tracg (x-1) one ?rackbinner thgﬁcthe tre‘:{(él’d.?(2 X

cont ai ni ng t hghdRRIb tcAIdr BB, Mo Of i ddte A didE (BB -cidfcdiie zmti cal
pickup 2 is at a position Il shown in Fig. 18 after the second focus bias
adj ust mend pragEphdtodetector PD, to first signal processing circuit
26,. When all the frame sync detection signals FS, to FS, )
of H level are input from the first signal processing
circuits 26, to 26,, the specific read/write command
including the read system information "2, 3, 4" is
15 supplied to the P/S converter 30.
Thereafter, nearly similar to the case shown in Fig.
11 (in the case of Fig. 14, the write controllers 31, and
31, control to write the data DATA, and DATA, and A-time
data AT, and AT, output from the first signal processing
20 circuits 26, to 26,, into the memories 32, and 32, and 33, )
to 33,, and with reference to the the A-time data and
start and end addresses stored in the memories 33, and
33, the read controller 34 controls to read record data

stored in the memories 33, and 33, in the order of At-time

25 by preventing the record data from being duplicated and
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10 conpl eted, the optical pickup 2 is junped fromthe position Il by four
tracks in forward direction so that the |light beans 31 ¢ ,gﬁﬁdMA
g\;éggalwg{S rgg/ i?gfg/o (!I ( X;ﬁ;' 32) 002

are focus he track-on state on the tracks (x-1) to

(refer to Ill in Fig. 18). Then, reading the record data 15 gn the tracks
1) 0 ( PIy Cha 83 S8R ATy e PSP, BPESES BJP UR g BHr ROy e

i ncluding the photodetector PDI to first signal, prqocessing circuit 261,

phot odet ect dr PY7 3PETPRLERteLYn AN r BRERET NG ciIMERRI261€ pABESHBL ect or PD3
to first signal processing circuit 263, and 20 photodetector PDS to first
signal procdSSKP R¥ e 363CKk\WIATPa PUBRRE 7 afe loy RIFER eEBRBAMYI gnal s
FS1 to FS3, and ESS of H level are input fromthe first signal  processing
circuits 26F98T68atanfroBCoTRM S |ﬁp@rt°é‘dﬂ1/a\m]tye°88nﬁgﬁ3t?ﬁ8rudi ng the
read systeminformation "1, 2, 3, 255" is supplied to the P/S converter
50 72 5 "R ARG B8 PRLLFRY RLCFUPLRE LBSe TERGRNIAPFPYTESS (i n t he
case of Fig._ 18, the wite qgﬁ%rollers 311 .to 313 and 3%? COP%EO| to wite
the data DAPAT tb PATESPEAEPATERIGRTR- dife T@atH IARP (T RT3 3Ad*RT5 out put
fromthe 5 first si,%gﬁl gro essi%c'rcuits 26% to 263 angl[eﬁGS into the
menori es 32FENCEIEB 5989 Fitf aF233% hhghsareed dp whenTrEPERence to
the the A-ti data and start and end addresses stored in the ries 331
0 333 and. SIEET, hY PESYPRIIRG GiHcero8ar Eotr o) Crah Heaad PUBOLEAER A ot or od
in 10 the ne riesg%?%to 333 and 335 in the order of At-tinme by preventing
the record A eéi ng duplicated and omtted), an operation of reading
record ta fromCD-ROM 1 by approximately I = 2 rotations, junping the
opti cal™pi ckup by the track junp nunber J - 3, again reading 15 record data

f CD- ROM,1, b i Ly | - i d j i h i cal
1 0m O Ul 0 LAY b WD kOB 05 T BRI 70 2
Fig. 18) t i,all d d dat hi_gh d_i d d
)ROSR0 §78000 UL PRt i, rocar or e

example, in der 40 read th r ata fromthe 11 tracks fromthe track
x to the tra{ﬁq((a)xf %)onghg\?n%u?nggfég. gfg?g%ﬁfe?%r eadi ng the record data of

CD-ROM 1 during fiQur_r | a n I j 2 reauired 25 In
e %@é de g L7 2leo

contrast, the case 5%0 éﬁ)lg.g ;grggﬁégﬁéédiﬁ%é%f%éﬁg the record

data ofy D B, Gl Jl%“rsafsocte%'sﬁ(&@“ﬂxégrﬁ%ééa&i‘el ¥IBSrebotd ) Eighth

Specific Read/wite erati on ( read unable by
data unreadable systems of the light beams 3, and 3;, then
only two light beams 3, and 3, are adjacent each other
among the remaining three light beams 3,, 3;, and 3;,. In
reading at high speed record data of CD-ROM 1 by

) 20 repetitively performing continuous record data read by

approximately two rotations and track jump, it is
necessary to read record data only with adjacent light
beams. High speed read is possible even for a

combination of read light beams not completely adjacent

25 each other, if continuous record data read of CD-ROM 1
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5 the light beans 31, 34, and 35, refer to Figs. 19 and 20) (11-(7) ﬁgRommz
Focus Bias Adjustnent |If the judgenent of a presence/ absence of a record
dat a unr easkaidor198esst em shows that there are three record daper/mvsessnbl e
systens of the light beans 31, 34, and 35, 10 record data is omtted if it

i's read with duigngemai NpNgriVrndjac erotaitdlbinsbeana 3zaitk 33uly by
repetitively performng data read of CD-ROM 1 during one rotation or nore

and track j uprddetdigiimavandcitisr agkl @apebitedhi s case, record data is
continuously read fromCD-ROM 1 by 15 using the record data readabl e one

| i ght beam syst emspopadildaiall, ycoasihtieuBlyepdadindirdereaa aushenith he
record data readable |ight beam 33 near at the center is allocated anong

the record d@aaa eadabhplei Qighteapdame @di®y dper&0iiia talgus (Reny
rotation nunber | is set 20 infinite, and the read track junp nunber J is

set t0 J5 Orotativeoihd agbekbijampadiyusiovant tshewe in the. térivsréxecuted’
to check whether the light beam 31 or 35 is included in the h = 1 read

| i ght beam 33ieBicAior3@an be 28pkthAtedexanpl £s Bidicadrdyer aght Rbeans 31 and .
35 are not 76 included, then it is checked whether the |ight beam 32

or 35 is incloidaargBrep wbidie o Ast khe exmbelre ofsitiaeksheeprgbénbergn i s
i ncl uded, the focus vias voltage generator circuit 224 is controlled to
change the val Aes¥anteobethees tral denefrmdéist+1¥Y§ht hddne andl oetefmdst + WZ (

W < W to termnate the second focus bias adjustnment process {at Step S39
, 1t is set tHaghtVibeag ¥mong\Wkhe -réflord VAataVireaddble \Wight beam
10 systems, and R is the maximum number of adjacent record
data unreadable light beams between the innermost and )
outermost record data readable light beams.
In "the example shown in Figs. 15 and 16, of the
record data readable light beam systems, the innermost
15 light beam is the light beam 3, and the outermost light
beam is the light beam 3, so that Q0 = 3. In the adjacent
record data unreadable light beams between the 1light
beams 3, and 3,, the maximum number of adjacent record
data unreadable light beams is "1" because there is only
20 the light beam 3,. As the h read light beam systems, all )
the three record data readable light beam systeﬁs 3,, 35,
and 3, are allocated. The continuous read rotation
number I is set as I = (R + 1) = 2, and the read track
jump number J is set to J = (Q - 1) = 2 (Step S35). The

25 second focus bias adjustment shown in Fig. 5 is executed
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The signal plane 1 becones therefore coincident with 10 the in-focgg pﬁmngmn

PZ and P3_of read |ight beanms 3z and 33 (refer to Fig.
g‘i"?’ 919}H£b%§) chll(/ﬁ)rssg/g‘assl

Ther eaf t bj ective lens 8 noves to follow a surface I"on of

G Rovi 1’ cahiobEPa: ABFFAPEaEG LROPRoSERine: searias Sa RIS 111-2) Data
- acoor danEBSubt T T R I T RSP phecdm A1 ol SERR Pt Wi ne dat a
ST 7B A e b O AU AL R 0

direction and nunber are determ.ned so that the |ight_be 33.at_the
i nnermost  cFFEY éﬁl%ﬁa. ﬁﬁ;tﬁ Jﬁéimfn&éagrPFSﬁF bé3n1?€}?%%%?%%d in the

track-og 25 ?%gégrfggaggﬁééﬁ&;f3453¢x) 5. 7 If the optical pickup 2

is at a’posl [ 19 4ff'er the second focus bias

adj ust nent proce is,conpl eted he optical_ picku 1S j ed_fromthe
position Il by taﬁ)etﬁ’a%?g?i Hi?ﬂ% #oﬁ\ﬁa%glecﬁerfé’oel Ssltz)tjén}%&]a{ranﬁ hteh?i ght beam
33 is focussed.in the track-on state aon t track (x- (refer 11 in
Fro, 19, TREAOLPCRA Al RETPRERt o bR ihd T eht 1 1

he d da rac ,» by US1 ng one system
i ncl udi th h i ect P first .si I ' j it 263.
When the f r SRELERhCIRRTER DT TR G Ry ent B ornbBd; fhE T o e
£ . I . . i o g e q
st signak RLOCESILAY I Tl (803 LC,3ReEhELE Ead/ YLAE Sommmn

i ncluding the read sys i nformati 'S su%plle onverter

cont roPer B a1 SR Hk weDL ShesnE RSl i FOGRE SEME NS 18 Vel e
| f or mat i oneq S df L 63a P61 BhOCknA! RELoARALNSE_ENRBARAHATAR ogthput from

the )first signal protessing crrcuits areas t he

e 9 928, Bl Rk "end LLAR IURATS 1050 sepandl nich 1, dote

DATA3 and t pairs of 's sse resses e 1n the

menory 323’Tk%%8?kggrfiﬁﬁﬁaaéﬁ?%o%&vﬁhelggggﬁytﬁé@if!qxsh?ogiaapl§.5h0““ in

Fig. 19, in't I rst -areas e nenory ime data i1s witten

fromthe fr§ﬂ§f§8??gﬁ%régioﬁpof éﬁiﬁéMt?,Zénggg'tﬁg)?ﬁntrolsgﬁc€hgnly one

record data rea eamis 'used as Inhdicated e read system
i nfor maki oNgodis, skBol 834 teANt bohl fhe34 d-8cRineehditRSRECI Bl C Agad/ wite

command refers to the first areas of the nmenory 333 indicated by 5 the read

system i nf Op[fed#&MmaSntéed!'SeerAt nbA® RCSY signal plane 1, and
all the light beam 3,, 3;, and 3, systems can reliably
read the record data from CD-ROM 1.
(8-2) Data Read Operation

