1 ; FREQUENCY DEMCDULATING Cl RCUI T, GPTI CAL DI SK_APPARATUS THERRR0 7§ —f

AND PREFORVATI NG | CE BACKGROUND OF THE INVENH(1§ ¢ U
Field'of the Invention The present invention relates to.,a frequ *%@
demodul ating circuit, optical disk apparatus and preformatting device.
Description of Related Art : In the conventianal art, an optical . disk

has: been proposed in which frequency nmbdul ati on of biphase nodul at ed
address information ADMis perforned and grooves are recorded in a

wobbl ing state corresponding to the post-nodul ated signal. This groove
wobbl e as shown in Fig. 40 may for instance, when the digital data is "1"
per one bi t FREQUENYe DEMODUDATIING GEREUIT £ OPTICAL DIGK ABRARBRUS IBEREOF4. 25
waves (period of 4.25 on the sine wave), whereas when the digital data is
"0" per a biphase 1 bit of tZAND PREFOBMATINGMEMICEN ADM the groove wobble
becomes 3.75 waves (period of 3.75 on the sine wave). In this case, the
groove wobble is-a fixed anount regardl ess of the frequencies of the

post - nodul at ed si gnal s. Fig. 41 is a block diagram showi ng a sanpl e
| ayout of a frequency demBACKEROUYDCOFCTHE INMENILONhe conventional art
used to acquire address information ADMfrom a groove wobbl e reproduction
signal, in midiet ofortle Inwaddhion signal S[err]. This frequency denodul ati ng
circuit 100 contains a capacitor 101 for + :

The present invention relates to a frequency demodulating
circuit, optical disk apparatus and preformatting device.
Description of Related Art

In the conventional art, an optical disk has been proposed
in which frequency modulation of biphase modulated address
information ADM is performed and grooves are recorded in a
wobbling state corresponding to the post-modulated signal. This
gi:oove wobble as shown in Fig. 40 may for instance, when the
digital data is "1" per one bit (biphase 1 bit) of the address
information ADM, become 4.25 waves (period of 4.25 on the sine
wave), whereas when the digital data is "O" per a biphase 1 bit
of the address information ADM, the groove wobble becomes 3.75
waves (period of 3.75 on the sine wave). In this case, the groove
wobble is a fixed amount regardless of the frequencies of the
post-modulated signals.

Fig. 41 is a block diagram showing a sample layout of a
frequency demodulating circuit 100 of the conventional art used
to acquire address information ADM from a groove wobble

reproduction signal, in other words a wobble signal Swe. This

frequency demodulating circuit 100 contains a capacitor 101 for



2 = blocking the DC conponent, and a conparator 102 for converting the
wobbl e signal S[err] into the binary signal P[err] whose DC conponent has
been renoved by setting a threshold val ue of zero. Al so, the
frequency denodul ating circuit 100 includes a voltage-controlled
oscillator 103a, a phase conparator 1032, and also a |lowpass filter 103c,
whi ch constitute a PLL (phase-locked |0op) circuit 103. The phase
conpar at or 103b conpares the phases of the output signal of this

vol tage-controll ed oscillator 103a and the pulse signal P[err] output from
the conparator 102. The_ |ow pass filter 103c derives the |ow frequency
conponent opledking heeDe reanposieytal ardid gompasateRnild2 haseconvardiiamdor 103b
in order to obtain a control signal which is supplied to the voltage-
control | ed ERewpbhlesignaad Sws into tmmbsnwséqeam£ HWoase &C epranesdi t 100
al so contains another |owpass filter 104 for_deriving the | ow frequency
conponent ofagrbasn Femoved seldrinche [thiepaekd valuer ofozero. anot her
capacitor 105 for renoving the DC conponent; and another conparator 106 to
acquire the addr 8soi nfhe nifegrencuviehedulaeing @igguiti {9 ingludes Bow pass
filter 104, whose DC con‘Eonent i s ‘renoved while setting a threshold val ue
of zero. voltagesgontielied@scidyatiernd@dratd Paee comparaipyr 08baiand an
edge detector 107 for detecting a rising edge and falling edge of the

addr ess i nfaksmeilew-rREREd1Ner 1030m vhick eapakbtwre ad3L (phaberlasked:t abl e
mul tivibrator 108 capabl e of obtaining a pulse signal of a gredeterm’ ned
wi dt h whi | elaerIngisetiie 83 detThe phase comparator 103b compares the phases

of the output signal of this voltage-controlled oscillator 103a
and the pulse signal Pwe output from the comparator 102. The

low-pass filter 103c derives the low frequency component of the
phase error signal output from this phase comparator 103b in order
to obtain a control signal which is supplied to the voltage-

controlled oscillator 103a.

This frequenc::y demodulating circuit 100 also contains
another low-pass filter 104 for deriving the low frequency
component of an output signal from the low-pass filter 103c;
another capacitor 105 .for removing the DC component; and another
comparator 106 to acquire the address information ADM from the
output signal of the low-pass filter 104, whose DC component is
removed while setting a threshold value of zero.

Also, the frequency demodulating circuit 100 contains an
edge detector 107 for detecting a rising edge and falling edge
of the address information ADM output from the comparator 106;
and a monostable multivibrator 108 capable of obtaining a pulse

signal of a predetermined width while using an edge detection



sizgnal output fromthis edge detector 107. The frequency

denodul ating circuit 100 further includes another vol.tage-controlled
oscillator 109a, another phase conparator 109b, and anot her | ow- pass
fidter 109c, which constitutes another PLL circuit 109. The phase
conparator 109b executes a phase conpagison between the output signal of
this wvoltage-controlled oscillator 109a and the pul se signal output from
t he nonostable nultivibrator 108. The |owpass filter 109c derives a |ow
frequency conponent from a phase error signal output fromthis phase
conparator 109b _in order to prqoduce a control %'gnal which is supplied to
the vol t agé&iemadr oPEREEt okean [thisy edgggdetector 1 #he operation of the

f denodul at i ircuit 100 ~shown in Fig. 41 will t
doscr i bed. The. wgbel ey pBpopstnd sipepah 104 Marneltbeireso (o

the conparator 102 in order tobecqnverfedintoghinarysignal Plerr]. As
previ ous| ydasthesetoltagr-cardiredd et p3rhtatar 2%?/?%/{1 ’E‘P]&f’f%f% p&%@ﬁ g

bi phase-nodul ated is frequency-nmodul ated, and this f{@guen%ﬁr‘gdul at ed
signal is qopperatar ak0gbgral @nEBsr el RaFS Fidrer 1dvek W resul t,

as shown in Fi g 42A, the wobbl e signal J?é?g”% h%tsﬂ 4. 25 .waves Wmin t he
digital datenstitutesanether BLEciggydt 1{fn The Rhage spmRpxator 108
correspondence with the 1 bit (biphase 1 bit) of the  address information
ADM si ni | arexegutrs #riars GARSELSandertvigeihdhe SpERG %‘i%’aﬁﬁy%i Ej?ﬁé? PVB as

shown in Fig. 42B is therefore : \
v%ltage—controlled oscillator 109a and the pulse signal output

from the monostable multivibrator 108. The low-pass filter 109c
derives a low frequency component from a phase error signal output
from this phase comparator 109b in order to produce a control
signal which is suppiied to the voltage-controlled oscillator
10%a.

The operation of the frequency demodulating circuit 100
shown in Fig. 41 will next be described. The wobble signal Sws
is supplied via the capacitor 101 to the comparator 102 in order
to be converted into a binary signal Pws. Aspreviouslydescribed,
the address information ADM which has been biphase-modulated is
frequency-modulated, and this frequency-modulated signal is
recorded as a groove wobble on the optical disk. As a result,
as shown in Fig. 42A, the wobble signal Sws has 4.25 waves when
the digital data is "1", and has 3.75 waves when the digital data
is "0" in correspondence with the 1 bit (biphase 1 bit) of the
address information ADM similar to the frequency-modulated
signal. Such a binary signal PWe as shown in Fig. 42B is therefore

output from the comparator 102.



out-put fromthe conparator 102. 4
On the other hand, since the frequency of the wobble signal S[err]
corresponding to "1" is different fromthe frequency of the wobble signal
S[err] corresponding to "0", the output signal of the Iowpass filter 103c
whi ch constitutes the PLL circuit 103'is, shown in Fig. 42C. As a result,
the address infornmation ADMi s produce(f fromthe | owpass filter 106, as
indicated .in Fig. 42D. The edge of this address information ADMis then
detected by the edge detector 107. The edge detection signal is supplied
as a trigger signal to the PLL circuit 109 and the pul se signal out put
from t he nonost al¥re thelathervhandyr singe ithesipgauengy: §h¢éf<é?tg-@o‘élgrm]gnal to
this PLL circuit 109. As a result, a clock signal "ACK' which is

synchr oni ze8wmicoirrespondingdo AT oirsmltiufﬁarestaﬁmm the frfeqnencyeof the

vol tage-control |l ed oscillator 109a to constitute the PLL circuit 109 as
shown in Fi yobl2E signal SweAgoprespomgdng s btk ousput reigyadcof the
denodul ating circuit 100 shown in Fig. 41 has two signal systens of the
PLL circui tewipdsaintiliey WABchwhiels tdongtd tubesvihe Pldoepreniti IQiits
configuration. As expl ai ned previously, the anplitude of the wobble
groove recehden ionFige 42€i cAb alirgsul, atlie xddrass uinforapdiche3BM dfs t he
frequency of the signal after nodul ation sa that as shown in the enlarged
vi ew i n Fi gprdduced drangehd Aowhpass did teorlQfef aédtndmiﬁteddcuﬁ‘sgaﬂame zero

crossp0|nt of the groove wobbl e corresponding
The edge of this address information ADM is then detected by the

edge detector 107. The edge detection signal is supplied as a
trigger signal to the PLL circuit 109 a'ﬁd the pulse signal output
from the monostable multivibrator 108 is supplied as a reference
signal to this PLL circu.{t 109. As aresult, aclock signal "ACK"
which is synchronized with the address information is acquired
from the voltage—-controlled oscillator 109a to constitute the
PLL circuit 109 as shown in Fig. 42E.

As previously described, the frequency demodulating
circuit 100 shown in Fig. 41 has two signal systems of the PLL
circuits 103 and 109 which constitute an overly complex circuit
configuration.

As explained previously, the amplitude of the wobble groove
recorded on the optical disk is a fixed amount regardless of the
fréquency of the signal after modulation so that as shown in the
enlarged view in Fig. 40, a change in the slope (or deflection)
occurs at the zero crosspoint of the groove wobble corresponding
to the junction of the "1" and the "0" of the address information

ADM. Consequently, large jitter is prone to occur on the time



to-the junction of the "1" and the "0" of the address information ADM
Consequently, large jitter is prone to occur on the tine axi s
of the wobble signal S[err] that matches the junction point of the "1" and
the "0" of the address information ADM This jitter prevents the
denodul ation circuit fromacquiring err%r-free address informati on ADM
The assignee of this invention and othef's are currently in the mdst of
devel opi ng the next generation of optical magnetic disks (ASMD and are
proposi ng an magnet o-optical disk in which clock marks hol d address
I nformati on by neans of the groove wobbles and preformatting is perforned.
In this preakbssifythambhhdleosbgnahFwetthagpnatchesiithe hppdionupoint ddt a
clock signal is acquired in order to-record and reproduce data by
utilizing the 'Yi¢pandhe BA" ifybhe asidresssinformmatiionkADM. ThisAitter
reproduction signal S[err] of the clock marks is shown in Fig. 43A. This
reproduct i oprevemtd tHeedehofiubhatiamciysudbofinom redujring3grrorffrer a Plerr]
signal showing the timng of the zero.(0) <crosspoint. A data clock signal
- i s acquir edadgresmninformahéoPADMcircuit while referring to this pul se
Plerr] signal. The above nentioned clock mark CMis formed as shown
in Fig. 44A and ThBasdidreasfrithis paventiforcandiothpeeamse corventIvyime t he
surface of the base disk. Witing is perforned radially across the surface
of the di skthasd.dsitt bf aldveddpingthendest gersresioniof optagadinagnedtiel vy
formed. The groove 12Gis cut to a specified

disks (ASMO) and are proposing an magrieto-optical disk in which -

clock marks hold address information by means of the groove
wobbles and preformatting is performed. In this previously
undisclosed magneto-optical disk apparatus, a data élock signal
is acquired in order to record and reproduce data by utilizing
the reproduction signal of this clock mark.

A reproduction signal Scm of the clock marks is shown in
Fig. 43A. This reproduction signal Scu functions as shown in Fig.
43B to form a PcM signal showing the timing of the zero (0)
crosspoint. A data clock signal is acquired by means of the PLL
circuit while referring to this pulse Pcu signal.

The above mentioned clock mark CM is formed as shown in Fig.
447 and 44B while using a pair of cutting beams to cut-forme the
surface of the base disk. Writing is performed radially across
the surface of the disk base with a lands 12L and a grooves 12b
being alternately formed. The groove 12G is cut to a specified
depth Da as shown in the cross sectional view in Fig. 44B by using
the cutting beams. Excluding the beams Ba, Bb, Fig. 44 shows a

lateral reduction of one-tenth when the vertical direction is



depth Da as shown in the cross sectional viewin Fig. 44B by using the
cutting beans. Excluding the beans Ba, Bb, Fig. 44 shows a |ateral
reduction of one-tenth when the vertical direction is set as
1, just the sane as in Fig. 45 related later. . The flat surface is
one side of the cutting edge 1la in the ,groove 12G and the other cutting
edge | 1b i s wobbl ed. The address i nfornfiti on (shown by sine wave) ADM and
the cl ockmark CM (one .cycle of sine wave ) are consecutively forned in
this address information ADM (shown by sine wave). One pai'r of
cutting beans Ba, Bb is used as shown in Fig. 44A as the cutting beans for
perform ng veddbhlas dut ey, ththesamsuesi Ay BeanstBxelBbedchatene surface of
the base disk in a partially overlapping state as shown in the figure. In
this exanple, a Bheddatwebbface §sfenensddpoithesudtingeedgs Llagrhthen Ba.
When reproducing the clock mark CMforned in the groove 12G in the groove
wobbl e by megrreewef 12GenerBeetimsoetpingedye 11b5is wokhked.heThe pddaessi on
signal S[err] of the clock nmark CM acquired during scanning of the |and
12L and t he irdfomdddohofsliwyndly Sine ijaveldf AbMeand didle ghockemlaui(one
during scanning of the groove 12G formsignals of identical polarity as
shown in Fi geydd®@Aof sine wave dr diregbonsedutivelvt forbedniiP[tdyis] addresanni ng
above the land 12L or scanning above the gfoove 12G cannot currently be
determ ned binfiogaasioh APM s(shawmobycsine waygial S[err]. However, -

One pair of cutting beams Ba, Bb is used as shown in Fig.
447 as the cutting beams for performing wobble cutting. The
cutting beams Ba, Bb scan the surface of the base disk in a
partially overlapping state as shown in the figure. In this
example, a groove wobble is formed by means of the cutting beam
Ba.

When reproducing the cl’éck mark CM formed in the groove 12G
in the groove wobble by means of the Pes beam shown in Fig. 45,
both the reproduction signal Scum of the clock mark CM acquired
during scanning of the land 12L and the reproduction signal Scm
of the clock mark CM acquired during scanning of the groove 12G
form signals of identical polarity as shown in Fig. 43A.

Accordingly,whethgrthebeamE?Bisscanningabovetheland
12L or scanning above the groove 12G cannot currently be
determined by means of this reproduction signal Scm. waevef,
if it can be determined from the polarity of the reproduction
signal ScM, whether the beam PpB is currently scanning above the
land 12L or scanning above the groove 12G, and servo control of

the optical pickup system can then be accurately performed.



If it can be determned fromthe polarity of the reproduction signal
S[err], whether the beam PPB is currently scanning above the 1land 12L or
scanni ng above the groove 12G and servo control of the optical pickup
syst em can then be accurately perforned. .

7 Further, as related above, thg anplitude W (Fig. 44A) of the
clock mark forned in the groove 12G by ans of the wobble groove, is
extrenely small. The clock mark CMfor the reproduction signal Serr]

shown in Fig. 43A has a poor signal to noise ratio..Accordingly, the clock
signal acquired by using this_reproduction signal S[err] has a |arge
jitter and for infugkher, @nrelatrd gbeyeasthe ampiitade)Wa (Fiy. fhfd of
reproduction. Further, control of the first cutting beamBa is difficult
since the cl@ clocknmarknfarmed inrthel xee¥aphtlf &y Beans % ithy webble
fluctuations of the zero cross point, the snmaller the anplitude W.
SUMVARY OF THRIVRVENF| extremely smalils (The eleck markppedorofthehi s i nvention
to provide an optical disk apparatus in which one signal system of these
PLL ci rcui teeRnodusgiendsignal Snpihoveoini Big atdBnhesra Reansigngl to
denodul ation. It is therefore another object of this invention to
provi de an nspisiecaptdpsk Ageexcanglyi rEhshicdecki signal fqadaeddbytushrgti ne
axis of the wobble signal S[err] that matches the junction point of the
"I" and the thi's BEP¥eRUGHHNATCSEIRKE SEHBRSOR Wa)ﬁéif%:‘amdl foryinshenee act ory

acqui sition of address infornmation., ,
cannot be used as a clock signal for data reproduction. Further,

control of the first cutting beam Ba is difficult since the clock
signal must be formed accompanied by drastic level fluctuations

of the zero cross point, the smaller the amplitude Wa.

SUMMARY OF THE INVENTION

It is therefore an object of this invention tq provide an
optical disk apparatus in which one signal system of these PLL
circuits is reduced to a simple configuration for performing
demodulation.

It is therefore another object of this invention to provide
an optical disk apparatus in which jitter is reduced at the time
axis of the wobble signal Sws that matches the junction point of
the "1" and the "0" of the address information ADM and thus allow
satisfactory acquisition of address information.

It is still another object of this invention to provide a
preformatting device that can easily preformat marks having
highly precise position (phase) information.

