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TI TLE OF THE | NVENTI ON Optical Disc Device and Optical Disc D _sclpgl/unl{?\éa,hfr}gf
MetRod. BACKGROUND OF THE I NVENTION Field of the invention This ¥
invention relates to a optical disc device capable of coping with plural
types of optical discs, and a nethod for discrimnation optical discs.
Description of Related Art As optical discs, conpact discs are in

W despread u such_that oqptical discslof the CD type are used in many

S
fields, to sggrﬁfﬁ t@ﬁgTHfE IREVENF PN nusi cal application. The CDs for

nusic are UsiAliyaIBTLETBE RS SN B el pTRE Bl RIEYAL, Bragg i te type

di sc terned conpact di Sc recor SO conmer 1 zed.

the other hapd cRGROURD o SEHECINRER Tdicagt al versatile disc/digital
video disc (DVD) has al so been devel oped as an optical disc suitable for

mul ti medi a uFéeeldThifsth8vVinventinaposed as being adaptable to a wide field of
applications, such as video data, audio data or conputer data. The DVD,
which is an opti chhisdiigyestiomerelgtes storeca agptical chigel 2d excen capahie cof |

has a significaptly i.ncreased recordi ng capacity,., Meanphi | e, i.n keepin
Dace it b GcOBPUIELRIR T BIRFRhy GRace L P abeal Miseoneiidiog; mpihpd ofor O

provi de an Og?#gir“i?%éﬁﬁe/@ﬁ&?l!&SEChangeabl e wth a conventional optical

di sc. ' is desirable to devel op an optical disc

devi ce capabpesetiproeh nef Rdiatodthret he CD and the DVD. However,
2 since the CD and the DVD differ in reflectivity depending on, for

exanpl e, differenke opticat discactaomepoét tdiecsigralinrwidesprepd ayse; sfch
that optical discs of the CD type are used in many fields, to say
nothing of the field of musical application. The CDs for music are
usually designed as replay-only medium. However, a overwrite type
disc termed compact disc recordable (CD-R) is also commercialized.

On the other hand, an optical disc termed a digital versatile
disc/digital video disc (DVD) has also been developed as an optical
disc suitable for multimedia use. This DVD is proposed as being
adaptable to a wide field of applications, such as video data, audio
data or computer data. The DVD, which is an optical disc of th_e
same size as the CD (12 cm in diameter), has a significantly
increased recording capacity.

Meanwhile, in keeping pace with development of a new optical
disc, it becomes desirable to provide an optical disc device
interchangeable with a conventional optical disc.

As for the DVD, it is desirable to develop an optical disc

device capable of coping with both the CD and the DVD. (Hov'vever,
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the optical disc, the RF signals obtained by an optical pickup is varied

i m-signal |evel, depending on the optical disc type, whilst optinmmval ues
of paranet‘ers of various servo systens, such as focussing servo or

tracki ng servo systens, are al so changed. Therefore, an optical disc
device, adapted for coping with plural_ optical disc types, is required to
correctly discrimnate the ype _of the optic di,s¢ on | oadj,ng the optical
di sc t her eoifince the Fth"rﬂéi ¢ §cDiVsDo‘i‘f sk 1nyIRElpptivpiyc depsadingcan. dodc s

. housed in rid the dis n_b ik | SCI i mnat b

rovi ding  SaHAte HfeercdBen g $EG AR S IRE sagndt FECHEK B e 1
not of thethypgplruiiedidd) ehEAMFrk 1l,sa@ﬂtﬁﬁ%ﬁ%??aﬁhSpWa‘lC?icl@UpSQs
itself is of the same size, this nechanical discrimnation system cannot
be used. variddriaosignali lewglecd ependinpranttheopptivalsdisce typeyi eadlstor
discrimnating the disc type, such as a sensor, the device is undesirably
conpl i cat ed oiptimumcealues ofii parametersnaf avetiowsgsense ssydems| suchaigsed.

SUMVARY OF THE | NVENTI ON *I is therefore an object of the present
i nvention t JOBPEVREeS Y © BhtT 2K §?;”cfb\§?’§%°“éfrd“%ﬁ1“tﬁﬁ cbapsgfsc

di scrim nating "?h@?é’féﬁl L Sptﬂéalfr ﬁksco'p&é@f’é'e di $£p feld Fo rN 2P I0lik £ €N
nunbers of signa recordi ng ayers. are I Stri m%ate and aﬁ
operating pRefal PEIARIPONY Bgpésd 1HeeqRitEdltodcoerdithP dfscebhiR¥tL @RkT Ol

means based : 3 on the discrimnating
out put for tepeafl the eptivdliciing amhbogdingathe optical disc thereon.

If the disc is of the type in which an optical disc is housed in
a cartridge, the disc type can be easily discriminated by providing
a cartridge discriminating hole. However, if the optical disc is not
of the type housed in a cartridge, and moreover the optical disc
itself is of the same size, this mechanical discrimination system
cannot be used.

Moreover, if special components or units are provided for
discriminating the disc type, such as a sensor, the device is
undesirably complicated in structure, while the manufacturing costs
are also raised.

SUMMARY OF THE INVENTION

It is therefore an object of the presernt invention to provide an
optical disc device and an optical disc discriminating method in
which plural optical disc types having different numbers of signal

recording 1layers are discriminated and an operating mode

corresponding to the optical disc type is set by control means based
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types of the optical discs. The present invention provides an optical
disc device including a laser light source for radiating a |aser |ight
beam i:l lunrnated via an objective lens on a signal surface of an optical
disc, a return light detection unit for detecting the reflected |ight
radiated from the laser light source and reflected fromthe signal surface
of the optical disc, a disc discriminaBing unit for discrininating the
type of theowptlicadisdrosinaiéeg ontpuddiogctrebinbdyt peproduding néeuphutdlght
detection unit, a unit for detecting tracking error signals of plural

di fferent t&y@$soHf the optisul disCacti on systens based on the detection

out put of the retyrn Light detection uni a_tragking.unit for. djsplacing
the obj ecti ve | o APBHEFAHEHRII ¢ Pop visies 3n, PEGFaLRIEE eragh inflyifind”: 02
tracking e roriategnfbfe b6hrds 26kiAAIFANY £ 1hdkE Aght H¥im IMAmitlacblSipaser
l'ight focussed on the signal surface of the optical disc and a controlling
unit -for swidichibjective deieddd an sigyslt strfsed fOanaoftivwli 8153t & Ngetaithput
by the disc discrimnating unit for selecting one of the plural types of

t he tracki ndight aletestipmangit dopodetiecting thicereflpetedilighte redidtea frvmes.
BRI EF DESCRI PTI ON OF THE DRAW NGS Fig.l illystrates the structure of
an optical dibec lasepdightgouseerang f&.ﬂ%&% %q%te 'ﬂ'évﬁb@aénﬁwcﬁgo Hbe

UonLEn, jongioal iyf, hooPPHERIBHRUR LY BT A SRR By 566 O
structure ofof fRe WYtied disc based on a detection output of the return light
detection unit, a unit for detecting tracking error signals of -plural
different types of different detection systems based on the detection
output of the return light detection unit, a tracking unit for
displacing the objective lens along the radius of the optical disc
responsive to the tracking error signals for tracking-controlling a
laser spot of the laser light focussed on the signal surface of the
optical disc and a controlling unit for switching the detection
system based on a discriminating output by the disc discriminating
unit for selecting one of the plural types of the tracking error
signals responsive to the types of the optical discs.
BRIEF DESCRIPTION OF THE DRAWINGS
Fig.1 illustrates the structure of an optical disc associated
with an optical disc device embodying the invention.
Fig.2 is a perspective view showing a mechanical deck of the

optical disc device,

Fig.3 is a block diagram showing the structure of the optical



4 di sc device. Fig.4 is a schematic plan view of an ei ght-segnent

phot odet ect or of the optical disc device. Fig.5 is a block diagram
showi ng the structure of a tracking block in the optical disc device.
Fig.6 illustrates the physical structure of a DVD-RWdisc associated with
t he optical disc device. Fig.7 is a block diagram show ng the
structure of a third tracking error signal generating block in the

tracki ng bl déke device. Fig.8 is a circuit d| agram showi ng the structure of a

DPD filter in tge third tracking error gnal, g' nerating bJQck in the
tracki ng bl ock. i, 8 [SORPRRUGH BIRRY TePhe Of 1 cBRenBAE HEEHBRER of

the DPD fi lt F b ram showi ng the structure of a
mrror bl o&?%ltﬁdf ector égﬂl}gé’lp%l JQ%kdéj",&Q Fig. 11 is a waveform

diagram for illupigat wg; bmscepﬁra%trhﬁnsaaw:hgetm st P c U 1RCI6F a trackﬂg 12
is a block diagram showi ng the structure of a discrimnation signal

gener ati ng bllock irnthteheptipal dasc dievtcelevi ce. Fig. 13 is a circuit
di agram showi ng the structure of an APC circuit in the optical disc

devi ce. Fi 5!&& iidl ueftgzrt@;sh t&ﬁomngl@d. Steyrduget ofi &t .I%¥Daﬁiwhélm¢c
circuit. q % tﬂo%/f ? Ffdatl v v1)05| tion between a CD and an
assoc:a ed wit e opfical disc device.

Fig.7 is a block diagram showing the structure of a third
tracking error signal generating block in the tracking block.

Fig.8 is a circuit diagram showing the structure of a DPD
filter in the third tracking error signal generating block in the
tracking block.

Fig.9 is a graph showing the frequency response of the DPD
filter. |

Fig.10 is a block diagram showing the structure of a mirror
block in the optical disc device.

Fig.11 is a waveform diagram for illustrating the operation of
the mirror block.

Fig.12 is a block diagram showing the structure of a
discrimination signal generating block in the optical disc device.

Fig.13 is a circuit diagram showing the structure of an APC
circuit in the optical disc device.

Fig.14 is a graph showing gain characteristics of the APC
circuit.

Fig.15 shows the relative position between a CDI and an



5 objective lens for illustrating the operating principle of disc
disscrimnation in the optical disc device. Fig.16 shows the relative
position Bbetween a DVD and an objective lens for illustrating the
operating principle of disc discrimnation. Fig. 17 is a waveform
di agram of various signals for illustrating the operating principle of

di sc discri mnatlon 18 is_a Plowhart for illustrating the
operation of dl?%td"edligﬁfl ﬁ?ﬁaﬂlé}ﬁ”atmg theg oPryating, pEARSABlen af adistn

show ng a d'dﬁfc | 31353*1 mnat h(h)en°§§id9"gg‘h(§| chex?ic%' ngl e-1 ayer disc. Fig. 20

s a wavef or Cst¥ 1 m nati on signal for a

doubl e-layer disgig.16 show- t%l: irg1£tivbOyoRaibnf %twbhuswﬁvm ddtf an
sequence of operations for discrimnating the single-layer disc and the

doubl e- | apbjeckise Hgna Syst élustmitimg | ¢hei opdratimg | pailncipbc dEvidisc
Fig.22 is a flowhart for illustrating another exanple of the operations
for discri mdmmrilwgnmendl sc types by a systemcontroller in the optical

di sc devi ce. g 23 is arﬁjj Elart for |IIustrat| ng Pe s@quence of
operations for %155 7i 1% h A awefof Med Gsfgim 9 a‘S/’é'I“’HFss&gﬁ ¥ ferilivsBrtingyer
disc in th? 9;83:’%?}1?11@phﬁ%lﬁ’%%f‘?ﬁ@%xw Jes | ?g{&nm nating the disc types by

the system con wavetr orm'diagram for illustrating
the disc discripighagi ¢ aSﬂe&QJhartnfoxt N@lusts8EHEN¢Re oPbra@Bar Alfi @ise for

discrimination.

Fig.19 is a waveform diagram showing a disc discrimiaation
signal for a single-layer disc.

Fig.20 is a waveform diagram showing a disc discrimination
signal for a double-layer disc.

Fig.21 is a flowchart for iflustrating the sequence of
operations for discriminating the single-layer disc and the double-
layer disc by a system controller in the optical disc device.

Fig.22 is a flowchart for illustrating another example of the
operations for discriminating the disc types by a system controlier
in the optical disc device.

Fig.23 is a flowchart for illustrating the sequence of operations
for discriminating the single-layer disc and the double-layer disc in
the example of the operations for discriminating the disc types by
the system controller.

Fig.24 is a waveform diagram for illustrating the disc

discrimination signal in the sequence of operations for



6 di sc.ri m nating the single-layer disc and the double-layer disc.

DESCRI PTI ON OF PREFERRED EMBODI MENTS Referring to the draw ngs,
preferred enbodinents for carrying out the present invention will be
expl ained in detail. The present invention is applied to an opti cal

disc device associated with a CD and a DVD. Before proceeding to the
expl anation of the optical disc device erbodying the invention, the

structures offisdrémChatioly- fReasihg1biahV¥P dist|addetexdbaibled el tiseef erence to
Fig.1. Meanwhile, the CD, CD-R and the DVD are all discs 12 cmin

di anet er . DESERIZTION OF BREFERREDSEMBORIMENTSd structure as cross-
sections of the , .CD:R and the DVD. As shown in these figures, the
overal | disc thi $ fersing to the dravamsnoprefsrred fanbedi § for carrying

appr oxi mat el ) . .t he 10 own (.n Fig..ka, a disc substrate
pp Xul’ tﬁeWCfSEt .IHV% lagdwﬁi?be gx??aéﬁggal e% ga.lk

(transparent laye I'S om a _ synthetic resin
material, such aph@ prédsRaiRPbnfiohY ¢ PRPAk 85l o?glhm Qﬁkccﬁle?fééiﬁ or

acrylic resin, having high Iight transm ssion, nechani resi stance and
resi stance agssocintehewithl 2. CD aamthj er BV .acBefdrel herabsadingubsd r e 101
are transcribed pits by a stanper assenbled into a nold die. These pits in
the signal se¥Xpteietion off the epticerli dischdewiox emhuistingt the Gaves tiem othed

oriices, havLig S LErerty ERMALSIEl EOUEe ol 2SS e L
surface of tpgredifiCe $4OFg 3L 8 Meanwhile, the CD, CD-R and the DVD are all
discs 12 cm in diameter.

Figs.1a, 1b and 1c illustrate a layered structure as cross-
sections of the CD, CD-R and the DVD. As shown in these figures,
the overall disc thickness of each of the CD, CD-R and the DVD is
approximately 1.2 mm.

On the CD 100 shown in Fig.la, a disc substrate (transparent
layer) 101 is molded from a transparent synthetic resin material,
such as a transparent polycarbonate resin, polyvinyl chloride or
acrylic resin, having high light transmission, mechanical resistance
and resistance against chemicals. On a major surface of the disc
substrate 101 are transcribed pits by a stamper assembled into a
mold die. These pits in the signal surface 102 are formed in the disc
substrate 101 as encoded orifices having different circumferential
lengths in association with pre-set information signals for
constituting a recording track. On the surface of the disc substrate

101 carrying the signal surface 102 is deposited aluminum having



101 carrying the signal surface 102 is deposited al um num havi ng

7<high light reflectance for formng a reflective |layer 103 as a signal
recording 1ayer. The entire assenbly is covered by a protective |ayer 104
for conpleting a CD 100. On this CD 100, a laser light beam fromthe
disc driving device falls fromthe disc surface 105 so that the
information recorded on the signal surface 102 is detected fromthe

reflected |ligdr lighghteflectanceHfdt Eorbopsa aefllecRivielPayédr ¢03i 85 @ BBEhdIm
permtting the overwiting. The CD-R 110 has the physical properties, such
as di anet erreogaidipg knyeri hi Theeentire rassomidy @4 t¢pvére dCibyl 30 proftioativer |
the CD-R 110, can be nuf actured economcally in smaller quantities and
| onger in d&taé(ﬁﬂli%y?‘?ﬁ&ﬁ"fmétﬁ idgnaﬂ(}]‘?’ hence is suited for data storage.

et 5120, ., R, a0 g ORES

| ayer) 111 | ooking from Cc sur di sc substra 11

are |layered fgyiRedaRlls #Y&m! K6 didd. sipFadeS108also 1RGO EhEJid R atidngol d
reflective |ayer 113n an a protective layer 115, in this order, for

conpl eting tdeeoCDe® d40thd ighak sUDFdRRlID2 iis ddizetédr irmdnatigs aefkected
operating as laser light illum nation guide during recording and which is
covered by tlssesdightic dye layer 114. The organic dye layer 114 is reacted

MU nated | ac&is T tybows s GBERT 1D, RBh: i Bofedifindraign By te

information &} gndifind! T3 CD-R 110 has the physical properties, such as
diameter, weight and thickness, in common with the CD 100..
However, the CD-R 110 can be manufactured economically in
smaller quantities and longer in durability than the CD 100 and
hence is suited for data storage,.

On th.is CD-R 110 is also arranged a disc substrate |

(transparent layer) 111 looking from the disc surface 116. On the
disc substrate 111 are layered an organic dye layer 114, as a signal
recording layer, a gold reflective layer 113n an a protective layer
115, in this order, for completing the CD-R 110. In this CD-R 110
is also formed a groove operating as laser light illumination guide
during recording and which is covered by the organic dye layer 114,
The organic dye layer 114 is reacted with polycarbonate of the disc
substrate 111, under the heat of the illuminated laser light, for
forming the pits corresponding to the information signals on the
groove for forming a signal surface 112 carrying actual data.

Similarly, a DVD 120 shown in Fig.lc has a disc.substrate
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groove for formng a signal surface 112 carrying actual data.