. 20 After the second focus bias adjustment process is

completed, in accordance with the A-time data
representative of the latest A-time data AT, input from
tpe first s;gnal processing circuit 26, and the read

start point A-time designated by the host computer, the

25 track jump direction and number are determined so that
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read cycle to read the data in the A-tinme order starting fron1the03é1§5é

A-time fromthe first area of the nenory 323 and outputs the read 2002

t he secondW€) ¥MIAB68pr ocessing circuit 40, w thout outputti ngPGTEPIB/A45SE cept

10 conmand and track junp conmand. Therefore, the optical pickup 2 wll

not , be j unpedheandigist OBe&ROMBY citat Eise {ihmermost dectuncemfexemedecanongk (x-1)

is sequentially read with the optical beam 33 and output to the second

si gnal proceddienh ¢ r3ureadOlight preamnt ingfotessedorn the atfadnrd® bei ng

omtted. (12) Ninth Specific Read/wite Qperation (read unable by the |ight

beans 31, 3Zst3teammh 3he riefagk t(x-Bi)gonltracklihhegetbad FoeutrBrtlas

Adj ustnment 20 If the judgenent of a presence/ absence of a record ,) data

unr eadabl e systeontaiSingy 833 shodnsitarEi goibtslodisthichak-time e( 3kepf our

record data unreadabl e systens of the |ight beans 31, 32, 39, and 35, -

.record dataS3S)onitted if it is read with only one renmaining |ight beam 33

by 25 repetitively performng data read of CD-ROM 1 during one 79

rotation or nore dfdtheacktiaap pickure X dswat de diossictiam IIABbownninhi s .

case, record data is continuously read fromCD-ROM 1. Specifically, as the

h read |ight FdeamlSysfter tie sgucbifdcdat biasadtbstnanghprbeess3ssi s

al l ocated anong the h record data readable |ight beam The continuous read
rotati on neev@leteads sthej opticad, madkube Z edd tivemked ufponunbee J is

set toJ = 0 (Step S35). Thereafter, quite simlar to the case shown in

Fig. 10 19 m@@iﬁ&nnuﬁﬁchxwaWEStxnwksthmnth@rﬁ@ewérdsdpe¢¢b¢®®ds©o change

the value Vf by - W ( Step S40 ) , and the optical pickup is junped in

the forvdd d-‘lhﬁétct‘fﬂtm thghf!akleeqm\% 34,913, bangh 33 ﬁHPﬁthClﬂfF%&d( bn thate on

the track ( x-1 ) to read record data fromthe track g with the |ight

beam 15 33 . Bh@cKton cykate \or the Yragks) (x-W),- Qﬁﬁl)@ﬂﬁl hext?2 yht beam)

33 isin the erfect in-focus state as shown in Fig.
hen, reading the record data on the tracks (x-1) to

(x+2) at the same time starts, by using three systems
including the photodetector PD, to first signal
15 processing circuit 26,, photodetector PD, to first signal
processing circuit 26, and photodetector PD, to first
signal processing circuit 26,. When all the frame sync
detection signals FS,, FS,;, and FS, of H level are input
from the first signal processing circuits 26,, 26;, and
20 26,, the specific read/write command including the read )
system information "1, 3, 4" is supplied to the P/S
converter 30.
Upon reception of the specific read/write command
via the read controller 34, only the write controllers

25 31,, 31;, and 31, indicated by the read system information
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7(1). In the above enbodiments, if all the five light beam systerf73MAR02082
can read the record data, the signal 20 plane of CD-ROM 1 is set at just
the middl YOIY¥$E 1 renptest in-focus point and nearest infFHERPEOfSEnt and
at the center of the five in-focus points P1 to PS5 of the light beams 31 to
35 al ong t helopBi-cdl” #HiLegiongctilogkopttRe 65P§B?Fv§h9eﬂ§t8.%PFAsone of the
five light beam 25 systens 31 to 35 cannot read the record data, the signa
80 pl ak@Tés, cap A, QuEputafrpiistheninflioFantl t FECreftt RSt

i n-focus point and nearest in-focus point and at_the center of the h read

| i ght beans CHrENd tEh@bopt PEad 3BG & r ddtco S HiFSHIATRAT vF | BiR 8.
Therefore, if 5 all the five |ight beamsystens 3, to 35 can read the
record dat aMeMOTEESHGYsi hiPést 02R%oRd:a BBOr WFAtPSC Hesthntelmh $AESsi gna

pl ane of_the five light beans 3~ to 35 and reliably read the record data

fr om CD-ROMPT:» ShF/l &ANG) ATavEATFESRRRIRG thethe \i%g/‘T? JHtTheatPPst ens 31 10
to 35 cannot read the record data, it is possible to avoid a pgor in-focus
state on t h@™si PATp. Anghdhe BRrirRLt s@Id PAgRESBEE R santsr eﬂegtﬁ%y read the
record data fromCD-ROM 1. If all the five |light bean1s¥stens %1 to 35 can
read 15 t he FEcHW AHIUCIIRS Rust etrec 0APFoPeriBOtRRr PEPAEILRe SFocus bi as
adj ustnment sq that the signal plane of COD-ROM 1 is positioned the center
of the in-f&das BB?n§§4FﬂFT?PF%%%ff%¥§¢f?§%@$i©ﬁtt5 aff8™8X1f§ S5:al ong t he
optical axis directign of the objective lens 8. |If _sonme of the 0 five

li ght beam Sst eABI3834 0 3%0cERROLXABRECE FEOFBCIPd Fd&t-a, 13 helRi HR&I pl ane

s set at th 1 ddl e of , t he cus points of the allocated h

'l ght ohirs L4 FaRS, OfF 1 The 198 33s gt Fae A~ ting
ght ns. , rf 1 rghtsb dte 5 can
(pad the Tesprd dal dnliedd ARSI 0 RC16k %P0R5: 48, ol gEEsSI ot O
and 23:41:30 (refer to Fig. 16).
The read controller 34 received the specific
read/write command checks whether there is no omission of
15 record data read with each read system, by referring to
the first areas of the memories 33,, 33;, and 33,
indicated by the read system information "1, 3, 4" and
used at the present read cycle to confirm that the A-time
one frame before the start A-time data in the first area
) 20 of the memory 33, is contained in the first area of the
memory 33;,, and that the A-time one frame before the
start A-time data in the first area of the memory 33; is
contained in the first area of the memory 33,.
After the read operation by the optical pickup 2 is

25 performed approximately I = two rotations (in actual,
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31 to 35 and reliably read the record data from CD-ROM 1, regar §ileMARR0he
surface vibration of COOROM 1. Simlarly, even if sone of the five |ight
beam syst e 993bsés0 35 cannot read the record data, it is pesTipdsadssn 5
avoid a poor in-focus state on the signal plane 1 of the h read |ight beans

and rel i abl ylighdlihmorecehah daic rot@biond) BOd khe epaidhespickuphe
surface vibration of CO-ROM 1. In the above enbodi nents, the number of

| i ght beans 21@ebk8hé&8tagsositidn IVhehowinben migl i Pt traeententbeoset to
ot her values such as 7 and 9. For exanple, as shown in Fig. 22, if nine

li ght beans tht ¥2rg® areawsed théomamoeiesr 38| gnad, amhd r3;kbagomer or
signal are generated by using the |ight beam 35 reflected fromthe signal

pl ane 15 of aeDsRAWN) in tFHig.f ilestanocdhedd ass ash ushpesiopr oceseconiies t he
signal plane 1 be positioned just at the m dst of the renotest in-focus
poi nt P% andateanesid iwitdlocCtise poedd SfstEfly. al orgetd®orpt | tid axad
direction of the objective lens 8 (refer to Fig. 22(1)). If the judgenent
of a 20 presentebaheends suipr ieacohd ilataroepeacamhend i ateshoivse) t hat l
there is no record data unreadable system the Iight beans 31 to 39 are
al | ocat ed agohiteolleesd3ll, ghBlHeam] wnd3i} tc sSetetrdapt| the lwande] = 7.
The second focus bias adjustnent process does not change the value Vf and
25 retai ns operatabe,ofand gupA(ikk. tie tratk Gump udgersd ©b ahe
presence/ absence of a record data unreadabl e system shows that there are
two record dyszemnceatabltesysd enWiaih treefdriegitie Bearhe3d-atoe38atahe
10 and the start and end addresses stored in the first areas
among the memories 33,, 33;, and 33, where data were )
written at the present read cycle, the read controller 34
controls to read record data in the order of A-time
starting from the oldest A-time, relative to the data
15 stored in the first areas among the memories 32,, 32,, and
32, where data DATA,, DATA,, and DATA, were written at the
present read cycle, and outputs the read data to the
second signal processing circuit 40. In this example,
the data from the frame 23:40:60 to the frame 23:41:59 is
20 output. )
The write controllers 31,, 31,, and 31, received the
intercept command intercepts the read operation. The
system controller 50 received the track jump command