It is a further object of this invention to provide an



It. is still another object of this invention to provide a preformatting
device that can easily preformat marks having highly precise position
(phase) information. It is a further object of this invention to
pr-ovi de an : . 8 optical disk
apparatus that easily identifies whethey the beam is above the groove or
above the land by utilizing a polarize reproduction signal of a mark
havi ng phase information to determ ne whether the beam scanning the
optical disk is above the |and or above the groove. In the optical
di sk apparatus of one aspect of this invention for driving an optical disk
on which aopticed diddblapparetuestimtdengily kdatitdifiesadeetiran theopedn equency
nmodul at ed, bi phase nodul at ed address information, and a nark for
expr essi ng ispbheee i tiograbvenoplamaw thei tand dvduibbbtinmreepplatbzedit t ed;
and along with nmaking the biphase bit count "a" ("a" is a natural nunber)
bet ween t wrepfrodurtiemtsigmiad ofir Rsmarkeraviamgnphadetintomation fade "n" ("n"
is a natural nunber) between two of said adjacent marks wherein, said
optical di sleteamiherghettieocithei haamh scapriogutheorpiiceds diskgéacaldee a first
clock signal utilizing an "n" frequency nultiple of the reproduction
signal of d<hiedlehdchr almve dhe, gwobbee signal reproduction neans to
reproduce fromsaid optical disk a wobbl e:signal corresponding to said
groove wobbl e amml, tHe epidcey diésbhaprarasusnedinene aspegli o thisl address
I nformati on by frequency denodul ati on of said wobbl e signal and,

invention for driving an optical disk on which a groove wobble

corresponding to a signal acquired from frequency modulated,
biphase modulated address information, and a mark for expressing
phase information placed inside said wobble are preformatted;
and along with making the biphase bit count "a" ("a" is a natural
number) between two of adjacent said marks, the channel bit count
is made "n" ("n" is a natural number) between two of said adjacent
marks wherein, said optical disk has first clock signal
reproduction means to generate a first clock signal utilizing
an "n" frequency multiple of the reproduction signal of said clock
mark and, wobble signal reproduction means to reproduce from said
optical disk a wobble signal correéponding to said groove wobble
and, frequency demodulation means to acquire said address
information by frequency demodulation of said wobble signal and,
said frequency demodulation means has; a second clock signal
generator to generate a second clock signal by dividing a data
clock signal supplied from said first clock signal reproduction
means by 1/M(M=n/(a *s)) in which a clock "s" ("s" is a natural

number) is an oversampling value of said biphase bit and a waveform



sai d frequency denodul ati on neans has; a second clock signal generator to
generate a second clock signal by dividing a data clock signal supplied
fromsaid first clock signal reproduction neans by 1/MM:n/(a s)) in which
a e€lock "s" ("s" is a natural ~nunber) is an oversanpling value of said

bi phase bit and a waveform T w 9
shaping unit to shape the waveform of sgid wobbl e signal and a detector to
acquire said address information by processing with said second cl ock
signal for said binary signal. In this invention therefore, a

bi phase bit oversanplin clock signal is generated by frequency division
from a dat aSkaRing u@P-@n%P shakenhthg wavefaragef said wobplgasborab@ndsagnal
and frequency of the biphase bit oversanpling clock signal. Uilizing this
cl ock si gnafetgetors tacafgudive saldpddyass daformatiar iihPEgcessing with

denodul ation of the wobbl e signal obtained with the wobble signal

repr oduct i obR¥b&esond clock ssigmalc fprdraid pgwrat §498flanot her aspect of
this invention for driving an optical disk formed with alternate grooves
and | ands radi afpythis obavertdon shexeforse acdirhane ol awerganglingacks;
and marks preformatted with phase infornmation wherein;, nmarks having said
phase i nf or¢kglofignal dsrganeratedy Eregepnandivisign feem sadatycdegk and
have a first concavity or protrusion at parallel falling sides in said
radi al di r ezkgned winkch 4s aniintegey rafdonf detp 650k shonat apd fireaueba¥r si de,
parallel in the radial direction and constituting a second concavity or

protrusi on % thendiphasr biGigwprgappting clado signahi nJtidd zing| this

direction,
clock sighal allows acquisition of address information by

frequency demodulation of the wobble;signal obtained with the
.wobble signal reproduction means.

A optical disk apparatus of another aspect of this invention
for driving an optical disk foimed with alternate grooves and
lands radially across the disk surface containing recording
tracks; and marks preformatted with phase information wherein;
ma;'r‘};s having said phase information are formed on one end of said
land or said groove and have 'a first concavity or protrusion at
parallel falling sides in said radial direction and, a said land
or said groove formed on the other side, parallel in the radial
direction and constituting a second concavity or protrusion in
the track rising direction also matching the falling direction,
and whether the laser beam scanning said optical disk is above
said land or above said groove can be detected from the polarity
of the reproduction signal on the mark.

In a further aspect of this invention, in the lands and

grooves, the concavities and protrusions comprising the marks



and whet her the | aser beam scanning said optical disk is above said |and
or above said groove can be detected fromthe polarity - of the reproduction
signal on the mark. In a further aspect of this invention, in the

| amds and grooves, the concavities and protrusions conprising the marks

10 contai ning the phase information, @rotrude‘Ln opposite directions.
Consequently, the polarity of the mark f production signal will have a
respectively different polarity according to whether the beamis scanning
a land or a groove. This neans that whether the beamis over a groove or a
| and can easily be determ ned by neans of the polarity of the mark
reproduct i ogoptgiming the phagepireformaiiiomgbgetrede iin popogihbeher aspect of
this invention is provided for cut-form ng the surface of the base disk
to form gr odisechirhsmErpsednenti i nghe Redarity Rirkhe dpdhrepredudizsan di sk
wherein said preformatti ng device conprises: a |ight source for generating
a first andsagnatovidlchave mgrespestivedy differenisppdarity micagrding to r st
and second cutting beans to nutually overlap so that said first and second
cutting beawbetherthepoean isrsptinmiagaa Jand @haogradwe .s uFh g meghstthathase

di sk, cutting beamcontrol neans for controlling on and off swi tching of
sai d first wnhedthexthd beamtismeveramroais orcdpandcaneasd lvdre detrmigidd ng
operation of said cutting beamcontrol nears. The control neans is

regul at ed sbyhmesrs ohitdef ppiarity tofhFheemarksreprpduationf sdamglfor a fi xed

period i medi ately before the timng _
A preformatting device in yet another aspect of this

invention is provided for cut-forming the surface of the base
disk to form grooves and marks containing phase information on
said base disk wherein said preformatting device comprises: a
light source fbr generating a first and a second cutting beam,
optical means for joining said first and second cutting beams
to mutually overlap so that said first and second cutting beams
overlap to irradiate a portion of the surface of the base disk,
cutting beam control means for controlling on and off switching
of said first and second cutting beams and, control means for
controlling operation of said cutting beam control means. The
control means is regulated such that said first cutting beam is
turned off only for a fixed period immediately before the timing
of said mark to be formed, and said second cutting beam is turned
off only for a fixed period immediately after the timing of said
mark to be formed.

In a yet further aspect of this invention, a first and a
second cutting beam overlap and the junction of their light beams

irradiates the surface of the base disk and cut-forms a groove



of .said mark to be forned, and said second cutting beamis turned off only
for a fixed period immediately after the timng of said mark to be forned.
In a yet further aspect of this invention, a first and a second cutting
beam overl ap and the junction of their light beans irradiates the surface
of the base disk and cut-fornms a groove w 1 n that surface. The
first cutting beamis turned off for a H‘xed period i mredi ately before the
timng of said mark to be formed, and at one side of the groove, a
protrusion is fornmed in parallel in the falling section towards the track
where the mark is to be formed in the radial direction of the disk. The
second cutt iifgthafeairfagans dhe FigstLuytting beanisiurpgsfilafer ¢ Hied t he
timng of the mark to be formed. Accordingly, a protrusion is forned on
the other sPesied imuedjebed¥ befqre dhedrining A€ §3igl markdex benfoxmachr ds t he
track where the mark is to be fornmed in the radial direction of the disk.
The pairs oRngraf posi e PEthedgrerThedPrafirdeden &y Sormed drhparalgdedhase

i nformati on. In the optical disk preformatted with the nmarks having
the phase ARf Shanfabhing sgesdpnpkeranss dhenheack whane itheswarhels e a
beam a signal having a one cycle sine wave is acquired. As related above,
si nce the nkekiqmpredolhthe ppddghidigictignofetimdiakd dhe sagonehtwHet iz t he
cutting beam the mark reproduction si‘gnal+. undergoes a sudden |evel change
at the zerobepwsgp@isneff fogna ddixes: intenvad dapediatedypaftar the bidinaatel y
be detected with no effect fromjitter, even if the amount of protrusion
fromthe of the mark to be formed. Accordingly, a protrusion is formed

on the other side of the groove in parallel in the rising section
towards the track where the mark is to be formed in the radial
direction of the disk. Tﬁe pairs of érotrusions formed in these
grooves are marks having phase information.

In the optical disk preformatted with the marks having the
phase information as described above, when a mark is scanned by
a beam, a signal having a one cycle sine wave is acquired. As
related above, since the mark is formed by controlling the on
and off switching of the cutting beam, the mark reproduction
signal undergoes a sudden level change at the zero crosspoint.
Consequently, the zero crosspoint can accurately be deteqted with
no effect from jitter, even if the amount of protrusion from the
pair of protrusions comprising the marks is small.

In a still further aspect of this invention, a frequency
demodulator circuit has a waveform shaping section for forming
a frequency modulated signal expressing the digital data to
acquire a binary signal, clock signal generating unit for

generating clock signals having a frequency corresponding to "1*



pair of protrusions conprising the marks is small. In a stil
further aspect of this invention, a frequency denodulator circuit has a
wavef orm shapi ng section for formng a frequency nodul ated si gnal
expressing the digital data to acquire a binary. signal, clock signa
generating unit for generating clock sjggnals having a frequency

corresponding to "1" 12 of said
address information, and al so having a frequency higher
t hansai df requencysi gnal byacommonnul ti pl e, which corresponds to "0" of said

digital data t ect, f id_.digital dat d
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di sk f t th d | _disk whi ch
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ai'nal - eprBLar 8 LS LRl e%%ﬁe%q‘ia So e oaﬁa?:%e;[)%%%éﬁm%%a bbi &
I d b d, d | at
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sai d wobbl e, signal_.and said frequency denodul ation neans has :a waveform

shapi ng uni t® ‘%?“aﬁ: Birri ng a bi nary signal from a vvave shaped fromthe

o et R I B UL st

signal havaiu'p gpglcaf %usﬂ%w L4 g%:o%fvess/%b%lvénggxlresp %H:Lng %ré%siB%Qf 'ng
acquired from frequency modulated address information, and a
post-modulated signal are recorded; wobble signal reproduction
means for reproducing from said optical disk a wobble signal
corresponding to said groove wobble and, frequency demodulation
means for acquiring said address information by frequency
demodulation of said wobble signal and said frequency
demodulation means has :a waveform shaping unit for acquiring
a binary signal from a wave shaped from the wobble signal, a wobble
signal frequency corresponding to said address information of
"1", clock signal generator means for acquiring a clock signal
having a frequency multiple of said wobble signal corresponding
to said address information of "0", a detector for acquiring said
address information by processing said binary signal with said
clock signal..

In this aspect of the invention, the digital data, for

instance the frequency modulated signal containing address
information is shaped by a waveform shaping unit and converted

intoabinary signal. Then aclock signal generator, for instance



to-said address information of "0", a detector for acquiring said address
I nformati on by processing said binary signal with said clock signal.

In this aspect of the invention, the digital data, for instance the
.frequency nodul ated signal containing address information is shaped by a
wavef orm shaping unit and converted intg a binary.signal. Then a clock
signal generator, for instance 13
a PLL circuit is used to obtain a clock signal which is a conmon multiple
(for instance the | owest conmmon nultiple frequency) higher than the
frequency nodul ated signal corresponding respectively to the digital data
"1" and "Q".2 PLL CerE?dgeHS Hsachte Atedr -§i"d1?8k, S%W%P‘H&F? 5§ §ngprmon
corresponding_ to_"I" has, a pattern of "1" and "0" conprised of the first
clock port MHtighe {Fer pinsdapce ghal lewsste SOBRARNBUL bPYe fixgquengyl t er n
of "1" and "Q" conprised of_ the second clock portion. In the detector, a
bi nary si gnéﬂlgﬁﬁFpE]i‘%nu‘ét}%gfrﬁ%nEYO‘E?d‘é]iw signalj fUZtesPoRAdngenodul ati on
of the digital data then perforned. J.nan optical disk apparatus of
a further adsspechbivehy sto itheefiodhal Pafia ¢l "t ABdad®Tess information is
frequency nodul ated and the post-npdul ation signal is recorded on an
optical disk as Begpdepdhisupiock signaly g bingbyFéonadbcrrsgarerdingie to
change according to the frequency of the signal after nodulation. This
change in gi@oVk" Wsishp Pathsm: afe pr apent&’ gomeyigrd pénthe firekeclotoove
wobbl e zero crosspoint corresponding to the junction point of the waveform
expressi ng POrtigR’ epd the BiBeRY SigpadGorgespeonding to "0" has a pattern

of "1" and "0" comprised of the second clock portion. In the
detector, a binary signal pattern using this clock signal is
detected and demodulation of the digital data then performed.

In an optical disk apparatus of a further aspect of this
invention in which the address information is frequency modulated
and the post-modulation signal is recorded on an optical disk
as a groove wobble. This groove wobble amplitude ismade to change

- according to the freqliency of the signal after modulation. This
change in groove wobble amplitude prevents a deflection near the -
gréove wobble zero crosspoint corresponding to the junction point
of the waveform expressing "0" and the waveform expressing "1"
of the address information.

In this invention, the groove wobble amplitude is made to
change according to the frequency of the signal after modulation,
and a fixed amount of deflection is applied to the groove wobble
zero crosspoint corresponding to the junction point of the
waveform expressing "0" and "1" of the address information. This

process reduces jitter along the time axis of the wobble signal



of .t he address information. In this invention, the groove wobble
anplitude is nmade to change according to the frequency of the signal after
nodul ation, and a fixed anpbunt of deflection is applied to the groove
wobbl e zero crosspoint corresponding to-the junction point of the

wavef orm expressing "0" and "1" of the gddress information. This process
reduces jitter along the tine axis of t'he wobbl e signal

14 S[err] corresponding to the junction of the 0" and "1" of the address
i nformation. BRI EF DESCRI PTI ON OF THE DRAW NGS

Fig. 1 is a block diagram show ng the magneto-optical disk apparatus of

the first efoeryRafPopdingto the dyncshon of the OfF gpd J1f ofythe addyese

showi ng the sector |ayout of the nmagneto-optical disk. Figs. 3A
t hr ough 3D Hréernakigg-charts illustrating the sector (wobble address
frame) format. Fig. 4 is a drawing show ng one sector (wobble

address frane) of the address information prior to bi phase nodul ation. -
Fig. 5is a drawing showi ng a sanple | ayout of the groove wobble.

Fig. 6 is a perspective BR BTIAE QptTHEQPRAYINGS of the optica

head. Fig. .7 is a view showing the structure of the photodetector
Fig. 1 is a block diagram showing the magneto-optical disk

apparatus of the first embodiment "'o'f tfxis invention.

Fig. 2 is a fiat view showing the sector layout of ‘the
magneto-optical disk.

Figs. 3A through 3D are timing charts illustrating the
sector (wobble address frame) format.

Fig. 4 is a drawing showing one sector (wobble address
frame) of the address information prior to biphase modulation.

Fig. 5 is a drawing showing a sample layout of the groove
wobble.

Fig. 6 is a perspective view showing the optical system of
the optical head.

Fig. 7 is a view showing the structure of the photodetector
for the optical system of the optical head and the spots formed
above the photodetector.

Fig. 8 is a view illustrating the structure of the Wollaston
prism constituting the optical system of thé optical head.

Fig. 9 is a view showing isolation of light rays by the

‘Wollaston prism.
Fig. 10 is a block diagram showing the layout of the ADIP

decoder.



fort the optical systemof the optical head and the spots formed above the
phot odet ect or. ' Fig. 8is aviewillustrating the structure of the
Wl | aston prismeconstituting the optical systemof the optical head.

Fig. 9 is a view showing isolation of light rays.by the Wllaston prism
Fig. 10 is a block diagram showi ng the jgyout of the ADIP decoder.

Figs. 11A through 11F are timng flowharts illustrating the operation of
t he ADI P decoder. Fig. 12 is a block diagram showi ng the |ayout of
the detector. Fig. 13 is a block diagram showi ng the |ayout of the

edge detector circuit 14A throu 14F' eforns '
illustrating theF Wﬁer%@o‘?@iﬁ“qghgiﬁe?‘éecttcwmg owe 3 t'tlf‘?rtdﬁl’(?h 15F'

are maveforns |IIustrat|gg %F t|on of the detector. Figs. 16A
t hrough 16FtharPSEACDy ?u%? QﬁSdFﬁe ‘operation of the detector.

Figs. 17A through 17F' are vef il lustratjn e eratjgon of the
det ect or. Kigys1218% %ﬁﬂﬁéﬁa§@ra'ﬁr%h%ﬂﬁg5&‘ﬁsl?)’$ Et?%tti the -
operation of the detector.
detector.
Fig. 13 is a block diagram showing the layout of the edge
. . ;-. °
detector circuit.
Figs. 14A through 14F' are waveforms illustrating the
operation of the detector.
Figs. 15A through 15F’ are waveforms illustrating the

operation of the detector.

Figs. 16A through 16F’ are waveforms illustrating the
operation of the detector.

Figs. 17A through 17F’ are waveforms illustrating the
operation of the detector.

Figs. 18A through 18G' are waveforms illustrating the
operation of the detector.

Fig. 19 is a block diagram showing the structure of another
embodiment of the detector.

Fig. 20 is a block diagram showing the rising edge of the
detector.

Fig. 21 is a block diagram showing the falling edge of the
detector.

Figs. 22A through 22I’ are waveforms illustrating the

operation of the detector.

Fig. 23 is a block diagram showing the structure of another



Fig. 19 is a block diagram showi ng the structure of another enbodinent of

the detector. Fig. 20 is a block diagram show ng the rising edge of
the detector. Fig. 21 is a block diagram showi ng the falling edge

of the detector. Figs. 22A through 221' are waveforns illustrating
the operation of the detector. 9. 23 isa block diagram show ng

the structure of another 16

enbodi ment of the ADI P decoder. Figs. 24A through 24C are timng

fl omcharts describing the clock used by t he ADI P decoder. Fig. 25

I's a bl ock diagram sho truct e of the data clock reproducing
devi ce. mgg? Z%%AH"& gﬁ&ﬁ t| mng charts describing the
operation of the aod eyi ce é is a block
di agr am showi ng t gﬁg&ﬁﬁr §¥1 %4% gré:dﬁ'éf‘g ft}ﬁ“‘ictl}élrtﬁl‘%%cé'ﬂ ipdithe of the

second enbodi t of |nv nt i on Fig. 28 is a block diagram
showi ng t he® é??gc‘t‘%‘? g?e‘?%‘F‘?ﬂaﬁrtl ng devi ce. © Figs. 29A
t hrough 29C are vef ting the q of f for the
cutting beam andvﬁ‘ §1E Qa Sh°wmgqflr%\e95t%*ﬁzq‘%rea°€(§ﬁgé%ﬁta\/i ew of
t he on and of f EWtCh'cPu% the cutt| ng beam

ock repro ing device

Figs. 26A through 26E are ti;ning charts describing the
operation of the data clock reproducing device.

Fig. 27 is a block diagram showing the structure of the
magneto-optical disk apparatus of the second embodiment of this
invention.

Fig. 28 is a block diagram shdwing the structure of the
preformatting device.

Figs. 29A through 29C are waveforms illustrating the on and
off switching for the cutting beam and the clock mark signal.

Fig. 30 is a concept view of -the on and off switching of
the cutting beam.

Figs. 31A through 31G show the interrelation of the clock
marks and their reproduction signals.

Fig. 32 is a block diagram showing the structure of the
polarity discriminator.

Fig. 33A and 33B are concept views showing the on/off
switching of the cutting beam and the wobble (fixed shift).

Fig. 34 is a concept view showing the on/off switching of
the cutting beam and the wobble (fixed shift).

Figs. 35A through 35D are timing charts illustrating the



Figs. 31A through 31G show the interrelation of the clock marks and their

repr oducti on signal s. Fig. 32 is a block diagram show ng the
structure of the polarity discrimnator. Fig. 33A and 33B are
concept views showi ng the on/off swtching of the cutting beam and the
wobbl e (fixed shift). Fig. 34 is4g concept wiew showing the on/off
swtching of the cutting beamand the wobble (fixed shift). Fi gs.
35A through 35D are timing charts illustrating the o

17 | aser beam nodul ation by the data cl ock signal. o Fig. 36 is a

bl ock di agram showi ng the structure, of the net 0-opt i cal di sk apparatus
of the thircﬂ%ﬁﬂEoHFﬁ%n?oé%lﬁqﬁ99 %Whggﬁté?ﬁﬁ-éy%%k 51§Pgit 37A through 37D
are timng charts_illustrating_th | aser beam,nmodul ati.on - the data cl ock
i gnal i BLooat (%, o BaCRK stbaan SIORLAG The SomrtinRoos! i
magnet o- opti cal di sk apparatus of the fourth enhodiment of this _invention.
Figs. 39A t MAasRGhO39PE g%l tqtﬁﬁ?%al’%%ﬁ“i‘és Of| Bee ritdyephedinente pfhEbls -
nodul ati on by the data clock signal. Fig. 40 is a drawing showing a

sanpl e strucitfeBtdPna wobbl e groove of the conventional art. Fig.