Simlarly, a DVD 120 shown in Fig.lc has a disc substrate

8 121, froma disc surface 128, and a signal surface on the opposite side
Wi th respect to the disc substrate 121. Two types of the DVD, that is a
DVD with a single signal surface, terned a single-layer disc, and a DVD
with a double signal surface, terned a8doubl e- | ayer disc. Fig.lc shows an
exanpl e of til,dfudrher |dyersutifsce I3t and,a sighal sturfiatea omethe do pposidger i s
formed by a first_signal surface 122 and a first reflective |ayer 123

associ ated Wilff VHd fevRactsiqyilie digersbstrate 124. Ewontypet #fr dio Y Ry

I is f b d, si I A 12 d d refl ecti

Yo 5o oY, B ARYORVE' O 0het U RE AR PSR R AR

surface 126 digcf Qnped A?VD Wiﬂhie&@i?ﬂlé E{éfﬂtgl}'&ab@){génﬁaé £ASuDd 10U -
ed by t 6.

substrate 127 is bon i's adhesive surface The first

reflective |dyer Figdlé¢ Shavwenin- exampparenithei doubhdliyer dése.gmadtt ix,r gf | ect
a pre-set proportion of the laser light. Thus, if the |laser light is
f ocussed on fitsd ditasteanimgiial lsyef dsforared biyea feisgreiignal sagfuee 182 shé

first signal surface_ 122 can be read fromth reflected light by the first
reflective |qaftst Eefleciixeclayer; hfl‘i"e‘s"l%gfﬁfl"fﬁﬁt“}%f;ﬁ u Lotprfpge

second = 0 A okitectckortng IR | SN S LSO

first reflective'la er 2 o be ¢ € secon ace
124, such thalrride 190RldSa §E5OK HatrAdHi0eNaGar P25 each Quted RIPH BRe | | ght

refl ected by the
second signal surface 124. An adhesive surface 126 is formed on
the second reflective layer 125 and a dummy substrate 127 is
bonded by this adhesive surface 126.

The first reflective layer 123 is a semi-transparent film and is
designed to reflect a pre-set proportion of the laser light. Thus, if
the laser light is focussed on the first signal surface 122, the
signals recorded on the first signal surface 122 can be read from the
reflected light by the first reflective layer 123, whereas, if the
laser {ight is focussed on the second signal surface 124, the laser
light is transmitted through the first reflective layer 123 to be
converged on the second signal surface 124, such that the signals
recorded thereon can be read out from the light reflected by the
second reflective layer 125.

In case of the single-layer disc, the signal surface and the

reflective layer are formed similarly to the second signal surface

124 and the second reflective layer 125, respectively. .
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second reflective layer 125. In case of the single-layer disc, the
sirgnal surface and the reflective |layer are fornmed simlarly to the second
signal surface 124 and the second reflective |layer 125, respectively.

9 As may be seen from Figs.la, 1b and 1c, the signal surfaces 102 and
112 of the CD 100 and the CD-R 110 are forned at separations close to the
di sc thickness fromthe disc surfaces 25, 116. That is, the signal
surfaces 102 andAsimaypbenseen freot Jugs.1and b asdrlepdhe signaleparfaced

hand. the. oM sadr} b ogk 185 (635180 RGBSR 1 40aars SRS A of
the diisc tNigebResfons Wilisel fo hBCqy gg'i‘ﬂckn%%fﬂ%%? 22 a5 a%fa?ﬁgﬂ 19 ch o

focus the | a are separated approxi mat el from

surface 128.11e ThEﬁQEdltﬁﬁ Sl tdurficps tsod cmmed 19) bhewhigRado Fekhgces
122 (124) is higher than that of the CD 100 and the CD-R 110. Due to

this differaheelagetespasenrsigpparated ngp prowived tehygth 2 mom Feomethé¢ hbnc650
nmis used as the playback laser light. |In addition, the nunerical
aperture (I\lﬁ)lfﬁiicqshéo bjléétlve lens is |ncreased to 0.6, while the optical

Cepar ot o0 appr ox DEEF P88 ahfr b tikaeh wlatrs 22 (3a< SFtheBlnn .
in a CD DVDy Z‘U)QTPQtJlP'aemx‘aeéb?Et dft thé s?@c thiBRARSE P! erit §62¢n0Utigha®

i nformati on on the signal ace 102
surfaces 122 and 124, on which to focus the laser spot, are
separated approximately 0.6 mm from the disc surface 128, The
recording density.by pits formed on the signal surfaces 122 (124)
is higher than that of the CD 100 and the CD-R 110,

Due to this difference, the laser light having a wavelength
not larger than 650 nm is used as the playback laser light. In
addition, the numerical aperture (NA) of the objective lens is
increased to 0.6, while the optical pickup used is optimized for
focussing the laser spot at a position separated approximately 0.6
mm from the disc surface 128.

Meanwhile, in a CD/DVD compatible device, it is not
impossible to read out the information on the signal surface 102 of
the CD 100 by the laser light having a wavelength not larger than
650 nm. It is also not impossible to focus the laser spot at a
separation approximately 1.2 mm from the disc surface 105 of the

CD 100. It is however best to use an optical pickup device having

its various characteristics optimized for the CD 100 ig view of



the CD 100 by the laser light having a wavel ength not | arger than 650 nm
It*is also not inpossible to focus the | aser spot at a separation
approximately 1.2 mmfromthe disc surface 105 of the CD 100. It is
however best to use an optical pickup device having its various

characteristics optimzed for the CD 100 in view of pl ayback
characteristics. 10 The CD-R &éo al so has the organic dye | ayer
114 whi ch haglaybeckieheraigecistoes.a wavet-€ngth, such that, if the |aser

| i ght having a wayel ength not |larger than 650 nmis used, data can not be
reproduced correcth§. CPnkt 118 alja hasnthecprraniy, dyeglayesbd dfpwihdah kes t he
illum nated S | ight of not l|arger than 50 nmJy .the organi.c . dye |ayer
114 is incr egg%?etpgnﬁ&%? e Wé‘ﬁ’le_g?:‘fﬁth’ts)f’."qﬁ gh‘_“a i‘thieoﬁ,asf’ﬁi‘ﬁh}dméﬂ&)n
factor of thg Lasgiehp@tndy ita?gepl a3 G1€ mS'iQHEL ﬁ,‘”é € chl ddt be

| ower ed. \When recording d%ta, prts are forned wt tre & sorptivity and

reflectance sepicduded cberdcdgl THaghis, okvitthenhve@plRNULD, AigHBAbLEBY ptiod S
not possible to obtain a sufficient nodul ation factor even if attenpts are

made to readobuthe HHuminateyd lager (leghtr dfi gloit dbirgrrhehamaé8Dengt sy the It
is thus desirable to use, at I?ast .an objective lens and a | aser |ight
source dedi cAF&Hticr 098 clrsst 1d4 inilaeredsad it lawer otheagesloctivitydi dm
devi ce which,jks§:.¢ j . 0 CO-R 11 d tthe DVD 12Q.
Thus, the op?!li&clatﬁ‘?g?g%é e'\g;\?i%fe)l{%wt a?? ?;r’lvoce%n{lfeonﬁsﬁ%ﬁ%b\’agfp{heﬁ RLE °Rddean

optical pickiipnkd,sudeslés atied; 1
optical pi ck‘tlﬂ[pg 1a,s deﬂdi; cgtlggl% goivﬁge%egﬁgg%éﬁgﬁ?%%, @sReﬁ(gogﬁl&dt he

DVD 120are cwiitlethé ablsgrptivityedndnredpédtaalcediviced.to the lakef IPghhowha
perspective view of a playback driving portion .ga so-cal | ed nechani cal deck
portion) of WaN¥elghatdaofdi7&0 jnmi g is not possible to obtain a sufficient _

modulation factor even if attempts are made to read out the pits by
the laser light of other wavelengths.

It is thus desirable to use at least an objective lens and a laser
light source dedicated fro each optical disc type in case of an
optical disc device which is compatible for the CD 100 (CD-R 110)
and the DVD 120,

Thus, the optical disc device of the invention, as now
explained, has an optical pickup la, dedicated to the CD 100 and
the CD-R 110, and an optical pickup la, dedicated to the DVD
120. The CD 100, CD-R 110 and the DVD 120are collectively
termed an optical disc D.

Fig.2 shows a perspective view of a playback driving portion
(a so-called mechanical deck portion) of the optical disc in the

optical disc device. -



optical disc device. _ 11 Thi s
mechani cal deck includes, on a main body portion of a sub-chassis 11, a
variety of units required for reproducing the optical disc. The | oaded
optical disc Dis nounted on a turntable 7 which is driven by a spindle
nmotor 6 for rotating the optical disc. The optical pickup |
illumnating the laser light on the rptating optical disc for extracting
the information flikis mieehpeidalcdedk|ingiudesnaiudemaini bhidy postigieldf aa CD
pi ckup | a, having an, oqptical systemand. a | aser, |ight source, qptinized

for the CD BA®-chessig 1ip) 2 yadietypoh pindktiprapiiradyfoy HPrafuciag et em

and a laser J.igh [ce piim for .t DVD.. T k ckups l.h are
provi ded i n(ﬁepptgﬁ%ieﬁgyﬁf thga%:%arH(ﬁZdﬁglp.tp%ll gisasecr ﬂgﬁf prnugﬁgﬁ%a 04% t%é{’&faﬁ’ﬁgkup
la is an objeghits #sC8fvea bi'd pindiei he18r l286F rQE‘iﬂ?HF_ﬁ{'@o‘i{tiéﬂedR\@
pickup I'b is an objective | ens for DVD 2b. The optical pickup 1 is
slidabl e al ong t Mhedigtic¢eidipiskbyp d,StHuadhbeihgs|thd ndebani Hght Tont Rhs end,
a main shaft 8a and a sub-shaft 12 are provided on both sides of the
optical pickesatingTheptigah died t fen extpaeding the odnformatioser fiyn ofthehe

optical pickup, 1, Il e the syb-shaft, 12 is ssed. t hr qugh _an opposite side
hol der port ir('fﬁl,“ﬁ'éw}éﬁgflm‘,“céﬁﬁfﬁ’af’"f%‘é‘ btﬁtflb‘g ’ ﬁi&?uﬁ‘%‘?% Iﬂavlh%‘?‘@gaf‘ﬁng
the shaft | 3 i galy pi.ckt ' PR RS e inShhft 8a
e Shal { | SRS L UL g SR SUPI R Y e CSPOR 52
a sl ed .not o (. rSi £0) .t kABSHD VD' i8RAH S1BChadth@d 88tAI2 $ysténfiadd while
a rack gear 8f is nounted in the vicinity of the hol der portion 8g of the
opti cal picHaperlight source, optimized for the DVD. These pickuf® 1a, ‘1b avlen
t he sl ed notor 83 s run in rotation, .its rotational power

provided independently of each other. A laser output end of the CD

pickup 1a is an objective lens for CD 2a, while a laser output end

of the DVD pickup 1b is an objective lens for DVD 2b.

The optical pickup 1 is slidable along the disc radius by a so-

called sled mechanism. To this end, a main shaft 82 and a sub-shaft

12 are provided on both sides of the optical pickup 1. The main

shaft 8a is passed through a holder 8g of the optical pickup 1,

while the sub-shaft 12 is passed through an opposite side holder

portion, not shown, so that the optical pickup 1 is movable along

the shaft length as the optical pickup 1 is supported by the main -

shaft 8a and the sub-shaft 12.

As a mechanism for moving the optical pickup 1, a sled motor
8b, sled transmitting gears 8¢, 8d and 8¢ are provided, while a rack

gear 8f is mounted in the vicinity of the holder portion 8g of the

optical pickup 1. .



Is transmtted to the sled transmtting gears 8c, 8d, 8e in this order.
Since the thread transmtting gear 8e neshes with the rack gear 8f, the
transnitted rotational power causes the optical pickup | to be noved al ong
the shaft. Thus, the optical pickup I is noved towards the inner and outer
disc rimportions by rotation of the sled notor 8b in the forward and
reverse directions. Fig.3 is a blogk di agram show ng essenti al
portions of the dphenahediled nioter 8P tUeviendn rotationhizsopitiatbdnali pewlri S

| oaded on the turntable 7, also shown in Fig.2, and is run in rotation by

the spindl e rit ramsmitted \tqtheagled transmitting] seesek86peBdii 8p. in this By
the optical pj P . .daja recor as pits on the optigal di.s Is read
out. In act ua*t?%%/},' %gl hfepg‘ﬁﬁfe?%fgtb ﬁ"ﬁéimﬁ BRApS e Teshes é’"ﬂcﬂet rﬁ?gkup
la and the D\iagay gku i V§ ; pt . ' :

di scussed pr;é\[/éi ousl'y?héLQraag@h@gg%?gkﬁgllgbﬁgqp%%ﬁggegh%%léﬁi g?)?‘f%%l

system sui ted to tdanéied @doapdtiehshsld: R Hdd). tie logasaldpislaugta, i9REsALENT
as a laser light source, has the center wavel ength of the output |aser of

780 nm Wit h torearstsj tbe | inmeireasd f outa@Dd2sc hdm pprtions Gy 5otafioe olff ehéi ve
| ens for CD 2@1 IS hel d Fy a biﬁaxi al mechanism 33 for  novenent in the
tracking di r 886% SROLRHGBP nitile FUALS #Rd dieveEss directions. The optical pi ckup

for DVD I b has an tal | .s [ m far .t he .120. J aser . di pde
4b, operating as gpg'l3a§gral ?‘g‘%&n&;@%{g}é s&%swlt eeggg?tetrﬁ 9@1‘&?& ﬁfofg? he
out put | aser ofti®A0dIA® Pfiving device. 13 635

nm with the objective lens Tor DVD 2b having NA = 0.6. The

The optical disc D is loaded on the turntable 7, also shown in
Fig.2, and is run in rotation by the spindle motor 6 at CLV or CAV
during the playback operation.

By the optical pickup 1, data recorded as pits on the optical
disc D is read out. In actuality, two indcpende-nt optical pickups,
that is the CD pickup la and the DVD pickup 1b, are provided as
the optical pickup 1, as discussed previously.

The CD pickup 1a is provided with an optical system suited
to the CD 100 and the CD-R 110. A laser diode 4a, operating as
a laser light source, has the center wavelength of the output laser
of 780 nm, with the objective lens for CD 2a having NA = 0.45.
The objective lens for CD 2a is held by a biaxial mechanism 3a for
movement in the tracking direction and in the focussing direction.

The optical pickup for DVD 1b has an optical system optimum

for the DVD 120. A laser diode 4b, operating as a laser light

source, has the center wavelength of the output laser of 650 nm or



objective lens for DVD 2b is held by a biaxial nmechanism 3b for novenent
in the tracking direction and in the focussing direction. If the
optical disc Dis the CD 100, the playback operation is perforned by the
pi ckup for CD la. The reflected light information fromthe optical disc D
is detected by a photodetector 5a and converted into electrical signals

correspondi to the.received |ight .vol S, Q be s |l i_e o] RF
block 21, ©35 Ry Witk £t joBjecss 18T £F RV Fh BeVinke & 5 Bafy The
operati on bs%@&ﬁcgrmq Byr B PIKYR hold BYPal BiadidilAledhedidn SHefor
reflected light information fromthe optical” disc Dis detected by a

phot odet ect aroveméind i ¢ akectiaxkingt direlcend s iadal isitheafsceswingspiveditignt 0 t he

received light volunme so as to be supplied to the RF block 21. =~ The CD
pi ckup and the DMDthe epticalpdisceDpiHithgegD d9fecthievplaybapk pperation is

hot odet ect 5a, , ith, i ght - t hot t ect of
Pt o0etectof e iad By W pidkhtay BT TR SN e TSR gos
f which - 3
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includes a goh{EfledVRitlor8R PR sTERRIS cbeHédpoiing™Y ithe aleceivéditigind a
matrix cal culation circuit and generates necessary signals based on the

signal s frowohheepoandettecsoppli®d, tdob. RFdloekahl e, the RF bl ock 21
generates RF signals. As playback signals, focussing error signals FE and

tracki ng servo difgie @pticalofisedydscd YD 330, -the plaghack pperation
so-cal l ed sum si gnal s, ,and, di sc. . 14
di scri mi nat 1oR 51t ¢ mickppy far PRy by B9 rt]b.ls case, the gaflested i on
signal's A Bey€ 3001 bY olnerdet e¢her opHigal ] djisd €0 | is Sigtédtedndopl §r 11 of
the ei ght-segrrent phot odet ector, the bl ock 21 generates the focussing
error signaphotdalevedtdbhe bpamd convirgedlinR) ebyctridut fighladyicogrepaddians:
FE = (A+C) - (B+D) Pl = A+C+B+D

to the received light volume so as to be supplied to the RF block

21.

The CD pickup and the DVD pickup 1b are provided
respectively, as the photodetectors 5a, 5b, with a eight-segment
photodetector, made up of four-segment detectors S,, Sy, S and S,
on either sides of which two-segment detectors Sg, Sy and two-
segment detectors S, Sy are provided, as shown in Fig.4.