supplies the servo circuit 23 with the track jump command

25 indicating a track jump by J = 2 tracks in the forward
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| i ght beans 3Z to 38 are allocated as the h read |ight 5 beans, and&'zt i S
set that | - 1 and J - 5. The second focus bias adjustnent process aMéESZUUZ
t he val uewgf99ges6shat t he signal plane is positioned at thePCH/IRIBB4ST t he
renotest in-focus point P5 and nearest in-focus point Pz (Pe) along the
optical diréttechion thethvdrelsy i yamp etise 8oy Oiaabrgickup i 21- fooustimwi nts of
the seven read light beans (refer to Fig. 22(2)). Different fromthe above,
if the |ighpobetihosys? etrs $8.posAnd 38 Vecaiooin neafigecdbd dafterttien Q = 8
and R = 2. Seven |light beam systens 31 to 36 and 39 are allocated as 15 the
h read |i ghtigetnbeante3contj,nwous 3,eacde datusseduitbhethd tsagletoras | = (
R+1 ) =3 and the track junp nunber J is set as J - (Q1) - 7. The second
focus bi as stptst mantthe oteaskdods+30t, ctmange, t hedvdlat® )Vf werding ai ns t he
state of Fig. 22(1). 20 The first signal processing circuits 261, 262, 264,
and 2655mayréeonddéata tdsweasur i Wigewi aXli tsef Srameasyme ndetedttioon anount s
of the binarized RF signals and outputting fitter anmount data JD1, JDz,
JD4, and JDSignalsthe,,s&SgndahdcES, idH athwust nere uepessfxtrovirheé n Fig. 5
25 may be changed as illustrated in Fig. 23. 83 Referring to Fig. 23,
first the s§srem sdgnadl proceesingr edrchd bgaldfe, VRb6setand Rhe fE¥hest focus
bi as adj ustnment process at Step S3 of Fig. 5inits nenory (not shown) as E
(St ep S109)tra@kkt jremp icanplewimmmnakiice 5s)DeadoapBssupniieddtoythene fir st
signal processing circuits 261 to 265, fitter anount data JDi, JDk, . . ,
of the h readgntrghiebedn systens are read and its average jd(0)' is store
in the nenory (Step S110).

10 The controller 34 received the track jump completion

) notice supplies the resume command to the write
controllers 31,, 31,, and 31,, and the write controllers

31,, 31,, and 31, received the resume command write the

data DATA,, DATA,, and DATA, output from the first signal

15 processing circuits 26,, 26,, and 26, after the track
jump, this time into the second areas of the memories

32,, 32,, and 32,, and writes the A-time data AT,, AT;, and

AT, corresponding to the fiata DATA,, DATA,, and DATA,; and

the pairs of start addresses a,,, a;;,, and a,s and end

) 20 addresses a,,, 8, and a,. in the memories 32, to 32;, into
the second areas of the memories 33,, 33;, and 33,. 1In

the example shown in Fig. 15, in the second areas of the
memories 33;, 33,, and 33,,” the A-time data is written

from the frames of 23:41:48, 23:42:03, and 23:42:18

25 (refer to Fig. 16).
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Next, the focus bias voltage generator circuit 224 10 i s control (&d MAR 2002
increase Vf by OV (positive value) fromE ( V) and the j fitter anount

data JDi, wWEkeneses - Of the h read light beans systens are T@flgs%gﬁlan
aver age value thereof is stored stored in the nenory as jd{+

voltage V f a.S ck@ﬁe&aseﬂebafegé( Ccoa%%&u% s U&J%plf@én Ené Yebuhe and the

j fitter anount data JD, of the h read |1 ght beans systens are

read and an V. r ed d y;as jd( n'
(Step S111) @Q{rﬁr{e o, u*éggé'Jeréafhe c%?{t)x'oil%fxosﬁ (:‘NeQ%k% w'1h@t %&’: ‘Eﬁ@% 1@) e

conpared andyd foridstbn o ké&&’}d <dadt(a Jr)ead( %E%rxaéaék%a%ﬂs%,)stennheb 0 average

fitter anbunt IS m nl num at can be considered that the

signal pl aneréfafr;% RO dnd ssma '@f@é’s ae;f t@@e Thagheiof 885 g, ocus

points P;, . of the h read light beans 3i, 3~ . . along

the optigal fma %@f ddisa obi eald Vs-d &St Broddiatyals wecan&em %ﬁalc' ght

beans are in an optlrmm state of perfect 1 n-focus, and that there

i's no |ight figamidinfe Yrid ¢rhAk bEPBYEhengarfect Plﬂ:lfngé:‘&%t%t ahegndherefore,,
the focus bias voltage generator circuit 224 is controlled to set Vf to E

(V) (Step Sldebond dred Hstthe meh8td) 33751:1K éantélWQt.Q) hel degdha > | d( 0)
<jd(-1)" (YES at Step S114), it is Set t hat =2 ( Step S115 ) and Vf =

+ (42 ) ~ dbedNdtt RAel mehbk§! 33TDURLGI Rihat J@ke A- t;meoanéh@raméead Ilght
beans are read and stored as jd(+2§' (Step 8116) If jd(+2)" > jd(+1)’

<jd(0)' 10 (pdror HheEPsSddy)a-tiiRe ayOER0en f Lthé ebe8PRENbres BENLRYM at Vf -
E+ (+1) ~ dV and it can be considered that the signal plane 1 of CO-ROM 1

I s posit@onegbntiry BB, Middbenhihd® i -£10€ Wedid teed ofPithePliemory - Of the
h read |ight beans 3|, 3~, 3k, . . . along the optical axis of the 15

objective less.8, that all the h read |ight beans are in an optinmm state)
of perfect in-focus, and that there is no light beamin a state far from

the perfect in-fooitsesStdie refebploaeionhsy f-Oiteisogiiasalv @ilck@g gener at or
circuit 229 is controlled to set \f toto E + (+1) ~ ~V Q0 (Step S118). If

not jd(+2)' pedftirred spE¥eRim{diats St epuSlidtatidesvalug kcikaalpcrenent ed
to 3 ( Step 5119 ) , and the flow returns ~o Step S116 to repeat the above

operations. g¥igh{rk)more jwhbh( kwd) i‘otétﬂéﬁéb( ang ' tt(eYB‘étak:ait pRcRAB 7). 25
the average fitter anount is m nimum at W {+(k-1)}

15 2 reaches a position VI shown in Fig. 15, the contents of
the second areas of the memories 33,, 33;, and 33, become
as shown in Fig. 16 and there is no omission of record
data read with the read systems "1, 3, 4". Therefore,
the read controller 34 supplies the intercept command to

20 the write controllers 31,, 31,, and 31, to intercept the
write operation, and supplies the track jump command to
the system controller 50. With reference to the A-time
data and the start and end addresses stored in the second

areas among the memories 33,, 33,, and 33, where data were

25 written at the present read cycle, the read controller 34

66



85 (O0V) and it can be considered that all the in-focus poi ntsmPusz Pj

Pk, . . . of the h read |ight beans 3;, 3~, 3k,... are in an opti sMAReﬂWZ

of perfectwomyisgesus. Therefore, the focus bias voltage genRCHIRNS/04351 cui t

224 5 is controlled to set Vf toto E + {+(k-1)} (4V) (Step S118). If not

jd(+1)" < j a{dtrodjsd(td) reatl StexporSilldatahdénvathee &rderseif t&-Rinst ep

S120). Vf is set to E + (-2) OV and the f fitter amount data JD , JDK,

. . are reactsdtibhy sfooedthe an-tavey agexvaltoe gl -ape PSogk MY . | f

jd(0)' >jd(-1)" <jd(-2)" (YES at Step S122), the average fitter anount is

m ni num at \fastly eutpit toVthadsetomarsiznadopsipdesednghairaditt4@ in-focus

points P;, Pj,~Pk, of the h read |ight beanms 3i, 3~, 3k, . . . are in an

opti num 15 stattheobrpeefiény readocysle glmdliates vieo tbhthei gatd stemned 1.

Therefore, the focus bias voltage generator circuit 224 a.s controlled to

set Vf tH tdrE the sEcon@d¥reasSt emodiP?3he mempoiepddd), 32, dend) 32gj d(-2) " at

Step S122, the 20 value k is increnented to 3 (Step S124) and the fl ow

returns to StepreSI¥dta cDABReatDATR, alsovie DAIRY, awieors wriiftteay -g%k-the . >

jd{-(k-1)}" <jd(-k)}' (YES at Step S122), the average fitter anount is

m ni rum at Wreseht+ fegdk-aeysle( ~dnpdambtinputsarchse roadi detad tchatheill t he

I n-focus 25 points Pi, Pj, Pk,... of the h read |ight beans axe in an 86
second signal processing circuit 40. In this example,

the data from the frame 23:41:60 to the frame 23:42:47 is
10 output.