41 is a block diagram showing the structure of the freqyenc denodul ati on
circuit of the co %%ﬁni%ﬂ%thg??gh 37D are timing charts illustrating the

laser beam modulation by the data ‘&lock signal.

Fig. 38 is a block diagram showing the structure of the
magneto-optical disk apparatus of the fourth embodiment of this
invention.

Figs. 39A through 39D are timing charts illustrating the
laser beam modulation by the déta clock signal.

Fig. 40 is a drawing showing a sample structure of a wobble
groove of the conventional art.

Fig. 41 is a block diagram showing the structure of the
frequency demodulation circuit of the conventional art.

Figs. 42A through 42E are timing charts illustrating the
operation of the frequency demodulation circuit.

Figs. 43A through 43D are drawings showing the clock mark
reproduction signal for the magneto-optical disk apparatus
relating to the present invention.

Figs. 44A and 44B are drawings showing the interrelation
of the cutting beam and clock mark.

Fig. 45 is a drawing showing the clock mark on the land and

groove.



Figs. 42A through 42E are timng charts illustrating the operation of the

frequency denodul ation circuit. Figs. 43A through 43D are draw ngs
showi ng the clock mark reproduction signal for the magneto-optical disk
apparatus relating to the present invention. . Fi.gs. 44A and 44B are

drawi ngs showi ng the interrelation of tﬂf cuttingw~beam and cl ock mark.
Fig. 45 is a drawing showing the clock nark on the | and and groove.

18 DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS

Hereafter the first enbodi ment of this invention will be described while
referring to the acconpanyi ng drawi ngs. The structure of a magneto-optical
di sk apparatus 10 Qﬁl‘A&E@Df P?g@I@m@P%E%E&REWWM?PBﬁEN& shown in
Fig. 1. A magnet o-optical disk 11 acconmmdated in the nagneto-
optical disk appatigrgafer\ihe firsteprodiment gEqthis jnvention kil ke

| ayout of a sector of the magneto-optical disk 11. A track  "0" to a track
"n" are forngeserihed yhidgneeberpinedr dhsraggompanyingpdravinegs m fhem an
inner circunferential side thereof tqQ an outer circunferential side

t her eof . Fur8HEictunee ofpgneagnetomntdsrlqdirk mPraratiyi §RtiFhandd rebnes,
with the "0" to "ml" sectors contained circunferentially in the tracks of
zone X1 on emeodiment efr Ehif clurantdonsigeshown 130 B84 to "m (n2>nl )"

sectors are contained in the tracks of zone«X2 on the outer
circunferential sPd@agneto-optical disk 11 accommodated in the magneto-

optical disk apparatus 10 will first be described. Fig. 11 shows
the layout of a sector of the magneto-optical disk 11. A._track
"0" to a track "n" are formed on thi’s'magneto—optical disk 11
in a spiral form from an inner circumferential side thereof to
an outer circumferential side thereof. Further, the magneto-
~optical disk 11 is divided up into zones, with the "0" to "ml"
sectors contained circumferentially in the tracks of zone X1 on
the inner circumferential side; while the "0" to "mn (m2>mil)"
sectors are contained in the tracks of zone X2 on the outer
circumferential side.
The format of a sector (wobble address frame) is shown in

A - O of Fig. 3. As shown in Fig. 3A, groove portions 12G and
land portions 121 are alternately formed radially on the
magneto-optical disk 11, and data is recorded on any one of the
groove portions 12G and land portions 12L, or both of these
portions 12G and 12L. One side of a groove portion 12G is brought
for instance, into a wobbling state in response to biphase-
modulated address information ADM.

In this case, the address information ADM is frequency-



The format of a sector (wobble address frane) is shown in A - O of Fig. 3.
As shown in Fig. 3A groove portions 12G and |and portions 12L are
alternately formed radially on the nagneto-optical disk 11, and data is
recorded on any one of the groove portions 12G and | and portions 12L, or
both of these portions 12G and 12L. Onggside of a.groove portion 12Gis
brought for instance, into a wobbling s?ate in response to bi phase-

nodul at ed address informati on ADM In this case, the address
informati on ADMis frequency- ' : o 19
nodul ated (nanely, FM, and the groqve portions 12G are wobbled to
correspond Pedphated L¥y d3)gi gRdIthe grepve Parsiqas 13G areppbliad at ed
signal is recorded as a groove wobble. 1t should be understood that since
one side of t?h%org‘?%%ldpg?tfr}%ﬁwWZ‘@‘?@"’I%EF%@CO%W Woréfe Wiige of
the land portion 12L is brought into a wobbling state in response to the
addr ess i nf ¥npedwlptegysignal is mecordgdras e i%PSF’ﬁ‘a‘t"?W%DI\#Ea‘@%%ady
been subjected to biphase nodul ati on. Perform ng bi phase nodul ati on on the
addr ess i nf BengRdestiaodathal reingt onges iR s $hpng¥roia POFtAOM 126 iignown as

a nethod to preverit the generation of the DC conponents ngC free). The
"1: bit of Wﬁ’ébh%ﬁlirr§§§SFW@?WPﬁﬂS&ﬂF&beeﬂiaﬁ&%‘tlﬁ’d hipdrauwshtesponds

to a bi phase "2" bit. As shown in Fig. 5, a groove wobbl e becones 4
waves per 1ingp@ webbHanggErE 4nj rashoRse; %‘%h@m%ﬁﬁﬁééﬁofnﬁﬂ?n\ﬂ% t he
digital data is "1", whereas a groove wobbl e becones 3 waves per 1 bit
This address information ADM has already been subjected to
. biphase modulation. Performing biphase modulation o-n the
address information to acquire and us‘é address information ADM
is known as a method to prevent the generation of the DC components
(DC free). The "1" bit of the address informationprior tobiphase
modulation corresponds to a biphase "2" bit.
As shown in Fig. 5, a groove wobble becomes 4 waves per 1
bit of the address information ADM (biphase 1bit) when thé digital
data is "1", whereas a groove wobble becomes 3 waves per 1 bit
of the address information ADM (biphase 1 bit) when the di'gital
data is "O". Moreover, the amplitude of this groove wobble is
varied in response to the frequencies of modulated signals. Also,
as shown in an enlarged view in Fig. 5, the slope of the groove
wobble at the zero cross point which corresponds to the junction
between "1" of the address information ADM and "0" of this address
information is not allowed to change.
Here, a groove wobble within a 1-sector (1 wébble address

frame) period contains the data prior to biphase modulation, for

example, 42 bit data. This 42 bit data is made up of a 4 bit sync



of -t he address informati on ADM (bi phase 1 bit) when the digital data is
"0". Moreover, the anplitude of this groove wobble is varied in response
to the frequenci es of nodul ated signals. Also, as shown in an enl arged
viewin Fig. 5 the slope of the groove wobble at the zero cross point
whi ch corresponds to the junction bet n "1" of +{the address information
ADM and "0" of this address informationis not allowed to change.

Here, a groove wobble within a 1-sector (1 wobble address frane) period
contains the data prior to biphase nDduIation for exanple, 42 bit data.

This 42 bit data is nmade up of a 4 bhit sy
20 ( synctimehrenisationly fuiongd: datay. %ﬁ iy éﬁémad%‘i&%ssmi!@aalaaaﬁ “bit

reserve bit, and a 14 bit CRC (cyclic redundancy check) code,

i ndi cat ed i i gesarve bit, @Rd Add bit C&ﬁomqlﬁq:r@dmgianqm@ewlcgéex or is
conprised for instance of 24 segnments. A clock mark CMas shown in Fig.
3A is preforafatinddcpsedeimAid plexed with the groove wobble at a boundary
position of each of the segments. Then, _as shown in Fig. 3C a 60 byt

data region i s Furthes.i ascakownfin Fige 3RBgrihans a Andeshnk He COHPSJ-%‘?‘{
fixed pattern region is formed therein to correspond to.the boundary
position of fidke ipsspaeeive egraments. A3 alock mark 6Y¥ |28 eshqwat &R, Fighen
witing data, NRZI data is witten into the data region, whereas a

2T-fi xed pat3cPer1ﬁ BF@W%@’CH@O@# st} bipLaxed aviNfz £hE g 209 ve wWebbleeat on t he
fixed pattern al on (synbol "T" is a bit interval of data). Here, 1
sector on tﬁ’ebﬁﬁg 2¥Y Rﬂﬁhtéap of sachiof stheyFpemeres. Then, as shown in

Fig. 3C, a 60 byte data region is formed in each of these segments
and further, a 6 byte fixed pattern region is formed therein to
correspond to the boundary position of the re_spective segments.
Aswill be discussed later, whenwritingdata, NRZI data iswritten
into the data region, whereas a 2T-fixed pattern signal
synchronized with the NRZI data is recorded on the fixed pattern
region (symbol "T" is a bit interval of data).

Here, 1 sector on the magneto-optical disk 11 is comprised
of 42 segments, and a clockmark CM is preformatted at the boundary
position of each segment so that the high speed bit count "a"
between adjacent clock marks becomes 2 bits. Also on this
magneto-optical disk 11, alongwith a 60 bit data zone being formed
within each segment, a 6 bit fixed pattern region is formed which
corresponds to the boundary position of each segment so that the
channel bit count "n" between the adjacent clock marks becomes
528 bits.

The magneto-optical disk apparatus 10 shown in Fig. 10 will

now be described. This disk apparatus 10 contains a spindle motor



of 42 segnents, and a clock mark CMis preformatted at the boundary
position of each segnent so that the high speed bit count "a™ between

adj acent clock marks becones 2 bits. Also on this nagneto-optical disk 11,
along with a 60 bit data zone being formed w thin each segnent, a 6 bit~"
fixed pattern region is formed which cgfresponds to the boundary position
of each segnent so that the channel bit count "n"™ between the adjacent

cl ock marks becones 528 bits. The magnet o-optical disk apparatus 10
shown in Fig. 10 will now be described. This disk apparatus 10 contains a
spi ndl e nntq 13 for rotating

r . . . 21
the magnet olGptcEPtRF g The magRetpRtdcad fhskll- P8R BRERREOT RSN i ven
t t anf, I | ocity. durin t he recordi ng oper.ati.on and, t he
Fepr oduc ng Bk B 1 h FORALHFEHERR 5 LB EIRANE A0PRT A0 SEdOGLRY SWeidht at i on
d of th spindl e, notor 13.iS nD ed on a.,rotary shaft of the spindle
Shtor 13 the Pelerding qperatioh id 0 5ePRORICHAY IR AE108ondt | ¢ head 15
f ti t I tic field:, a netjc, head driver .16 for
control | ng EREUGRAEIRNTALEF Fhe TragREEFELRY dPE EGLetiQ SRESHeST thtoad 15:
tical head 17 constituted b sem conducgt ar | r, an Qbjective
Foner . ohotBaBle mERoR 7 fhgoupted ora Forory diath of Ehe ringl emiarol | i ng
| ight em ssign of the sem conductor |aser ¢y this optical head 17. Both
t he nagnet# *head 15 and the opti.cal head 17 are arranged opposite

- The disk apparéfﬁs 10 further contains a magnetic head 15
for geherating an external magnetic field; a magnetic head driver
16 for controlling tﬁe generation of the magnetic field by this
magnetic head 15; an optical head 17 constituted by a
semiconductor laser, an objective lens, a photodetector and the
like; and a laser driver 18 for controlling light emission of
the semiconductor laser by this optical head 17. Both the
magnetic head 15 and the optical head 17 are arranged opposite
to each other in such a manner that the magneto-optical disk 11
is sandwiched between the magnetic head 15 and the optical head
17. A laser power control signal Sec is supplied from a servo
controiler (will discussed later) via a D/A converter 19 to the
laser driver 18, so thaﬁ the power of the laser light emitted
from the semiconductor laser of the optical head 17 can reach
a record power Pwduring recording operation. During reproducing,
the power Pw is regulated to become reproduction power Pr.

While data is written (during recording ), as explained
later, both the recording data Dr and a fixed pattern signal Srp

are supplied to the magnetic head driver 16, so that magnetic



to each other in such a manner that the magneto-optical disk 11 is

sandwi ched between the nmagnetic head 15 and the optical head 17. A | aser
power control signal S[err] is supplied froma servo controller (wll
di*scussed later) via a D)A converter 19 to the .laser driver 18, so that
the power of the laser light enmitted &{pomthe seniconductor |aser of the
optical head 17 can reach a record power Pw during recording operation.
During reproducing, the power Pwis regulated to becone reproduction power
PR. . While data is witten (during recording ), as explained |ater,

both the recording data Dr_and a fjxed patiern signal SF are.supplied to
t he nagnet ifded8adCarreIRondsngs §ot R W&@W datd Br and the fixed"

22 fields corresponding to the recording data Dr and the fixed attern
si gnal [ ePdttgre @’eﬂ'@rlaﬁ%af’ﬁ(ﬁﬁnceﬁé‘tﬁggﬁé‘?% Egﬁe‘%@rﬁl‘}rﬂ%ad corﬁi‘fgg dat a
Dr is then recorded in the data region of the magneto-optical disk 11, and
al so a fix&@cpaeing ndata Py 1g) Ehep Feconded ifefibe dath B9%ion BLt FR%n regi on
corresponding to the data _region into_which the recording data Dr, is
recorded byregretamgpbical diskl i @ndopfsn@ ddxedirariard pigR?l REBMSni tt ed
fromthe optical _head 17. . Fig. 6 schematically, illustrates a
structure &rcerdedpin the fiyed Matderbntegirn CArrReRgngng ‘ﬁ?etBﬁtg%ta? head
17 contains a,6 sem conductor |aser 31, a collimtor |ens 32, a beam
splitter egigndgtewhich theregordingdata Bpiediqcpededihy Hie magpetic

sem conductor | aser 31 is enployed so as to produce a | aser beam LB. The
col | i mat or fieAd Bycoriwrgiiaeyt lstSIJ}a}Sr?d%%e%? ¢Bihked from the optical

head 17.

Fig. 6 schematically illustrates a structure of the optical
system of the optical head 17. The optical head 17 contains a
semiconductor laser 31, a collimator lens 32, a beam splitter
33, a raising mirror 34, and an objective lens 35. The
semiconductor léser 31 is employed so as to produce a laser beam
light of the laser beam LB emitted from this semiconductor laser
31 to produce parallel light. The beam splitter 33 is employed
to split the laser beam LB into two sets of laser light beams,
namely transmission light and reflection light. The reflecting
mirror 34 is used to change the optical path of the laser beam
IB. The objective lens 35 is then employed to irradiate the laser
beam IB onto a recording surface (recording film) of the
magneto—optical disk 11.

This optical head 17 further contains a Wollaston prism
(polarization plane detecting prism) 36, a condenser lens 37,

a photodetector 39, and a multi-lens 38. The Wollaston prism 36



i ght of the |aser beam LB emtted fromthis sem conductor laser 31 to
produce parallel light. The beamsplitter 33 is enployed to split the

| aser beam LB into two sets of |aser |ight beans, nanely transm ssion
light and reflection light. The reflecting mrror 34 is used to change the
optical path of the laser beam LB. Thggobjective.lens 35is then enployed
toirradiate the laser beam LB onto a recording surface (recording film
of the magneto-optical disk 11. This optical head 17 further
contains a Wl laston prism (polarization plane detecting prisn 36, a

condenser | ens 37 a_photodetectaor 39, and a nmulti-lens 38. The Wbl | aston
prism36 1S employed to isolate the laser beam whigh is reflegted dram

i solate the laser beamwhich is reflected from  a refl|ection plane 33b of
the beam spPi FeElecmion, ®leRen3rR oh/hebea solitiRr 33 ardebieRptstter 33
as three sorts_of |aser  heans, depending upon differences in Pol ari zation
di r ect i ons. Projeciem gukside @Hs BeapsRItiteyedd 35 EbReR S teherl thaseE sort s
of laser. beans (parallel light) output fromthis Wyl laston prism 36. The
three sort sPBRINF o RePaREERg BPB?&%%‘%WS@F%‘PSPW%PH FEFRCHPNSe t hen
L.rradi ated onto the photodetector 39. The nulti-lens 38 is positioned

bet ween t heTRBneRhAGISGreAens 734 nkf apdoyRe: bectdansesthe three spyds
multi-lens 38 is conprised of_a conbjnation of a convex _|ens and

cyl i ndri cal of dsertprandparal bpl ddphl) anteut\fromEhisWollagsopprisa  a

focus error _signal can be obtained by way of the .
36. The three sorts of laser beams projected from this condenser

lens 37 are then irradiated onto the photodetector 39. The
multi-lens 38 is positioned between the condenser lens 37 and
the photodetector 39.

The multi-lens 38 is comprised of a combination of a convex
lens and cylindrical lens. The reason for using this cylindrical
lens is that, a focus error signal can be obtained by way of the
well-known astigmatism method. As indicated in Fig. 7, the
photodetector 39 is arranged by a 4-split photodiode 39m, and
two sets of photodiodes 39i, 39j.

A sample structure of the Wollaston prism 36 is shown in
Fig. 8. This prism 36 is comprised of rectangular prisms 36a and
36b made of a single~axial crystal, such as quartz. In this case,
an optical axis Axb of the prism 36b is set to be inclined 45
degrees with respect to an optical axis Axa of the prism 36a.

In this kind of optical arrangement, the quartz has two
different refractive indexes for the polarization planes of
incident light. As a result, when the linear polarization light

"La" having a polarization plane Ppo inclined by 45 degrees with



wel | - known astigmati smnethod. As indicated in Fig. 7, the photodetector
39 is arranged by a 4-split photodi ode 39m and two sets of photodi odes
39i, 39j. A sanple structure of the Wllaston prism36 is shown in
Fi-g. 8. This prism 36 is conprised of rectangular prisns 36a and 36b nade
of a single-axial crystal, such as quarggz. In this case, an optical axis
Axb of the prism36b is set to be inclined 45 degrees with respect to an
optical axis Axa of the prism 36a. In this kind of optical
arrangenent, the quartz has two different refractive indexes for the

pol ari zation planes of incident

| ight. resul t, en _the linear
pol ari zat i ofeSRegt to the oREIFRY AITHPXR] ‘Qgtti Pﬁ%’héég;ol? rfcffqurjf‘e&ngV 45
degrees with . . ) . . s 1 %AL .re%%Fctttﬁ t he
optical axithisprésm 3ganthis dinear palarizatien LightsL3 15 fRELEALEH; 5
|'i near polarization_ light La is separated. into_a,polarization.conponent
Lbl and anotM& apErdprizetien ‘Eﬂﬂﬂ?g‘ﬁé‘ﬁt E‘%Za,‘né\ém&rrgﬁ/ﬁ P?}fﬁ]gz..a M this
prism 36a. The polarjzation plane petgengipul r. to the tic axi s Axa,
and the p&%%@ﬂtoﬁbgon%n%‘pfﬂmll}? Fa¥e ¥t YOFaPEZERi ¥ comPBBnent  Lb2
paral lel to the optical axis Axa. Fuyrthernpre, in_another . prism 36h, the
pol ari zat | (PledHFaReRR Phane Parperdicular nte the Bgéﬁ:? a"i"flcﬁq Ax3wpBhent Lcl
havi ng such a pol ari zatjon pl ane arallel+to the_o ticgl axi's Axb_and
anot her polthe Palabhzakinh AERPNERY LR2AAE Shin PO1BSL AL} i%’ﬁ‘pﬁf‘ﬁﬂg
perpendi cular to the q&;ical axis Axb., Moreover, .th ol arj zati

conponent U2 pexaddph e ddhe APELG2h A% 2X8f oF W gﬂ he- L%aﬁﬁgﬁﬁﬁ such a

prism 36b, the polarization component ILbl is separated into a
polarization component Lcl having such a polarization plane
parallel to the optical axis Axb and another polarization
component Lc2 having such a polarization plane perpendicular to
the optical axis Axb. Moreover, the polarization component Lb2
is separated into a polarization compbnent Lc3 having such a
polarization plane parallel to the optical axis Axb and another
polarization component Lc4 having such a polarization plane
perpendicular to the optical axis Axb.