The RF block 21 includes a current-voltage conversion circuit,
an amplifier circuit and a matrix calculation circuit and generates
necessary signals based on the signals from the photodetectors Sa,
5b. For example, the RF block 21 generates RF signals. As playback
signals, focussing error signals FE and tracking servo signals TE for

servo control, pull-in signals PI, as so-called sum signals, and disc



For generating the tracking error signals TE, the RF block 21 has a
tracking block 40 configured as shown in Fig.5. The tracking bl ock
is a block for generating tracking error signals TE fromthe detection
signals A to H of the eight-segnent photodetector and has three tracking

error signal generatlng bIocks 41, 42 43 for generating three tracking
error signal ? 339 im nDr Iﬁ gﬂg 5. The tracki ng bl ock
sel ects the THY eé We{gk‘l ﬂ& & srg ki }‘ED or DPD by a changeover

switch 44 to outpimt HérettlSif sfghnSisIRal BVica a@l'a 9“59“* apI eg ?5orsT@e S

changeover switch 44 is a four-Tnput Swtch and is”a *ectd ng
an external Sgnpud Sigo0fl thé Deighbes eginidrirc phestodwitéctord4the R hdbickg21
control | ed, depending on the type of the optical disc D. by the

above- nent i ogeaewweﬁhecﬁmummgrerzgrasaapa FEoanditder pullntt signalhBI by pe
of the optic gJi D based on the disc discrimnation signals DDerr],
DD err] and gﬁ pliowing °q“Sbl=?d35f'| cally, the systemcontroller 30

di scri m nates bet (;J{n é QHY CO-R 110) and the DVD 120, having
different disc substr ?hl ses, based on the disc discrimnation

signal DD[err], Pl = A+C+B+D 15 while
di scrimnating between the DVD 120 and a DVD-RW 130, as |ater explained,

by different reflBatgentitingbdetrarkinpeerdioscsigdabe MBY tid | RF blaplal2}
DOjerr]. If, as a result of discrimnation, the optical disc DI oaded on
the turntabl kay & §raqkingoblagk 40 crafigumd 2schawe isyFign. control ler 30

Swi t chi ng- control sI‘heh%racrk %eg 5S¢k is a block for generating tracking error

signals TE from the detection signals A to H of the eight-segment
photodetector, and has three tracking error signal generating blocks
41, 42 and 43 for generating three tracking error signals 3SP, DPP
and DPD, as _shown in Fig.5. The tracking block selects the three
tracking error signals 3SP, DPP or DPD by a changeover switch 44
to output the selected signal via an output unit 45. The changeover
switch 44 is a four-input switch and is adapted for selecting an
external input signal AUX. The changeover switch 44 is switching-
controlled, depending on the type of the optical disc D. by the
above-mentioned system controller 30 adapted for discriminating the
type of the optical disc D based on the disc discrimination signals
DDy, DD yp and DD, .

Specifically, the system controller 30 discriminates between the
CD 100 (CD-R 110) and the DVD 120, having different disc

substrate thicknesses, based on the disc discrimination signal DDy,



switch 44 such as to output tracking error signals 3SP. If the disc Dis
the DVD 120, the systemcontroller 30 switching-controls the changeover
switch 44 such as to output tracking error signals DPD, whereas, if the
disc Dis the DVD-RW 130, the system controller 30 switching-controls the
changeover switch 44 such as to output acking error signals DPP.

|0 the tracipg back dfu L fb'erté,teem%? Griod 23hODFhvIHISON Ao, bl ock

41 generate ee- sPot' "Eype facking si"gna ce with

the equatiopater expidftfed; (65Fhiffer&at) reﬁ@@hv'iﬁesthﬁaééd Sont rafki @fsError
si gnal generating bl ock 41 generates a difference signal-between a sum

signal of ddisafindnatiognsignat BB, .FI6f adehecesuis Sfedrs]cramdnﬂxem;]thmd a
sum si gnal of detection S|gnals G and H of detectors Sl[lerr] and Slerr].
The det ect oP@tisfadrdiscaRgloydad pnathe twentagde Linthe For Poa?nti thecEPRar e

d th sid f the d t SA .o S dat th
entor of 't AdOo iR “GREHEnEOBERIAE: S0. 6P ItoRRarEErbiala” HhE PoaRGever

The present (2YaHe 4l ugh GNPS | Sudliliopld Mnd) SHAT é&fna‘ift%f"?ﬁ the"8isc

tracki ng error duri ng reproducti beam™spot Tor © etor di ng

track gener gt ¢4 tp8 mive) gi2)altheusy Aeen Qfontth@ueptso:abn%mg controls the ,
16 having a thickness of approximately 1.2 mm that is the CD 100 or the

CD-R 110. changénvehewitdlerd4hamch asheo ssupnd treekkigigreer sigsalgnBPD,

generating bl ock 42 generateg tracking erfor signals'oep of ‘the .
30 switching-controls the changeover switch 44 such as to output
tracking error signals DPP.

In the tracking bock 40, the first tracking error signal
generating block 41 generates three-spot type tracking error signals
3SP in accordance with the equation:

3SP = (E+F) - (G+H)

That is, the first tracking error signal generating block 41 generates
a difference signal between a sum signal of detection signals E and
F of detectors Sy and S; and a sum signal of detection signals G
and H of detectors S; and Sy. The detectors Sy and Sy and the
detectors S; and Sy are arranged on both sides of the detectors S,
to Sp, arranged at the center of the eight-segment photodetector, as
discussed previously.

The present system is a generic detection system for detecting

the tracking error during reproduction of a laser beam spot for the

recording track generated on the signal surface of the optical disc



push-pull systemin accordance with the equation: DPP = {(AtD) -

(B+O} - {(F+H) - (E+Q} The present system is a detection

system used for recording/reproducing an optical disc DVD RW

(Rewritable) which is a rewitable recording nedium now being researches,

pursuant to the DVD standard. The physiﬁﬁal structure of the DVD-RW 130 is
ely)

herei nafter ;expl ai hed.with refer .to .Ba_and 6h.. I myharly to
t he DVD 120,haf(ﬁgg[i/%gff§%ﬁeﬁf ﬂgsap?}g%éﬁglt sar’?a%lggl’ftol}arhhsﬂs §Pea0§pgglbn8rof
approxi mat ekgecp-gm fgomthe disc surface. In a recordable area of the

I nstant enbodi nent of the DVD-RW130 is pre-formed a traecking pre-grove
132 for extendi nQn €ips bahky hfandinthleeségonad tracking el osigralr gene@3isgown
in Fig.6a. This pre-grove 132 is forned on a disc substrate 131, and
has its |ebloghd4?igememstgsvtrackpogt¢ines signalsr DRP aof 4her differeptiai od
in meeting w tg thf address infor tion,,ﬁ_ﬁs shown in Fig.6b showi ng part
of the pre- @td8vRutlsystemninpgenr e Withthejegquatigny, o groove 132 is
meandering at a ; Se lod ) | 1 wobbl i ng signals
generated on theﬁg,;i)si sf(o'?'?{)l%e S%%P@gs‘giw#ﬁ? 'a?%tz:f nfined between

nei ghboring pre-gheovgpesedd | $ysftdmndisl33 ThaestidiCaydkem! hasdidscfor
substrate 131 forned with the pre-groove 132 and the land 133 is coated
wi th a phaseetosding/tepradodingi ay dplionl akisa D¥IDRWh¢§Rewritable) which

17 layer, having its reflectivity changed depending on the crystallized
state. Dat aiterewetidpbledresendisgpgred jiBono ™ b2ing reigearehet.dPREFUaLaEK.

the DVD standard. The physical structure of the DVD-RW 130 is
hereinafter explained with reference to Figs.6a and 6b.

Similarly to the DVD 120, the DVD-RW 130 has a signal
surface formed at a spacing of approximately 0.6 mm from the disc
surface. In a recordable area of the instant embodiment of the
DVD-RW 130 is pre-formed a tracking pre-grove 132 for extending
spirally from the inner rim to the outer rim, as shown in Fig.6a.

This pre-grove 132 is formed on a disc substrate 131, and has
its left and right sidewall portions meandering at a pre-set period
in meeting with the address information, as shown in Fig.6b showing
part of the pre-groove to an enlarged scale. That is, the pre-groove
132 is meandering at a pre-set period corresponding to the wobbling
signals generated on the basis of the addresses. The area confined
between neighboring pre-grooves 132 is a land 133. The surface of
the disc substrate 131 formed with the pre-groove 13.2 and the land

133 is coated with a phase-transition recording film, as a recording

i



In recording/reproducing the data on or fromthe DVD-RW 130, the DVD
pi-ckup | b generates three light beans by a diffraction lattice and arrays
bot h si de beam spots on the recording surface of the optical disc with an
of fset of one-half the track pitch along the disc radius relative to the
mean beam spot. The reflect ed |ight of the main beamis detected by the

phot odet ect 09 Sholivine 1% Falikitiiefy | se&ﬁ’@%&%{lgw"ééﬁibét SARaPER < A
to D. (n th%t?@eheba'i‘éngre t&%ofﬁgg[g ar#d;%h%r%v h?3 | de &eeagﬁ§t>er§féeCt ed

by the split detectors 9S[err e sp etector and
S[err] so asrgsk.be outputted as detection signals E to H  The
above-nentioned cal cul ati ons are executed on the detection signals Ato H
det ect ed by t he betrcwoodingfleeroflucmgS|tdrer [daiter opr odufiiomy the DVIZIERWY
error 5|gnals DPP of _the differential push-pull &stem The tracking error

si gnal s DPPlaQe therRYP cPFCBFPs]é{ g@&ﬁﬁ%?f‘én‘éls“’&pbgbé °B§“’bl9]ye%t¢§@alcé’r@
novenent onlattraeclg g_error X e t he cQnye Thl onaéoxg* P%tj Lystem
o add ¢ on =SS SnaP af{ 4K BB 08 Seam FrgCouR B ot BHEE Pirsefls
configured gfe %}R‘i"f}a! Q:Eégv?hfﬁ{ oQ?MDgE JHe-hiagr Eﬁé“ikhé‘ﬂﬁgﬁéﬂr lg??g{lﬁi DPD

of the differential phase et ection system from dete

signals A, Bis€ radiud relatike cetthet mwanbgaﬂ:l spbt! TheHrefldchedelight -se£gment
phot odet ect or . The present systemis tracking error detection system
for an the main beam is detected by the split- deqq;:tgp§|&,a| Sgi s8¢ amsludp as an

(r)g'ég(r:g: ngl Zgﬁgﬁ\{l n% 3 th| ckness ofto(?&%rc%} teI m Flngu hsloghéasr tlon be

outputted as detection signals A to D. On the other hand, the
reflected light of the side beams is detected by the split detectors
Sz, Sy and the split detectors S; and Sy so as to be outputted as
detection signals E to H. The above-mentioned calculations are
executed on the detection signals A to H detected by the detectors
S, to Sy for producing the tracking error signals DPP of the
differential push-pull system. The tracking error signals DPP are
freed of offset components applied by objective lens movement on
tracking error signals of the conventional push-pull system.

In addition, the third tracking error signal generating block 43
is configured as shown in Fig.7 for generating the tracking error
signal DPD of the differential phase detection (DPD) system from
the detection signals A, B, C and D of the detection signals A to
H of the eight-segment photodetector.

The present system is tracking error detection system for an



That is, the third tracking error signal generating block 43 includes DPD

fi-lters 46A, 46B, 46C and 46D, supplied with the detection signals Ato D

of the detection signals Ato H of the eight-segnent photodetector

detected by the four central detectors S[err], S[err], S[err] and S[err]

of the photodetector detecting the reflgf ted light of the main beam and
ti
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signals Ato h-'rmted by t

respectivel ¥ppIBRihRté1Y 6 /ARl NHiLREPIn HcHFAlinH Tty PRaRtBCkCH318bSO

I ncl udes phase conparators 48A, 8B supplied wth output.signals of the

| evel conparat or Thd?¥ As, 44 thidfdC taadkindD emdrasigmilegeaeratingi bback 4D
supplied with output _si %.nal s of the phase conparators 48A, 48B.. In
the third tinekides DBBr Idtessa46fondoB i PG| sad 46D, pupplivd withnbhe at or s
47A, 47B, 47C and 47D, conpare . thg detection signals A.to D, eatered via
DPD fil t er s 9462Ct188pS!1 aftd t26§, 0?o?gl"p gtection figpals 4 t?oﬁ 85n€lé"rti ng

the detect! Qnfi-40glbud §Rofddételt ORIdCtactal UFF! o SRl ool ARScor

conpar at ors e-conpare the Dbinary-va detection signals A

to D. The nmgxi gy opendt SRdef theplutex Rbctdie dRbasHngorRraflRictedNghd8B is
10 VMHZ. The integrating circuit 49 integrates the output signals of the

phase conpafatioy maidAbed8Bwatth B el Hromprrotepudidng 47 #74&C leindg 480¥ or
si gnal s DVD. The DPD filters 46A, 46B, 46C and 46D of input units of

-

f
t he supplied with the detection signals Aqtp lq]plaedwigék-rlﬁgzgqqf &y %liﬁnal
generating Hlpﬁkfif’g’er%r e4§ﬁcpo %, uQ’eQLectively. The third tracking error

signal generating block 43 also includes phase comparators 48A,
48B supplied with output signals of the level comparators 47A, 478,
47C and 47D and an integration circuit 49 supplied with output
signals of the phase comparators 48A, 48B.

In the third tracking error signal generating block 43, the level
comparators 47A, 47B, 47C and 47D compare the detection signals
A to D, entered via DPD filters 46A, 46B, 46C and 46D, to a pre-
set level VC, for converting the detection signals A to D to binary-
valued signals. The phase comparators 48A, 48B phase-compare the
binary-valued detection signals A to D. The maximum operating
frequency of the phase comparators 48A, 48B is 10 MHZ. The
integrating circuit 49 integrates the output signals of the phase
comparators 48A, 48Bwith 30 kHz for outputting the tracking error
signals DVD.

The DPD filters 46A, 46B, 46C and 46D of input unrits of the



a high-pass filter HPF1 for cutting dc conponents, two band-pass filters
BPF1, BPF2 for anplifying EFM + signal conponents and an output selection
switch SWerr] for selecting the band-pass filters BPF1l, BPF2. The
frequency response can be changed over by selecting one of the two
band-pass filters BPFI, BPF2 by the ic.)gt put selection switch SWerr], as
shown in Fig,9. . The output sel ect¥on swtch err] is

S t chi ng. cOREETARKing (B RE L Eemraa bRk A BEE | AE Made 48 OBy e
above syste 1t 1.Ql| £ ' [ - 0L NAL € t pi L cal

disc D basg]dhg%mt agsa &/eé-o |scP iogc%ﬁ%ﬁgt ?gné%'?‘gﬁg}e}s{P%DEgP r i%n%D%ggg] and
D err]. filtedBPF 5, BPIF2 $y5taanpaoyingO BFM 8Gighar lcoi péh estshehdesn the -
CD 100 and the DVD 120, by the disc discrimnation signals DD[err], as

| at er expl aiomégut axedectiangewitnleS Wie, dintrpselsctingt the sand ersSVWiiHDef or
selecting the band-pass filter BPF2 having a passband on a higher side tan
the band- pa®Pk1. (BPF2prTher frpguency resppssovernibe. changedripvey by ock

21 generates Lrror_sigpal, MRR b%/ﬂg m rror,.,. bl 0%}_’ cgrfigured as shown
' Brg o, Sefedlig Phadl JFotn D YakyRediosuegty Fp Rl BRRAL, 6L, e
provi des at p%'i‘ghf‘&létleé‘trlbh SWPRIH sdvyd L hy & sR5wAl QRakig BF_AC, obtained as a
detection signal by the photodetect Ore Sa, bb, and an anplifier circuit 52
supplied w th anThuet putpat gfellectiid eswitchf StWig,] der padsching-centidliedpe
mrror block 50 al so includes a peak-holding circuit
20 depending on the type of the optical disc 30, by the above system
controller 30 which discriminates the type of the optical disc D
based on the above disc discrimination signals DDy, DD,y and
DD 4p-
That is, the system controller 30 discriminates between the CD
100 and the DVD 120, by the disc discrimination signals DD, as
later explainéd, and changes over the output selection switch SWy,p
for selecting the band-pass filter BPF2 having a passband on a
higher side tan the band-pass filter SPF1 if the disc is the DVD
120.
The RF block 21 generates a mirror signal MIRR by a mirror
block 50 configured as shown in Fig.10.
This mirror block 50 includes a low-pass filter 51, provides at
an input unit supplied with a RF signal RF_AC, obtained as a
detection signal by the photodetectors S5a, 5b, and an amplifier

circuit 52 supplied with an output signal LPF,,; of the low-pass

filter S1. The mirror block 50 also includes a peak-holding circuit



53 and a bottomholding circuit 54, supplied with an output signal

AVPlerr] of the anplifier circuit 52. The mirror block 50 also includes a
reference level signal generating circuit 55 supplied with output signals
PKHerr] and BMH err] of the peak-holding circuit 53 and the

bottom holding circuit 54. The mrror Rlock 50 further includes a |evel

ircuit 5 ljed . with a &P .level .signal REF fromthe
Cef orence | ovbiAnd gnotEREhSltiRs Sirduit o7, cuippticd Wit afl Surpet st Bt
50, I fil 1] f XU #AC tod . varisi ng Sl g rom
The RFAC ShonPois d€Igm dripHRf latfoy <2020 il UiBlcRd 54 Uit

bet ween 60 kicladds Iréfdrenly 1Rvelisi £iaSPbREr Mk g eilr Suftvb b Chi gy €@ @l | ed
by the system controller 30 depending on the type of the optical disc D

That is, theostmutemignatsr 8K s 38ndi BMHg paifeshe heedkiolding hercoftt isgal
disc D, by the nmethod as |ater, explained, based on _the disc discrimnation
si gnal s DD e#89  thep bathamghplding cir¢mits fdt cRhew mirxer bégckHéoorfurtgleao kHz
for the DVD . t he CD 100 resp ectively. .. . t he_ ot her
hand, the an‘;j)q%ﬁfllﬁg? ;cﬁeé'tﬁ tc?o?pl%ah%recflfg'r‘“ gﬁplsf’%w‘ﬁél t"ffé%ﬁ_t 5‘E|’E°r§|“§ﬁgl i
LPF{err] of fdia!l AUBRIEF! Hiot (b rlfflbondhSIdvlt {ipRNETR i as
its[gai n changed o\ggr bet vveelrﬁz drB an nfl‘:d‘B by tlﬁe sﬁpdﬁazmlrwﬁﬁch S
swi tching-coifrolled by the systemcontroller 30 depending on the type of
the optical disc D This switching is done for coping with recently
devel oped In this mirror block 50, the low-pass filter 51 is used for

extracting a traversing signal from the RF_AC shown in Fig.11a and
has its cut-off frequency changed over between 60 kHz and 30 kHz
by a switch SWLPF which is switching-controlled by the system
controller 30 depending on the type of the optical disc D.