) The write controllers 31,, 31;, and 31, received the
intercept command intercepts the read operation. The
system controller 50 received the track jump command
controls to jump the optical pickup 2 by the jump track

15 number J = 2 from the position VI to a position VII shown
in Fig. 15. After the light beams 3,, 3;, and 3, are
focussed in the track-on state on the tracks (x+7),
(x+9), and (x+10), reading record data resumes.
Thereafter, similar operations are repeated to read at

) 20 high speed desired record data from CD-ROM 1 by using the
three beams 3,, 3;, and 3; and by preventing the record
data from being duplicated and omitted.
For example, in order to read the record data from
the 9 tracks from the track (x-1) to the track (x+7)

25 shown in Fig. 15, only reading the record data of CD-ROM
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optimum state of perfect in-focus relative to the signal plane 107 MAR 2002
Therefore, the focus bias voltage generator circuit 224 is controlled to
set Vi towmodaoses{ - (k-1)} OV (Step S123). 5 After the secordr/iPssuwsssbi as
adjustnment is conpleted in the above manner, all the h read |ight beans 3"

3j, 3k,... camuiiRy foe PEtaeLodns NaAdGife MrHdk Ialndd iat® Fequieedl gnal
plane 1, and the in-focus state of the h read |ight beans relative to the

si gnal pl anerareftreopthd zedot datd E&asdbe Hidaldy rapidag thenobj ective
| ens 8 noves to follow the surface vibration of CO-ROM 1, any of the h read
| i ght beans gdtd iWirdwreirH anef 1eghtheepar ffeoh On-RoMI Kelahgve to the
signal plane 1, and any of the h read |ight beam systens can reliably read
record dat a ddbcdti@nsCD-ROM 1. I n the second focus bias adjustnment processes
illustrated in Fig. 6 (Fig. 23), the bias voltage value Vf is determ ned so
that thesjitter anount data JD3 ( average fitter anount data JD, JO, JDk,
. . . ) nmeasured by 20 the first signal processing circuit 263 (circuits
261, 26j, 260Q) .sixth )SgeefidEies Reaa)/ Kitickoopbeathynikeddhankbgkt bpeam 33
tenmporarily enter the in-focus state. Instead, the first signal processing
circuit 263 {md ricigHis biahd 3, 265), mmg B, prevededowriy.eLvor
detection/correction 25 circuits which descranble the EFM denodul ated data
in the 87 (94 tSerforgh&daduacBiagentigustmenar Pdetessi on/ correcti on based
on CIRC codes {error detection/correction with P parities, deinterleaveing,
error detection/ cf recjudgement QF par ipdesencaydmareerodr ar aeesrdet ect ed

throughlo data unreadable system shows that there are three record

data unreadable systems of the light beams 3,, 3, and 3,,

it is impossible to read record data with three adjacent

light beam systems. However, similar to the case shown

in Fig. 15, continuously reading record data with data

15 readable light beams during approximately (R+1) rotations

and track jump by (Q-1) tracks in the forward direction

can be repeated if Q is 2 or larger and R is O or larger,

where Q 1s the number of tracks representing a distance

between the innermost light beam and outermost light beam

20 among the record data readable light beam systems, and R

is the maximum number of adjacent record data unreadable

light beams between the innermost and outermost record
data readable light beams. -

In the example shown in Fig. 17, of the record data

25 readable light beam systems, the innermost light beam is
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5 error detection with P parities, and output error rate data ED3[)7? MAR 2602

ED5 ) . JD3 ( JD;,, JD~, JDk, . . . ) in Fig. 6 ( Fig. 23 ) are replaced by
ED3 ( ED;WOBPT86%Dk, . . . ) , and the bias voltage val ue RET/JPE8/I0458L 5o
that the value ED3 (ED;, EDj, EDk, . . . ) becones mninmumand the |ight

beam 33 i s the fbidissceeantd: tand stmabupkanest. Lighthikeamnher thehe second
focus bias adjustnent may be perforned. ) Measuring the error rate for each
| i ght beamlsigdtteperay3bespahitr @ed dy the We @dd asleptaresosdedsitag circuit.
Specifically, the second signal processing circuit 40 is 15 provided with
an error demgesdahleodigbtikrans mrliveathitdie tdahir &eams 8srand fate det ect ed
t hrough error detection with P parities when performerror

det ect i on/ ddver geazigunharwtbern ©f ReEddecent( aawmmrdedetdi ypresfdpbéeion with P
parities, deinterleaveing, error detection/correction 20 with Q parities)

i s per for nddghdndegmspdss "L hebareavaeethereoisr apdy ktbe Lhghtob&3Mbi as

adj ustnent, the data DATA3 (data DATALl to DATAS) output fromthe first

si gnal processi®g Wie dureadebighre bean Zsytens Sidplthed tWcarererd/ S
converter 30 to the second signal processing circuit 25 40 whi ch neasures
the error G&t@ repdakdr Light hrammspstems dysabdth An@réutplrsaérfer rate
data ED3 ( ED to EDS } of the Iight beam system 33 ( |ight beam systens 31
to 35 } andhseceontiaupugsreaf t Zefea P enWibehi EH srisfthiafed rhéRval ue ED3 (
ED , EDT , EDk, . . . } . 5 1In the processes of Fig. 23 and their

nmodi fi cati dns= Bf dR@riehe Fyegd tEzaskdiuapanumberdabie $9Ho Yeam(Qystem the
bi as voltage value Vf is set so that the average ,fitter anount (average
error ¥ate) df) at Il thEten &9 ) -ghtThR HRCPRE ohRSUAI RLABMRAIHELBERL even i f

there is no ) ] .
~) shown in Fig. 5 is executed to check whether the light

beam 3, or 3; is included in the h = 2 read light beams
3, and 3; (Step S36). In this example, since the light
beam 3; is included, the second focus bias adjustment

15 process is terminated without changing V; from V; + W,.
The signal plane 1 is therefore positioned at the
middle of the two in-focus points P, and the nearest P;
of the two read light beams 3, and 3; along the optical
direction of the objective lens 8, so that the in-focus
)20 points P, and P; are very near to the signal plane (refer
to Fig. 7(2)). Thereafter, the objective lens 8 moves to
follow a surface vibration of CD-ROM 1, under the control
of the focus servo system, all the in-focus points P, and
P; are maintained very near to the signal plane 1, and

25 all the light beam 3, and 3; systems can reliably read the
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10 record data unreadable Iight beam system the fitter } anount ﬂ%&iﬂf
bi nari zed RF signal or the error rate of read record data nay be (2&02

for predet ' two or nore |ight beam systens anong the Trpas/hds8t
beans 3a t\gb , S?JCh as two systens of the |light beanms 31 aﬁ?’gé, two 15

systens of tﬂ%cé#ghéa{’gaffoxﬁzcﬁﬂﬁ%ﬁsx. and three systens of the |ight beans
39. t

31, 33, and e averages O ese neasured fitter anounts or error

rates are usgg fpr 4 f | justnment. Also in this case, it is
possible to goilg a %g%rﬁgﬁéfg%ﬁéa%rye of a light beaman the signal
plane 1, irrespectiyg ofnth a Lb I,on, {f RV ocnd record data
can be reliably read froméC%eE%blﬁlggf\r%t %gégo%dﬁéléssq?rel ng p’%ﬁe errolr rate of

data symbol s.darl LM OO MolorflnBLr Oyl e PheSubacesigs 1 gatd rom 25

CD-ROM 1 may measured to performthe focus bias 89 adj ust nment . Al so.

in the agove, AR fye b NEHONLGEL RO L 25 10! gL A, A0Sy | | near
velocity, it y be rotated at a constant angular velocity (CAV). O her
optical 5 di s a ' he, ; i 5£ er mRROM may
al so be usedﬁg%c\ﬁﬁg%tw%%@%vg?a%\g/ﬁg% gﬁ&%@/ﬁdl?%\ﬂ %an%ﬁgr opti cal

discs wth asCONCERbihe Afé%e”@é!sf%xz%’tr%’&c}‘g%é%@%&n%ﬂ& Mhelhe

nunber of |ight beams for reading r a on tracks at the same tinme 10
may be 3, 7 @fadihejhhieqipebeden0bnad: ndfiber are determined so that

the light beam 3; at the innermost circumference among

10 the h = 2 read light beams is focussed in the track-on
state on the track (x-1) one track inner than the track )
x containing the read start point of the A-time (Step
S35).

If the optical pickup 2 is at a position 1II shown in

15 Fig. 17 after the second focus bias adjustment process is
completed, the optical pickup 2 is jumped from the
position II by two tracks in the forward direction so
that the light beams 3, and 3; are focussed in the track-
on state on the tracks (x-1) and (x+1). Then, reading

20 the record data on the tracks (x-1) and (x+2) at the same )
time starts, by using two systems including the
photodetector PD, to first signal processing circuit 26,
and photodetector PD; to first signal processing circuit
265. When all the frame sync detection signals FS; and