Here, it should be understood that the polarization
components Lcl and Lc2 have polarization planes perpendicular
to the optical axis Axa of the prism 36a, and the respective light
amounts are equal to one-fourth the amount of light from the linear
polarization light La. On the other hand, the polarization
components Lc3 énd Lc4 have polarization planes parallel to the
optical axis Axa of the prism 36a, and the respective light amounts
thereof are equal to one-fourth the amount of 1ight from the linear

polarization light La. The light projection angle of the



pol.ari zation plane parallel to the optical axis Axb and anot her

pol ari zati on conponent Lc4 having such a pol ari zation plane perpendicul ar
to the optical axis Axb. Here, it should be understood that the
pol-arization conponents Lcl and Lc2 have pol ari zation planes per pendi cul ar
to the optical axis Axa of the prism 36gs and the respective light anounts
are equal to one-fourth the anount of light fromthe |inear polarization
light La. On the other hand, the polarization conponents Lc3 and Lc4 have
pol ari zati on pl anes parall el to the optical axis Axa of the prism 36a, and

the respective |i ght .anmounts ere f _are ual .to gne- fourt t he unt of
light from tPR4 °np8?’59‘?lieft I foAm the Prism 3 Hresfusdt i8nthfigl e of
t he on_conp onent

0 tl
Lc2 from t hPPaERE4RD Eo%%?f%ﬁntt &‘cﬁhgmrﬁovéﬂrﬁ ?éillsg‘ngg%rrpg‘ﬁeﬁt ek tF'r om
this prism36b. As are t hr ee ;se | aser are
separ gtel y adRhRe eats P(fnfaﬁ?ﬁab%'f“?iér ,p?.psarﬁesgepara ely ‘#\‘é“‘% gF?’Bn of
t he optical head shovvn in Fi 14 will now be described. The | aser beam

LB which is %] BFLPRORF1T 3%eni conduct or | aser 31 as di ver gent |ight

“is collimated by the collimtor [ens 32 to form.the parallel ser. | ight
which is then |nphe REEIEOBMDS) ?Q?’(—ﬁa%gead‘llﬂt Showh gi‘ﬂ W‘n‘ell aser

ST 4 e A e | e

then the ressuelztE:Llcrg) dlugts:gg laesaer?‘ IB%. }:12 ec{]ivlerrrg%g%:ailél'xtorJ].tschllimated by the
collimator lens 32 to form the parallel laser light which is then
input to the-beam splitter 33. The light path of the laser beam
which has passed through the multilayer film 33a of the beams
splitter 33 is chaﬁged to a right angle by the reflecting mirror
34, and then the resulting laser beam is then irradiated onto _
the recording plane of the magneto-optical disk 11 via the
objective lens 35.

The laser beam reflected onto the recording plane of the
magneto-optical disk 11 is input via the objective lens 35 and
the mirror 34 into the beam splitter 33. The laser beam Lr
reflected onto the mul.tilayer film 33a of the beam splitter 33
is further reflected on the reflection plane 33b of the bean
splitter 33 and is then projected outside this beam splitter 33.
This projected laser light is input into the Wollaston prism 36.

The laser beam Lr related to the reflection from the
recording surface of the magneto-optical disk 11 is thus input
into the Wollaston prism 36. Although not described in the

foregoing descriptions, such a polarization plane when there is



the recording plane of the magneto-optical disk 11 via the objective |ens
35. The | aser beamreflected onto the recordi ng plane of the

magnet o-optical disk 11 is input via the objective lens 35 and the mrror
34-into the beamsplitter 33. The |aser beamLr- reflected onto the
multilayer film 33a of the beamsplitter,33 is further reflected on the
reflection plane 33b of the beam splitter 33 and is then projected outside
this beamsplitter 33. This projected laser light is input into the
Wl | aston prism 36. The | aser beamLr related to the reflection from
the recording surface of the na%neto-o tical disk 11 is thus input into
the Vol | ast & pPtakios. (Bgnhiegptien) dheeglprizakion lagsi gy the
descriptions, such a polarization plane when there is .

26 no r otfRCPSAIPReF I Faen Ofo ke Fragptqsopkiradt 4b%k filadé satt ke be
recordi ng surface of the magneto-optical disk 11 is set to be inclined by
45 degr ees WPFH1F8§56615@%gfﬂ%SHBFgé@SP&EFéx%&%ePP&#E?la#éséuﬁbKEQf%mship
between the polarization plane Ppo of linear polarization light La and
optical axi $oaRayelafsionshdp between theppelacigalion phawe Bpoapd linean; ||
can be separately obtained fromthe | aser beam Lr by way of the Wl | aston
pri sm 36 i nPRLarkraion Jeighdr e 2R OPIE6RE - B%dF A%¥d As@ reswhtchthene
linear polarization |ight La_was input. ‘. In this case, the

pol ari zat i ohppantetst ofhtaser beapsald 4 Am, i k1 Gangke| Sepasiatiedy ebbripad t her

the clockwi se direction or the counterclockw se direction in accordance
wi th the madkenithentaser beam Lr by way of the Wollaston prism 36 in a similar

manner to the above-explained case in which the linear
polarization light La was iﬁput.

In this case, the polarization plane of the laser beam Lr
is slightly rotated along either the clockwise direction or the
counterclockwise direction in accordance with the magnetizing
direction o.f the recording £ilm of the magneto- -optical disk 11,
so that a size amount relationship is established for the ligilt
amounts of the laser beams Li and Lj in accordance with the
magnetizing directions of the recording film of the magneto-
optical disk 11. As a consequence, light amounts of the laser
beams Li and Lj are detected and then are subtracted from each
other, so that a reproduction signal corresponding to the data
(signal) recorded by the magneto-optical manner can be acquired.
It should be noted that even when the polarization plane of the
laser beam Lr is rotated, the light amount of the laser beam Lm
is fixed.

As explained previously, the three sets of laser beams Li,

Im, Lj projected from the Wollaston prism 36 are input via the



direction of the recording filmof the magneto- optical disk 11, so that a
size anount relationship is established for the light anounts of the |aser
beans Li and Lj in accordance with the nagnetizing directions of the.
reeording filmof the magneto- optical disk 11..As a consequence, |ight
anounts of the laser beans Li and Lj agpe detected.and then are subtracted
fromeach other, so that a reproduction signal corresponding to the data
(signal) recorded by the nmagneto-optical manner can be acquired. It should
be noted that even when the polarization plane of the |aser beam Lr is
rotated, the |ight anmount_of the |aser peamLm s fixed. As

expl ai ned pFeRdeRagy lepfe3T nkh thermubfitlens, 3Belhke the Phofodstestorect ed
fromthe Wl laston prism 36 are_input via the, .

27 condedfer Alseﬁgm@? I dighe? &‘F SRS 8B {7t FEIpADE tRImKE &Y 30.
As shown in Fig. 7, the sgots SPi, S'Iig]' SPj are forned b%/ f he respective

| aser beansthe respeqbivenlaser JrAuilddeigdil omdhe BBptoRicdes 39dritute

t he phot odet ector 39. . In this_case, assum ng now that detection
signal's of 8fB 3IBuMhirht anstkluts: the PRotpdetetstPtute the 4-split

phot odi ode 39mare "Sa" to "Sd" respectively, and al so detection signals
of the photodi odd® Bhis[fasfyi &5SEBHRY RN éhﬁgedﬁﬁﬁ%(ﬁnoéégn%@ ot e are
"Si", "§ ", the below nentioned calcgulation.is perforned, in an amplifier
circuit uni fognphotadipgesPaivePdyhLel conshdtyte theddpditphotodigdet i on

si gnal S[err&, an astigmatismtlype focus_error ) )
39m are "Sa" to "Sd" respectively, and also detection signals

of the photodiodes Di, Dj which constitute the photodiodes 39i,
399 are "Si", "sj", the below-mentioned calculation is performed
in an amplifier circuit unit (not sflown) of the optical head 17,
so that a reproduction signal Smo, an astigmatism type focus error
signal Sre, and a push-pull signal Sepp are produced from the

recording region:

SMo = Si - 83
SFE = (Sa + Sc) ~ (Sb + 8d)
Spp = (Sa + Sb) - (Sc + 8d)

Now referring back to Fig. 1, the magneto-optical disk
apparatus 10 contains a servo controller 41 equipped with é CPU
{(central processing unit). The focus error signal Sre produced
by the optical head 17 is supplied via an A/D converter 42 to
the servo controller 41. The push-pull signal Spp produced by
the optical head 17 is such a signal made by synthesizing a
tracking error signal StE by way of the push-pull method, a wobble
signal (FM signal) Swe corresponding to the groove wobble of the

magneto—-optical disk 11, and a clock mark reproduction signal



signal S[err], and a push-pull signal SPP are produced fromthe recording
regi on: Sferr] =S - § S[err] = (Sa + Sc) - (Sb + Sd)
S[err] = (Sa + Sh) - (Sc + Sd) Now referring back to Fig. 1, the
magnet o- opti cal disk apparatus 10 contains a servo controller 41 equi pped
with a CPU (central processing unit). E?e focus error signal S[err]
produced by the optical head 17 is supplied via an A/D converter 42 to
the servo controller 41. The push-pull signal S[err] produced by the
optical head 17 is such a signal nmade by synthesizing a tracking error

SLerr] corr CHGRRTRFRCBOLRE G BovLoTbBBrE Of of e RagRePe-epiich SBFRI 11
58" ® S ot T or FEtboent pLY S cRmand Sayese i FEgReRD SSAEPERFY di sk
pands. - Accorkay Ao ERgYy SIS, 81931 Pet PR SPLFPP TeeRertiBELY  vel y
e s bt B Ry Bl Sl Savsaiee e e
fromthe push-pull signal, SPP by a | owpass filter 43 is supplied via an

A D conver t @4 2apg-Pags sbiM®Tontrol l er 41. Furthernore, a frequency

signal SFG output_fromthe above-described freguenc enerator 14 is
supplied to this SR¢ FadAPEoeFERT Fignal Ste w o‘geﬁﬁ Fartest tERR €8 vo

controller 41 is controlled bg ) . . .
push-pull signal Spp by a low-pass filter 43 is supplied via an

.A/D converter 44 to the servo controller 41l. -Furthermore, a
frequency signal Sre output from the above-described frequency
generator 14 is supplied'to this servo controller 41.

The operatioﬁ of the servo coﬁtrollér 41 is controlled by
a system controller 51 (explained later). An actuator 45
containing a tracking coil, a focus coil, and further a linear
notor for moving the optical head 17 along the radial direction
is controlled by this servo controller 41 'to thereby execute servo
control of the tracking operation and the focusing operation.
The servo controller 41 further controls movement of the optical
head 1.7 in the radial direction. Also, the spindle motor 13 is
controlled by the servo controller 41 in such a manner thap, as
previously explained, the magneto-optical disk 11 is rotated at
a constant angqular velocity when the recording operation and the
reproducing operation are carried out.

The magneto-optical disk apparatus 10 includes a system
controller 51 equipped with a CPU, a data buffer 52, and a SCSI

(Small Computer System Interface) interface 53 used to



a systemcontroller 51 (explained later). An actuator 45 containing a
tracking coil, a focus coil, and further a linear notor for noving the
optical head 17 along the radial direction is controlled by this servo
controller 41 to thereby execute servo control of the tracking operation
and the focusing operation. The servo ntroller 41 further controls
novenment of the optical head 17 in the"tadial direction. Al so, the spindle
notor 13 is controlled by the servo controller 41 in such a manner that,
as previously explained, the magneto-optical disk 11 is rotated at a
const ant an&gl ar velocity when the recording operation and the reproducing
oper ati on at&apaferéeecritve data andneompafidst Wikpht # esticompPaEsEr atlle 10

i ncludes a system controller 51 equipped with a CPU, a data buffer 52, and
a SCSI (sSmelveteBnperirolden oh Fﬁ{“é?‘?ﬁ“téahei Rrerrht syfepsof this disk

29 transfer/receive data and conmands with a host conputer. The system
control | er 8PPasatE®| X0+ he overal | system of this disk apparatus 10. -
The magnet o-optical disk apparatus 10 al so includes an ECC (Error
Correction Code) The Bapreta-opiHerad il apBatR D A O3l sorhpgluges aniBGGi t 54
performs an error correction code sum processing of the wite data

suppl i ed frdBrEaE CRssecEien fede) \ﬂlactlhg 5§€§rnd¢%?§P%1§§9r§ﬁd AWk an
error correction process operation with respect to output data of a data
denodul at or ECEi @ifikidd St RYFTOIMsTRR &FA0x FORAFEION 539 GYWePFRCeFRHING i t e

data to which the error . .
. of the write data supplied from the host computer via the SCSI

interface 53, and also an error correction process operation with
respect to output data of a data demodulator (discussed later).
The data modulator 55 converts the write data to which the error
correction code has been added by this ECC circuit 54 into NRZI
(Non Return to Zero Inverted) data to thereby obtain the recording
data Dr and also produce the above-explained fixed pattern signal
Srp.

The magneto-optical disk apparatus 10 further includes an
equalizer circuit 56, an A/D converter 57, a data discriminator
58, and a data demodulator 59. The equalizer circuit 56
compensates for a frequency characteristic of the reproduction
signal Smo produced from the optical head 17. The A/D converter
57 A/D converts the output analog sighal from this equalizer
circuit 56 into a digital signal. The data discriminator 58
digitally executes a data discriminating process with respect
to the output digital data from this A/D converter 57 to thereby
obtain reproduction data Dp. The data demodulator 59 executes

an NRZI inverse-conversion process of the reproduction data Dp



correcti on code has been added by this ECC circuit 54 into NRZI (Non
Return to Zero Inverted) data to thereby obtain the recording data Dr and
al so produce the above-explained fixed pattern signal  Serr]. The
magnet o- opti cal di sk apparatus 10 further includes an equalizer circuit
56,- an A/D converter 57, a data discrimgator 58,.and a data denodul ator
59. The equalizer circuit 56 conpensates for a frequency characteristic of
the reproduction signal S[err] produced fromthe optical head 17. The A/D
converter 57 A/D converts the output analog signal fromthis equalizer
circuit 56 into a digital signal. The data discrimnator 58, digitally
execut es a RRUE £ khisdats drsgdadngten 38:kpdhereby obfaigfihauread gi t al
data fromthis A/D converter 57 to thereby obtain reproduction_ data Dp.
The data derffdd@-at Bre dotadisgrdningbonRl ig ﬁvwglei%ﬂgér@rwsp%é@%t of the

reproducti on data DE . _ 30 out put
fromthis dfnd @ YarpRPhAKCIE -t 0 thereby obtain the read data. The data
discrimnator 58 is conprised of a binary circuit and a Viterbi decoder.
The magnet o- opt i cHire FegResppaPbical ddsk annreptusntQifisthar cootpipAad ess I n
Pre-groove) decoder 60, a data clock reproducer 70, and a timnm ng generator
90. The AD BRHE:cRldress fologcgronre) weserer GGnaldadpeelqck sRPEPAREES n t he
push-pul | signal SPP produced fromthe optical head 17 to thereby obtain a
frane synchri®ni 288 tindpgregnenstend99 r afbeioiR decadern Ehdecoyins the a

clock reproducer 70 is enployed to_acquire a_data_clock _signal DCK from
the cl ock Wobble signal Sws contained in the push-pull signal Sep produced

from the optical head 17 to thereby obtain a frame synchronization
signal FD and frame address data FAD. ' The data clock reproducer
70 is employed to acquire a data clock signal DCK from the clock
mark reproduction signal Scu contained in the push-pull signal
Srep, and”also the reproduction signal Smo corresponding to the
fix_ed pattern region of the magneto-optical disk 11. The timing
generator 90 generates timing signals such as a read gate signal
and a write gate signal, which are required for the respective
circuits of the entire system by using the frame synchronization
signal FD, the frame address data FAD, and the data clock signal
DCK. The frame address data FAD is also supplied to the servo
controller 41, an_d the data clock signal DCK is supplied as the
sampling clock to the A/D converter 57.

The structure of the ADIP decoder 60 is shown in Fig. 10.
This ADIP decoder 60 comprises a bandpass filter 61 for extracting
a wobble signal Swe from the push-pull signal Sep, a capacitor
61 for blocking the direct current, and a comparator 63 for

converting a wobble signal Swe whose threshold equals zero into



mar k reproduction signal S[err] contained in the push-pull signal Sferr],
and al so the reproduction signal S[err] corresponding to the fixed pattern
region of the magneto-optical disk 11. The timng generator 90 generates
timng signals such as a read gate signal and a wite gate signal, which
are required for the respectlve C|rcu1%§ of the entire system by using the
frame synchroni zation signal the fPame address data FAD, and the data
clock signal DCK. The frarre'address data FAD is also supplied to the servo
controller 41, and the data clock signal DCK is supplied as the sanpling
clock to the A/D converter 57. ' The structure of the ADI P decoder 60
i s shown i naFpylsd Osigredi dbABRPY detankdy) B8Bconpri ses a bandpass filter 61
for extracting a wobble signal S[err] fromthe push-pull signal Slerr], a
capacitor 61 forTHilsoBRIRdecbdexi6fdiirtberhas a Phhdixcyd Rt aonprizainigor
converting a wobble signal S[err] whose threshold equals zero into
31 a pul seveltage ddritmalyosciphtatiorP[édiar] a frequenchiddvABep G&uduer 60
further has a PLL circuit 64 conprising a voltage control oscillator 64a,
a frequencyddiidecry 424 thedeiodke $honb12EDRAcowtmtk fiognithe COattags put
fromthe voltage control oscillator 64a, a phase conparator 64c for
per forning cphtsel cusygiddiaton 6dai e nhalseecgmgmtdl[ érdc] fout pexfdmmimat he
conparator 63 and the signal output fromtihe frequency divider 64, and a
| ow- pass fi bhese &dmlpamsmqﬁlthlemgﬂ@emmxadlvaloglrt@utdimmmeedompmtotrhe I ow
frequency conponents of the phase differential signal

63 and the signal output from the frequency divider 64, and a

low-pass filter 64d for acquiring a control signal extracted from
the low frequency components of the phase differential signal
output from the phase comparator 64c, for input to the voltage
control oscillator 64a.

This ADIP decoder 60 further performs frequency
demodulation of the clock signal CK24 output from the voltage
controlled oscillator 64a with respect to the binary signal Pws
output from the comparator 63, in order to acquire the address
information ADM. This ADIP decoder 60 also has an address
converter 68 to perform synchronous detection, biphase
demodulation, and error detection of the address information ADM
output from the detector 67 by utilizing the clock signal ACK
synchronized with the address information ADM acquired from the
detector 67 and acquire a frame synchronizing signal FD and frame
address data FAD.

Next, the operation of the ADIP decoder 60 as shown in Fig.
10 is described. A wébble signal Sws is extracted from the

bandpass filter 61 by means of the push-pull signal Sep. Then,



output fromthe phase conparator 64c, for input to the voltage contro
oscil |l at or 64a. This ADI P decoder 60 further perforns frequency
denodul ati on of the clock signal CK24 output fromthe voltage controlled
oscillator 64a with respect to the binary signal *Plerr] output fromthe
conparator 63, in order to acquire the ggdress information ADM This ADI P
decoder 60 al so has an address converter 68 to perform synchronous
detection, biphase denodulation, and error detection of the address

i nformati on ADM output fromthe detector 67 by utilizing the clock signal
ACK synchr%iPr th the dress |nf t|on ADM acqui r fro
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same as with the signal after frequency modulation; and this
wobble signal Swe has 3 waves during "0". Consequently, as shown
in Fig. 11B, the pulse (binary) signal Pwe is acquired from the
comparator 63. The amplitude of this wobble signal Swe is
proportional to the amplitude of the grooﬁe wobble of the
magneto—optical disk 11.