That is, the system controller 30 discriminates the type of the
optical disc D, by the method as later explained, based on the disc
discrimination signals DDy, for changing over the switch SWLPF to
60 kHz or to 30 kHz for the DVD 120 and for the CD 100,
respectively.

On the other hand, the amplifier circuit 52 is used for
amplifying the output signal LPF,y; of the low-pass filter 51, that
is the traversing signal, and has its gain changed over between 12
dB and 2 dB by the switch SWAMP, which is switching-controlled
by the system controller 30 depending on the type of the optical
disc D.

This switching is done for coping with recently developed



21 rewitable optical discs CO-RWor DVD-RW enploying a phase transition

recording film Specifically, the reflectivity of the optical disc is

detected by the disc discrimnation signals DDferr] and the switch SWAWP

i s changed over to raise the gain to 12 dB for reproducing the disc

having a reflectivity of 1/4 to 1/5 @E reflectivity of the CD 100.
Y
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out put si gnal S?%REF:: ¥] 0 ﬁl?thpllgE holding circuit 53 and BMH err] of the

bott om hol di ng ci Fgeitterpdhef ﬁ)@%ktﬂsﬁﬁngolélﬂiﬂltSsﬂn%ﬁlspml_félkaﬂﬁle! of
BMH err], in accordance with the equation: err] +

BVH[ err] )/2 the ouffhy signall AMParavbrthei aoyilifibs coowir 63 ahé fesidsuthe
signal AMP[err] of the a?llfler circuit 52, that is the anplified
traversing OngRuf sighak REHamireta tle referancs inval signal gemerntingetincait e
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the output signal AMP,,, and feeds the output signal BMH,,, to the
circuit 55. The peak-holding circuit 53 and the bottom-holding
circuit 54 are configured for setting the time constants in 32 steps
by the system controller 30 responsive to the spindle speed or the
traversing speed.

On the other hand, the reference level signal generating circuit
55 generates a reference signal REF, having a signal level
intermediate between the output signals PKHyyy of the peak-holding
circuit 53 and BMHy; of the bottom-holding circuit 54, from these
output signals PKHyyy and BMHgyr, in accordance with the equation:

REF = (PKHgyr + BMHyr)/2.

The level comparator circuit 56 compares the output signal
AMPoyr of the amplifier circuit 52, that is the amplified traversing
signal, to the reference level signal REF form the reference level

signal generating circuit 55, as to the signal level, and generates a



22 mrror signal MRR shown in Fig. 11d. Al so, the RF block 21
geherates disc discrimnation signals DDerr], DDerr] and DDerr] by a
di scrim nation signal generating block 60 configured as shown in Fig.12.
This discrimnation signal generating block 60 includes convert-to-binary
circuits 61, 62 for converting the focgzsi ng error signal FE = (A+Q) +

(B+D) and the.pull-in si P| = A+C+B4D, generated fromthe detection
signals A, B?”E’%{nﬁ‘ﬁﬂ%ﬁ?% Gé?@’é’t’d‘rg‘gé[lélr-r] to S[err] of the

ei ght - segnment pho et | it iynar ignal s. The di.scrininati,on signal
generating bl ock %%él ?gé %\%Iﬂﬂ ecgc 2% %ﬁ%"}%}%{@e gés?o sﬁ‘%ﬁ"r‘fé“f%e“ﬁﬂﬁfscal
product of opmpyt Db YRAlandDBIE L 1bpnd disdNiffihhtidh {mA08¥EELatiRs Po NAY
circuits 61, 62 and g’?lbaA/D con{/’{értsgr é4 for cgnver%kﬁlng he“saltté{r;i’%lbb evkel of
the pull-in 60gretfipuredtas stiogint ah Bigt.42. The out put signal DD err] of the
convert-to-binary circuit 62, the |aogital product signal DDOerr] fromthe

AND gate 63 and tHis ofiisssimingfian Dojgsal| genernting DbtewkerG®r ifdlutes

routed as disc__discri;minatiqQn signals _to,.the systemcantroller, 30.
The signals GRREFY: %fbdf}af%e‘"ﬁ'“ﬁgo@o 5% ﬁqfecPBéPé'dngoﬂ’eF EoRyesing: etaamar y

et ng AR PR (RESZE DT yndhe PSSR W A o

generating circuit 27. at i s, the ayback

21 are rout egeserathé feomyehé -derebtivar Yi%xFJIECAJ,i B,28, 20D &yt fife 4QEMSEI MY
error signals FE, tracking error signals TE and t he pull “in signals Pl are

routed to th&aster e pfoths sighgisegment Iphatiogetecsmy, i nitoabingrysiggakss.

DRferr], DDAPPe aggschntx)ﬁBtt?gg srigltjlg,?%etn%r;thi%gs lsc}c?cm680anltsgoilnlc?1rxdg(s)'an AND
gate 63 for finding the logical product of output signals DDygy and
DDy, of the convert-to-binary circuits 61, 62 and an A/D converter
64 for comverting the signal level of the pull-in signal PI into
digital data. The output signal DDy, of the convert-to-binary circuit
62, the logical product signal DD, from the AND gate 63 and the
output signal DD,,, of the A/D converter 64 are routed as disc
discrimination signals to the system controller 30,

The signals generated by the RF block 21 are routed to a
convert-to-binary circuit 25, a servo processor 31 and a
discrimination signal generating circuit 27. That is, the playback RF
signals from the RF block 21 are routed to the convert-to-binary
circuit 25, while the focussing error signals FE, tracking error
signals TE and the pull-in signals PI are routed to the servo

processor 31, and the disc discrimination signals DD, DD ,yp and

DD,,, are routed to the system controller 30.



23 The pl ayback RF signals, obtained by the RF block 21, are processed
by the convert-to-binary circuit 25 for conversion to so- called

ei ght-to-fourteen nodul ation signals (EFM signals) in case of the CD or to
EFM+ signals in case of the DVD. The converted signals are routed to a
decoder 26. The decoder 26 executes EF denDduIatlon or Cl RC decodi ng and,

|1 need be. (D RW.IGG004 00 R, MERRIICCBELeh0hy ey R ChBLE S 534 O

fromthe optical roces era es vari ous
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focussing dridrvBEG & scatidgt Ber tﬁhecmt&xﬁiiﬂxua ptaNad ot FeHAr Ihedopeidaansi ve
to the focussing error signals FE and the tracking error signals TE from

the RF bl ockligd Bwre routed to a biaxial driver 18a which then drives the
bi axi al mechani sm 3a of the CD pickup la. This coppletes a tracking servo
| oop and the focddsi ﬁ@r\s%rmcresstpr B Esdecptes YRaiPUsL gerve yrdeks.28uchser vo

processor 31 _apd t dri
20 e2 " apenE el Bt sy 'WRE SUdvioghe prive deivssigpi Eom thfa o
and the tra%'c'ﬁgsﬂf% \eeréf Q'?éhélsgeﬁﬁré‘ﬁ@dtrléﬁﬁﬂpé‘se'r)‘& tsGehBfs TEOGYSR Ble I T OF
signals FE and the tracking error signals TE from the RF block 21 by the
servo procedsbrbidtkace, rand didoimo spiddlexieator dignels SPE Mo ah theesyshdames
t he bi axi al mechani sm 3b of the DVD

controller 30 for executing the servo operations.

That is, the focussing drive signals or tracking drive signals
are generated, responsive to the focussing error signals FE and
tracking error signals TE, so as to be outputted at the swiich 24,

If the optical disc D is the CD 100 or DVD120, a terminal T,y or
a terminal Ty, of the switch 24 is selected, respectively.

During reproduction of the CD 100, the focussing drive
signals and the tracking drive signals generated responsive to the
focussing error signals FE and the tracking error signals TE from
the RF block 21 are routed to a biaxial driver 18a which then drives
the biaxial mechanism 3a of the CD pickup la. This completes a

tracking servo loop and the focussing servo loop by the CD pickup

la, RF block 21a, serve processor 31 and the biaxial driver 18a.



pi ckup I b. This conpletes a focussing servo |oop and a tracking servo |oop
by:the DVD pi ckup 1b, RF bl ock 21b, servo processor 31 and the biaxial
driver 18b. The servo processor 31 routes to a spindle notor driver
19 a spindle drive signal generated responsive to a spindle error signal
SPE. The spindle notor driver 19 is resp% sive to the spindle drive signa

- dri I dl e ' th

Qv Fotation of dEnas FepeoTfncot ti BRGS0, Shesstrewsping dtive

responsive t ‘fs S{HH"%@ K"a%lfcé ag‘xeiv%o ﬂ)Jlss 91'? at d]c érpsEiv y),sé
By

controller 3 start or stop e spin splnlermor

driver 19. focussTﬁlg @x%ws;@rn@qessmram tmenefmﬁﬁgaeﬁﬂoadsﬂgﬁm YEIFPdm
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25 motor 8b 3 pundnelie/Bidxial deiwdreti8blr i ve signal . A | aser diode 4a in
the CD pickup l1a is driven by a |laser driver 20a. On the other hand, a

| aser di ode 4b i TheheeDud priogiegpor IH iroudies tenabspiadiagrotalr idrévedls. a

spindle drive signal generated responsive to a spindle error signal
SPE. The spindle motor driver 19 is responsive to the spindle drive
signal to apply a three-phase drive signal to the spindie motor 6 to
cause the CLV rotation of the spindle motor 6. The servo
processor 31 is responsive to the spindle kick/brake control signals
from the system controller 30 to start or stop the spindle motor 6
by the spindle motor driver 19.

The servo processor 31 generates a sled drive signal, based on
the sled error signal produced from the tracking error signals TE or
the accessing execution control from the system controller 30 for
supplying the generated sled drive signal to a sled driver 17. The
sled driver 17 is responsive to the accessing execution control to
drive a sled mechanism 8. This sled mechanism 8 i§ made up of the
main shaft 8a, sled motor 8b and the sled transmission gears 8¢, 8d
and 8¢, shown in Fig.2, such that optimum sliding movement of the

optical pickup 1 occurs by the thread driver 17 driving the sled



The | aser drivers 20a, 20b has enclosed therein an automatic power control
cirrcuit (APC) for controlling the |aser outputs of the |aser diodes 4a, 4b
so that a detection output of a front nonitor photodi ode PD adapted for
detecting the light volume of the laser light radiated fromthe |aser

di odes 4a, 4b will be constant The APC circuit is nmade up of, for

exanpl e, three‘lg té’@%sy%nsn tﬁé 841 a{?rp %1‘%& 72 and 73, as shown in

Fig. 13. Th& WBE T7 F&d operat es I'ng a detection output of the

front nonitor  pROYPHOEGHD By hhetlfe' 'SH- ?l‘@i&f»‘p apl isf igefvén repid 1akepnd
the next- stage anplifier circuit 72 for feeding back the anplified output

to the out guivext 29a. Ol tilfel other hauwid, & Jasles diodet4ie ihader DOVDdpidiEup or
driving-controls the | aser diode LD so that the detection output of the
front nonitdb ishdrizerdueammser (driver 88hst ant. This APC circui t has, inits

tial-st t 7 hi tch whi ch
B athtZda?ﬁra"ﬁJnfc S%g/ GFETh 0408 hLR FACIBRRGANRToln A UkPEALY Cui
bet 33. P
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the opti cal lﬁde’icdibdes 4a, $Be§bfﬂ£3a5t| hydeimlsxswmww@lt&rntBmetor
di scrimnates, based on the disc discrimnation signals DDerr], DD err]

or digiti zedhboodm;deng’D exdaprtedi fpaldet ©Efimgr the dsglitatvelum:pbﬁnhed lashket her

the optical disc
si ngl e- 1 aye?‘géltséa‘%l‘ratﬁdd@'ﬂ’ﬁ’f‘ etheyaseq dicdes) fay kb gwild by |°§Itﬁén‘ The
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circuits 71, 72 and 73, as shown in Fig.13. The APC circuit
operates for amplifying a detection output of the front monitor
photodiode PD by the first-stage amplifier circuit 71 and the next-
stage amplifier circuit 72 for feeding back the amplified output to
the output stage amplifier circuit 73 driving the laser diode LD for
driving-controls the laser diode LD so that the detection output of
the front monitor photodiode PD will be constant. This APC circuit
has, in its initial-stage amplifier circuit 71, a gain-switching switch
SW,pc which is adapted for switching/setting the closed loop gain
of the APC circuit between 33.2 dB and 28.8 dB as shown in
Fig.14. The switch SW,,. is switching-controlled by the system
controller 30 depending on the type of the optical disc D.
Specifically, the system controller 30 discriminates, based on
the disc discrimination signals DDy, DD,y or digitized focussing

error signals DDy, as later explained, whether the optical disc D is



changed over so that the closed-loop gain of the APC circuit will be equa
te 28.8 dB. This increases the output of the |aser diode 4b. Conversely,
the single-layer disc is higher in reflectivity than the doubl e-I|ayer

di sc, such that the systemcontroller 30 causes the changeover swtch
SWerr] to be changed over so that the_closed-1oop gain of the APC circuit
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surface 122. Thus, if e playback si'gnal surface is the second “si gnal

surface 124 thehdoslletbapesodisicolsueh Gatl aber systbm cbasesHepG0 gauses eha
value lower than that for the first si gnal surface 122, while raising the
out put of tohanggeaerdividehsPW ghie byahangedtover aediesdheockased-tognal

o0 ding, | et e Reb Sl e L 38 5F! 6 5b, Bherie
effectuati nqn]tggqro}- itﬂptla%mszfiio%% Qg_ the optical pickup I during

If, in the case of the double layer disc, the modulated data

(eight-to-sixteen modulated signal) is demodulated by the decoder

26, the system controller 30 judges, based on the discriminating

signal recorded on the signal surface of each signal recording layer,

whether data being reproduced is data recorded on the first signal

surface 122 or that receded on the second signal surface 123. The

second signal surface 124, that is the signal surface separated from

the disc surface 128, has a reflectivity lower than that of the first

signal surface 122 because the laser light is illuminated on the

second signal surface 124 via the first signal surface 122. Thus, if

the playback signal surface is the second signal surface 124, the

system controller 30 lowers the closed-loop gain to a value lower

than that for the first signal surface 122, while raising the output

of the laser diode 4b. Thus, gain control adapted to each signal

recording layer leads to further stabilized signal reproduction.
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reproduction under instructions fromthe systemcontroller 30 to route the
generated | aser driving signal to the swtch 23. The swtch 23 has its
terminal TCD and its termnal T[err] selected if the optical disc Dis the
CD 100 or the DVD 120, respectively. Thus, the |aser diode 4a or 4b emts
| i ght depending on the type of the optigal disc D to be reproduced.

The above-descrﬁed servo__or decgﬁli ng (r)g%r ations re . controllltgdrby
the system control1%e38° cBHPFISES 3, BFBPTEEANS (2500 SRS o8t &P

The operati t1aQlart €L NAL; d [ s CCHRS3hRO. -
fast feed rggr?%%ucatiihgén lc?%err e\i/%viglrilgdt r@;eﬂplrglt:)li uct(iyﬁﬁlh%alr?%ggmr ggﬁ%zégdqby h
control |ing repeodpetian @hdefr ihstraetiomspfoemsshe Sistem ddrtroplerc3dld pockup
1 by the systemcontroller 30. . This optical disc can cope with both
the CD 100 aoaterdesenerrred lasedr dniviog: sigaal giocthgpswateh 285 The spridek 21a

or 21b, laser. .dri.ver 20a, 20b and, the biaxia river 18a o 8b arge
provi ded for?3 B&§dtedermansgh Looidnd it 1‘06“’(”“‘{ ﬁgﬂ\D °l°26,% Fés‘é@c?%’(—ﬂ‘?.
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whet her the optic or 't he when’t'he optr cal

disc is | oagaddens POY Kb%itfsolfigﬁﬁtdte'p'%ﬁld'iﬂ%j%? tAk PR be'tWeNdpbical [HsE] OF
T[err] of each of the switches 22 to" 24 under control by the " system
controll er 3W.to be repyrahgpeidne optical discs D handled by the present
optical disc . 28 device, the CD 100
and the DVD 120 R&ge shevsidgnariked f #ea¥0109r decoding operations are

controlled by the system controller 30 comprised of, for example,
a2 micro-computer.

The operations of start or termination of reproduction track
accessing,. fast feed reproduction or rewind reproduction can be
realized by controlling the operation of the servo processor 31 or
the optical pickup 1 by the system controller 30.

This optical disc can cope with both the CD 100 and the DVD
120, and the optical pickup la or 1b, RF block 21a or 21b, laser
driver 202, 20b and the biaxial driver 18a or 18b are provided for
devoted use with the CD 100 or the DVD 120, respectively. Thus,
for properly exploiting these devoted circuit systems, it is judged
whether the optical disc D is the CD 100 or the DVD 120, when the
optical disc is loaded in position, for setting to one of the terminals
Tep or Tpy of each of the switches 22 to 24 under control by the
system controller 30.