25 FS; of H level are input from the first signai processing
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Page 91 1 A nmultibeamtype optical disc read apparatus conpri sing ain 2002
optical system (2A) including an objective lens (8) for applying ﬂ I iM;ArR
beans at Woe99ga868 tinme to respective n tracks on a signal RITATRIS/MS5EN
optical disc, focus servo neans (22) 23) for controlling the optical system
to make thechrbught BmMmarfdcls;,t hehesi gpakciflianeeald /wird teptcaalardl sc by
novi ng the objective lens to follow a surface vibration of the optical disc
and signal pnetedinggtheansad 2849 tdnoringeneretiiong"a, sbfnas $uppleiseh | i ght
beam from a detection output of the |light beamreflected fromthe signal
pl ane and r ¢adithg ®i#Sacpeverted 8D.t he tracks to which the |ight beans were
appl i ed, based upon the detection output of the |light beam CHARACTERI ZED
I N THAT sai d foclbegepttentansapky fsomislaer ftoctise luamse stpust erifieo that the
signal plane of the optical disc is positioned at the m ddl e of respective
i n-focu$ poilht 6iof thaéecasd icfhFilgead®, athei ekt adoorigodil eopst Bdalaraki s
direction of the optical system 2. A nultibeamtype optical disc read
appar at us a8teorchmgreb td armtle fthe tdeetra dOARA, sandgDATA eandrdfastuimeng nmeans
(263) for nmeasuring a jitter anmount or error rate of a binarized signal for
two or noredptedaferandeilsl pglipulbeéirosy shenfinsbngi gl rprocgdsrenns,
wherein said focus servo neans perfornms a focus bias adjustnent so that an
aver age of pirtedtandantendoR6ber riorta FhesmemobieardZzedndi §hakadnd8asured by
sai d neasuring neans becones mnimum 3. A nultibeamtype optical disc read
appar at us ctepiRiSsi ngndn wipthi ced feyeriaam (@ AFhé nthadPrgime dolftectand | ens (8)
for applying n light beans at the sane tine to respective n tracks on a
si gnal 1§l an&tartamndptanshladfivassespcikPrad vin N smepories) 33 prangbnt rol | i ng
the optical systemto make the n |ight beans Page 92 focus on the signal
pl ane of th@3eptthealrend cantneddiery 3éheopiredsi ve read recowd [dakam surface
vi bration of the optical disc and signal processing neans (20A) for
gener at i ng 8terghainfhe aemeniashB3pand Flenin thet exdpsnodAtuiing t he
light beamreflected fromthe signal plane and reading data recorded on the
tracks to wh¥YcRTENentigat thearscard dppri E80mbhetry upamlirtettangd i on
output of the |ight beam wherein if there are sonme |ight beam systens
whi ch cannoPMié&x8decBR PRATAL OO AF rREAANG FRRCHLARta FreBLP1RPHht beam
systens are_sel ected fromthe remaining record data, readable |jght beam
systeng? and DHEe2PRIOXdMasedyi & FeadTREENIPRE, sEYMPLIRG AP Rt idRdam
systens, CHARACTERI ZED IN THAT if the record data_can be read with all the
n |ight beaRtS¥SPerRyY TR dtFacks JN@P PURRETs Deff dr mR2RITbARAHING

t

adjustnment so that the signal plane of the optical dis¢ is_positioned at
the middl e §PCPEEPeLETRe fgﬁ’f"f o‘g%“sR%i At sPHf a%?é“’ﬁ"f“??jﬁﬁybelarrﬁ d&'i eved

Come r ocor A BEPE GPea i JRIRG (n St G BN EHe T4 | GRS beans.

B ane of thaoBBL FLEAR O 1 of pbS, FPBRERM (FRECH af 4101 Veciaetbe o

i s 8EPect FOR-oft DndCoBrauEr yaiak, PERE RERHFAT adn, of (Rtel ARG 0O ren
For measur | o 41 i e, S e SR U SR (i RARR, (700 o

i ght beam %i%\énhu%q.%?t?,di Bn&hgmg%ggﬁq data can be read with all the n
ns

| i ght beam sys , - sal ocus servo means perforns a focus bias adjustnent

so that an aver age.Olabhphel 2HOURKSOkoCbal FALCefbrdl 8atd ZEfbik! ONal s
for each of the n |ight Deam systens neasured by sald neasuring nmeans
becomes m nig apgabfst sglng? e¢QL¢lydaja re@pg‘g#e 1ght beam
syst ens anong‘é{nh% ng‘f’féﬁt I%E-Ee)glnsa?%sal d %cﬁg g%r@é nﬁé%ns per o(rirgnsgg focus
bi as agjsust @RS qnt Bily.aR7aveh i bt FIUAUSS a8k 2B EOED L s of

bi nari zed signals fnor gacE'?bf t?\geﬂ&érde:g%élﬁf;}%t begjr% s;a/gtaeﬁsoérr%a%@ed by
sai d neasuring neans becones m ni mum
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Page 93 5 A mul ti beam optical disc read apparatus conprising a |ight sourﬁﬁz
(4) for generating a light beam grating neans (5) for diffractinﬁﬁﬁMRz 2

i ght beamygdetiogegr M ng O order, +/- first order,..., +/ - nNpdfIEoEsE
diffraction |ight beans, an optical system (8) for focusing the O order,

+, ' - first oid@lring folr PotdtLEAe akh fddAGIALK | 8 He arad@itala pl ane of
an optical disc, focus servo neans (22. 23) for controlling a focusing of
sai d optical apdstRE) ABELRE AURSS Id2G E%aQéaész&efc?ﬁi&@%‘frﬁﬁéﬂgré’cc&!cﬂnm for
each of the 0 order, +/- first order,..., +/- n-th order diffraction |ight
beans from agdehe¢ki @BaaULRYEh Bhet N8Il bEam! BRRihGIN Raarei&ld et ed from
the signal plane and reading data recorded on the tracks to which the

di ffraction tpghbmbeans were applied, based upon the detection output of
the diffraction |light beam CHARACTERI ZED I N THAT sai d focus servo means
controlsssaid optical systemto focus the diffraction |ight beans so that
the signal plane of the optical disc becones coincident wwth a m ddl e point
of respectiveiDn- 89EAtROSPESL Pfc tREad)/ F O ,opdratfidiSt( M&Erunable +/- N
order diffraction Iight beans, as viewed along an optical axis direction of
the optical pystra) 1byhexpeshi g efrerStof peys egptrol for determning a
control anount necessary for focusing ti-e0 order diffraction light onto
the signal pkape1ofseben@pkb&add mliSS, Ady il theRC B¥bJe@ls control for
controlling a focusing of said optical system by using the control anount
nmodi fied by a predet er jusmfenéatuest (AMppésdlde/Sosdnddll bEbeamagddcal di sc
read apparatus according to claimb, V\Eerei n, said focus servo neans
executesoa fHask LUPE@adebler Qysien dHowsMHalY thepdt el on@ Urdcdieressary
for focusing the O order diffraction |light beamonto the signal plane of
the optical dasa, wikdaabld esydtem<€ 0Bt AdhedMDight boa@masy|,i ngta ifd tter
anount of the signal for each diffraction light beam in an in-focus state
that the O opdesibiléf ractiead |thghtrdmmrd i GatdCusel @hko tHieesi DigHt pl ane of
the optical disc while said optical disc is controlled by the control
anount) or i beamsspstene\d,ated bysades@rliddert mirdd thepoasef ( D dbbeve n- f ocus
state. 7. A nultibeamoptical disc read apparatus according to claimb5,
wherei n ef f e€referdebefigonldit puicwerver detferthenathde ovhdvre etk on

out puts of the O Page 94 order, +/- first order,..., +/- n order

di ffracflbon Lpghs incomporatedaitbeopecond datst emnf beusesdt &k Whidlemct i on

| i ght beans so that the signal plane of the optical disc becones coincident
with a middl epgeflat of respective in-focus points of the diffraction |ight
beans corresponding to the effective detection outputs, as viewed al ong an
optical axis direéni Sheoexamplemhiaul igyfigm 18, Aofiuthe beepooptdatsd di sc
read apparatus according to claimb5, further conposing a waveshape

equal i zer ci reapable4light)bean syshemssathaginngrmestqlialy Re@M ks eri stics
of the signal, a _pair of waveshape equalize circuits provided in

cor r esponden&Bevildghthdeam 3. @ndorehe enEgTRRSY ohighghpeﬂé'arﬁss He& ng t he
sane WaveshaRe equal i zing characteristics. 9. A nultibeam optical disc read
appar at 49 i n1kEPEnPaRPf e &7t thatyRer 4 n 18 Bheond] ageBErrefond ffatayr ger,
|l ight beans are applied_at the sane tinme to respective n tracks gn a signal
pl ane of an BB’FFE‘QBb&FsHQBtst?W hegweenc Khe bgghﬁeﬁ?ﬁ‘?@ Ye@@Sated from a
detection output of the |light beamreflected fromthe signal gl ane and
waveshape- eqt2ei E‘Eﬁflwwggﬁﬁpg efuafisernheserer R tR MrpRadalkle | i ght

beamto raise_ a gain _of high._frequency conponents and conpensate for the
hi gh frequeni;’/gl‘,‘g 6RO &5 artd -eadt? s*%‘tfnél ‘??%i%’%e‘b&%ﬁfﬂﬁmd ated to

read data recqrd on. the tracks to which the |ight beans were applied,
conpri si ng |3§ér%§83&§“§é58F8F5n83 aﬁ?agﬂyy?ohlggﬁegﬁFWn§Y§t§ﬂﬁgBe | aser
beam whi i de v ically.,Lncident on a diffraction.grati 5) to
gener at éﬁ; m’j:,o ngﬁeraé‘,eé #f :ar(en-%i"lff:?,g‘eai‘ gt ELRELBHOY S FRRP, rgj;.?@?? st

order, ..., +/- mth order diffraction |ight beans; an optical system (2A)
provided with an objective lens (8) focusing the (2mt1l ) |ight beans on the
signal plane of the optical disc, the optical system being disposed so that
the Iight beamof the O order diffraction |light beamis vertically incident
upon the optical disc; and a pair of wd2shape equalizer neans (24, - 245)
provi ded in correspondence with the +/- i-th, where i is 1, 2,..., m order
diffraction |ight beans have sai d waveshape equalizer characteristics; and
focus servo neans (22, 23) for controlling the optical systemto nake the
2mtl tight beans in the in-focus state on the signal plane of the optica

di sc, by noving the objective | ens CHARACTERI ZED I N THAT Page 95 wherein
said focus servo neans perforns a focus bias adjustnment so that the signa
pl ane of the optical disc is |located at a predeterm ned position between an