When the frequency of the wobble signal Swe corresponding
to the bit "1" is equal to "fa" and the frequency of the wobble
signal Swe corresponding to the bit "0" is equal to "fb", an
oscillating frequency of a voltage-controlled oscillator 64a is
set in such a manner that this oscillating frequency is varied
near frequencies (= 6 fa = 8fb) higher than these frequéncies
fa, fb by a common frequency multiple. As a result, as indicated
in Fig. 11C, from the voltage-controlled oscillator 64a, a clock
signal CK24 is obtainedwhich has a frequency (fc=6Fa~-8Fb}, namely,
the frequency higher than the biphase bit frequency by 24 times,
and is synchronized with the pulse signal Pws.

Assuming now that this clock signal CK24 is set to the



in-Fig. 11B, the pulse (binary) signal Plerr] is acquired fromthe
conparator 63. The anplitude of this wobble signal S[err] is proportional
to the anplitude of the groove wobble of the magneto-optical disk 11.

When the frequency of the wobble signal S[err] corresponding to the bit "
1" is equal to "fa" and the frequency dg t he wobble signal S[err]
corresponding to the bit "O'" is equal to "fb", an oscillating frequency of
a voltage-controlled oscillator 64a is set in such a nanner that. this
oscillating frequency is varied near frequencies (= 6 fa = 8fb) higher
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- the clock signal ACK (shown in Fig. 11D) during the subsequent

biphase 1 bit period. On the other hand, when the 6T-pattern is
continuously detected from the pulse signal Pwe, the decoding
process circuit 67 outputs "1" in synchronization with the clock
signal ACK (shown in Fig. 11D) during the subsequent biphase 1
bit period.

In other words, the detector 67 executes the demodulating
process operation with respect to the pulse signal Pws, so that
the address information ADM (shown in Fig. 11E) corresponding
to the groove wobble is output in synchrdnization:with the clock
signal ACK along with this clock signal ACK from this detector
67. The clock mark CM for the reproduction signal Scu is shown
in Fig. 11F.

This address information ADM is supplied to an address
converter 68, and then this parallel data is supplied to a decoder
69. In the address converter 68 performs synchronization
detection, biphase demodulation, and the error detection with

respect to the address information ADM, so that both a frame



continuously detected fromthe pulse signal Plerr], the decoding process
circuit 67 outputs "1" in synchronization with the clock signal ACK (shown
in Fig. 11D) during the subsequent biphase 1 bit period. I n ot her
words, the detector 67 executes the denodul ati ng® process operation with
respect to the pulse signal Plerr], so @gpat the address informati on ADM
(shown in Fig. I1E) corresponding to the groove wobble is output in
synchroni zation with the clock signal ACK along with this clock signal ACK
fromthis detector 67. The clock mark CM for the reproduction signal
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and the b : BQ $s& signal Pwe pattern discrimination, the change point
(threshold point) between the biphase bit "1" and the biphase-
bit "0" and acquire a clock signal CKep for biphase bit
synchronization. This detector 67 aiso has a 5-bit counter 103
to supply a reset signal to this clock signal CKse and to supply
this as a clock signal for counting.

The detector 67 further has a window pulse generating
circuit 104 to generate a window pulse Pwo for the biphase bit
"0" and another window pulse Pwi for the biphase bit "1" based
on the output from the counter 103. The window pulse Pwo for the
biphase bit "0" is a pulse output from the counter 103 in response
to a rising edge and a falling edge of a pulse signal Pws having
a normal interval (8T-pattern). Thus, 6 window pulses are
obtained within the biphase period. Similarly, another window
pulse Pwi for the biphase bit "1" is such a pulse output from the
counter 103 in response to a rising edge and a falling edge of
a pulse signal Pwe having a normal interval (8T-pattern). Thus,
8 window pulses are generated within one biphase period.

The detector 67 further has an edge detecting circuit 110



bit. '0" and acquire a clock signal CKlerr] for biphase bit

synchroni zati on. This detector 67 also has a 5-bit counter 103 to supply a
reset signal to this clock signal CKlerr] and to supply this as a clock
signal for counting. The detector 67 further has a w ndow pul se
generating circuit 104 to generate a mﬁngM/pulseaP[err] for the biphase
bit "0" and another w ndow pulse P[err] for the biphase bit "1" -based on
the output fromthe counter 103. The wi ndow pul se P[err] for the  biphase
bit "0" is a pulse output fromthe counter 103 in response to a rising
edge and a falling edge of a pulse signal Plerr] having -a normal interval
(8T- pat t er n)to Hetect othe rdeinguedes andea kine @dget of 2 Povd s pharal
period. Simlarly, another window pulse Plerr] for the biphase bit "1" is
such a pul s@wemsimg themloek stgnmk £K240mnd putpyp@s éherdge detagtieye and
a falling edge of a pulse signal P[err] having a normal interval.

(8T- pattern)pulseue. 8 wi ndow pul ses are generated w thin one bi phase

peri od. The detector 67 further has an edge detecting circuit 110

to detect the risThe ddgetund of thipiedgedetesting pirsuisiYrihis shewn |
using the clock signal CK24 and output as the edge detection pulse Pe.

The structuri@ Bigt Hi3 eBabs esldecdetrricinacgircuip 119 eopkging fwergtade. This
edge detecting circuit 110 contains two-stage type Dflipf lop circuits
111 and 112 towed ifdéHLbop i renétadilicargRl 12 qompird sed gl ekclygbvedPhy t he

cl ock signal CK24. The pul se .
circuit 113 and triggered by the clock signal CK24. The pulse

signal Pwe is applied to the data D terminal of the first D flipflop
circuit 111, so that a non-inverted output is obtained at the
QO terminal which is supplied to the data terminal D of the D

flipflop circuit 112. The signals acquired from the non-inverted
terminals Q of the D flipflop circuits 111 and 112 are supplied
to the input of exclusive-or circuit 113. The output from this
exclusive~OR circuit 113 is then output by the edge detection
pulse Pe.

Returning to Fig. 12, the detector 67 further has a window
pulse generating circuit 104 to generate a window pulse Pwo and
a window pulse Pwi which are gated by the edge detection pulse
Pe. The AND gates 121, 122 which function as coincidence |
detection circuits and the respective edge detection pulses Pe
are counted by the edge pulse counters 123, 124 and the count
values x and y then compared. In the next biphase bit period,
the comparator circuit 125 outputs the address information ADM
based on these comparison results.

Here, the clock signals CKep are supplied as the respective



signal Plerr] is applied to the data Dtermnal of the first D flipflop
circuit 111, so that a non-inverted output is obtained at the Q term nal
which is supplied to the data terminal D of the D flipf lop circuit 112.
The signals acquired fromthe non-inverted terminals Qof the Dflipflop
circuits 111 and 112 are supplied tockge I nput of. exclusive-or circuit
113. The output fromthis exclusive- circuit 113 is then output by the
edge detection pulse Pe. Returning to Fig. 12, the detector 67
further has a window pulse generating circuit 104 to generate a w ndow

pul se P[err] and a w ndow pul se PLerrh whi ch are gated by the edge

det ection miw@s@b;twwqgrga@bsslsm s1bo thei edge pydseopounrtersi AéBdence
detection circuits and the respective edge detection pulses Pe are counted
by the edgeansiil@d.cothitecdocksigned GRep LA lssuAtrriiedide asandipingen
conpared. In the next biphase bit period, the conparator circuit 125

out put s t heskanilete thefenmparadar ABVCURESIEP -onln this comppaprteneireuitt s.
Here, the clock signals CK[err] are supplied as the respective

36 bi phak25hia baér '8 iesautpitgasl addeesshdndogmapion AR Whedr 8 193  and
124. This clock signal CKlerr] is also supplied to as a timng signal to
t he conpar agxgatsn ¢hen ¥25nd g bht "IloApapatoit @sr address 2mfogmpEiono” s
out put as address information ADM when x i$ greater than y; and a bit "1"
i s output ADMhessy iafgreaenthanD¥lwhen y is greater than x. Thi's

detector 67 also has a frequency divider 126 to output
This detector 67 also has a frequency divider 126 to output

a clock signal ACK (see Fig. 11D) synchronized with the address:
information ADM, after dividing the clock signal CK by 24 (i/ 24)
while referring to the clock signal CKse.

The operation of the detector 67 is next described while
referring to Fig. 12. A pulse signal Pws and a clock signal CK24
are supplied to a biphase period detector 102 and a biphase period
clock signal CKep obtained. In the 5 bit counter 103, this clock
signal CKer is supplied as a reset signal and the clock signal
CK24 supplied as a clock signal for counting. Thus, each biphase
bit period is first reset in the 5bit counter 103 and then counting
performed by the clock signal CK24. This count is performed from
"0" to "23" in base 10.

| The count output from the 5 bit counter 103 is supplied to
the window pulse generator 104 and based on the output from the
5 bit counter 103, a window pulse Pwo for counting the biphase
bit "0" and a window pulse Pwi for counting the biphase bit "1"
are generated and each is supplied as gating signals to the AND

gates 121 and 122.



a clock signal ACK (see Fig. |1D) synchronized with the address
I nformati on ADM after dividing the clock signal CK by 24 (1/24) while
referring to the clock signal CK[err]. The operation of the detector
67°is next described while referring to Fig. 12. A pulse signal Plerr] and
a clock signal CK24 are supplied to a biphase perdod detector 102 and a
bi phase period clock signal CK[err] ob¥%@ined. Inthe 5 bit counter 103,
this clock signal CKlerr] is supplied as a reset signal and the clock
signal CK24 supplied as a clock signal for counting. Thus, each biphase
bit period is first reset in the 5 bit counter 103 and then counting
performed by the anl dabke styexlhatiR4a phlse cuignali Bvpenfloanetodk aignald” to
"23" in base 10. The count output fromthe 5 bit counter 103 is
suppl i ed t oCK2dheare stppl ped so ganedge odetidtoandibasid 149 .t HBheutigingf r om
the 5 bit counter 103, a wi ndow pulse P[err] for counting the biphase bit
"0" and a wedgevarmlifed1Phgredgd @f thanpulse tdignbilpbwsarbi deteddtedarmad
generated and each is supplied as gating signals to the AND gates 121 and
122. an edge detection pulse Pe obtained. 3his edge deténtidme pufllser hand,
a pulse signal Plerr] and a clock signal CK24 are supplied to an edge
detect or ciPeuid sippliéteto itien@NDeggtemri®lf,all? ng Thdgeedde tdeteamtlion si gnal
Plerr] are detected and an edge detection:pul se Pe obtained. This edge
detection pphikse Hee iissadappbupplia talse gAbihg givdses? frok28he NS gadigs
detection pulse Pe is also supplied as gating pulses fromthe AND gates
121, 122 to the respective edge pulse counters 123, 124 and each

biphase 1 bit period then counted.

The count vélues X .and y from the edge pulse counters 123,
124 counted prior to the biphase 1 bit period are then compared
in the comparator circuit 125. Then, in the next biphase 1 bit
period, the address informai_:ion ADM is output based on these
comparison results.

For instance, when the wobble signal Sws for the biphase
1 bit period shown in Fig. 14A corresponds to the biphase bit
"o", the pulse '(binary) signal PwB is consecutively counted 3 times
as shown in Fig. 14B in an 8T pattern and an edge detector pulse
Pe is acquired as shown in Fig. 14Dand Fig. 14D1. The clock signal
CK24 is shown in Fig. 14C,

Then, in order to form the window pulse Pwo as shown in Fig.
14E for supply to the AND gate 121, the gate output POO for supply
to the edge pulse counter 123 is set so that x = 6 as shown in
Fig. 14F. However, in order to form the window pulse Pwl as shown
in Fig. 14E' for supply to the AND gate 122, the gate output POl

for supply to the edge pulse counter 124 is set so that y = 2



121, 122 to the respective edge pul se counters 123, 124 and each biphase 1
bit period then counted. The count values x and y fromthe edge
pul se counters 123, 124 counted prior to the biphase 1 bit period are then
conpared in the conparator circuit 125. Then, in the next biphase 1 bit
period, the address information ADMis Qutput based on these conparison
results. For instance, when the bbl e signal S[err] for the biphase
1 bit period shown in Fig. 14A corresponds to the biphase bit "0", the

pul se (binary) signal Plerr] is consecutively counted 3 tines as shown in
Fig. 14B in an 8T pattern and an edge detector pulse Pe is acquired as
shown in Fi gs §Udwmanih Aig. 14P1. Reeordiwglwi dmathe G2 bdpbheenl ibitFi g.
14C. Then, in order to formthe w ndow pul se P[err] as shown in Fig.
14E for suppleyiod a e tAND"gis eoutdlit ahethmtaddoespuinfE@atdonsaB¥| front o t he
edge pul se counter 123 is set so that x = 6 as shown in Fig. 14F. However,
in order totherocomparafiodairouitel®Herr] as shown in Fig. 14E for supply
to the AND gate 122, the gate output POL for supply to the edge pul se
counter 124 is sdithep & wabbye=sPgnal Swe for a biphase 1 bit period 38
as shown in Fig. 14F . Accordingly, in the next biphase 1 bit period a bit
"0" is outpobrasspémdsaddr @sbiphése nuiti 311 "ABDN Shown ith&@igonpahatithe AT cui t
125. When a wobble signal S[err] for:a biphase 1 bit period

corr espondspatterhigphatewn tin' FigaslShom the pulse lEAgnalhdbéilarpatBwer n as

shown in Fig. 15B of the pulse signal (binary) P[err] :
repeats consecutively 4 times, and an'edge detector pulse Pe is

acquired as shown in Fig. 15D'. The clock signal CK24 is shown:
in Fig. 15C.

Then, in order to form the window pulse Pwo as shown in Fig.
15E for supply to the AND gate 121, the gate output POO for supply
to the edge pulse counter 123 is set so that x = 2 as shown in
Fig. 15F. However, in order to form the window pulse Pwl as shown
in Fig. 15E' for supply to the BND gate 122, the gate output POl
for supply to the edge pulse counter 124 is set so that y = 8
as shown in Fig. 15F'. Accordingly, in the next biphase 1 bit
period a bit "1" is output as the address information ADM from
the comparator circuit 125.

Next, the deformation of the wobble signal Swe when defects
such as in the magneto-optical disk 11 occur are explained next
For instance, when defects such as shown in Fig. 16A occur
in a case where the wobble signal Swe of the biphase 1 bit period
matches the biphase bit "0", a pulse (binary) signal Pws such as
in Fig. 16B is obtained, and an edge detector pulse Pe as shown

in Fig . 16D, Fig. 16D' is acquired. The clock signal CK24 is



repeats consecutively 4 tinmes, and an edge detector pulse Pe is acquired
as shown in Fig. 15D . The clock signal CK24 is shown in Fig. 15C

Then, in order to formthe w ndow pulse Plerr] as shown in Fig. 15E for
supply to the AND gate 121, the gate output POO for supply to the edge

pul se counter 123 is set so that x = 2 as shown in. Fig. 15F. However, in
order to formthe w ndow pul se P[err] adshown in Fi g. 15E' for supply to
the AND gate 122, the gate output POl for supply to the edge pul se counter
124 is set so that y =8 as shown in Fig. 15F . Accordingly, in the next
bi phase 1 bit period a bit "1" is output as the address informati on ADM
from the coshmawmatiar Fégt cLéC. 125. Next, the defornmation of the

wobbl e signal S[err] when defects such as in the nagneto-optical disk 11
occur are expl ai neHengxim order toFmrn hb¢ arindowheisedbdoeas shewnhira&ighown in
Fig. 16A occur in a case where the wobble signal S[err] of the biphase 1
bit period 168 €besuppdybiphhedND gat®121a the getd bubpuy POS fmaksuppkyr |
such as in Fig. 16B is obtained, and an edge detector pul se Pe as shown
i'n Fig . 160 Ring edgd pu.‘sseamuntenl 1Zhdscketkssitgrdl xGK2@ dss shown in

39 shown in Fig. 16C. Then, in order to formthe w ndow pul se

Plerr] as shovg LeFFi gowe¥6E, ficmrosdmpty ficomt tiee AdiiBdgw ipmls2 1Pwitdre shadne
out put POO for supply to the edge pulse counter 123 is set so that x = 6
as shown in iffFgg. 166E" tﬂowemepply boartte ANDogdtay ARR hetha gdbw qnﬂ;mt PDerr] as
shown for supply to the edge pulse counter 124 is set so that y = 3

as shown in Fig. 16F'. Accordingly, in the next biphase 1 bit

period a bit "0" is output as the address information ADM from

the comparator circuit 125.

When the wobble signal Sws of the biphase .1 bit period

corresponds to biphase bit "1", and deformation occurs as shown

in Fig. 17A due to defects, a pulse (binary) signal Pws such as

in Fig. 17B is obtained, and an edge detection pulse Pe is acquired

as shown in Fig. 17D and 17D'. The clock signal CK24 is shown

in Fig. 17C.

Since the window pulse Pwo which is supplied to the AND gate

121 is formed as shown in Fig. 17E, the gate output POO which

is supplied to the edge pulse counter 123 is set so that x =1

as shown in Fig. 17F. However, since the window pulse Pwi which

is supplied to the AND gate 122 is formed as shown in Fig. 17E',

the gate output POl which is supplied to the edge pulse counter

124 is set so that y = 6 as shown in Fig. 17F'. Accordingly, in

the next biphase 1 bit period a bit "1" is output as the address

information ADM from the comparator circuit 125.



in-Fig. 16E for supply to the AND gate 122, the gate output POl for
supply to the edge pul se counter 124 is set so that y = 3 as shown in Fig.
16F . Accordingly, in the next biphase 1 bit period a bit "0" is output as
the address information ADMfrom the conparator .circuit 125. When
the wobbl e signal S[err] of the biphase bit period corresponds to

bi phase bit "1", and deformati on occurs™as shown in Fig. 17A due to
defects, a pulse (binary) signal Plerr] such as in Fig. 17B i s obtai ned,
and an edge detection pulse Pe is acquired as shown in Fig. 17D and 17D .
The clock signal CK24 is shown in Fig. 17C Si nce the w ndow pul se
Plerr] which is St da i:betﬂ%tw@rg%ﬂeShQ@l in Kighmdd, asvemoih in Fig.
17E, the gate output POO which is supplied to the edge pul se counter 123
is set so tHafoxmation gecunsvin ithepyepblerFignplvSiees shewe iphBigi dddw pul se
Plerr] which is supplied to the AND gate 122 is formed as shown in Fig.
17E', the gadeFias g, Peatigffagtory a sednfornpbien fPMpis secaineder 124
is set so that y = 6 as shown in Fig. 17F . Accordingly, in the next

bi phase 1 bevepdr deifects are presengdipthe wobbhe Supigienal. | Theraualidy ADM
fromthe conparator circuit 125. 40
Thus, in thefddiecsddresyinfonpatiprrhM isthegane ps thadf vhemppdlefestsrs in

t he wobbl e signal S[err] as shown in Fig. 16A and Fig. 17A, satisfactory
addr ess i nf venatpreseivins thequebkeke sdgeali.f defects arepresent in the

wobbl e S[err] signal. The quality of the address information ADMis the
sane as that wherHowevest cghen deformation occurs due to defects such as

shown in Fig. 16A and 17A, the difference between the x and y
becomes large as explained above so that even if a bit "0" or
a bit "1" can be identified only the size of the x and y, a correct
address information ADM can be acquired. However when the
difference between x and y is slight it is sometimes difficult
to determine whether to identify the information as a bit "O"
or a bit "1i".