Among the optical discs D handled by the present optical disc



and 112 at a separation of approximately 1.2 mmfromthe disc surfaces 105
and 116, respectively. On the other hand, the DvD 120 has the signal
surface 122 at a separation of approxinmately 0.6 mmfromthe disc surface
128. For expl anation sake, the CD 100 and the CD-R 110 are terned a
1.2 mmsingle-plate disc, while the DV3gl20 i's termed a 0.6 nm | am nated

di sc. The objectiye ns of pickup.la is ve b

f ocussi ng sgfybc%pgl?%téf%n}b na'éggﬁhreeé?g)n?ggv\hmg té\?ds%&/ﬁa‘{}‘o??gﬁ?]cteﬁem@ 100
so that thegLhasgnql i;ghl W og¥s . i I rd36e thk0%;0f the
CD 100 (1. Zah?n gilr%glag-%l g%%ﬁ%? gg éﬁgﬁﬁ’é\{%‘% ?g%mﬁy fr% I f O(?Zdljgsi ng
servo contrgurfécedx@ost eAdditegt Irgspbttivelpaddnahef othbe tnid,céhe dDMD D,
such as the CD 100 or the DVD 120, the objective lens 2a first is

conpul sori | 1 2@ohes thet diigmal hxurfecaskih@gt seapehetiangef apprasimetelyy0.6

focussing pull-in range corresponding to the linear area of a S-shaped
curve. If @H8 frgm the discapy "Ieog%& is turned on with the objective |ens

2o A, | SCUSSRRP, Bblillioh R, AR, |COUIUNNREI I EBLIC' 116 4y,

subsequent |y execu convergéen e ju ocus s

focussi ng S?éfxﬁbdailci.ﬁpﬁ%%iiﬂglé-%ﬂé{& Aeeatiine i HYPr 120 HVeeppkical
pi ckup I b associated with the DvD 120. It should be noted that the

just-focus Poémhmilantinpoedtdiet. focussing of the |laser light on the signal
surface 122 of the DVD120, which is the 0.6 nm|am nated disc, as shown in
Fi g. 12c, The objective lens 2a of the CD pickup 1la is moved, by
focussing servo operation, in a direction towards and away from the
CD 100 so that the laser light will be focussed on the signal surface
102 of the CD 100 (1.2 mm single-plate disc) as shown in Fig.15c.
If focussing servo control is executed directly after loading of
the optical disc D, such as the CD 100 or the DVD .120, the
objective lens 2a first is compulsorily moved within the focussing
search raﬁge for detecting focussing pull-in range corresponding to
the linear area of a S-shaped curve. If the focussing servo loop
is turned on with the objective lens 2a in the focussing pull-in
range, the focussing servo control is subsequently executed for
convergence to the just-focus state.
These focussing search and focussing servo operations hold for
a DVD optical pickup 1b associated with the DVD 120,
It should be noted that the just-focus point is a point of

focussing of the laser light on the signal surface 122 of the

DVD120, which is the 0.6 mm-laminated disc, as shown in Fig.12c,
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29 and differs fromthe CD 100 as a position along the disc thickness.

For both the objective I ens doe CD 2a and the objective lens for DVD 2b,

t he focussing search range is fromthe bottom position of Figs.15a and 16a
as far as the top position of Figs.15d and 16d. |If the position of the
just-focus state of Figs. 150 and 16c¢ |s the |n|t|al reference posi tion,

e f ol N S5rs Pe8 e 8T [Ae isca Thsicion, afdhe iy Fhe Shiskdans 2,
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obtained as reflected light information data fromthe optical disc D.

In the vici mftﬁxg;sf I6heandistéd asuarpos nheavpsposition ¢f Jags S dmad 16d. t he
reflected I| Is detected at an optinmum|level, a S-shaped, curve is
observed asl h%hef (P(ﬂfé%‘ﬂﬁg%r?hﬂ Jgﬁgﬁapgsmatmﬂfﬁaﬁel Sﬁnﬁﬂ‘itm‘é isethe is
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reflectivity. Thus S- curve’is observed as the focussing error

signal s FE, lehs |25 fosVID) aanlbé wdeiddirlits podisiynetarsréhaipelto the
signal PI. Thus, the systemcontroller 30 discrimnates the type of
the disc DGR108eeox |thg RVPai2fetas sbowmeth FigshiSa ypel pd amEBigptliéeato di sc

D, based on _the disc discrjimnation si AND, _obt ai ed b gate
63 finding &1 8FcAPCPF HAEcteEPT o SEHTT %l%EDI"sr Iﬂbferpr‘} dftd s){gna,ls AFP

associated with the respective positions can be obtained as reflected
light information data from the optical disc D.

In the vicinity of the just-focus point as shown in Figs.15¢c and
16¢c, the reflected light is detected at an optimum level, a S-shaped
curve is observed as the focussing error signals FE, while the
amplitude level is increased for the pull-in signal PI. In an assumed
state of Figs.15b or 16b in which the light is focussed on the disc
surfaces 105, 128, the reflected light is detected on the disc
surfaces 105, 128, albeit at a low reflectivity. Thus, a small S-
curve is observed as the focussing error signals FE, while a small
amplitude level is observed as the pull-in signal PI.

Thus, the system controller 30 discriminates the type of the
disc D for setting a parameter suited to the type of the optical disc
D, based on the disc discrimination signals DD ,,,, obtained by an

AND gate 63 finding the logical product of output signals DDg; and



30 DDjerr] "‘of the convert-to-binary circuits 61, 62, output signal DD err]
of the convert-to-binary circuits 62 and the disc discrimnation signals

DD[err] corresponding to the digitized signal |evel of the pull-in signal
Pl by the A/D converter 64. The convert-to-binary circuits 61 and 62
convert the focussing error signals FE = (A+C) - (B+D) and the pull-in

i | Pl =_A+C+B+DQ, t ed t he 3§ ti i A Db
the det ect oPDwth Fre LaRaiert tospliTTy arpuatiiy of pHEPobsiRpeL R ent
phot odet ect pge 'cgtx@ep{-qgr-ﬂfn\s’a%{y:-’fﬁcﬁ'iwabSand the dii¥ dfPe3Rifatids §

. . i%‘iia[s
obj ective | ens I'S conpu noved as 1 n focussing search, the
anpl i t ude oD, pedonrespbadingnab shéfapgitiied tdignaptiedall dfsehd pirilhiid he
pul'l-in signal PI_and the anplitude obtained on the disc surface are
conpar ed t osignah BI ey thand/Pheorvertsroé4 bofltheapphventide-binanyasincadts or

di scrim nating whet her the ptical disc Dis the CD 100 or the DVD 120.
That is, sifidcath&2 sopxest itgﬁ fogmsing efres sigeleFEGS %"‘?Ee‘ §B3D)

surface 102 _0 he .2 mmsingle-p | SC IS .approx mat 2

wher oae 1 hoR8 ik Rpfisfe AreRel B SFARCE I £ ARPO AR P dureellin 1))
of the O0.6sigRaianAnag e disd HSo AP deTBERI Y% &6 ST sthenlii 88 b#0the
between the t1mng of jJust-focussing on the disc Surtacé to gi ve an

anpl i tude asiglithgegmennpladtgdetectOciase rtgnanyivelueidgsigdnalsr face to give
an anplitude differs between the 1.2 mmsingle-plate disc and the 0.6 nm
| ami nat ed di sc. Ff ¢xemplpe ast the obdettivediens 2dissepmpuiseridn mevead dor

xaml e the BULL LN Slanely, 85 dhSgusant obluindd oBRHENi A LEREST S
the optical disc D with the pull-in signal PI and the amplitude
obtained on the disc surface are compared to each other, and the
time of both amplitudes is measured for discriminating whether the
optical disc D is the CD 100 or the DVD 120. That is, since the
separation from the disc surface 105 to the disc surface 102 of the
1.2 mm single-plate disc is approximately 1.2 mm, whereas the
separation from the disc surface 128 to the disc surface 122 of the
0.6 mm laminated disc is approximately 0.6 mm, the time lag
between the timing of just-focussing on the disc surface to give an
amplitude and the timing of just-focussing on the signal surface to
give an amplitude differs between the 1.2 mm single-plate disc and
the 0.6 mm laminated disc. This can be wutilized for disc
discrimination from, for example, the pull-in signal, as discussed in
US. Patent Application Ser. No.08/915877 (filed on August 21,
1997).



31 Simlar discrimnation can be nmade using the focussing error

stgnals FE. In the present instance, the following disc

di scrimnation operation is perforned, using the binary-val ued disc

di scrimnation signals DD[err] converted fromthe pull-in signal Pl by the
above-nentioned convert-to-binary circupis 62. The system controller

30 commends the g;giv0 pQGAIRRIEA Lo Y 'BRde Mg bd 18Rkl GPbECtive

lens 2 simlar. to ocussSI ng Searc he "'S8rvo process

responsi ve tsh@i#£is0 FB, rout itBet hproisnt alinsianeR] S A, réblb Wiy gk shown
in Fig.17a as a focussing search drive signal. In the present

i nstance, edibcdwinetio22ppdatian ist perfommed) uifng rthe bimaryevelhéd disccuit
such that the operation for disc discrimnation occurs using the DVD

pi ckup I'b. fés¢Hmination signals DPe copvosted dpomythe pulitie sigsalaPldbyver

3b by the fogussing search drive signal .as__shawn in FiLg.17a for

conpul sor i | J5F A% PR AT GUAPPRG SO G Lot pary | BREUHE SBvD 2b. n
Fig.17, the objeghiV& d BREADIL LW SdnithaAEs THE S v BEEcedfbrBiICh, t hE
obj ective lens for D 5 gglslcs m)vedpi n a c'i’{Hr%ectsfon away ?roﬁft e O_pt?%a!
disc D, whi legfddie thlj aiaiving | @nstiei oBjdarivedledeans shmilaratst abhati Foyhi ch
the objective Iens for DVD 2b is noved in a direction approaching to the
optical di s€opussingt seargh.diEhke dieg¥pi pioeessor B isossimomsiniet thetedo to

obj ective | ens bei ng rg‘i&ied or, ,with %he osﬁ'gectjve | ens being.l O\Agred, it
i s assuned FAUERAOr &Rt Ripxir! dxiietial Ban 3hhe stgtelgsRernithdigoh7Asatade
fromthe si gn%cﬁ%ﬁhge&ar\%t griWes%aqct I ve | ens being raised.

In the present instance, each switch 22, 24 has its terminal Ty,
connected in circuit such that the operation for disc discrimination
occurs using the DVD pickup 1b. To this end, the biaxial driver 18b
drives the biaxial driver 3b by the focussing search drive signal as
shown in Fig.17a for compulsorily raising/lowering the objective
lens for DVD 2b.

In Fig.17, the objective lens being lowered means such a state
in which the objective lens for DVD 2b is moved in a direction
away from the optical disc D, while the objective lens being raised
means such a state in which the objective lens for DVD 2b is moved
in a2 direction approaching to the optical disc D. Although disc
discrimination is possible with the objective lens being raised or
with the objective lens being lowered, it is assumed in the following

explanation that disc discrimination is made from the signal derived

with the objective lens being raised.



32 If the objective lens 2 is noved within the focussing search

range, signal anplitudes of the pull-in signal PI are observed at a timng
when the objective lens 2 reaches the disc surface just focus position
shown in Figs.15b and 16b and at a timng when the objective lens 2
reaches the signal surface just focus Pg Ition shown in Figs. 15c and 16c.

b ot a1y o 5P kobbiediveneod, BC by 6 FiSSathe Mebes RV bRLce
102, dth |n€Cds I 2D 4l ' < | |
Si gnaﬁns homﬁaﬁ%g%éﬁgg,ﬁgﬁgﬁgfiﬁs(lyghggdplgyrrbllnl ??ﬁjﬁeaq?gi?}li%toigggggt\l/g# éte a

timng of fa¢mesg When thBCoBjcrtiveoléARQCrddohes28h6HIW0 Jutfhte jhéb fovhis! st a
| arger signal anplitude 1is observed at a timng of focussing on the signal

surface 102.poRition prhidwinisi Higs. 1i5d. corpal @l 4ndaat haesihwing vewhee Thi: by a
conparator circuit 29 for generating ,a discrimnation signal DD as shown in
Fi g. 17c. Thiabigrtivei einga? irkg chies the thpnal susfaeivy foruspesitirncdinwal | er
30. The syst.e .coni] ol IBgr %0 measures the tine between the pul se of the

di scri mi nat i‘Hg&'&sg %?a LPfained at a tining associated with the disc

surface 105 andye (43eapid 5 4Wfed! e 11l SCh Mapaliiesaee! ofR) Hilahpeq at a

timng associated wth signal surface 102. This asur time
denoted as tskparation bf dfyerohisfatlePPdE® insmt betWebn MA L @ibt eswpifate ©osc

having a separation of approximtely 0.6 nm between the disc surface 128

and the sigrald ¢hefsiganal2xurfane 102, ebdethe abjlectiverbens Ztniiserribgd bie

focussing SqRth cussiag Ssekiah 3rve signal Showa i FIE 174> £ Wall signal
amplitude is first observed at a timing of focussing on the disc
surface 105, as shown in Fig.17b, whilst a larger signal amplitude
is observed at a timing of focussing on the signal surface 102. This
pull-in signal is compared to a threshold value TH1 by a comparator
circuit 29 for generating a discrimination signal DD as shown in
Fig.17¢. This discriminating signal DD is routed to the system
controller 30. The system controller 30 measures the time between
the pulse of the discriminating signal DD obtained at a timing
associated with the disc surface 105 and the pulse of the
discriminating signal DD obtained at a timing associated with the
signal surface 102. This measured time is denoted as t1.

If the disc loaded is the 0.6 mm double-plate disc having a

separation of approximately 0.6 mm between the disc surface 128

and the signal surface 122, and the objective lens 2b is raised by

the focussing search drive signal shown in Fig.17a, a small signal



33 anplitude is first observed at a timng of focussing on the disc
surface 128, as shown in Fig.17a, whilst a |arger signal anplitude is
observed at a timng of focussing on the signal surface 122. Thus, a
discrimnating signal DDferr] shown in Fig.17e is routed to the system
controller 30. The systemcontroller 30 asures the tinme between the

bul se of the(fl R[4 J1HAK9 ShIPAleLPTLET i QA € GodlcBind 141 A6 at o0

with the disc surface e pul'se scrimnating signa

DD{ err] obt gupfdbeali 28, tdgMshGwAS SACFAE 9F M twhilstCa 1RirgBRlsighbl AGplitdde Thi s
measured tinme is denoted as t2. That is, the different measured '
val ues t1 aisl ¢Bseamvedohttanneinins dfk foeussheg loR tine wipghk-pifheedii2e. and
for the 0.6_nm |l am nated, disc, due to the difference between the disc
surface and Tihies, & disariminating sigmpuB Dafshawen dpsFigaldenis spuéed 3@ kb ds an

I nt diate tj t TH t d | 1 t2,

al e, 1t Akt SURRTERmaPnel it nMER oI o s 0 Peashiet 3 PR g
17, b | t W d X« ti THp Th | S dl b
[ Uaged wnot Rerwene B BRAPYIRE ehp TRifckihgnl (1B JEH D i 8bted 55 E" ™°

Meanwhi | e, simidg@rasdosidtied Bath OfheCADsOsurFdee 28 4 1L palde/ ol ens
bei ng | ower ed. e reason is that the tine difference between the two

pul ses of tdésaliimdnatingr sigmadt POy, sibgnined B ertining 23D diatéd gith7chor t4
in Fig.17e dependi ng on whether, the disc Dis the CD 100 or the DVD 120.
However, Wi fshgqﬂesxﬁfeﬁgs;%a. sdfigymeasured time is denoted as t2.

That is, the differeat measured values tl1 and t2 are obtained
as tx for the 1.2 mm single-plate disc and for the 0.6 mm laminated
disc, due to the difference between the disc surface and the signal
surface. Thus, if the system controller 30 holds an intermediate time
tTH between measured values t1 and t2, as reference value, it can
be judged whether the measured time tx is ti or t2 in Fig.17, by
comparing the measured time tx to the time tTH. That is, it can be
judged whether the optical disc loaded is the CD 100 or the DVD
120,

Meanwhile, similar discrimination can be made with the
objective lens being lowered. The reason is that the time difference
between the two pulses of the disc discrimination signals DDy, is
t3 in Figs.17c¢ or t4 in Fig.17e¢ depending on whether the disc D is
the CD 100 or the DVD 120. However, with the focussing search
driving signal, shown in Fig.17a, the objective lens is lowered at a

higher speed than when it is raised, such that the measured time



driving signal, shown in Fig.17a, the objective lens is lowered at a
hi-gher speed than when it is raised, such that the neasured tine

34 values 't3 and t4 between the two pul ses of the discrimnating signal
DD[err] are shorter tine values than the nmeasured tinme values t1 and t2.
Thus, in the instance of Fig.17, it is re meritorious for accurate
discrimnation to pmake, discrim natgon th the qgbjectjive, |ens bei,%

rai sed, altf3iHps theand §€i0stneriARy tvn Padss Pﬁg‘lhﬁhéism&ﬁ'éﬁgt’f‘ afeeds
to be takendqWRto_ account., h tiwe it . deperit of,cC se,
be el i m nat gp?‘f aﬁg?%éﬁ}%rc?r'\%g ?gﬁ%s %rl%ﬁtgﬁhﬁ Igﬁggﬂg?@érgﬂggyuaess {t?) ‘g& equal
to the objeghi verhensinl QWRN iRgtantReRF Fik.iPe #t0VL! ndYeSRAGTFtd[oRkkOWBE, 1t
is nmore meritorious to mnmake discrimnation with the | being | owered.