Y - ~ o N . o



10. A multibeamtype optical disc read apparatus according to gial m 9,
further conprising: neasuring neans (263) for neasuring a fitt aNﬂﬁn?UU@r
error rategdondgesi nari zed signal for two or nore predeter npaEIPoBLEHET beam
systens anong the n light beans, , wherein said focus servo neans perforns
a focus bi agpuaBeHstne8t s60 A8at an(average -of2 j idriertOEES Bfadd ror rates
of binarized signals neasured-by said neasuring nmeans becones m ni num
. A3l . AF, . A Rufifenédhbe AR Al sbft, tBRIA-A(Q, ~-AB)A= 3 (Step S35). The

AY. A3{F. A A AU. AnY. A&[ 3. AUF. Al . A . Af . A .A Y. AY. A A . A3. Al. AF. Ah3. AY. A

A A A& AsBebndUodud KAl é)ﬂgﬁs'ﬁménﬁ?)sﬁoﬁnALhAngU AYiAlb¥ose - A A& A
2. A& Ah. A Al . AU. Ae. A. AU

CALA L ACA BB chedl. dite theA0thd\. INTh & bedh RBAG@A, 3 A ANHhIWadl{ih AAF. A@ . A

r.A. A A%-Db| 9gEl vP' zuoj d_YT] cal] ca] cal] ca] c<alj] c<a] c<al] ca] ca] cal] cal] ca] caU

] ca] caUbca] enkch] cajicabhaalegheabeahkca] cabeal cadsal sallswde,s86 )3 . -

C$W) , <DH~{ vpke  zZU] ] caU] ca] cal] ca] cal] ca] cal] ca] cal] ca] ca] ca] cal ca] ca] ca] ca

] ca] ca] ca] cahcalica]exddpar], cadfied cghealligy coéans#B8YWNe@id, 3, are

-0@ytoje_Z]]ca]c.al ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]calca]ca]ca]calc

a] ca] cal] cajrelaaé€p] engcakeahaalflemlsc @ Los | ¥HAs¥Ymént process is

rTE 9" p""{vpkfa\V]] U ca] ca] ca] ca] caU] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca]c

alcalc aj C&U]aﬁﬁlﬁa']:@@]ﬁﬁﬂlﬁ:&hﬁ&il‘fh’ﬂgi&ig:a/]fCakﬁﬁ] vall agl." " ###H#H#HYRE' " (2((();

J@AAB)|))]*@qg++, R, -}xsnid_ZWkfa\V]]ca]ca] ca] ca] ca] cal] ca] ca] ca] ca] cal] c

aU] ca] ca] cal] ca] Thd/] isadmau] phafe a]l cakcaheabfabkc pdsdaliemddc alf atjeca] ca
.8.s.X.y.2z.

0u00000;@1\ 1hiadpe 2623E883rambgeév\kpa\éﬂd]thécal-d]ate]scald] capl xadlaradJ] ca] ca] ca

Ul caU] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caU] ca]c a] ca]ca]ca] ca]ca]ca

33333333&4 W14 465ghEah $Xeii ons 61 7th8\\8BJ8ztoye Ykha\ 8] | dmdrogfea] ca] cal ca

Ul ca] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal]ca]c

aU] ca] ca] calnaf66u89p4ifts P, to P,, and P, of the four read light

=a==>F>L>M>N>0>s??@BC! CVCCCCCCC~yt oi d*Ykfa\V]]]]caUca]c

aU] ca] ca] capeansaBcatd ci) capdaBea] saUkbakc the in-focus points are

aJ ca] ca] ca] ca]ca]lca]ca]ca]ca]ca]ca]calca]lc alca]ca

CDuDDEEEQFFFeamHN g HHHHERE | Isignal plane (refer to Fig. 7(2)).

JG&JJJ. KcKKzupkf al\ Wkf a\ V] ] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal]ca]c

aU] ca] &8 CEFGEGJPE‘EQE ca]idgU) ek ettt ve] descaPcareegeajten] £aliaycd ca

KKHL" M MVMMENaNdNgNhNE Nj NJ OO, Pf PPPP. OF QQQVR} RRRRASzupj d_ZTkf a\ U] ca] ca] cal]

cal] ca] ca] cBWFEack ceipratien || RRAW] da] cHjdey cehg egrtrol of the

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

ngSS]SSSgSTF%PW]%’Tﬂé@(A/@\X{ﬂWVL( M@f@msfa@mm\u [t®aPea]a] ca] cal] c

a) ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caLca] caj ca] cal] ca] c

al] ca] caU] ¢ U]m@w ) e signal plane 1, and

YGYHYI YY- ZeZZZ EO\ \\ /% ] 11 )"4"6"D"F"{ upj.d_YTkf a\] caU] ca] cal caU] ca] cal] ca

U caU] ca] ca@]lcN}L‘ §] £h91E] B3 afic FPc Fp caPREUPc J¥stems can reliably

El\g’?]eg /c/a]\%%g]]ca]‘ %aﬁgﬂg]%ﬂw Jd'ad} xsmhc/MYTkf a\] ca] ca] ca]ca]c
2 cal 22&"?3’]@%&% jReAd ReAt 41??‘9”hcﬁ]hcf‘]( T E T Rkkkal gl
Z&mg;]icéif‘c; E;&%%%f:kf%‘ll%%‘é%%é] %& B P B T RSO JHR 1 sqssss
tktt Vi e ca cal.c ca calj cal ca] ca] ca
Z]\S/ESMJ%F%?%%%&J Vé%:%ﬁ% f] a)%la~~~% ]?‘c%&% (l:Jc1 caU] ca] ca] ca
] ca] ca] ca] ca?? f‘%g]{%éf Tc% }éé‘ic{f%g%%g%“{%%%z data' 3 Jﬂll‘“‘ PJO Jealcal
ﬂ:gﬂ:g] cal ca cg]aﬂcl’]ag U% c!a]%% Cgﬂl&ﬁu '1-] g]%:)a?g ca’}%% Lgﬂ:gﬂ:g?

cal calca]calcalc a!gS 0{% w mhb] X] ] ] ca] calUl ca] c

a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] c

aU] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! %, qL4: ;

U-g(a7: >zupkf a\ Vmhb] X] U] ca] ca] ca] ca] ca] ca] cal ca] ca] ca] cal ca] ca] ca] ca] caU] ca
U] ca] ca] caU] ca] cal] ca] cal] ca] cal] ca] cd8] ca] ca] cal] ca

>BHI J$° N~ Az&, b=uD*d${vql gb] X] U ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca
] ca] ca] ca] caU] ca] ¢ a] ca] ca] ca] ca] ca] ca] ca] calcaUlca]c a]Jca]ca!$|i-cz
'"NQ-ytoje [V]]ca]ca] ca]ca]ca]ca]ca]calUca]c alc

aJ cal ca]l ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]lcalcalUcalcalcalQ\12
{upkfa\W]]ca]ca]ca]ca]ca]c

aU] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] c, aU] ca] ca] ca] ca] ca] ca] ca] ca]
cal ca] ca] ca! 2i v!' ] 6sVAt 8ntCz| wmhc”Y]]]] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca]ca]c



Bl {1 vql gb] X] U ]ca] ca] ca] ca] ca]ca]ca]ca]ca]ca]ca]calca]c

aU] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! 9m (@7 AR

R gD%'yt owo'ovhgpas X] U] ] ] ca] caU] cal] ca] ca] cal] ca] ca] ca] ca] calcejmshasal Ca] ggﬁzc
a] ca] ca] ca] ca] ca] cal] cal] ca] cal] ca] ca] ca] ca] ca] ca

~n-g. 5i 9{ vakghl¥] pbliat] a-8ima] aakeghs8ée€ ¢ the host computer, the

a] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]calca]ca

] cal'l J; b$l uBfatxspufipZiiirbheabaalsddl Gumbes] Gl ajendwmia] o) cajee] caj c

a] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca]ca] c"a]ca]ca] ca]ca]ca! &| {6b3$l u?r

} xsni d_Z] U thealsghtaleat] &) ] aitjes afiralei]«on] €al G@d£dddnce among

a]J ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca] ca]ca]c a]ca] caFb|}"?, @0%
U& () - &L 10%&&h( }- @ rebdoldHY) -bdahiiVoids focd ded?d N thd & fack 294.0% U
U& ()-9gbC9! 10% U& ()- 9! 10%& ()- @0% U& ()- @0% U& ()-@0% U& ()- M 10%
U&' () - PaBO3ta080 b))’ thef E2A6R0 US- () - 6% 10Padik {nn&r - 4040 Udhdé ) tEddh
"10%WU&' () - @10%
U&' ()-~\:!TRle#RteinInf&iO¥ppedq - StafMPIAnE OF- THRAR fime 105t@P 0 -
S35).
If the optical pickup 2 is at a position II shown in
Fig. 18 after the second focus bias adjustment process is
10 completed, the optical pickup 2 is jumped from the
position II by four tracks in the forward direction so )
that the light beams 3, to 3,, and 3, are focussed in the
track-on state on the tracks (x-1) to (x+l1l), and (x+3)
(refer to III in Fig. 18). Then, reading the record data
15 on the tracks (x-1) to (x+1) and (x%+3) at the same time
starts, by using four systems including the photodetector
PD, to first signal processing circuit 26,, photodetector
PD, vo first signal processing circuit 26,, photodetector
PD, to first signal processing circuit 26,, and
20 photodetector PD; to first signal processing circuit 26,. )
When all the frame sync detection signals FS, to FS;, and
FS; of H level are input from the first signal processing
circuits 26, to 26;, and 26,, the specific read/write