For instance when deformation occurs as shown in Fig. 18A
in the biphase 1 bit period of the wobble signal Swe, the pulse
{binary) signal Pwe appears as shown in Fig. 18B and an edge
detection pulse Pe as shown in Fig. 18D (Fig 18E = Fig. 18E' )
is acquired. The clock signal CK24 is shown in Fig. 18C.

Then, in order to form the window pulse Pwo as shown in Fig.
18F for supply to the AND gate 121, the gate output POO for supply
to the edge pulse counter 123 is set so that x = 4 as shown in
Fig. 18G. In the event of a bit "0", x = 6 can be assumed.

However, in order to form the window pulse Pwi1 as shown in

Fig. 18F' for supply to the AND gate 122, the gate output POl



were present in the wobble signal. However, when deformati on occurs
due to defects such as shown in Fig. 16A and 17A, the difference between
the x and y becones |arge as expl ai ned above so that even if a bit "0" or
a-bit "1" can be identified only the size of the x and y, a correct
address informati on ADM can be acquired, However when the difference
between x and y is slight it is sonetifies difficult to determ ne whether
to identify the information as a bit "0" or a bit "1". For instance
when deformati on occurs as shown in Fig. 18A in the biphase 1 bit period
of the wobble signal Slerr], the pulse (binary) signal Plerr] appears as
shown in Fifgr $8PpEndtarthedgdgedetbea iapungersd2beimsetheanthat g~ 8D (Fig
18E = Fig. 18E is acquired. The clock signal CK24 is shown in Fig. 18C
Then, in omgeshédwn fin rFitghe 1REHdoWnpttheece®int IJf abithtMh En=FBgcan 18F for
supply to the AND gate 121, the gate output POO for supply to the edge
pul se countzeesuhdd.i s set so that x = 4 as shown in Fig. 18G In the event
of a bit "O', x = 6 can be assuned. . However, in order to formthe
w ndow pul se P[ ekedormingfigwninna fHmplel gempapiseup@ Pito"Lhecamibeyate 122,
t he gate output PO1 - ] 41 for
supply to tidenetlffe@udiserecxunseled@4than ot Bowevext, yhisecarpotsihewn in Fig.
17G . In the event of bit "1", x = 8 can be assuned. Accordingly, in
a sinpl e campadiabealy aldiermifhedctam aggually be bit "1" because when the

respective count outputs "x" and "y" are coinpared with the

original count outputs to be detected, both count outputs nx"

and "y" have the same errors in view of such a point that there

is a count which has a shortage of two.

A more accurate determination is possible by adding a
further condition to the window, and isolating the rising edge
and the falling edge and then detecting these edges.
Another structure of the detector 67A is shown in Fig. 19.
Here the rising edge and the falling edges are isolated and
detected. Fig. 19 is shownwith the identical symbols in sections

corresponding to Fig. 12.

This detector 67Autilizes the clock signal CK24 and detects
the boundary (dix.riding line) of the biphase bit "1" and "0" by
identification with the pulse signal Pwe by means of the biphase

. period detecting circuit 102 and acquire the clock signal CKsp
for biphase bit synchronization. This detector 67 also has a
5-bit counter 103 to supply a reset signal to this clock signal
CKsp and to supply this as a clock signal for counting.

The detector 67A has window pulse generator 104 and based



identified since x is |less than y. However, this cannot be imediately
determ ned to actually be bit "1" because when the respective count
outputs "x" and "y" are conpared with the original count outputs to be
det-ected, both count outputs "x" and "y" have the same errors in view of
such a point that there 1is a count which has a shqrtage of two. A
nore accurate determnation is possi bl e4By adding a further condition to
the wi ndow, and isolating the rising edge and the falling edge and then
detecting these edges. Anot her structure of the detector 67A i s shown
in-Fig. 19. Here the rising edge and the falling edges are isolated and
det ect ed. Fiap thé owtmsittofinomithie $ hdti dewmterall 03y rbwindow rsd sk Bwos and
corresponding to Fig. 12. This detector 67A utilizes the clock
si gnal CK24 mmd fitet eotistindiéhbduiptase bilt Viai agd la windod pulileebiPypinaassd bi t
"I" and "0" by identification with the pulse signal Plerr] by nmeans of the
bi phase perBwod fiot extuntdngi theibigdi@Zeabdtatytire the cl ock signal CKlerr]
for biphase bit synchronization. This detector 67 also has a 5-bit counter
103 to supply a rBee¢, dilgnalindow tdulsecPuwak isi @pallseGiiheput] iandesporssmppl vy
this as a clock signal for counting. The detector 67A has w ndow
pul se gener aiooithé0di sy edgedof pulse signal Pwe of a genuine 8T pattern, 42
on the output fromthe 5 bit counter 103, asw ndow pulse Plerr] and P[err]
for countingridhé pupdesars gehbtated in whadoiphmdesd Pieriqtexvadl .P[®ie ]| for
counting the biphase bit "1". .

window pulse Pwod is a pulse output in response to the falling

edge of pulse signal Pws of a genuiné 8T pattern, and 3 pulses
are generated in the biphase 1 bit interval.

Further, the window pulse Pwiu is a pulse output in response
to the rising edge of pulse signal Pws of a genuine 6T pattern,
and 4 pulses are generated in the biphase 1 bit interval. The
window pulse Pwid is a pulse output in response to the falling
edge of pulse signal Pws of a genuine 6T pattern, and 4 pulses
are generated in the biphase 1 bit interval.

Further, the detector 67A has a rising edge detector 130
for detecting the rising edge of the pulse signal Pwe and output
an edge detector pulse Peu by utilizing a clock signal CK24. The
detector 67A also has an edge detector circuit 140 to detect the
rising edge of a pulse signal Pws utilizing a clock signal CK24
in the same way, and output an edge detector pulse Ped.

The structure of the rising edge detector 130 is shown in
Fig. 20. This edge detector 130 is comprised of a 2 stage flipflop
circuits 131, 132 triggered by the clock signal CK24, and an AND

circuit 133. The pulse signal Pwr is supplied to the data terminal



Here, the w ndow pulse Plerr] is a pulse output in response to the rising
edge of pulse signal P[err] of a genuine 8T pattern, and 3 pulses are
generated in the biphase 1 bit interval. The w ndow pulse Plerr] is a

pul se output in response to the falling edge of. pul se signal Plerr] of a
genui ne 8T pattern, and 3 pulses are %gnerat ed i A the biphase 1 bit

I nterval . Further, the wi ndow pufse Plerr] is a pulse output in
response to the rising edge of pulse signal Plerr] of a genuine 6T
pattern, and 4 pulses are generated in the biphase 1 bit interval. The

wi ndow pulse P[err] is a pulse output in response to the falling edge of
pul se si gnd off| Ehe]D Flipfdepurkecwit dalterThe Signal pebtained fxolce ated i n
t he bi phase 1 bit interval. - Further, the_detector 67A has a rising
edge det ectton-18¥erf g dquiteti tgrepeat Qiafg thggR Hlinfonp@iseuitghdl Plerr]
and output an edge detector pulse Peu by utilizing a clock signal CK24.
The det ectisr sempligdsoHde datadgemdpadd of e Bfililpfiopt@inmridci3? he
rising edge of a pulse signal Plerr] utilizing a clock signal CK24 in the
sane way, ameneuihsusignalsigetajinedfrom ghesenpiégverting outipiet serminak e of
the rising edge detector 130 is shown in Fig. 20. This edge detector 130
i s conpri sédobthe DELipEON Filpep 13t iand fran the inyepting Qdeareeutiut he
clock signal CK24, and an AND circuit 133 The pul se signal Plerr] is
suppl i ed t dermdnghtef the® #Fdipflop circuit 132 are supplied to the input 43

Dof the Dflipflop circuit 131. The signal obtained fromthe -
non- i nver t iofgtlriBNDicirendntd3 .Q Br edge detaateriRiy se Pewils amgput fromuppl i ed
to the data termnal D of the Dflipflop circuit 132.

this AND circuit 133.

Aiso, the structure of the falling edge detector 140 is
shown in Fig. 21. This edge detector 140 is comprised of.a 2 stage
flipflop circuits 141, 142 triggered by the clock signal CK24,
and also comprised of an AND circuit 143. The pulse signal Pws
is supplied to the data terminal D of the D flipflop circuit 141.
The signal obtained from the non-inverting output terminal Q of
the D flipflop circuit 141 is supplied to the data terminal D
of the D flipflop circuit 142. Then, the sighals obtained from
the non-inverting output terminal Q of the D flipflop circuit
141 and from the inverting Q bar output terminal of the D flipflop
circuit 142 are supplied to the input of the AND circuit 143.
An edge detector pulse Ped is output from this AND circuit 133.

Returning now to Fig. 19, the detector 67A further has a
window pulse generating circuit 104 to generate a window pulse
Pwou and a window pulse Pwod which are utilized as gated edge

- -defection pulses Peu, Ped. The AND gates 151, 152 function as

coincidence detection circuits and the respective edge detection



Then, the signals obtained fromthe non-inverting output term nal Q of
the Dflipflop circuit 131 and fromthe inverting Q bar output term nal
of the Dflipflop circuit 132 are supplied to the input of the AND
circuit 133. An edge detector pulse Peu is output from this AND circuit
133. Al so, the structure of the fglling edge detector 140 is shown
in Fig. 21. This edge detector 140 is cd‘a’pri sed of a 2 stage flipflop
circuits 141, 142 triggered by the clock signal CK24, and al so conpri sed
of an AND circuit 143. The pul se signal P[err] Is supplied to the data
termnal D of the Dflipflop circuit 141. The signal obtained fromthe
non-i nverti mplaaspieutandiPrdl fay dhe windowpulsps| Bpucand Fintd téherstedppl i ed
to the data termnal D of the Dflipflop circuit 142. Then, the signals
obt ai ned frdery thehwindow ipniset gagevaiting cizcuinal0Qanfl shpplidd itpf the
circuit 141 and fromthe inverting Q bar output termnal of the D
flipflop  CANIk\gattes4253F elBlpipl itbe tdetedieor il wbfichhfunNDion msuit 143.
An edge detector pulse Ped is output fromthis AND circuit 133.

Ret ur ni ng nowirgikiegceldetedisiadetcdecoits/A further has a w ndow pul se
generating circuit 104 to generate a w ndow pul se Pwou and a w ndow pul se
Pwod whi ch are ut Fhezdetectoyabdd Bukjherdeomprises pol edge Rl sePeduniiéne AND
gates 151, 152 function as coincidence detection ci.rcuits and the
respective etfife déeforomounting the edge detection pulses Peu, Ped 44

pul ses Peu and Ped for the w ndow pul ses P[err] and P[err] generated by
the wi ndow préspecgdvel wtgatpdcfronithelBND gaties iifdl and 152,t & edge pulse

counters 157, 158 for counting the edge detection pulse Peu, Ped
gated from the AND gates 153, 154, an adder 159 for adding-the
counts from the edge pulse counters 155 and 156, and an adder
160 for adding the counts from the edge pulse counters 157 and
158. The detector 67A also compares the x (output from the adder
159) total count of the edge pulse counters 155 and 156 counted
in the previous biphase 1 bit interval, with the y (output value
from the adder 160) total count of the edge pulse counters 157
and 158 counted in the previous biphase 1 bit interval. In the
next biphase 1 bit interval, the comparator 161 outputs the
address information ADM based on the results of the comparison.
Here, the clock signal CKeep of each biphase bit period is
supplied as a reset signal in the edge pulse counters 155 - 158.
Also, the clock signal CKep is supplied as a timing signal to the
comparator circuit 161. In this comparator circuit 161, a bit
"0" is output as address information ADM when x is greater than
y; and a bit "1" is output as address information ADM when y is

greater than x.



AND gates 153, 154 in the detector 67A which function as coincidence
detection circuits. The detector 67A further conprises an edge pul se
counter 155, 156 for counting the edge detection pul ses Peu, Ped
respectively gated fromthe AND gates 151 and 152, an edge pul se counters
157, 158 for counting the edge detection pulse Peuw, Ped gated fromthe AND
gates 153, 154, an adder 159 for addi ng4§ he counts fromthe edge pul se
counters 155 and 156, and an adder 160 for adding the counts fromthe edge
pul se counters 157 and 158. The detector 67A al so conpares the x (output
fromthe adder 159) total count of the edge pul se counters 155 and 156
counted in the fAhevdetescthnmphidsalbothds anfreguahcywlitiderel36 tounyimpatval ue
fromthe adder 160) total count of the edge pul se counters 157 and 158
counted i n ahelqukesignal HAgkhdsee IFily.t 1ih) esynahrohhzédevithekhe Hdurese 1 bi t
interval, the conparator 161 outputs the address information ADM based on
t he resul t sinfotneet iconpeM; sditer dividindetke clbekcdiamlalsCkiad 2€K1e24) of
each biphase bit period is supplied as a reset signal in the edge pul se
count ers 156hild 58 ferdling, tohthe|aacksisggrbl CBReeLr] is supplied as a timng
signal to the conparator circuit 161. In this conmparator circuit 161, a
bit "0 " is out e apenatias®fi therdeitechorABN idarext desgrilasddmwhiilen v;
and a bit "1" is output as address information ADM when y is greater than
X. referring to e 18t e@ puléd Aighad Pwasaml arcipoknsyguhVvicken 126 to
out put _
are supplied to a biphase period detector 102 and a biphase period

clock signal CKep obtained. In the 5 bit counter 103, this clock
signal CKep is supplied as a reset signal and the clock signal
CK24 supplied as a clock signgl for counting. Thus, each biphase
bit period is first reset in the 5bit counter 103 and then counting
performed by the clock signal CK24. This count is performed from
"0" to "23" in base 10.

The count output from the 5 bit counter 103 is supplied to
the window pulse generator 104A énd based on the output from the
5 bit counter 103, a window pulse Pwou, Pwod for counting the
biphase bit "0" and a window pulse Pwiu, Pwid for counting the
biphase bit "1" are generated and each is supplied as gating
s'ignals to the AND gates 151 - 154,

On the other hand, a pulse signal Pwe and a clock signal
CK24 are supplied to an edge detector circuit 130. The rising
edge of the pulse signal PwB is detected and an edge detection
pulse Peu obtaltined. This edge detection pulse Peu is supplied
respectively to the AND gates 151, 153. In the same way, a pulse

signal Pwe and a clock signal CK24 are supplied to an edge detector



a clkock signal ACK (see Fig. |1D) synchronized with the address

I nformation ADM after dividing the clock signal CK by 24 (1/24) while
referring to the clock signal CK[err]. The operation of the detector
67 i*s next described while referring to Fig. 19. (A pulse signal Plerr] and
a clock signal CK24 are supplied to a b%?hase peri.od detector 102 and a

bi phase period <clock signal CKlerr] obtained. In the 5 bit counter 103,
this clock signal CKlerr] is supplied as a reset signal and the clock
signal CK24 supplied as a clock signal for counting. Thus, each biphase
bit period is first reset in the 5 bit counter 103 and then counting

per f or med by ciheuit dd0 .si Prafatking edge ofcehmpulse sdgnal v isrdetectpd (o
"23" in base 10. The count output fromthe 5 bit counter 103 is
suppl i ed to anfean,erdimvdgtiesbioe mrlaeoPed crtadngdsasBl S edgRedetRPhEO r om
the 5 bit counter 103, a wi ndow pulse Plerr], Plerr] for counting the

bi phase bit Polsanbed i rypnlpedseespeqtivelp| teriieND gatesoldi nkb4-he

bi phase bit "1" are generated and each is supplied as gating signals to
the AND gates 151 Thelsdge detectiompuhsesBetranthRed datediothe SR gaes r |
and a clock signal CK24 are supplied to an edge detector circuit 130. The
rising edgeldf antelpli srestegpactiyelyjsuppliedde the gddeanlsggeountiasst i on
pul se Peu obtained. This edge detection pulse Peu is supplied respectively
to the AND gadbésanuds1156188d gountied atireackahiphagriilskit Hepied.p[Berthemd a

cl ock signal CK24 are supplied to an edge detector

46 ci r cui thesedgeTdeteatiompuddge Refu ahd Bad gated divath@AND pates déiBect ed

and 154, are respectively supplied to the edge pulse counters
157 and 158 and counted at each biphase 1 bit period.

The comparator circuit 161 compares the total x from the
count by the edge pulse counters 155, 156 counted in the previous
biphase 1 bit period, with the total y count from the edge pulse
counters 157, 158 counted in the previous biphase 1 bit period.
The address information ADM is output in the next biphase 1 bit
period based on these comparison results.

The operation in the detector 67A shown in Fig. 19 when
deformation occurs as shown in Fig. 22A (=18A) the biphase 1 bit
period of the wobble signal Swe is explained next. The pulse
(binary) signal Pwe appears as shown in Fig. 22B and an edge
detection pulse Peu corresponding to the rising edge as shown
in Fig. 22E (=22E'} is acquired and an edge detection pulse Ped
corresponding to the falling edge in Fig. 22G (= Fig 22G' ) is
acquired. The clock signal CK24 is shown in Fig. 22C. The edge
detection pulse Pe which combines the edge defection pulse Peu-

‘and Ped is shown in Fig. 22D.



and an edge detection pul se Ped obtained. This edge detection pulse Ped is
supplied respectively to the AND gates 152, 154. The edge detection
pul ses Peu and Ped gated to the AND gates 151 and 152, are respectively
supplied to the edge pul se counters 155 and 156 and counted at each
bi phase 1 bit period. Further, the edgg detection, pul ses Peu and Ped gated
to the AND gates 153 and 154, are resp gtively'sUppIied to the edge pul se
counters 157 and 158 and counted at each bi phase 1 bit period. " The
conparator circuit 161 conpares the total x fromthe count by the edge
pul se counters 155, 156 counted in the previous biphase 1 bit period, with
the total y count Themminherdeysofigmethe windeypulses By, Rd asdshewn he
previ ous biphase 1 bit period. .The address information ADMis output in
the next bi pmaddal. BZF apnd 325y fegseurply thredbecBNBagatesh 18dsulb3, the
The operation in the detector 67A shown in Fig. 19 when deformation occurs
as shown in 9&itg. optputsfon), Aee figrpAuRRly te the mddeppubse qeanielbl 255 gnal
S[err] is explained next. The pulse (binary) signal Plerr] appears as
shown in Fi ¢5628 868 s; tha§ex =db@scsham pol -Pg&Icoprgﬁeﬁdimgor@elt he
rising edge as shown in Fig. 22E (=22E') is acquired and an edge detection
pul se Ped dor fespotle mindow puleas| PRy, cBY4d B fheopn ZXGHig.FRgFlomd) s
acquired. The c¢lock signal CK24 is shown in.Fig. 22C. The edge detection
pul se Pe whiZ2ZH'cEpbisy@plyho @@@%%@?F#%Uﬂgér Hhe gake qu@uts BHbwn in
47

Fg. 22b Ald for supply to the edge pulse counters 157, 158 are set so
that y = 6 as shown in Fig. 22I'. Accordingly, the x, y
differential has become sufficiently-large so that correct
detection results are obtained even just by using the comparison
results as is.

Accordingly, the x, y results are utilized as is, in the
comparator circuit 161 and a bit "1" is output as address
information ADM in the next biphase 1 bit period.

This arrangement has the benefit that a.more accurate
identifiéation is possible by also using the edge information
from the pulse signal Pws in addition to tl}e window pulse.

Next, the ADIP decoder 60 shown in Fig. 10 contains a PLL
circuit 64 and has a relatively complex configuration.