The processiacgubyte lidseniatianmt onttooim ke Hiscriniinasicmswitihs thheobjegiver
expl ai ned. If it has not been judged whether the optical disc D

| oaded as dems lbeingnyaised, capibpughditbe sloekhfroqgenny| fof reauntigesthe | t
does not matter, gs,.a principle, which aof the CD pickup,|a.and the DVD

o okup 1b | Bipmge igyé meedst§ b hEen Giagd ofeqarbly oS HBAI FoIRERiE SOt s ed
for making di.s | S€F 1 nati i c a <\ t S | ai wth
reference tng!gge%%?{ ﬂa .doé’gnr?g'ltarﬁg't %érj %?‘éﬁ%‘ﬁ !letﬁ%i %E)E%@t:ige l!lglgg for
ef fectuati ngafbifg §f @ idlsBaldo0Bs to be eddal fo RBECIIjedsTWRéNS Naivetriifp DVD

pickup Ib is used. Referring to Fig.18, an illustrative processing of the
system cont spetér I30tlien lowering speed is slower, it is more meritorious to
make discrimination with the 1 being lowered.

The processing by the system controller 30 in this case is
hereinafter explained.

If it has not been judged whether the optical disc D loaded as
the 1.2 mm single-plate disc or the 0.6 mm laminated disc, it does
not matter, as a principle, which of the CD pickup la and the DVD
pickup 1b is used first.

That is, one of the optical pickups is used for making disc
discrimination in accordance with the system explained with
reference to Fig.17. It does not matter which optical pickup is
used for effectuating disc discrimination.

It is herein assumed that the DVD pickup 1b is used. Referring
to Fig.18, an illustrative processing of the system controller 30 in
which the loaded optical disc D is discriminated as the disc type
and subsequently reproduced is explained with reference to Fig.18.

Fig.18 shows a processing in which the power source is turned



whi ch the | oaded optical disc Dis discrimnated as the disc type and
subsequent|ly reproduced is explained with reference to Fig.18. Fig.18
shows a processing in which the power source is turned

35 on. If the power source is turned on, and various paraneters are set, by
way of initializing operations t he sy§£§n1controller 30 malts for

i nsertion of theggQﬂlcal di sc he optica

disc Dis ingert 5r%%‘g§§|§1°d"{ ?s gfge : Stgl%d ff_aLf)'futs pge?metﬁ f5fe to

the DVD pi ckp, §50&a9! otefmltf%){iﬁglgf]&iﬁeravpnﬁ)' @KURyEpem controlléS300{gidsS @
node in which each swltch 22, 24has its term nal T[err] -connected in

circuit. Tiferdnseetioaont tiné opiticdl dizerD, psocfirds step Ridpls F103 ff by way
of disc type discrimnation. In this di sc type_ discrimnation, the
DVD pi ckup | b i sIfigke, optisehdisct BeiDits prtedurprinsessing deensferst to step?.

For disc type discrimnation, the obj ctlv Iens bIS yul sorily
rai sed or %vx’eor:’e&%\ﬁ?thl n”{%é“?%&fé’sfﬁﬁ tﬁ? ﬁggm T R se'Ble?% ’(‘}gléli‘F'ens
driving is B9 ﬁ]g Alp §%eP F103. That is, start of outputting the

focussing searc drtve 'si gnal such as shown in Fi g.17a i s conmmanded. O

course, the | aserpeutmeidel 19 4l nfdi liaSerhichi @deh4RwitcR| 22, S34rhed Ak this
tinme. The system control l er 30, nmanagi ng control for raisi ng or

| owering theebinablggt cornéetesl libh virchin t Fhef sgsiea ngo sealbér Banghen

detects the disc discrimnation signals DD supplied fromthe
di scrimi nat iPsRosedRA0 Geers FiGY fEi toumanpf étscsfme rhiggrimigratieBsuri ng

the time period Px?tt\ﬁesendits\émupu' %%gcrsirr]nqvt\xﬁaltlon, fﬁgsn%c pickup 1b is used,

because the DVD pickup mode is set at step F102,

For disc type discrimination, the DVD objective lens 1b is
compulsorily raised or lowered within the focussing search range.
This objective lens driving is started at step F103. That is, start of
outputting the focussing search drive signal such as shown in
Fig.17a is commanded. Of course, the laser outputting if the laser
diode 4b is also started at this time.

The system controller 30, managing control for raising or
lowering the DVD objective lens 1b within the focussing search
fange, detects the disc discrimination signals DD supplied from the
discrimination signal generating circuit 27, at step F104, for
measuring the time period between two pulses shown in Figs.17c
and 17e.

There are occasions wherein, due for example to too low

reflection level on the disc surface, two pulses as the disc
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and 17e. There are occasi ons wherein, due for exanple to too | ow
reflection |l evel on the disc surface, two pul ses as the di sc

36 discrimnation signals DD are not correctly observed during raising or

| owering of the DVD pickup Ib. In such case, a neasurenent error is deened
to have occurred at step P105 such that processing reverts to step F103 to

ef fectuate ain {he_objectiye ns dri®in and asure t., In actuality,
i tat st Bl R PR igna S IUS Bt RohGITERENY BPoc VAR d0r1RE TarTins

ti . f t ANy ]
i Crary riptor ing 68 fle YD BER I L8RS Ut Y m g el

Imes O operati ons. ter neasuring

the tine pegird Relyemedt v havesescirirehgt s F10T path thati prokebhlngr 1],
the neasured tine value is conpared at step F106 to the tine tTH as the

ref erence veduerts|tfo, shep F1@3ula effectizhée cgriartisombjebtiveebsny daivialgue i s
| onger, it is judged at ste F108 that the optical disc Dis the 1.2 mm
si ngl e- pl at&ndimeasunements In getegigpolimitationsi pre nueferpdypplacad oM has

"ndi cat os 115 THRESCIIA JIPERGE FRTHCERRSHOM Ofe ASSirERFS §bethed
R T I A R
24 has its of ehi&iretdial oplefrhtiomznected in circuit and the CD pickup la is in
use. Conversely, if. As the result of conparison at step F106, the

After measuring the time period between two pulses of the
discriminating signal DD,,, the measured time value is compared at
step F106 to the time tTH as the reference value. If, as a result of
the comparison, the measured value is longer, it is judged at step
F108 that the optical disc D is the 1.2 mm single-plate disc, that is
the CD 100, _

Since the DVD pickup 1b has been used for the discfiminating
operation, the result of judgment indicates that this state is not in
meeting with the currently loaded optical disc. D (CD 100). Thus,
the mode is switched at step F108 to the CD pickup mode. That is,
the mode is set in which each of the switches 22 to 24 has its
terminal T¢o, connected in circuit and the CD pickup la is in use.

Conversely, if. As the result of comparison at step F106, the
reference time tTH is longer, it is judged at step F107 that the
optical disc D is the 0.6 mm laminated disc, that is the DVD 120,

If the disc D is judged to b the DVD 120, the pickup mode

state is not changed, because the DVD pickup mode has already



I

reference tinme tTHis longer, it is judged at step F107 that the optical
dirsc Dis the 0.6 mmlam nated disc, that is the DvD 120. If the disc
Dis judged to b the DVD 120, the pickup node state is not changed,
because the DVD pi ckup node has al ready :

37 been set. I f the pickup node setting in neeting with the disc

di scrimination_and the results of disc 3fiscrimination has come to a cl ose,
processi ng Cr&Rst%rs to actual pl ayback operation. That is, focussing

search is startege athétepqcﬂg9 RO del akbitih e fOCHR NGy SRRICNche Ritsk-1n
the focussing servo. After the pull-in of The focussinhg servo has been

term nat ed, dpsedadfation aadsfles seivitst &P dikd IdiseniiniiApofirlHds tc@ ngartioyaout
other starting operations. That is, processing of the servo system_ such
as adj ustinglesm popaessingotrangferspimdcduabiplaybagkdoperation. ofhet tshe

tracking servo, is conpleted, while the re of the optjcal dis¢ Dis
enabl ed. | nfagustingnseargh iscstadsdy %ﬁ&%gﬂagi e of {3kt i oh2 ¢ tUFHSERBN t he

opti cal di sqePreip R BITED ol fiisin 1 LeLy s OTRKGL! GllcObulfISRE i 9SS! N9

operations, “processing transfers to s to repro or

the DVD 120focussing 96fvé Na Sital tePMehald,t PRoBeRdinkNtHdbTaks Rlo Step
A+C+B+tD is varied wth reflectivity of the optical disc D, the system

control l er F3QoOcahdstepelli hetor eitmcouvidtheofstahtdngpopesdtidnsc Dhataims, t he
disc discrimnation signals DD[err] at a tinme point of conpletion_ of
f ocussi ng s@&Feeeping ph therrerygssxstesbnivch raradjysting the sgtatinm of she

spindle motor 6 and turning on of the tracking servo, is completed,
while the readout of the optical disc D is enabled. In addition, the
necessary management information recorded on the optical disc D
such as TOC, is read. After completion of these processing
operations, processing transfers to step F112 to rep'roduce the CD
100 or the DVD 120,

Since the signal level of the pull-in signal PI = A+C+B+D is
varied with reflectivity of the optical disc D, the system controller
30 calculates the reflectivity of the optical disc D from the disc
discrimination signals DD,, at a time point of completion of
focussing servo pull-in. The system controller 30 switching-controls
the changeover switch SW,,. of the APC circuit enclosed in the
laser drivers 20a, 20b, depending on the reflectivity of the optical
disc D, for switching the closed-loop gain of the APC circuit
between the single-layer disc and the double-layer disc. This enables

the laser light of the optimum power from the laser diode LD of



t he changeover switch SWerr] of the APC circuit enclosed in the |[aser
deivers 20a, 20b, depending on the reflectivity of the optical disc D, for
switching the closed-1oop gain of the APC circuit between the single-Ilayer
di sc and the doubl e-layer disc. This enables the laser light of the

opti mum power fromthe | aser di ode LD of

38 the optical pickup 1 to the single:l&er disg,and the douybl e-lgyer disc
to read out tg?g‘?}%ﬂllgafﬂ‘g{‘%i Litg ‘%%o?d‘t -tsrc disqiaad E)hﬁyél?ﬂgle“g%i’f’ﬁal
pickup 1 to c a Si g it tg L The
di sc discri r‘#;n‘g?i%o(ireleg‘li %‘gﬁ g _ ErY Q@aﬁlgﬁsgﬁg H&gg]pfgrﬂl ‘(iillass?cﬁ r?‘iyngf? ng
the optical ogitfsed Pk 10t6ligodurit pIAf LK RE ki@saldl With FPtiAuS SN N the
mat erial of the recording |ayer making ‘up the signal surface, such as CD
and CD- RW orafi¥D and DVD- RW Referring to Fig.17, if the objective
lens 2 is conpul sori l&’- moved with_in the focussing search range by the

bi axi al drivers EBa, disgpdisgyiminatienptigmal#iPBas iCé8ussshgbeecHped for
operation, g.sole.S-.. curve is optained as the focussjng.error. signal, FE
ohd & pul - fiscuimipatiogithecopfeal HECT RRvTEIHARER! SPHERENEH AR Atk oo
shown in Fj , ti , :SLN z . ] reas
two S curvggﬁgggﬁ% pg‘l %gg g{sﬁt%ﬁgaqf g\éﬁgf ng&éorﬁ%rﬁgm ﬁealjl q%?‘a‘%slgp pﬁ?-i n
signal is obigidlesudatce] dachhes t@D andUCYERWasr DV dnd HYD-20®. and 20c,

respectively for a doubl e- | ayered disc. It is noted that the focussing

error signal FE Referring ptd |Eiignl3j gfath®l objestipendeased is raamphbsatétect i on

signals A, %ovcedagvcilﬂ?igythteh?ogues}s?géOsrcsar§ errarn]g’e bj[.'etrhre]i:iaxial drivers 18a,
18b, by way of performing a focussing search operation, a sole S-
curve is obtained as the focussing error signal FE and a pull-in
signal PI is obtained within the range of the S-curve, as shown in
Figs.19a and 19¢, respectively, for a single-layer disc, whereas two
S-curves are obtained as the focussing error signal FE and a pill-in
signal is obtained astride the two s-curves, as shown in Figs.20a
and 20c¢, respectively for a double-layered disc. It is noted that the
focussing error signal FE and the pull-in signal PI are generated
from the detection signals A, B, C and D by the detectors S,, Sg,
Sc and S, of the eight-segment photodetector by the equations FE
= (A+C) - (B+D) and PI = A+C+B+D, respectively. The focussing
error signal FE and the pull-in signal are converted by the convert-
to-binary circuits 61, 62 to find the logical product by the AND
gate 63. That is, the pull-in signal PI = A+C+B+D, a sum signal of

the detection signals A to D by the above photodetector, is



S[err] and S[err] of the eight-segnent photodetector by the equations FE =
(A+C) - (B+tD) and PI = A+C+B+D, respectively. The focussing error signal
FE and the pull-in signal are converted by the convert- to-binary circuits
61, 62 to find the Iogi cal product by the AND gate 63. That is, the

pul |l -in signal PI A+C+B+D, a sumsignal of the detection signals Ato D
by the above photodetector i's 39 39
converted t cobivaated VQIhjedrs'rmaledaSIgalafiraat scpré-oetllevel gengpapeattehel:d| sc

di scrim nati Qn Si naI s.DD.err] sho in Figs.19d, 20d_as Ccrj m nati ng
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di scri m nation signal DD only once by a sole focussing
search oper eypen,ofizhshopical diges I, ofhdiffesent mdrhbedoubfet—lieawégndlsc
the disc discrimnation signal err] goes high 'H twice by a sole
focussing seedrdingolasrersi basedison respltspf) thgecounting & Jernetethting
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operation in accordance with the flowchart shown in Fi g. 21.

Speci fi cal | ¢isdrimihetidissigaiat PP awiesghigle’ H | onidesbytansobel foicussing

j udged at step S1 whether the input, that is the _disc discrimnation
signal s DD[ &¢#Jch napegutienni i ﬂwwvf igheFigmple- i s Thyis ﬂrt%réggpﬁgmg
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discrimination signals DD,, representing the signal level of the
pull-in signal.

That is, the system controller 30 can discriminate between the
single-layer disc and the double-layer disc by the disc discriminating
operation in accordance with the flowchart shown in Fig.21.

Specifically, if the disc discriminating operation is started, it
is judged at step S1 whether the input, that is the disc
discrimination signals DD ,yp,, has gone high ‘H’. If the input is ‘H’,
processing transfers to step S2.

At this second step S2, it is judged whether or not the input,
that is the disc discrimination signals DD ,yp, is low ‘L’. If the

[4

input is at logic ‘L’, processing transfers to step S3. .



40 At this third step S3, it is judged whether or not the input, that
I s"the discrimnation signal DD err], has becone |ogical H Wen the input

beconmes | ogical H, processing transfers to step $4. At this step $4,
it is judged whether or not the input, that is the disc discrimnation
signals DD[err], againis low' 'L, if the, input is logical 'L', processing

transfers to step S5 to set, para ets.o‘ﬁ) varjous Gircuits associated with
kird Sfqp, 413y

the doubl e-1 ayer Adi Ejis third step feds) judge 8f RPbfh&3InRulyo
t hat i i f ot is e Sp3 | R: o H g, ' E t 6.
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At this sixth ste é®Pbr not fhe nu i mes of

repetition ahet (eputebesbiespPlogieati HY prodeBidgitk fnsHle@P toS3tep §H0. If the
result is NO that is if Nis not equal to 100, processing transfers to
step S7 to wait fAdrtiissstept S#hdtnisxjudged wibBtheX o5 met the iNputNthat Tisen,
processing reverts to step S3; The decision processing of this third step
S3 is repeattdg. discidiscrigyipationpignalssPbhaat agedén dp lofw sLép ifghesinpms,

h is if N.5 100 [ if. th I f ' di i m '
Si'gnal s Doy drnomett sEpoRaPagting FrEtEEste PR Eontst BaraPRLe hete:
| apse of 10Q4ieus REPSSAS! g NS SHN M GRERD. fag chodihar anet er s of

respective circuits associated wth t single-layér disc. In the
above-descri bed #frivhdimmalt of desisiypas ofep IS8 @ ICO, dihaerisniMehe dapsitgnal s

DD[err], DD err] and err] are used for discrimnating the types of

the opticalisdietcsgnin ‘Hhepraessingitsensfensato oviesi §hal DD err] is

obtained by Convirtttihr}g éib{?hssit r;])a|86, it is judged whether or not the number
of times of repetition of the decision processing at the third step
S3 is 100. If the result is NO, that is if N is not equal to 100,
processing transfers to step S7 to wait for Ims. At the next step
S8, N is set to N = N+1. Then, processing reverts to step S3. The
decision processing of this third step S3 is repeated. If the result
of decision at the sixth step S6 is YES, that is if N = 100, that is
if the pulse of the disc discrimination signals DD,y corresponding
to the second layer is not obtained after lapse of 100 ms,
processing transfers to step S9 to set parameters of respective
circuits associated with the single-layer disc.

In the above-described embodiment, three types of the disc

discrimination signals DD,,, DD, and DD,,, are used for
discriminating the types of the optical discs D. The disc

discrimination signal DD,,, is obtained by converting the signal

level of the pull-in signal PI into digital data, whereas_the disc
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| evel of the pull-in signal Pl into digital data, whereas the disc

41 discrimnation signal DDerr] is obtained by converting the pull-in
signal Pl into binary-valued signal and the disc discrimnation signal
DD[err] is obtained by ANDi ng the binary-val ued version of the focussing
error signal FE with the disc discri m'n 3I on signal DDerr].