command including the read system information "1, 2, 3,

25 5" is supplied to the P/S converter 30.
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"1099 | & ()-!" " 10¥pré&af)rer]Oddarl ¢ )sifmil LI dto& the - A& [s®ofh- 10%H o' () - H~
" #dYNCI ! 104| 104|
104| S810%| &5( Y iyLBhaYdh&e(df, Fid %8 & the WD |cntrolle¥s| 81 ( )ea?$9W [ 9YNC
PHFOA 0%\ & () -!s%0%R2& () -!#s%0%7& ()-y10% & ()-!"YI0OWN\& ()-YION & ()--
dEYNC! HFf / s30% &nd ) 311 Aot {g1- 196l QPR t{e -the data DATA, to DATA, and
#10%A & ()-y!'10% & ()-AO0%N & ()-b@! F'109%<& ()-:10%& ()-10%& ()- 10\
DATA,; and A-time data AT, to AT, and AT, output from the
5 first signal processing circuits 26, to 26, and 265, into
the memories 32, to 32; and 32, and 33, to 33; and 33;, and
with reference to the the A-time data and start and end
addresses stored in the memories 33, to 33; and 33;, the
read controller 34 controls to read record data stored in
10 the memories 33; to 33; and 33; in the order of At-time by
) preventing the record data from being duplicated and
omitted), an operation of reading record data from CD-ROM
1 by approximately I = 2 rotations, jumping the optical
pickup by the track jump number J = 3, again reading
15 record data from CD-ROM 1 by approximately I = two
rotations, and jumping the optical pickup by the track
jump number J = 3 is repeated (refer to III to VII in
Fig. 18) to sequentially read record data at high speed
in the record order by preventing the record data from
j 20 being duplicated and omitted.
For example, in order to read the record data from
the 11 tracks from the track x to the track (x+10) shown
in Fig. 18, only reading the record data of CD-ROM 1

during four rotations and one track jump are required.

25 In contrast, the case shown in Fig. 11 requires reading
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"109%& () - SO0 ()-f#L109% ()-f!10%& ()-M 10%& ()- SMLOY&' () - " ######HAD@ ! " Z
10% o' 085 () -th®okighy Joeams B9, 3,, and 3;, refer to Figs. 19 and 20)
108s10%&' ()-L3& 10%&' ()-f+10%&' () - #$W&R&6' zX6b@ ! f%40% ' & ()-!f % 0%0& ()-!
fod0% ' & ()-011-Ipogssusl (Focus] Bdee pJustmengo] o& ()-6'"' (((;)=)>){Y:/ @
10' 08s10% 0&' ()-! '&10% 0' 0& ()-Z '&10% & ()-Z 19" &10%& ()-Z !'' &10%&' ()-Z
1 10% 0&' () ->)?) @ B)l}g );bu«igq@eg@ ods ag;aresence/absence of a record
109%8b3b&' () - @O%& ()- @O0%& ()-!'K | "m 10%b& ()-910%& () -

data unreadable system shows that there are three record

10\ 10\810% & ()-L3 10% & ()-0;-Vz[:b@ 11"10% & ()- flO%&'()-gg (NAR 2002

data unreadable systems of the light beams 3,, 3,, and 3;,
10 record data is omitted if it is read with the remaining
two adjacent 1light beam 3, and 3; by repetitively )
performing data read of CD-ROM 1 during one rotation or
more and track jump in the forward direction. 1In this
case, record data is continuously read from CD-ROM 1 by
15 using the record data readable one light beam system.
Specifically, as the h read light beam system, the
record data readable light beam 3; near at the center is
allocated among the record data readable light beams 3,
and 3;. The continuous read rotation number I is set
20 infinite, and the read track jump number J is set to J = )
0.
The second focus bias adjustment shown in Fig. 5 is
executed to check whether the light beam 3, or 3; is
included in the h = 1 read light beam 3, (Step S36). In

25 this example, since the light beams 3, and 3; are not
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The signal plane 1 becomes therefore coinc/:ident with
the in-focus points P, and P, of the read light beams 3,
and 3, (refer to Fig. 7(3)). Thereafter, the objective
lens 8 moves to follow a surface vibration of CD-ROM 1,
under the control of the focus servo system, the record
data of CD-ROM 1 can be reliably read with the light beam
3, system.
(11-2) Data Read Operation

After the second focus bias adjustment process is
completed, in accordance with the A-time data
representative of the latest A-time data AT, input from
the first signal processing circuit 26, and the read
start point A-time designated by the host computer, the
track jump direction and number are determined so that
the light beam 3, at the innermost circumference among
the h = 1 read light beam is focussed in the track-on

state on the track x (Step S35).
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10% (& () - [ ApBS! QOEERL>?H@ lbcond focus bias adj ustment rocess is
10( @B10% & () - S3M 10% & ()-110% & () - @ T0% &' ()-TIRS4"10% (1(& (J-M i R34"10

% (1 (& ()4W¥%%%IEH K

10( @.0% & ()-10% & % TP WA 185816P ()% @rtood oS d 167" e
10( UDDEEEQFF3BK{R 46n I1 by two tracks in the forward direction so
10(°10% & ()-!'f10%\& ()-S10% & ()-"'10% & ()-#109%& ()-s

10% & () sFFGEhNHHEK @ {ldh t] Peab0% & & )rocki¥aed (I WM& Hk-Jon state

%40% & () 3"10% & ()-@ !'10% & () - HHHHHHHHHLb @ 10 10(!'"F 109&' ()-z3&10%& () -
10\ on the track (x-1) (refer to III in Fig. 19) Then,
reading the record data on the track x, by using one
system including the photodetector PD, to first signal
processing circuit 26,. When the frame sync detection
10 signal FS, of H level is input from the first signal
processing circuit 26,, the specific read/write command )
including the read system information "3" is supplied to
the P/S converter 30.
Upon reception of the specific read/write command
15 via the read controller 34, only the write controller 31,
indicated by the read system information "3" writes one
block after another the data DATA, output from the first
signal processing circuits 26;, into the first areas of
the memories 32,, and writes the A-time data AT,
20 corresponding to the data DATA, and the pairs of start )
addresses A,; and end addresses A;, in the memory 32,;, into
the first areas of the memory 33,. In the example shown
in Fig. 19, in the first areas of the memory 33,, the A-
time data is writfen from the frame of 23:40:60 (refer to

25 Fig. 20).
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the read system information "3" and used at the present
read cycle to read the data in the A-time order starting
from the oldest A-time from the first area of the memory
32; and outputs the read data to the second signal
processing circuit 40, without outputting the intercept
command and track jump command. Therefore, the optical
pickup 2 will not be jumped, and as CD-ROM rotates, the
record data from the track (x-1) is sequentially read
with the optical beam 3; and output to the second signal
processing circuit 40, by preventing the record data from

being omitted.

(12) Ninth Specific Read/write Operation (read unable by
the light beams 3,, 3,, 3,, and 3;, refer to Fig. 21)
(11-1) Second Focus Bias Adjustment

If the judgement of a presence/absence of a record
data unreadable system at Step S33 shown in Fig. 5 shows
that there are four record data unreadable systems of the
light beams 3,, 3,, 3,, and 35,.record data is omitted if
it is read with only one remaining light beam 3; by

repetitively performing data read of CD-ROM 1 during one
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rotation number I is set infinite, and the read track
jump number J is set to J = 0 (Step S35).
Thereafter, quite similar to the case shown in Fig.
10 19, the second focus bias adjustment process is performed
to change the value V, by - W, (Step S40), and the optical )
pickup is jumped in the forward direction to make the
light beam 3, in the track-on state on the track (x-1) to
read record data from the track (x-1) with the light beam
15 3;. In this case, V;, = (V,+W;) - W, = V,, and the light
beam 3; is in the perfect in-focus state as shown in Fig.
7(1).
In the above embodiments, if all the five light beam
systems 3, to 3; can read the record data, the signal
20 plane of CD-ROM 1 is set at just the middle of the )
remotest in-focus point and nearest in-focus point and at
the center of the five in-focus points P; to P; of the
light beams 3, to 3; along the optical axis direction of

the objective lens 8. If some of the five light beam

25 systems 3; to 35 cannot read the record data, the signal
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If all the five light beam systems 3, to 3; can read

15 the record data, the system controller 50 performs the
focus bias adjustment so that the signal plane of CD-ROM

1 is positioned at the center of the in-focus points P,

to P; of the five light beams 3, to 3; along the optical
axis direction of the objective lens 8. If some of the

20 five light beam systems 3, to 3; cannot read the record
data, the signal plane of CD-ROM 1 is set at the middle

of the in-focus points of the allocated h light beams.
Therefore, if all the five light beam systems 3, to 3; can
read the record data, it is possible to avoid a poor in-

25 focus state on the signal plane of the five light beams
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(Py) along the optical axis direction of the objective

lens 8 (refer to Fig. 22(1)). If the judgement of a

20 presence/absence of a record data unreadable system shows )

that there is no record data unreadable system, the light

beams 3, to 3, are allocated as the h read light beams,

and it is set that I = 1 and J = 7. The second focus

bias adjustment process does not change the value V; and

25 retains the state of Fig. 22(1).
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J is set as J = (Q-1) = 7. The second focus bias

adjustment process does not change the wvalue V, and
retains the state of Fig. 22(1).