~ As related above, the biphasebit count "a" between adjacent
clock marks is two bits. The channel bit count "n" between
adjacent clock marks is 528 bits. Further, the oversampling
value for the biphase'bit is 24 clocks. As related later on, in
the data clock reproducer 70, the reproduction signal Scm of the

clock mark is a multiple n=528 and a data clock signal DCK is



Then, in order to formthe w ndow pul ses P[err], P[err] as shown in Fig.
22F and 22H for supply to the AND gates 151, 152, the gate outputs Aou,

. Aod for supply to the edge pul se counter 155, 156 are set so that x = 1 as
shewn in Fig. 221. However, in order to formthe w ndow pul ses Plerr],
Plerr] as shown in Fig. 22F and 22H r supply {o the AND gates 153 154,
the gate outputs Alu, Ald for supply t0 the edge pul se counters 157, 158
are set so that y = 6 as shown in Fig. 221'. Accordingly, the x, y
differential has becone sufficiently large so that correct detection
results are obtained even just by using the conparison resufts as is.
Accor di ngl yobtatned. yIncthis sagee the Ifreguengyiof the dafa clesksianel
circuit 161 and a bit "1" is output _as address information ADMin the next
bi phase 1 bPEKpnd ddre oversamplying gleghkgeial RE34tfrr thecbibhaspbdid nore
accurate identification is possible by also using the edge information
fromthe pubte x¢kpted pyepeans phgni 1ROt natdow ndbRtherswords, the Next
the ADI P decoder 60 shown in Fig. 10 contains a PLL circuit 64 and has a
rel ativel y Esegrency off thardatieoglock DCK signak|if e¢tade e dckhandiwhieise bit
count "a" between adjacent clock marks is two bits. The channel bit count
"n" bet weenthadfrraiency] o kthmraignad €Bgipised apufifor theRefodek sadpl i ng
val ue for the bifhase bit is 24 clocks. As«elated later on, in_ the data
cl ock reproBuEetd 70Heree fragusagyt Abvisiomer therdgtaortlegk stomalk DFKrk is a
mul tiple n=528 and a data cl ock signal DCK is ' '

48 can be performed and a clock signal €K24 generated.

The configuration of another aspect of the ADIP decoder 60A
is shown in Fig. 23. The data clock signal DCK is frequency
divided and a clock signal CK24 acquired. In this Fig. 23, symbols
identical to the portions of Fig. 10 are used so a detailed
description is omitted here.

This ADIP decoder 60A has a frequency divider 60 to divide
the data clock signal reproduced by the data clock reprodﬁcer
70 by 1/M and generate an oversampling clock signal CK24. Here,
M=n/ (a°*s) and in this embodiment, M=528/ (2 +24) = 11. The
clock signal CK 24 generated in this frequency divider 69 is used
in the detector 69 (67A). The timing for the reproduction signal
Scu of the clock mark CM, the data clock signal DCK and the
oversampling clock signal CK24 of the biphase bit are shown in
Fig. 24 A through C.

The ADIP decoder 60 shown in Fig. 23 is identical to the
ADIP decoder 60 shown in the another configuration in Fig. 10
so a detailed description is omitted here. This ADIP decoder 60

however operates in the same manner as the ADIP decoder 60 shown



obtained. In this case, the frequency of the data clock signal DCK and the
oversanpling clock signal CK24 for the biphase bit are related by neans of
an integer ratio. In other words, the frequency of the data clock DCK
signal is set as f dck and when the frequency of. the signal CKis set as f
24, then f dck = 11 x f 24. Here, frequ@ncy division of the data cl ock
signal DCK can be performed and a clock signal CK24 generat ed. The
configuration of another aspect of the ADI P decoder 60A is shown in Fig.
23. The data clock signal DCKis frequency
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Fig. 10 so H dei%i 18 description is omtted here. This AD P decoder 60

however operates L the, SATe GRINEL, A5 Lhe,ARL R,de6Rder (00, showle e

data clock reproducer 70. This data clock reproducer 70 contains
a band-pass filter 71 for extracting a clock mark reproduction
signal Scu from the push-pull signal Sep, a capacitor 72 for
removing the DC component, and an edge detector 73 for acquiring
a pulse signal PcM to show the timing of a zero cross point from
the clock mark reproduction signal Scm.

This data clock reproducer 70 also contains a capacitor 74
for removing the Dé component of the reproduction signal Smo; a
comparator 75 for converting the reproduction signal Smo into a
pulse (binary) signal Pwo while setting a threshold value = 0;
and an AND circuit 76 for AND~gating this pulse signal Pmo by using
the fixed pattern gate signal SG supplied from the timing
generator 90 to output a pulse signal Prp corresponding to the
reproduction signal Swo of the fixed pattern region of the
magneto-optical disk 11. In this case, as indicated in Fig. 3D,
the fixed pattern gate signal SG becomes "1" in the time period
during which the reproduction signal Smo of the fixed pattern

region is obtained, and becomes "0" in other time periods.



IR Fig. 10 and a frane address data FAD and franme synchronizing signal FD
are acquired fromthe address converter 68. This ADI P decoder 60 as
shown in Fig. 23 acquires a clock signal S24 so that a PLL circuit is not
needed and has the benefit of a sinpler configuration conpared to the ADI P
decoder 60 shown in Fig. 10. Aso in Fig..25, there is shown the
configuration of the data clock reproducer 70. This data cl ock reproducer
70 contains a band-pass filter 71 for extracting a clock mark reproduction
signal S[err] fromthe push-pull signal SPP, a capacitor 72 for ’'renoving
the DC conmponent, and an edge detector 73 for_acquirin a pul se_si gnal
Plerr] to show t He thiF; Hiig generatqy 8¢s aBrhte ﬁﬂ&ﬁ?laﬁ% ‘ﬁpﬁﬁkp%%ﬁ
reproduction signal S[err]. ) This data cl ock reproducer 70 al so
contai ns ateapheytbhe 7 choss Peidbi Wghinge obcthe it megtiphed eldeuct i on
signal S[err]; a conmparator, 75_for convertjng the reproduction signal
S[err] int Bagk zapraducking Shonel S, Iﬂf]épr']“\‘/\,ghllﬁ Hainggpnenatogsibl d val ue
= 0; and an AND circuit 76 for_AND-gating this pulse signal Plerr] by -
usi ng t he thexdatp £k sgarelsPghats SG‘E’L%SHI pRY 3 rigrednRatEarnggatener at or
90 to output a pulse signal PFP corresponding to the, reproduction signal
S[err] of Fﬁsnﬁf%lﬁmrﬁtﬁé@a&ﬁd&n the tiTHegRb thisiRHIsegiRiany) |1 n this
case, as indicated in Fig. 3D, the fixed pattern gate signal SG becones
"1" in theSiPRRLpRM™-0d " during which the reproduction signal S[err] of the

fixed pattern region is obtained, and becones "O' in other tinme periods.
50 This data clock reproducer 70 further contains a voltage

controlled oscillator 77, a frequency divider 78, a phase
comparator 79, and a low-pass filter 80, which constitute a PLL
circuit. The frequencydivider 78 frequency-divides a data clock
signal DCK output from ‘this voltage-controlled oscillator 77 by
1/N (here N = n = 528). The phase detector 79 performs a phase
comparison between a pulse signal PcMoutput from the edge detector .
73 and an output 'signél of the frequency divider 78. The low~pass
filter 80 filters out the low frequency component of a phase error
signal output from this phase comparator 79.

This data clock reproducer 70 furthermore includes another
phase comparator 81, a high-pass filter 82, and an adder 84. The
phase comparator 81 performs phase comparison between the pulse
signal Prp output from the AND circuit 76 and the output signal
from the fréquency divider 78. The high-pass filter 82 filters
out high frequency components of the phase error signal output
from this phase comparator 81. The adder 84 adds the output signal
from the low-pass filter 80 to the output signal of the high-pass

filter 82 which is supplied via a connection switch 83. To this



Inthis timng generator 90, a pulse signal Pl[err] is supplied to show the
0 cross point timng of the above mentioned clock nark reproduction signal
S[err]. Also, in this timng generator 90, the data clock signal DCK is
counted and a fixed pattern gate signal SGis generated based on the
timng of this pulse (binary) signal Rjerr]. "« This data cl ock
reproducer 70 further contains a voltage controlled oscillator 77, a
frequency divider 78, a phase conparator 79, and a | owpass filter 80,

whi ch constitute a PLL circuit. The frequency divider 78 frequency- divides
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(represented in Fig. 26A) is extracted from the push-pull signal
Sep, and then this clock mark reproduction signal ScM is supplied
via the capacitor 72 to the edge detector 73. A pulse signal Pcx
(shown in Fig. 26B) is obtained from the edge detector 73, which
indicates the timing of the zero cross point of the clock mark
reproduction signal.
The reproduction signal Smo output from the optical head
17 (see Fig. 1) is supplied via the'capacitor 74 to the comparator
75 so as to be converted into the pulse (binary) signal Pvo. Then,
the pulse signal Prp (shown in Fig. 26D) corresponding to the
reproduction signal Smo of the fixed pattern region SG (shown in
Fig. 26C) of the magneto-optical disk 11 is derived from this
puise (binary) signal Pwo by the AND circuit 76.
Then, when the data is written (recorded), since the
connection switch 83 is turned OFF, the PLL circuit is comprised
of a voltage—controlled oscillator 77, a frequency divider 78,
a phase comparator 79, and a low-pass filter 80. Only the low

frequency component of the phase error signal output from the



connection swtch 83, a switch control signal SWis supplied from the
systemcontroller 51. As a result, the connection switch 83 is turned
when the data is witten (recorded), whereas the connection switch 83
turned ON when the data is read (reproduced). . The operation of
data cl ock reproducer 70 shown in- Fig. 5 wll next be explained. The
cl ock mark reproduction signal (represented i-n Fig. 26A) is extracted

OFF
is
t he

from

the push-pull signal S[err], and then this clock mark reproduction signal
S[err] is supplied via the capacitor 72 to the edge detector 73. A pul se

signal Plerr (shown in Fig. 26B) is obtained fromthe edge detector 73,
whi ch i ndi pBats qompagplPhg’/dfis Harpdiedcprdsthy ontrel shenal dex ther k
reproduction signal. The reproduction signal S[err] output fromthe

optical heaweliapgseatrplled)oseildatori éd. viAg BheoREPIMSASS thet datae

conparator 75 so as to be converted into the pul se (binary) signal Plerr].

Then, the ¢plock sdigpadl DEKPALS grnaratedrigom Adry vioditagspeprtrrlkas t he

reproduction sjgnal S%err] of the fixed pattern region SG (shown in Fig.

26C) of theo tero

y cand dihsk Phaspsofethifke datromleak ssignals PCKbiaar y)

signal Plerr] by the AND circuit 76. “Then, when the data is witten
(recor ded) , centied keddy EomAevfireAusnry samponent ofithePhese infipxmation; r cui t
is conprised of a voltage-controlled oscildator 77, a frequency divider

78, a phaseossafsedabyr the clegk sarknrepsedychion sggnabnfgi-t he | ow

frequency conmponent of the phase error signal output fromthe
Further, when the data is read - (reproduced), since the

connection switch 83 is turned ON, the PLL circuit is comprised
of the voltage-controlled oscillator 77, the frequency divider
78, the phase comparators 79, 81 and the low-pass filter 80. An
addition signal produced by adding the low freqliency component
of the phase error signal output from the phase comparator 79
to the low frequency component of | the phase errbr signal output
from the phase comparator 79 is supplied as the control signal
to the voltage-controlled oscillator 77. As a consequence, the
data clock signal DCK is producedl frbm the voltage-controlled
oscillator 77, and the phase of this data clock signal DCK is
controlled by the low frequency component of the phase information
possessed by the clock mark reproduction signal Scu and the high
frequency component of the phase information possessed by the
reproduction signai Smo of the fixed pattern region. It should
be understood that Fig. 26E shows the data clock signal DCK.
A description will now be made of the magneto-optical disk
apparatus 10 operation indicated in Fig. 1. When a data write

command is supplied from the host computer to the system



52. phase conparator 79 is supplied as the control signal to the

vol tage-controlled oscillator 77. As a consequence, the data clock signal
DCK is generated fromthe voltage-controlled oscillator 77, and the phase
of-this data clock signal DCKis <controlled by the |ow frequency conponent
of the phase information possessed byfﬁhe cl ock mark reproduction signal
Slerr]. Further, when the data is read (reproduced), since the
connection switch 83 is turned ON, the PLL circuit is conprised of the

vol tage-controll ed oscillator 77, the frequency divider 78, the phase
conparators 79, 81 and the | ow pass filter 80. An addition signal produced
by addi ng teentrsklereglentle ko MEAtings P¥ORESHASECOFRERI PERFESSAut put
fromthe phase conparator 79 to the |ow frequency conponent of the phase
error signadpenation ig carried ophasdicbiibnraser withizespesp taobheurike
control signal to the voltage-controlled oscillator 77. As a consequence,
the data cdafek wsicgdgediex the HCSdudrlerfaps 14k apdl ehoeed omt the data
oscillator 77, and the phase of this data clock signal DCK is .controlled
by the | owBHidfrefey EBAPRFEN COFreREiphaieds RFOSLRLEL PERPCeToSPeTatdony t he
clock mark reproduction signal S[err] and the high frequency conponent of
t he phase i¥# srpaetestbydheESeFiggui e54'r%%‘i1cf&ﬁ§g?mp%ﬁ §heICOQVeESLonf t he
fixed pattern region. It should be understood that Fig. 26E shows the data
cl ock si gnadper@tion to the §R3Z dafa df GRryietheubdndhe data modulator

magnet o-opti-.cal disk agparatus 10 operation indicated in Fig. 1. Wen a

data wite Stonfare: Pothife Feeiding dake RBendddintised Pattesn sjgnai
Srp are supplied from tﬁé dat; demodul;tor 55 to the magnetic.head
driver 16, so that the recording data Dr is recorded into the
data region as the target position of the magneto-optical disk
11, and also the fixed patterq signal Srr is recorded into the
fixed pattern region corresponding to the data f‘egion into which
the recording data Dr is recorded. .

When a data read command is supplied from the host computer
to the system controller 51, the data reading process (reproducing
process) operation is carried out. In this case, the
reproduction signal Smo is obtained from such a data region
functioning as the target position of the magneto-optical disk
11 and from the fixed pattern region corresponding to this data
region. The frequency chz;lracteristic of this reproduction
signal Smo is compensated by the equalizer circuit 56, and this
reproduction signal SMo is converted into the digital signal by
using the data clock DCK by the A/D converter 57. Thereafter,

the digital data is discriminated by the data discriminator 58

to thereby obtain reproduction data Dp. Then, the NRZI inverse



53. controller 51, the data witing process (recording process)
operation is carried out. In this case, with respect to the wite data
received by the SCSI interface 53 and stored in the data buffer 52, the
err-or correction code addi ng process operation is executed by the ECC
circuit 54, and furthernore the conversign operation to the NRZI data is
carried out by the data nodul ator 55. en, both the recordingdata Dr and
the fixed pattern signal SFP are supplied fromthe data denodul ator 55 to
t he magnetic head driver 16, so that the recording data Dr is recorded
into the data region as the target position of the magneto-optical disk
11, and al socertmeersioadipacarriediqptabnStirls srenrodudbiion ata M byi kbe
pattern region corresponding to the data region into which the recording
data Dr is réata desodulator SPheand that errardorvediinh prosepplopedatiom t he
host conputer to the systemcontroller 51, the data readi ng process
(reproduci ngis prexfosmpdopprthe @G cicgnited oo thatt bhe xemd datieis
reproduction signal S[err] is obtained fromsuch a data region functioning
as the tar getbipdgied.onThis rhediafieeis-then tenpatiagiilylateretl indrhe Hetéi xed
pattern region corresponding to this data region. The frequency

char act eri sthuffigfr bRj sance phedezfiemn isstyandanisitedr yia $heob@®hdatedfbget he
equalizer circuit 56, and this reproduction signal S[err] is converted
into the di g3 dlo $hgnhbsbycomnmitey elieadpredetiasmiinedktiyingie A/ D converter
57. Thereafter, the digital data is discrimnated by the data

di scri mi nator 58 Incthehdabawrikingrpragessdope fajiiotaard bhe daten readengiRz|

i nverse
process operation, it should be noted that both the magnetic head

51 and the optical head 17 are seek-controlled to the target
position by the servo controller 41. In this case, the seek
operation is carried out with reference to the frame address data
FAD output from the ADIP decoder 60. Also, when the data is
written (recorded), the data clock signal DCK is produced from
the data clock reproducer 70, the phase of which is controlled
" by t':he low frequency component of the phase information held by
the clock mark reproduction signal Scu. The data writing process
operation is carried out synchronouslywith this data clock signal
‘DCK. On the other hand, when the data is read (reproduced), the
data clock signal DCK is produced from the data clock reproducer
70, the phase of which is controlled by the low frequency component
of the phase info;mation held by the clock mark feproduction
signal ScM, and the high frequency component of the phase
information held by the reproduction signal Smo of the fixed
pattern region. The data reading process operation is carried

out synchronously with the data clock signal DCK .



54, conversion is carried out on this reproduction data Dp by the data
denodul ator 59, and the error correction process operation is performed by
the ECC circuit 54, so that the read data is obtained. This read data is
then tenporarily stored in the data buffer 52, and thereafter is
transmtted via the SCSI interface 53 t he host,_ conputer at a
predeterm ned ti m ng. In the datd witing process operation and the
data reading process operation, it should be noted that both the magnetic
head 51 and the optical head 17 are seek-controlled to the target
position by the servo controller 41. In this case, the seek operationis
carried out with Incthe dagneto-epbidaladiskepresatuatlyd oramtdomet Fidem t he
ADI P decoder 60. Also, when the data is witten (recorded), the data cl ock
si gnal DCK 1Ls whesdbbedlateohs nead (repradused) v cihodatarcingk shenphPEK of
which is controlled by the |ow frequency conponent of the phase

i nf or mat i on(se¢ Figy 2%haay be leomikeddnondtie idataselpel repeeducei@, dat a
writing process operation is carried out synchronously with this data

cl ock si gnathe pbaseCnt twieial hercantinglleddpy tthe bew £riequenay qamponedticed),
the data clock signal DCK is produced fromthe data clock reproducer 70,
t he phase oéfwthe phasecdnfounabiprbhellklebiothe ralpaknomprkonepreduction t he
phase information held by the clock mark reproduction signal S[ferr], and
t he hi gh frebgerkc\Scsonpuhdite bfighhredzency icofipphent oof Hidled pbpsehe
reproduction signal S[err] of the fixed pattern region. The data reading
process opeirformatiioncheldcdy the reprodnohber|sigmathSkhefiiihe €ivedt signal

DCK : _
pattern region. Thus, even when the signal to noise (S5/N) ratio

of the clock mark reproduction signal -ScM is low, it is possible
to obtain the clock signal synchronized with the reproduction
data with high precisio_n. Thus, the precision of the data reading
process operation caﬁ be increased.