Al I .n b ed .
conver 11 g (EchilnaFio GRARL BPa: i naky L ot SFaRkPraRg” thE acdkin
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the focussing error signal into Ital data may al so used di sc
di scri m nat iDD gsisshubmined t by ANDRERGr tise OfmﬁirgSviﬂxéthdver&lionl oft bhe
case, the focussing error signal FE is directly supplied to an A/ D input
port of the fgygselmgcentqrolsl@nalsﬁli with thes disc cqgemmlmgtmmpgeabﬂmm ng

t he DVD pi ck 1b, .an ustratl processi.ng of t stem coptroller 30
i n which théltFpﬁfé‘B?lﬁ’hé £ oaditf o‘ﬁﬁfem‘%ﬁ%e DSI&H iss Dmi ohtatp Power

up of . the lalRdR igelodl a6 dBYLF TaPETNS P PARRY O%o0f LEPIRUUGILE" 1O

expl ained wth re nce I"owch

showi ng t he d3perigtih @i ot eﬁg%nmw@rn,;gpobmtnleld E:el%ﬁdldﬁx'n@nthe signal f1eb/BE
power source is turned on, and various parameters are first sSet, by way of

initializatiodnthe Iﬁecs.yshgnenwrt sigradrFBOimtio gigpal (203 ﬁuaysalstwblesutdsm
| aser diode 4b on. Then, at step F202, the system controller_ 30
conpul sori | foro%épsdtmt@mman, gisckh@wmofn theDfiawehattisnof Higseddsandg

search rang‘ift I%nﬂ?i%t égsaé ?ﬁ(e %‘ocussmg error signal FE is directly supplied

to an A/D input port of the system controlier 30,

As an operating example of using the DVD pickup 1b, an
illustrative processing of the system controller 30 in which the
type of the loaded optical disc D is discriminated on power up of
the loaded optical disc device before proceeding to reproduction is
explained with reference to Figs.22 to 24.

Fig.22 is a flowchart showing the operation since power up
until reproduction.

If the power source is turned on, and various parameters are
first set, by way of initialization, the system controller 30 at step
F201 first turns the laser diode 4b on. Then, at step F202, the
system controller 30 compulsorily lowers the optical pickup for
DVD 1b within the focussing search range at an optical axis
position furthest away from the optical disc D. At step F203, the

signal level of the focussing error signal FE, with the optical pickup



position furthest away fromthe optical disc D. At step F203, the signal
| evel of the focussing error signal FE, with the optical pickup

42 for DVD I b Iying at the position furthest fromthe optical disc D, is
sanpled, with the sanpl ed val ue being set as reference value FE o.

At the next step F204, a focussing seargh tinmeout neasurenment tinmer is
started. Thiforf Mlehglyangrshthenpmmmﬁ fuethésyr fpomved iopgicihdivelD age

from bei ng continuqusly applied across the focussing control in case of
non-det ect i oif Shmpled, e‘f’?‘é’ct‘@& prgpled, yalumbeigggsat aurmefesente t vielue
optical dis nd for preventing the system controller 30 from polling

W t hout proceéding to the next processing. The focussing search tinmeout is

herein set to 80Q{"Phe next stﬁ% 02 E%@a\sgn& §g§f&ht{m§5€y§8@aﬁ{ Jngd £l N9

the optical pickup for is starte I'S"j udged

whet her or n@ineirhis s:tiasfecd,l Sﬁhisnfdkﬂids(i’ﬂfsde&'ifahstlm&rtrﬂs st Adr peeveRting
Since the disc discrimnation signals DDerr] is a binary-val ued version

of the pull -tie V@lltﬁ%d fepmr diwingenontigutchesly | ghplivd| aceoof theefsedisaiged
l'ight by the op cal di sc E the logical '"H is set for the state of
detection of°°”ttl’58 Sifr 125& Gf PR8- ?%’chéé?%dﬁlb‘m ’ferfkﬁﬁfle@slglgtnafmmjrtﬂlace

f th
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whet her or not the val ue of
processing. The focussing search timeout is herein set to 8§00 ms.

At step F205, the search operation of raising the olptical
pickup for DVD 1b is started.

At step F206, it is judged whether or not the disc
discrimination signals DD,; is at logical ‘H’. Since the disc
discrimination signals DD, is a binary-valued version of the pull-in
signal PI representing the light volumé. of the reflected light by the
optical disc D, the logical ‘H’ is set for the state of detection of
the surface or the reflected light from its signal surface, if the
optical disc D is loaded in position.

If the result of judgment at step F206 is NO, that is if the
disc discrimination signals DDy, s not at logical ‘H’, processing
transfers to step F207 to judge whether or not the value of the
focussing search timeout timer has reached 800 ms to reach timeout.
If timeout has not been reached, processing reverts to step F206 so

that the decision of the disc discrimination signals DD,, is repeated

-



focussing search tineout timer has reached 800 ns to reach tineout. |If

t rmeout has not been reached, processing reverts to step F206 so that the
deci sion of the disc discrimnation signals DDjerr] is repeated

43 until tinmeout of the focussing search tineout tinmer. If the result of
decision at step F207 is YES, that is i the focussi ng search tineout

timer has ti 4. Y a I not
been | oaded Lgﬁgl gfr{%%c’elgts?ggtht%r ggnc'*%rlght (g;&sl{c% hlgi%gupi)ﬁggﬁp §§ﬁgnlgspﬁg?gat i on
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that is if the disc discrimnation S|gnals Dferr] is at-logic '"H, a

deci si on i s tigaeerhast med h)eliopt dealsidnsiz Rives ﬂ)@énthﬂ)&@étbaindw@sl)t hes.

Thus, processing tran o the next steg~ F209 to star% g
di scri m nat i@t ¥esmion a t"d‘ wspﬁeﬁ%ﬁmqaﬂ@ gFs tRstepghaPs oy sRiay pp

f ocussing errﬁ St% . tdﬁg step F209, it is detected that the disc
di scri mi nat i8R b %Isgcgﬂ er?? 2% *becone | ogical 'H based on the
reflected Iight if leétﬂ?squr(;ﬁ%c@;wtnh%toﬂte'pc?bd@ 3¢ PES, that 4% {fhenpext

step F210, it is judged whether or not th focussi ng search ti meout t| mer

has reached d380€ discrdfdnhtivedsipuials DD, he atti Fggichtd’ nat detisddnold given
processing transfers to step F211 to check V\/net her or not the disc

di scri mi nat itbat sitbﬁalosptmlerﬁscl sPDathspgbean 'lpadefs imhepesidivon. ol badsci si on
at step F210 is YES, that t he focussing se ti rreout timer .. has
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i ndi cation suc
focussing error signal FE. At this step F209, it is detected that the

disc discrimination signals DD, has become logical ‘H’ based on the
reflected light from the surface of the optical disc D.

At the next step F210, it is judged whether or not the
focussing search timet.)ut timer has reached 800 ms and timed out.
If the timer has not timed out, processing transfers to step F211 to
check whether or not the disc discrimination signals DD, is at
logical ‘H’. If the result of decision at step F210 is YES, that is
if the focussing search timeout timer has timed out, a decision is
given that the optical disc D has not been loaded. Thus, processing
transfers to the above step F208 to display an indication such as
‘no disc’.

At step F211, it is judged whether or not the disc
discrimination signals DD, is at logical ‘H’. At this step F211, it

is detected that the disc discrimination signals DD,; is at logical



At step F211, it is judged whether or not the disc discrimhation
signals DD[err] is at logical "H. At this step F211, it 1is detected that

the disc discrimnation signals DD[err] is at |ogical _ _
44 'H by the reflected Iight fromthe signal surface of the optical disc

D At the next step F212, it is 14%?96‘3' whet her or not the value of
e

the di sc di sqfé g NAL ' ' I { r.ef er e ti t TH.
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whi ch el apsed.since the disc discrimnation signals DD[err] is judged at

step F206 by the reflected Iight fromthe surface of the gptical disc Dto

be logical 'H umtt ithe hwexi sd:epliEztz,rriineiSijmdgei@mdieihfeDDSerx#dt irtlﬁejﬂd.@edl at
b h flected |light fromthe signal surface of the optica
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result of degi,si @n at..this step .F212 i .. tthat is jif the value of the
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this step F212 is YES, that is if the value of the disc discrimnation

timer i s shorntéeak Hige Dheo belegimadd H notilTHie the dosaddioptiomkighiade D i s

j udged to-b 0.6 . mmlam nated disc, that is DVD 120. Thus, processing
Jtragsfers tg)BS!; dp jusiesd: gt stee Erdd By sthe seflgcted léghMéPHeﬁEPh%lmﬂ) 120

s surface of the optical disc D to be logical ‘H’ is smaller than the
reference time tTH. If the result of decision at this step F212 is
NO, that is if the value of the disc discrimination timer is longer
than the reference time tTH, the loaded optical disc D is judged to
be a 1.2 mm single-plate disc, that is CD 100. Thus, processing
transfers to step F213 to switch to the CD pickup mode of
employing the CD pickup la.

If the result of decision at this step F212 is YES, that is if
the value of the disc discrimination timer is shorter than the
reference time tTH, the loaded optical disc D is judged to be a 0.6
mm laminated disc, that is DVD 120. Thus, processing transfers to
step F214 to make disc discrimination of whether the DVD 120 is
the single-layered disc or a double-layered disc in accordance with
the flowchart shown in Fig.23.

If the pickup mode setting corresponding to the disc

discrimination and the results of the disc discrimination have come

-
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t he single-layered disc or a double-layered disc in accordance with the
ft owmchart shown in Fig.23. I f the pickup node setting correspondi ng
to the disc discrimnation and the results of the disc discrimnation have
cone 45 to a close, the system
controller proceeds to actual reproducigy processing. Specifically, the

focussing searghcliosest@id 8stdmStBRtrditdp p¥cdedsUssi ROtSAr ¥epPolihcidy Al
step F216, it -is judged whether or not focussing servo pull-in has been

conpl et ed. pfotdssingsul tSpecifjcadnethbe i & ESSingromachi iy staatesf atsstep st ep
F217 to performother .starting operations. That is, processing of the
servo syst eFZ18ukar fecussingstarng prl-itot AtisdepoF2ife it s dudgedowbethernnd
turning on of the. tracking servo,,i.s gconpl eted ile.t readout. of .t he
opt 1 cal di s8* B5h CobfERREGSeReP AHIIIRCRE e apmilat S a AhEnERRULE of

i of mat ! ONjud FRGKEIR ¥a0s | BRo0BLLiGR! 1 nsee 15 4Eky B2 1o ferfotiflomdf Lor

conpl etion o ese procesSing operations, processing trarsfers to Ste

F218 to repsqeviarg bpersidobe0 THAAs] P oReskity BYRIRV¥ervo sstﬁhﬁ, sMsheds
controller 30 conmands the seryvo processor 31 to drive the objective |lens

2 as in theadpsding thherdt(a@imTQfgtlBaeapi:mle Tt oseb vanprtucesproBdfi the
responsive thereto to supply to the, biagxial driver 18h a signal shown in
Fi g. 24a as Hackingsiedyosekr EAmMPied Fighatheorepdant ofcths aptigalafiser 3b

for compul sgr ] 4080840 1ot REAPRECULLELE0S 7 (VR Ay PULLPG LU, i

when the disc di’s naton’ nhal s ! _ ﬁ udged
how many tjd@sydeld® o Cille/ SopHclPt &Glce agubfi B9 MNECT 04SP 4l er APfesSi gnal

FE wusing the first and second threshold values TH [err] and TH ferr], for
completion of these processing operations, processing transfers to
step F218 to reproduce the CD 100, DVD 120 or the DVD-RW,

The system controller 30 commands the servo processor 31 to
drive the objective lens 2 as in the case of the focussing search.
The serv.o processor 31 is responsive thereto to supply to the
biaxial driver 18b a signal shown in Fig.242 as a focussing search
drive signal to drive the biaxial driver 3b for compulsorily raising
the objective lens for DVD 2b. During the period when the disc
discrimination signals DDy, is at logical ‘H’ it is judged how many
times the S-curve is detected as being the focussing error signal FE
using the first and second threshold values TH , and TH_,, for
discriminating between the single-layer disc and the double-layer
disc.

That is, in the processing for discriminating between the

single-layer disc and the double-layer disc, a focussing error

-



di scrimnati ng between the single-layer disc and the doubl e-layer disc.
That is, in the processing for discrimnating between the single-Ilayer

di sc and the doubl e-l ayer disc, a focussing error

46 timeout timer is first started at the first step S11. This focussing
search timeout is set for preventing the systemcontroller 30 from polling

W thout proGeadind ifddes BPde HaREEFS¢ Enb vicersoh §0t Wikis f fiRgL I 19

the S-curve as. the focussing error signal during | 'ogi ca eriod
of the discGedirehriifidvaiti v set Joal proOELfink. thd g stéMCHsSErvII&EZ0CFrdmmeout
I's herein set to 40 ns. At the second step S12, it i-s judged whet her
or not the Haddingsmwigheunt procending toithe nlex¢ priovsdsing in|dastehef fatlugsi ng

error timequt tinmer has tined out, it |s judged that ,a detectiop error has
occurred, ar® PPFCEERE FGot3 HIIME &5 ttheséf’é&ssmgtearﬁérsﬂsmg during the
processing. (f. $asult. o | siop at (the.second ste 12.0.5 NO, .., t hat
T the f JogitTnglEr Peticd (ofhe, MheP ALLRTERNSs: b oasiacDlmg Tot "™
transfers tGoRuls@iffg Reat&P tHhdout is hefbin B8t tQUADNm3tep S14, the focussing
error signal FE is”™ captured via an A/D port to judge whether or not the
signal level isAtanger sebandtlseegi 832,1t 1w dshghdged| whethefeor] nloft the
result of decision at the fourth step S14 is NO, that is if the signal

| evel of tHecuseinsentoretimeoyt gimertds simed put. {Hahetfrcussing empeshol d

value TH H, processi.ng reverts to the, second step S12 to repeat the
- t?meout timer has t}mea out, it les ?uggea t%at a etectl%n error has

occurred, and processing transfers to step S13 to perform error
processing. If the result of decision at the second step S12 is NO,
that is if the focussing error timeout timer has timed out.
Processing transfers to a fourth step S14.

At the fourth step S14, the focussing error signal FE is
captured via an A/D port to judge whether or not the signal level
is larger than the first threshold value TH_y,. If the result of
decision at the fourth step S14 is NO, that is if the signal level of
the focussing error signal FE is smaller ihan the first threshold
value TH_g4, processing reverts to the second step S12 to repeat the
decision of timeout of the focussing error timeout timer. If the
result of decision at te fourth step S14 is YES, that is if the signal
level of the focussing error signal FE is larger than the first
threshold value TH_y, processing reverts to the fifth step S1S5.

At the fifth step S15, it is judged whether or not the focussing

error timeout timer has timed out. If the focussing error timeout
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deci sion of tinmeout of the focussing error tineout timer. If the result of
decision at te fourth step S14 is YES, that is if the signal |evel of the
focussing error signal FE is larger than the first threshold val ue

TH [err], processing reverts to the fifth step S15. At the fifth step
S15, it is judged whether or not the fogissing error tinmeout tinmer has

timed out. kfm&p%gfsgﬁi;féég €7 § Heteb MW lerror ,is(}éxgged tp have occurrgd,

47 timer has tine , efection error Is ju to have occurre such

that processubl Haang# &t Ssdiagatiaisférsstem Phird tHLS I FoepeformpleéreB88Si Ng.
If the focussing error timeout tiner has not tined out, processing
transfers tgracessing. dfetheSfécussing ertont himegukitimer dprsS1®t timed @atssi ng
error signal FEis captured via an D port to judge whether or not the

si gnal | evePToPesHing transferstq acsiXth §46P thh%shol d value TH L. If the

result of decisjon af this, sixth p 6 LS. NO. that is if Lgnal
| evel of the fo‘égsgﬁlﬁg sé?‘?%r s ?pgngltlgFE&ll% #‘%?‘bses?n%hgﬁr?ﬁes%%‘iagﬁof#hl‘%.shpl d
value TH L, cRPPEEE VIS dEVEIDSpoA L6 jfu'df%eh v étherlor bt ?ﬁ’é‘%ifgfn'i? leQfef! S ON
of timeout of the focussing error tineout timer. If the resul't of decision
at this sixih suiadpeiSthansthESecohdt thseshioldheaRiggTH _, .| dfethefréshidt of

focussing error signal FE is smaller than the second threshold value TH L,
processi ng Aeoisios b thire sisthestop st bp isINO, that inifithiessignadnievedtep S17,
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decision of timeout of the focussing error timeout timer. If the
result of decision at this sixth step S16 is YES, that is if the signal
level of the focussing error signal FE is smaller than the second
threshold value TH_;, processing reverts to the seventh step S17.