20 The first signal processing circuits 26,, 26,, 26,,
and 26; may be added with measuring circuits for
measuring jitter amounts of the binarized RF signals and
outputting jitter amount data JD,, JD,, JD,, and JD;, and
the second focus bias adjustment process shown in Fig. 5

25 may be changed as illustrated in Fig. 23.
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light beams systems are read and an average value thereof
is stored stored in the memory as jd(-1)' (Step S111).
The values jd(+1)', jd(0)', and jd(-1)' are compared
and if jd(+1)' > jd(0)'<jd(-1)' (YES at Step S112), the
20 average jitter amount is minimum at V, = E (V) and it can }
be considered that the signal plane 1 of CD-ROM 1 is
positioned at the middle of the in-focus points P;, P,
Py,... of the h read light beams 3,, 3,, 3,... along the
optical axis of the objective lens 8, that all the h read

25 light beams are in an optimum state of perfect in-focus,
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the in-focus points P, P,, P,,... of the h read light

beams 3,, 3, 3,... along the optical axis of the
15 objective lens 8, that all the h read light beams are in

an optimum state of perfect in-focus, and that there is

no light beam in a state far from the perfect in-focus

state. Therefore, the focus bias voltage generator

circuit 22, is controlled to set V, to to E + (+1) - AV
)20 (Step S118).

If not jd(+2)' > jd(+1)' <jd(0)' (NO at Step S117),
the value k is incremented to 3 (Step S119), and the flow
returns to Step S116 to repeat the above operations. If
ja(+k)' > ja{+(k=-1)}' <jd{+(k-2))}' (YES at Step S117),

25 the average jitter amount is minimum at Vv, = {+(k-1)} -
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optimum state of perfect in-focus relative to the signal

plane 1. Therefore, the focus bias voltage generator
circuit 22, is controlled to set V, to to E + {-(k-1)}
AV (Step S123).

5 After the second focus bias adjustment is completed
in the above manner, all the h read light beams 3,, 3,,
3k, -.. can enter the perfect in-focus state relative to
the signal plane 1, and the in-focus state of the h read
light beams relative to the signal plane can be optimized

10 with ease. Thereafter, since the objective lens 8 moves
) to follow the surface vibration of CD-ROM 1, any of the
h read light beams will not become far from the perfect
in-focus relative to the signal plane 1, and any of the
h read light beam systems can reliably read record data

15 from CD-ROM 1.
In the second focus bias adjustment processes
illustrated in Fig. 6 (Fig. 23), the bias voltage value
V, is determined so that the jitter amount data JD,
(average jitter amount data JD,, JD,, JDy, ...) measured by
)20 the first signal processing circuit 26, (circuits 26,,
265, 26,...) becomes minimum to thereby make the light
beam 3, temporarily enter the in-focus state. Instead,
the first signal processing circuit 26; (circuits 26, to
26;) may be provided with error detection/correction

25 circuits which descramble the EFM demodulated data in the
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10

15

20

25

(Fig. 23) are replaced by ED, (ED;, ED

unit of one block, perform error detection/correction
based on CIRC codeé {error detection/correction with P
parities, deinterleaveing, error detection/correction
with Q parities), measure error rates detected through
error detection with P parities, and output error rate

data ED, (EF, to ED;). JD, (JD,, JD,, JD,,...) in Fig. 6

37
,» ED,,...), and the
bias voltage value V; is set so that the value ED, (ED,,
ED,, ED,,...) becomes minimum and the light beam 3; is
focussed onto the signal plane 1. In this manner, the
second focus bias adjustment may be performed.
Measuring the error rate for each light beam system
may be performed by the second signal processing circuit.
Specifically, the second signal processing circuit 40 is
provided with an error detection/correction circuit which
measures an error rate detected through error detection
with P parities when perform error detection/correction
based on CIRC codes (error detection/correction with P
parities, deinterleaveing, error detection/correction
with Q parities) is performed, and outputs the measured
error rate. For the focus bias adjustment, the data
DATA, (data DATA, to DATA.) output from the first signal
processing circuit 26; (26, to 26;) are supplied via the

P/S converter 30 to the second signal processing circuit

40 which measures the error rate for each light beam
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1 A multbeam type optical disc read apparatus comprising an cptical

system (2A) including an objective lens (8) for applying n light beams at the
same time to respective n tracks on a signal plane of an optical disc, focus servo
means (22, 23) for controlling the optical system to make the n light beams
focus the signal plane of the optical disc by moving the objective lens to follow a
surface vibration of the optical disc and signal processing means (20A) for
generating a signal for each light beam from a detection output of the light beam
reflected from the signal plane and reading 'data recorded on the tracks to which

the light beams were applied, based upon the detection output of the light beam,
CHARACTERIZED IN THAT

said focus servo means performs a focus bias adjustment so that the signal
plane of the optical disc is positioned at the middle of respective in-focus points

cf the n light beams as viewed along an optical axis direction of the optical
system.

2. A multibeam type optical disc read apparatus according to claim 1,

further comprising jitter measuring means (263) for measuring a jitter amount or
error rate of a binarized signal for two or more predetemmined light beam
systems among the n light beams,

wherein said focus servo means performs a focus bias adjustment so that an

average of jitter amounts or error rates of binarized signals measured by said
measuring means becomes minimum.

3. A multibeam type optical disc read apparatus comprising an optical

system (2A) including an objective lens (8) for applying n light beams at the
same time to respective n tracks on a signal plane of an optical disc, focus servo

means (22, 23) for controliing the optical system to make the n light beams
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which the light beams are applied, based upon the detection output of the light
beam, wherein if there are some light beam systems which cannot read record
data among the n light beams, h read light beam systems are selected from the
remaining record data readable light beam systems, and the record data 1s read
with the set h read light beam systems, CHARACTERIZED IN THAT

if the record data can be read with all the n light beam systems, said focus servo
means performs a focus bias adjustment so that the signal plane of the optical
disc is positioned at the middie of respecti\'/e in-focus points of the n light beams
as viewed along an optical axis direction of the optical system, and if there are
some record data unreadable light beam systems among the n light beams, said
focus servo means performs a focus bias adjustment so that the signal plane of
the optical disc is pesitioned at the middle of respective in-focus points of the h

read light beam systems as viewed along an optical axis direction of the
objective lens.

4. A multibeamn type opfical disc read apparatus according to claim 3,

further comprising measuring means (263) for measuring a jitter amount or error
rate of a binarized signal for each light beamn system,

wherein if the record data can be read with all the n light beam systems, said
focus servo means performs a focus bias adjustment so that an average of jitter
amounts or error rates of binarized signals for each of the n light beam systems
measured by said measuring means becomes minimum; and

if there are some record data unreadable light beam systems among the n light
beams, said focus servo means performs a focus bias adjustment so that an
average of jitter amounts or error rates of binarized signals for each of the h

read hght beam systems measured by said measuring means becomes
minimum,
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6. A muitibeam optical disc read apparatus according to claim 5, wherein,

said focus servo means executes a first focus control for determining a control

amount necessary for focusing the O order diffraction light beam onto the signal

plane of the optical disc, and modifies the control amount by measuring a jitter

amount of the signal for each diffraction light beam, in an in-focus state that the

0 order diffraction light beam is focused onto the signal plane of the optical disc

while said optical disc is controlied by the control amount, or in a state deviated

by a predetermined amount from the in-focus state.

7. A multibeam optical disc read apparatus according to claim 5, wherein

effective detection outputs are determined from the detection outputs of the 0
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order, +/- first order,..., +/- n order diffraction light beams, and said optical
system focuses the diffraction light beams so that the signal plane of the optical
disc becomes coincident with a middle point of respective in-focus points of the
diffraction light beams corresponding to the effective detection outputs, as

viewed along an optical axis direction of the optical system.

8 A multibeam optical disc read apparatus according to claim 5, further

comprising a waveshape equalizer circuit (24,-245) for compensatng high
frequency characteristics of the signal, a pair of waveshape equalize circuits
provided in correspondence with the +/- i-th order diffraction light beams having

the same waveshape equalizing characteristics.
r

S. A multibeam optical disc read apparatus in which different n, where n is
an odd number of 3 or larger, light beams are applied at the same time to
respective n tracks on a signal plane of an optical disc, a signal for each light
beam 1s generated from a detection output of the light beam reflected from the
signal plane and waveshape-equalized by waveshape equalizer means
provided for each light beam to raise a gain of high frequency components and
compensate for the high frequency components, and each signal is binarnzed
and demodulated to read data recorded on the tracks to which the light beams
were applied, comprising laser beam generating means (4) for generating a
single laser beam which is made vertically incident upon a diffraction grating (5)
to generate 2m+1, where, m = (n-1)/2, light beams of 0 order, +/- first order,...,
+/- m-th order difiraction light beams; an optical system (2A) provided with an
objective lens (8) focusing the (2m+1) light beams on the signal plane of the
optical disc, the optical system being disposed so that the light beam of the 0
order diffraction light beam is vertically incident upon the optical disc; and a pair
of waveshape equalizer means (24, - 24.) provided in correspondence with the
+/- i-th, where i is 1, 2,..., m, order diffraction light beams have said waveshape
equalizer characteristics; and focus servo means (22, 23) for controlling the
optical system to make the 2m+1 light beams in the in-focus state on the signal

plane of the optical disc, by moving the objective lens CHARACTERIZED IN
THAT
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wherein said focus servo means performs a focus bias adjustment so that the
signal plane of the optical disc i1s located at a predetermined position between
an in-focus point of the 0 order diffraction light beams and an in-focus point of

one of the +/- m-th order diffraction light beams, as views along an optical axis of
the objective lens.

10. A multibeam type optical disc read apparatus according to claim 9,
further comprising: measuring means (263) for measuring a jitter amount or
error rate of a binarized signal for two or more predetermined light beam
systems among the n light beams,

14
wherein said focus servo means performs a focus bias adjustment so that an
average of jitter amounts or error rates of binarized signals measured by said
measuring means becormes minimum.
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