At this seventh step S17, it is judged whether or not the disc
discrimination signal DD, is at the logical ‘L’. If the result of
judgment at this step S17 is YES, that is if the disc discrimination
signal DDy, is at the logical ‘L’, it is judged that the disc is the
single-layer disc in which the S-curve of the focussing error signal
FE is detected only once during the logical “H’ period of the disc
discrimination signal DDy,. Thus, processing transfers to the eighth
step S18 to set parameters of various circuits. If the result of
judgment at this step S17 is NO, that is if the disc discrimination

signal DDy, is at the logical ‘H’, processing transfers to a ninth

step S19.



single-layer disc in which the S-curve of the focussing error signal FE is
detected only once during the logical 'H period of the disc

di scrimnation signal DDferr]. Thus, processing transfers to the eighth
step S18 to set paraneters of various circuits. If the result of judgnent
at this step S17 is NO, that is if the d'asc discrimnation signal DD err]

he | ' >
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error tinmeoghchidlag @ﬁ%rttlﬁ%btﬁuhmétf hwen&xlemebuhasuttu@dlmeythasl tinh &d
judged that a detection error has occurred, and processing reverts to the

third step 83, ivipgudgedntbat o detection eryor has becuresd) andfpjastgsing  at
step S19 is NO, that is if_ the focussing error timeout tiner has not tinmed
out, proces§EHertsr tmsther shitgl stepnfh3stepperfpgm error pgoqefsingerifhthe ep

20 hEPeoﬁoﬁng@ﬂ? : iﬁrlégéaewtg”:Pt?FPE SR 00, 1pedrie the BReushiis i e
THLLerr). | bidhbsur Pl nal dJiOATRY ouel ot BbesdifR! 1aPRro70 4 TR pldpl i o

if the signal Teve focussmgeror Sl 'S smaler t

first thresgalod value TH [err], processing reverts to the ninth step S19
to repeat the decision of the ti meout of the focussing error tinmeout
timer. If the ra&suthisoftepgbgetep S20;heheefobtustiop $200i ssigamyl thatiss if
the focussing error signal FE is larger than the first_ threshold val ue

TH [err], pﬁee&%qdnglfréf@f BPE! 19 ﬂHggél whethar Qrogosoits signal level is

larger than a first threshold value TH_y. If the result of judgment
at this tenth step $20 is NO, that is if the signal level of the
focussing error signal FE is smaller than the first threshold value
TH_y, processing reverts to the ninth step S19 to repeat the
decision of the timeout of the focussing error timeout timer. If the
result of judgment at the tenth step 520 is YES, that is if the
focussing error signal FE is larger than the first threshold value
TH_y4, processing transfers to the eleventh step S21.

At this eleventh step S21, it is judged whether or not the
focussing error timeout timer has timed out. If the timer has timed
out, a detection error is judged to have occurred, and accordingly,
processing transfers to the third step S13 to perform error
processing. If the result of decision at the eleventh step S21 is
NO, that is if the timer has not timed out, processing transfers to
the twelfth step S§22.

At this twelfth step S22, the focussing error sigpnal .EE is



At this eleventh step S21, it is judged whether or not the focussing error
timeout timer has tinmed out. If the timer has tined out, a detection error
is judged to have occurred, and accordingly, processing transfers to the
third step S13 to performerror processing. If the result of decision at
the eleventh step S21 is NO that is ifqthe tinmer has not tined out,

processing ¢f Q' Vid OA/IBhgoI‘Y\QEL}IPdséé SRnefiter or noflith hé!%nta\feiefvte}i alep

S22, the focussing error signa

49 capt uredsstaHeAMtRaRQ fedond eRPshaEEeOTHNQ! TifttheSt@al d£\dR)cision
smal l er than a second threshold value TH [err[. If the result of decision

at this stegpt SBD issepNS$22 Hat NiGs that he ifi thealsigmalelevd] piictfeofasussimg error
signal FE is larger than the_second threshold value TH L processi ng
reverts to $HO@TeFi&Rtk FEisplager shpppthe seronbtharshold valupe H of t he

focussing error timeout tinmer. Jf the result of,,decisiaon this.step S22
o YES, | natqdessing aeyeptao; thi 18T bl FeppciaL Y EpPRt Y depiie o
smal I er t hagy 116,637G00¢ 1Y F38ksing?leteor Tinlddutl m%;QF. FeSen P deuitidped to
be a double-lTayer disc in which a S- curve of the focussing error signal
FE i s detecdedsion ag clisi sgep 1822 liogVES, thht perf adeofigdd Déwel of the
discrimnation signal DDferr], as shown in Fig.24C Thus, processing
transfers tfocussing eceor 5ignelpFE25 smallen than dhetwmop b threshoddsvaliwecui t s
associated with the double:la first and second

r .discg. Th
threshol d vaues the fise P éﬁdz$ﬂffetr°r§’°aﬁed%¥‘bkﬁ?a3é%r disc inTphigh 3 S-

FE [err] + Hrve of the focussing error signal FE is detected twice during the
logical ‘H® period of the disc discrimination signal DDy, as shown
in Fig.24C. Thus, processing transfers to a thirteenth step S23 to
set parameters for various circuits associated with the double-layer
disc.

The first and second threshold values TH_, and TH_, are given
as

TH_; = FE_o + W

TH_, = FE_o - W
where W is the width of a detecting window and FE_o is the
reference value captured at the above step F203.

Thus, as shown in Fig.24d, even if an offset is caused in the
focussing error signal FE directly entering the A/D input port of the
system controller 30, it is cancelled to enable correct disc
discrimination.

Thus, with the optical disc device of the present invention, in

-



THL = FE [err] - W where Wis the wwdth of a detecting w ndow and

FE [err] is the reference value captured at the above step F203.

Thus, as shown in Fig.24d, even if an offset is caused in the focussing
error signal FE directly entering the A/D input port of the system
controller 30, it is cancelled to enallye correct disc discrimnation.

Thus, with Pl | 5 7 _ ' td [ :
50 whi o 1 ner i Sete lo 0085 g BF chiCailloRTelt JOWEF oirol Incans is
control l ed omestieal byrassnt@la Gaus CRor esPRAL Ngotfesptndingf | et khety of

the optical disc, based on the detection out{?ut of photodetector neans
when the fodefksictiyity ebphicc@pticalndiss,ghased som fthee dstectionopuitpait afsc, a

| aser |ight heam of an optinum power . c be stahly il].umi nated on pl ural
sorts of thé pﬂeawmrsé%@a%dgﬁensﬁl@miggueawaaésreaaheal tonpt ‘Ea’b‘iﬂ“iary
fromthe optical di by the of odet ect or. ns, thus givi.n | ayback RF
o1 gnal i ¢ Hegbss PhibsoRfiEs] RIS 4 ESCTigTR N eum ok B BB YV EF
plural opticalh gS¢sbly iNunfiinhtéd YU éamb@&ﬁs of thbopSbaN@iscs T8l NY

| ayers by disc discrimnating maag based on the focussing error signals

generated Byghdle taaubei ngadomirt din weebidityn fremi tige tdyetioh] edisicvbyl ehs by
focussi ng search by the focussing control neans along the optical axis for
f ocussi ng s@®dodndetentosymeens; fhus aiviperideyhackdRE signals with superior

S/N ratio.

By discriminating the sorts of plural optical discs with
different numbers of the signal recording layers by disc
discriminating means based on the focussing error signals generated
by the focussing control means on moving the objective lens by
focussing search by the focussing control means along the optical
axis for focussing search,_ and by setting the operating mode in
meeting with the disc type by the control means based on the
discrimination output, plural sorts of the optical discs can be
reproduced reliably.

By illuminating the laser light on the signal surface of the
optical disc via objective lens, and by detecting the reflected light
of the laser light from the signal surface of the disc, the disc types
with different numbers of the signal recording Iayers can be
discriminated easily based on the focussing error signals generated
from the detection signals.

Since the operating characteristics of the tracking control
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nmeeting with the disc type by the control neans based on the

drscrimnation output, plural sorts of the optical discs can be reproduced
reliably. By illumnating the |aser Iight on the signal surface of
the optical disc via objective |lens, and by detecting the reflected Iight
of the laser light fromthe signal surfgce of the disc, the disc types with
different NhEaelsScoh d4ISwikoRal /Rpohdivg dodVEL StiseNt es By Sald Toater
easily based on tﬁe focussing errof sighals generate fro the detection
signal s. meanS Basel henopdreatdexdstdinr agtpid séf ceheofdiksbe disadkiingtiant r ol
51 neans can be switched responsive to the disc types by the control neans
based on thmedasi srovkiog pontisfl ¢4 bei perfironed meliablpwn tieaypdurak disd ng
control can be rformed_reliably on the plural disc types having

di ff erent rb‘fﬂ“e’ggi‘%“ﬁ Lferent refdentinitigs. operating characteristics of the

mrror signal ratj .can he ' respopsj ve, & he. d]
'types. by the cﬁ@r%gl tr%gngsgggtéggona\aﬁé%%ﬁggg& %ﬁt E’E% g‘f”?ﬁié gi‘g%‘:%
di scrim _natg@ﬂef‘a@ﬂéym%hﬁ%a@w_%hﬁt@@éﬁ %s&;%!n's?@é % oPERE UFiRd {geé 'Uf‘y
plural disc types by the mrror signal generating neans. i nce "t he

detecti on suisd egohfrdlhentinckbagedonty otheredesisian daetpimi tafhi tige sdisc -
responsive to the disc types by the control nmeans based on the decision
out put of téiscdisinatien hafnnt mifrafesignals caacke rgliebhx psp dugadforpdre or med

reliably on he B3l ol 5 IOSer SR P LA Sy LIRS VIt oS

Since the detection system of the .tracking control means can
be switching-set responsive to the disc types by the control means
based on the decision output of the disc discrimination means,
tracking control can be performed reliably on the plural disc types

having different reflectivities.



| aser |ight so ﬂ"ﬂ“’ g a laser |ight via an
obj ective |ens ace of an opticalf HHSASHEET HAS BEggYirn | i ght
detection circuit for detectlng the reflected |ifght RW fromthe

| aser |ight source and reflected from t{f si gnal ™ surface—e+-saidi opt i cal
di sc; WHIASE 191 GEA MBS 189 circuit for discrimnating the type of
sai d optlcal .di sc based on a detection output of said return |ight
detection ciltClAf optical discadéving esmprisiagection circuit for detecting
tracking error signals of plural different types of different detection
systens based ona h@ﬂb‘tﬁé’ét#@f@uf%raﬁatwd tesegrlight §lemodétlaminghed

circuit; ackin ontroller r dIS | ac] he aqbjective |ens al ong
the radius¥i# a§a‘?@°&5’c‘?“cg “%Ii"gca £ n%‘f'ifé fs%'?& ‘a"gk ¢+ error signals

for tracking-cont bl 19s2 4GRS EPHepls T heRgiidL . [oRusPEd Ancthe

signal surface o Ing Circurt

swi t chi ng SﬁhﬂixaQ@Heﬁdrﬁntlﬁé’SlﬁErbﬁ%%Q fource dnICréMbOBSd ToonmOWhBUSighyl said
disc discrimnating circuit for selecting one of said plural types of

t he tracki nguefacerofsgithbpticadsfisnsi ve to the types of the optical discs.

2. The optical disc device as clained in claim_ 1 wherein said disc

di scriminating ciiseuisqnimdsating F@faiﬂécf?(/|41§°6f‘nlttllﬂé1!!ﬁ)ttﬂl@aFYEl¢ sef spédn t he

si gnal Ievel ?fcat[h%,g'et %tsg&’” ganaéetce%rtgggpgﬂ%gp gsaxd rgpurn light

detection means;

52 WHAT I S CLAIW l 1. An optical disc device conprising: a
Ll :

means for detecting tracking error signals of plural different
types of different detection systems based on the detection output
of said return light detection means;

tracking means for displacing the objective lens along the
radius of said optical disc responsive to said tracking error signals
for tracking-controlling a laser spot of the laser light focussed on
the signal surface of the optical disc; and

controlling means for switching said detection system based on
a discriminating output by said disc discriminating means for
selecting one of said plural types of the tracking error signals
responsive to the types of the optical discs.
2. The optical disc device as claimed in claim 1 wherein said disc
discriminating means finds the reflectivity of the optical disc from
the signal level of the detection signal corresponding to the light

volume of the reflected light detected by said return light detection
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vol ume of the reflected |ight detected by said fgiureHieTaas BEERGt i on

53 circuit fonlmltm lUﬂﬁl" the types of the opti@]gphmgys baded on the
reflectivity offfRx s C. 3. The ppLica—agi-se~tevTce as
claimed in claim 1 further conpri si ng: focussing controlling

circuit for outputting focussing searclyy signals for displacing said

obj ective | gng 43! AN9diNeiARAGRE e Bypofiod til 8ptilalCdisdh Bddedohl {16!
discrimnating the disc type based on'an output timng of said return

| i ght det ectefinctivigubf tHaroptdcihdisd.ne period said focussing controlling
circuit is outputting said.focussing search signals, 4.- The optical

di sc devi ce3as cl Zhgednticel afific | defiseei #5 salaimedet i ncldight 1ddusthenn
circuit includes.first, second and third error signal generating circuit
for perfornfARRIIE¥28et cal culations on plural detection signals selected

from detect i on a3l el Guibs, freas, £ DOULAIAN (ds PR pderalct o

for generating first, tracking err

sel ector  sigdls &ekeﬁkhnﬂcﬁ@esﬁfd obpddtive N8hs a36aLNUcHFiCAL abis | ag#d NI
error signals. 5. The optical disc device as clained in claim 4

wher ei n sai disd distriminatingi grealnsgdiseramimgtiogr the digenypat bssedian fam st
tracking error signal by a three-spot system said second error signal
generating eVERWS timing oft e%ldsapalrsweéwmy dedecting meags duging the time DPP

m and wher eji n .saj hi.r rror .signal rating. circui .
system and pereio%I salsdafodct}ssmg ceont%ollsxn% Meads 15 oatgtp tlcng ¢aid focussing

search signals.

4. The optical disc device as claimed in claim 1 wherein said
return light detection means includes first, second and third error
signal generating means for performing pre-set calculations on plural
detection signals selected from detection signals A, B, C, D, E, F,
G and H from the photodetector for generating first, second and
third tracking error signals and selection means for selecting one of
said first, second and third tracking error signals.

5. The optical disc device as claimed in claim 4 wherein said
first error signal generating means generates said first tracking
error signal by a three-spot system, said second error signal
generating means generates said second tracking error signal by the
DPP system and wherein said third error signal generating means
generates said third tracking error signal by the DPD system.

6. The optical disc device as claimed in claim 4 wherein said

third error signal generating means generates said third tracking

-
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generates said third trackln error signal by the
optical disc Hﬂmﬁ jlllﬁﬂﬂ(ﬂiﬁ inclaim 4 wherein
generating cil aldthlrdtracklng
54 error signaf based dn the relative phase difference between the
detection S|gnals A B, Cand Dfromfogy detectors arranged at a md
portion of d of, S e
controlled %3 sal Egﬁégnﬁagﬁhl r?g’n glﬂgct?ﬁt?gg ﬁ%%é saallfguﬁwr% l%)éﬁjgf:l%nng heerror
signal wi | |déwegidn afgralsy AGhB aCtard I iftonn I déssbioirk harrhagedype a0f the
optical disc, 7. The optical disc device as clainmed in claim4 wherein
sai d third mgd rportiey sg@wmtpdgtwwmand iincludles fé:lcnvenpensfhﬁing
. converting the tetlon nal s to D fromsai d phot tor into

bi nary- val e Pg]r?éil yarf&‘ h gatrod Jeet0E o0 eSt ﬁ fracking

bi nary- val ugdo¥efighai Syl VR, AShASURaPhoHRED 6 ViR A0 Wil vec

ver si ons of t IOﬂS Sl gnal s converter

i ncl udi ng tflﬂpreséfaﬁlgloiﬁi:@ﬂddifsld ters having different passbands and a sw tch
for selecting a pre-set one of these filters. 8. The optical disc device

as clained 7.n dha opticalhdisei deeiiedas coginied linnglaimi 4 owherein said third
swtching-controls said switch based on a discrimnating output by
sai d disc dirseri pignali eanersidngt meags m‘rhédftﬁptme%ﬂs diogc commesting tdieai ned

| 4. wh t t t.he ti | d
duri ng 1 oc AURRBOLaiAls b SaPTtstR AT P EAS tsat AEdnTa WASEETYONSHU! o
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det ecti on

detections signals A and B and binary-valued versions of the
detections signals C and D, said convert-to-binary means including
first ands second filters having different passbands and a switch for
selecting a pre-set one of these filters.

8. The optical disc device as claimed in claim 7 wherein said
controlling means switching-controls said switch based on a-
discriminating output by said disc discrimination means.

9. The optical disc device as claimed in claim 4 wherein said
discriminating means measures the time elapsed during focussing
search of said objective lens between a detection pulse outputted in
association with the surface of the optical disc and a detection
pulse outputted in association with the signal surface of the optical
disc, said discriminating means comparing said elapsed time with a
pre-set reference value for discriminating the type of the optical

disc;
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pul se out tion with the signal surface

d‘I sc, sai HMIE@ “m,ﬁgmﬁazm rcuit comparing sai ﬂhgp&lﬁﬂtﬁ
pre-set referende wa r discrimnating the type ofREPbﬁC
55 said controlling circuit controlling sai so that,

i f said measured time is larger than saigg pre- set reference val ue, said
first tracking esrafxarcédt%ﬁmy Jn'ea% é@dt‘%‘éflﬁﬂg $Ad0s QBT ld¥E 56 ¢hGH! ¢

controlling said sel ect or If Said neasured tine is smaller
t han said pifesasbd meisredceimal ue,lasg.eﬂl t&&@oudxd)rprtehsw reféparidenrataepr
signal will be selected based on the reflectivity of the -optical disc.
10.  The optidcdirsgi trackdupcerenr siapabdwilth ke asetectiedhavadfincontrpliing st

TGy Jonmedia GihiebPie GigradlEorS iy et TF sélé!nmwgﬁi’sivf v

tracking er{org n?dlgélalth? sz?ir?fjgw(@: eet' ?eferencfesg'aﬂxese%ggfi rdD%lng?E;dC)) 3

generating circult perforns cal I ons
((F+H) - (Et@cking e‘i%ﬁ' s@%&@PWxﬂan'sﬁ:'l'@ét%d%ﬁ@e&"ofnofhéJ?E'ﬂ"e%TtngyQﬁ' thesecond

tracking error signal
optical disc.
10. The optical disc device as claimed in claim 4 wherein said
first error signal generating means performs calculations of
3SP = (E+F) - (G+H)
on said detection signals E, F, G and H, for generating said first
tracking error signal SP; and wherein
said second error signal generating means performs calculations
of
DPP = ((A+D) - (B+C)) - ((F+H) - (E+G))
cn said detection signals A to H for generating said second tracking

error signal DPP.
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