Also, the amplitude of the groove wobble of the
magneto-optical disk 11 is varied in response to the frequency
of the post-modulated signal, and the slope of the groove wobble
at the zero cross point which corresponds to the junction between
the address information ADM of "1" and the address information
ADM of "0" (see Fig. 5) is prevented from being changed. As a
result, the jitter component of the wobble signal Swe along the
time axis direction, which corresponds to the junction between
the address information ADM of "1" and the address information
ADM of "0" is reduced, so that the address information ADM can
be obtained under better conditions by the ADIP decoder 60 (see
Fig. 10). As previously explained, in this embodiment mode, the

waveform numbers of the groove wobbles corresponding to the



55, In the magnet o-optical di sk apparatus 10 operation of Fig. 1
when the data is read (reproduced), the data clock signal DCK (see Fig.
25) may be acquired fromthe data clock reproducer 70, the phase of which
is~controlled by the | ow frequency conponent of.the phase information held
by the clock mark reproduction signal err], and the high frequency
conponent of the phase information hel’ by the reéeproduction signal S[err]
of the fixed pattern region. Thus, even when the signal to noise (S/'N)
ratio of the clock mark reproduction signal.S[err] is low, it is possible
to obtain the clock signal- synchronized with the reproduction data with

hi gh preci saddresthimformeat ipnaaf $1band{" Of'taredeach selkefitag tpbedategeper ati on
can be i ncreased. Al so, the anplitude of the groove wobbl e of the
magnet o- opt Stmte @ildk junct sonacifetihe rgragsfsowWekbbles tdexrrespgudhey tothehe

post - nodul at ed signal, and the slope of the groove wobble at the zero
cross poi nt addireds infomgiviopipof Ad" podd10"dedoxeridenzexherasispaiad s,

i nformati on ADM of "1" and the address information ADMof "0" (see Fig. 5)
i s prevent ethis ois eipagtibabyely edfegtivesarrangeamenititter conponent of the
wobbl e signal S[err] along the tinme axis direction, which corresponds to
the junction bet®er, imdheddPER slecotiorntq shepldxsss' information ABMr ess
information ADM of "0" is reduced, so that the address informati on ADM can
be obt ai nedisimteraimecdt by wand ¥ itdves deyodhbaiiDide rioceder opergtiomn by g. 10) .
As previously explained, in this enbodi nent node, the waveform nunbers of
t he groove embldyEng er ckepioradignglt @GKt3# having such a frequency "fc" (=

6 fa = 8 fb) higher than the frequencies "fa" and "fb" of the
wobble signals Swe by a common frequency multiple, which
corresponds to the data of the address information ADM of "1"
and "0O" (see Fig. 10). As a consequence, since the decoding
process circuit can be arranged by employing only one signal
system of the PLL circuit, there is the advantage that the
arrangement of the ADIP decoder 60 can be simplified. In this
case, while the waveform numbers of fhe groove wobbles
corresponding to the address information ADM of "1" and "0O" are
selected to be the proper integers, since the pulse signals output
from the comparator 63 in response to the address information
ADM of "1" and "0O" always have the same shapes, it is possible
to easily perform the demodulating process operation by using
the clock signal CK 24 in the decoding process circuit 67 (67A).
Also, the frequency of the data clock signal DCK and the
oversampling clock signal CK24 for the biphase bit are related
by means of an integer ratio. Here, frequency division of the

data clock signal DCK is performed and a clock signal CK24 acquired



56 - .address information of "1" and "0" are each selected to be i nt egers.

Since all junctions of the groove wobbl es corresponding to the- address
i nformati on ADM of "1" and. "0" beconme the zero crosspoints, this is a ,
partticul arly effective arrangenent. - Al'so, i.n the ADI P decoder 60,

the address informati on ADM is obtai nedddy way of the denodul ating process
operation by enploying a clock signal CK 24 having such a frequency "fc"
(= 6 fa =8 fb) higher than the frequencies "fa" and "fb" of the wobble
signals S[err] by a cormon frequency nultiple, which corresponds to the

data of the adfaesswidsampibl GordNuebtidn fahdhe ADIES8EcES: 6bR) (Fi. @

consequence, since the decoding process circuit can be arranged by
enpl oyi ng onlagygne signal systemof the PLL circuit, there is the ,
advantage that the arrangenent of the ADI P decoder 60 can be sinplified.

In this - case, whifgrihe 1aeABTMEEE6dST 6b, t60A &f SR¥IMBRLRST? (67A)

corresponding to the address information ADM of "1" and "0" are selected

to be the propRle §8t&88IHh o8t PULAE rsitgnahslé)%e%méd Q@lhaethe
conparator 63 in response to the address information ADMof "1" and "O0O"

al ways have Wi@deaNBubdees, thit 'e'ireﬁoﬁﬁ'dé‘f%ctboaﬁiir‘e%eﬁérirprtﬂetﬁ&ble
denodul ati ng process operation by using the clock signal CK 24 in the

decodi ng proggs %1%hé§u'tthe6c¥ua(ﬁw of the addx@s%omfdlenaft&%ﬁmys Fhel Sipdlat a
cl ock signal DCK and the oversanpling clock signal CK24 for the biphase

i “d 7 S B R LoAchpL s fuae o e BBRY Sliat o0 o

The second embodiment of this invention is next described.
The structure of a magneto-optical disk apparatus 10a of the first
embodiment of this invention is shown in Fig. 27. The reference
numerals of Fig. 27 are identical to those shown in Fig. 1 so
a detailed description is omitted here.

An optical disk 11A used in this magneto-optical disk
apparatus 10A is formed with alternate grooves and lands radially
across the disk surface containing recordirig tracks. The lands
or the grooves are preformatted with clock marks containing phase
information.

These clock marks CM differ from the marks shown in Fig.
44A and 44B in that these clock marks CM have a first protrusion
CM with a parallel falling edge section formed radially at one
end of the groove and, a second protrusion CM with a p_arallel
rising edge section formed radially at the other end of the groove.

A preformatting device 200 as shown in Fig. 28 is utilized
to preformat the surface of the base disk with the above mentioned

clock marks CM and the address information ADM by groove wobbles.



57- to allow a sinpler configuration for the ADI P decoder 60A (Fig. 23).
Further in the ADI P decoder 60, 60A of the detector 67 (67A) wave
detection of the bit "0" and bit "1" is performed using the w ndow pul ses
so-that even if defects are present in the wobble S[err] signal, the
quality of the address information ADM§8 the sane. as that when no
deformati on was present in the wobble signal. ' The second enbodi nent
of this invention is next described. The structure of a magneto-opti cal

di sk apparatus | 0a of the first enbodinment of this invention is shown in

Fig. 27. The ref %pﬁggﬁrem@c!ﬁgq e¥idk 200 R4S 4 SRRti6g 11ght 3BRecghown in

Fig. 1 so a deta description 1s omtted here. An optical disk

11A used i nygi SA”ﬁQ%ﬁf_ng-‘%@ihﬁakH lc‘d‘) 18B82 Rl $ok Othdtanler BB isld Bs

al ternate grooves an nds radially across the disk surface caontal ning

recording t ks 1§ ; LARASouRbe L he grooves are preformatted with cl ock
mar ks cont atlE%?nlg%sp aséLJ ?n?%l#maetion. These clock marks CM differ -

fromth K Lo 4 448 CM h
romthe marks S?ﬁgm%k/l&v&’ﬁbe A )@szfln& tf%fél {1eS8 ght O 581 ave

a first protrusi a parallel Ing edge section fornmed radially

at _one end; of Lgr 4 ANE A opR SEF PNSAIILBY U nEM YiiklhoR AR abhe!

rising edge section formed ra y at the othef end of the groove. A
D toeTnLr 8 ARMecBegl, SorabalL i el kb bddesialappigernt e
address i nf oR /IR ﬂf’rﬁ@ﬂw,%ﬂﬂ’@ tHRPOLESr beam Bb is supplied directly

to a switch 205.

These switches 204, 205 regulate the output and stopping

of the laser beams. In the example here, an electro optical

modulator is utilized. These switches 204, 205 are controlled

based on control signals Ca, Cb from the beam on/off controller

206. The control beam signal output timing of the on/off

controller 206 is regulated by a controller 207.

The . wobble status of the cu-tting beams Ba, Bb whose on/off

is requlated, are controlled by beam wobble controllers 211, 212.

An AOM (acoustic optical modulator) is used in the example given

here as the beam wobble controllers 211 and 212. The wobble

quantity of these beam wobble control 211 and 212 is regulated

by control signals Fa, Fb from a beam wobble controller 213.

Actually, the wobble quantity is controlled by the amplitude

levels of the control signal Fa, Fb. Also, the wobble direction

is controlied by the polarity of the control signals Fa, Fb. When

the control signal has a triangular waveform, the wobble marks

form a triangular wave. When suppliedwith a sine wave the wobble



58- This preformatting device 200 has a cutting light source 201.
A helium cadi um (He-Cd) |aser may for instance be used as the laser light |
sour ce. The cutting beam (laser) output fromthe |ight source 201
is~isolated into two optical path beanms by a half mrror 20. One of these
beans, a beamBa is supplied to a switch 204 by way of a half mirror 202,
while the other beamBb is supplied directly to a switch 205. These
swi tches 204, 205 regul ate the output and stopping of the |laser beans. In
the exanple here, an electro optical nodulator is utilized. These sw tches

204, 205 argaepetwoll ebrmbas edi Mgwdt ialvesi gnals Ca, Cb fromthe beam
on/off controller 206. The control beam signal output timng of the on/off

control I er 206 i SrHéEG:uk:ﬁiﬁg Buand 8antBY|dditré@Ted by the wbBbY® YA ust at us
of the cutting beans Ba, Bb whose on/off  is regulated, are controlled by

beam wobbl e g gl Qbsaﬁ]é%ti?cha'- sySfet @M o agaustl fgMPYuhatioR Rerdded) 1S

used in the exanpl e given ere as the beam wobbl e confrollers 211 and 212.

The wobbl e pgugRddd Ybeinst HesE RAMMRADGR Garitish 24 kdwe 242Fig. regul at ed

by control signals Fa, Fb froma beam wobbl e controller 213. Actually, the

wobbl e quanthtphiisSc&E)t 8 Pdiedobyribes 208l i 4108re eV el Se®@f the GRtinhg
signal Fa, Fb. Also, the wobble direction is controlled by the polarity of

the control pshpedlis, Fo17 e YHES maiBers Q¥er0bp Ht0Bak 3.0l AR RGHSWA

waveform the wobble marks forma triangular wave. en supplied with a
sine wave thg #obblR) by means of the pair of prisms 216, 217.

These cutting beams Ba, Bb which form a light junction are
irradiated onto a surface 11f of thé base disk 11E by means of
the objective lens 218 and a groove 12G and (disk counting for
both grooves and groove wobble)‘a groove wobble formed. Here,

~ a rotation-drive mechanism 219 is provided to rotate a base disk
11E radially and drive in the x direction. The base disk 11E is
driven one spiral for each rotation of the basedisk 11E. Inother
words, driven a distance equal to the distance from one groove
to the next groove.

The clock mark CM is formed by controlling the cutting the
surface 11f of the base disk 11E. Cutting of the base disk 11E
is performed when the laser beam is irradiated onto the surface
11f of the base disk 11E. However, when laser beam irradiation
of the surface 11f of the base disk 11E is stopped, no cutting
of the base disk 11lE is performed.

Accordingly, by setting as the boundary, the zero cross
point (timing to) of the clock mark CM reproduction signal ScmM

(Fig. 29A) to be obtained, the clock mark CM can be formed by



/
marks wll forma triangular wave. The cutting beans Ba, Bb
controlled by the wobble status are input to an optical system 215 and a
light junction forned by these beans overl apping in one section as shown -
in*Fig. 30. In this case, a pair of prisnms 216, .217 are utilized. The
cutting beans 216, 217 are thus made t8 overlap at one junction as shown
in Fig. 30 by neans of the pair of prisns 216, 217. ' These cutting
beans Ba, Bb which forma light junction are irradiated onto a surface 11f
of the base disk | 1E by neans of the objective lens 218 and a groove 12G

and (di sk ceufitéhitng ehe duditingrearesBaadd@oon andofty ) Ia apherwsonds)bl e
formed. Here, a rotation-drive nechanism 219 is provided to rotate a base
di sk | 1E r gHeaduttianndbdan \Ba i sibtchedl 0EEL (Kiy. ZBR) hfxsm di sphed il dds

dri venonespiral foreachrotationofthebase disk | E. . Inother words, driven a

di st ance egpakition peidr Hoatite zbrormress mrinivep tbotideene xirogsqmint ;

The clock mark CMis forned by controlling the cutting the surface 11f -of
t he base di #kild EEhCuhititiggobeteBaise sthii skhéd boff s(Hier.f apopduphien 4 he

| aser beamis irradiated onto the surface 11f of the base disk | 1E
However, whgpetifiéd hemitionathmédintelyl afber sthid ararol troek pbentbase di sk
| 1E i s stopped, no cutting of the base disk | 1E is perforned.

Accordi ngly, by smi thiig éssd,hehbosaeiaringg thecksmMRag TS ofpthatcytitimigng t 0)
of the clock mark CM reproduction signal S[err] (Fig. 29A) to be obtained,
the clock npeiméMacab heefrespedtively shown in Fig. 30. Accordingly, the

land 12L and the groove 12G are formed on the surface 11f of the

base disk 11E.

An examination of the groove 12G shows that the upper edge
is one side of the groove wobble edge and that the lower edge
is a flat surfacé. This upper edge is formed according to the
off period of the beam Ba so that a rectangular protrusion 4a
projects internally. On the other hand, the lower edge is formed
according to the off period of the beam Bb so that a rectangular
protrusion 4b pE:}ects internally.

Conversely, an examination of the land 121, shows that the
upper edge is one side of the groove wobble edge and that the
lower edge is a flat surface. This lower edge is formed acc_'ording
to the off period of the beam Ba so that a rectangular protrusion
4a projects externally. On the other hand, the upper gdge is
formed according to the off period of the beam Bb so that a
rectangular protrusion 4b projects externally.

These pair of protrusions 4a, 4b formed by the beams Ba,

Bb, comprise the clock mark CM. The edge of this pair of



60 - switching the cuttingbeanms Ba and Bb on andoff. |In other words, the
cutting beamBa is switched off (Fig. 29B) froma specified position prior
to the zero cross point up to the zero cross point; while the cutting beam
Bb ts switched off (Fig. 29C) up to a specified position inmediately after
the zero cross point. In this ca#d, the scanpning tracks TRa, TRb of
the cutting beans Ba, Bb are respectively shown in Fig. 30. Accordingly,
the land 12L and the groove 12G are fornmed on the surface 11f of the base
di sk | 1E. An exam nation of the groove 12G shows that the upper edge

is one side of,tiheighQ0¥E, %t}mseaMpa@@gé,h@bnétQﬁ\ééxﬂ*g? tBEProtirhisdoh! at

surface. Thi's upper edge is forned according- to f period of the beam

Ba so that - I O g Ui tfid pStGhRSba 19l Rakl dFF Qugehgpot her
hand, the ngvée?)cfteggg%@%d%r%n%% Sdlacrﬁic]or di%g to t%e of f. peri od of tgtheg beam Bb

so that a r%\f’é‘%&'ﬁ%s%a{?ﬁ@iﬁ H¥1 t4BnB" Ph S tralck! Bfkb¥tion and are

Conversely, an examnation of the |and 12L shows that the wupper edge is:

one side of Eg%&o%vgomgglﬁ@p%eaggméh@gdf@ lower edge is a flat

surface. This ower edge Is tormed according to the off period of the beam

Ba so that a rect ﬁeeu{:&{nfr&t Fygl o, "&e%?i:f&éﬁ BEieiiRl hds iR hBEvet her
hand, the upper edge Is ornmed according to the off period of the beam Bb

o7 ok oo ARG RerBeale il et it ot iRy Lae py dpest P!
CM The edgeof’{:hé Birﬁfgf’lhétgng device 200 as shown in Fig. 28. Accordingly,

the surface of the optical disk 11A as shown in Fig. 31A is formed

with the same lands 12L and the grooves 12G on the surface 11f

of the base disk 11E as shown in Fig. 30.

When the clock marks CM (protrusions 4a, 4b) preformatted
on the -optical disk 11A as shown in Fig. 31A are reproduced by
means of the beam PepB shown in the figure, a reproduction signal
ScM as shown in Fig. 31B is obta_ined. Iﬁ this case, when
differential between the signal Su from the upper part of Pu for
the scan tracks 5, and the Sd signal from the lower part of Pd
is set (push-pull signal : Sep = Su - Sd); only the differential
for the protrusions 4a, 4b becomes larger during scanning of the
land 12L. Furthermore, since this polarity is reversed, the
reproduction signal ScMbeconmes the signal SL as shown by the solid
line in Fig. 31B. The reproduction signal of Scu = SL is a steep
level change in the vicinity of the zero cross point.

In contrast, when scanning the grooves 12G, the
reproduction signal ScM becomes a signal SG as shown by the dashed

line in Fig. 31B since the polarity of the protrusions 4a, 4b



61- protrusions 4a, 4b has.a steep edge, consequently the protrusion 4a
of the ON edge 4a' and the protrusion 4b of the OFF edge 4b' have '
correspondi ng positions in the track direction and are therefore forned

wi th the same radius. Returning to Fig. 27, the optical disk 11A has
the above related preformatting perforé2ed on the .base disk | 1E by neans

of the preformatting device 200 as shown in Fig.28. Accordingly, the
surface of the optical disk 11A as shown in Fig. 31Ais formed wth the
sane | ands 12L and the grooves 12G on the surface 11f of the base disk 11E

as shown i npEighes3Peversed, MErH thQE{S%nPé kihveMeear ebf UShObota  4b)
preformatted on the optical disk 11A as shown in Fig. 31A are reproduced

by means ofedtieRPE BRB SROWTH réprodidiilod, s fgr£Pbedintd 8a 5 anab

S[err] as shown in Fig. 31B is obtained. In this case, when differential

bet ween the; signgl 18velir eRakdE MPRAE REEInDly RIE itk 2656 &y Podsks 5. and
the Sd signal fromthe | ower part of Pd is set (push-pull signhal : S[err]

= Su - Sd); onlyather s fbensny) alignb@eckn@hRiAl It eNB149, 14k YRS LERS
| arger during scanning of the Iland 12L. Furthernore, since this polarity

is reversedynidif shoRBGlI¢in@HgSdURAk S£S IdroBpOIRE Jfensi @k mhrRS shown
by the solid line in Fig. 31B. The reproduction signal of Sferr] = SL is a

steep |evedaClanNIesd)Nekbadtdd Frbi e PR8HZEAD @iQHa 1P by means of! N
contrast, when scanning the grooves 12G the reproduction signal S err]

becomes a signalygeQéte N3 sdd &1625P8d inl tHE dataFtlocB YRptblaeethe
polarity of the protrusions 4a, 4b :
70. A data clock signal DCK is reproduced based on this pulse
(binary) signal Pcwm. |
This magneto-optical disk apparatus 10A has a polarity
identification circuit 46 to identify whether the beamPeB is above
the land 12L or above.the groove 12G by means of the polarity
of the clock mark signal ScM. The identification signal SGL
acquired by this polarity identification circuit 46 is supplied
to a servo controller 41 in this embodiment. In this servo
controller 41 a selection is made based on the identification
signal SGL, whether to use the tracking servo for the land 12L
or the tracking servo for the groove 12G (servo signal polarity
differs between the land and groove) . Then, based on the tracking
servo that was selected, an actuato; 45 is controlied by means
of the tracking control signal from the servo controller 41 so
that tracking is performed by the beam over the land 12L or over
the groove 12G.
The structure of the polarity identification circuit 46 is

shown in Fig. 32. This polarity identification circuit 46 is



62- beconmes reversed, and the polarity is inverted for the above

menti oned signal SL. The reproduction signal of S[err] = SGis also a
steep level change in the vicinity of the zero cross point. A pul se
(brnary) signal P[err] (shown in Fig. 31C) is acquired which shows the
tinmng of the zero crosspoint of the cl6@k mark S[err] (SL, SG extracted
fromthe push-pull signal SPP by neans of the edge detector 73 (see Fig.
25) in the data clock reproducer 70. A data clock signal DCK is reproduced
based on this pulse (binary) signal Plerr]. Thi s magnet o-opti ca

di sk appar atdgpkledast a pahapady ringdent 464 Gl eRtLadEitid adB1b6k el i fy
whet her the beam P[err] is above the land 12L or above the groove 12G by

neans of theepebahiction @fighhe Shogkomaite pughabuly &bs) a thpatdest idgcation
signal SG acquired by this polarity identification circuit 46 is supplied

to a servo ggptr&hdwingtthenpt Ridmpaneads e icomparbbbs F&Y ¥or &amddlner 41 a
selection is nade based on the identification signal SG., whether to use

t he tracki ngnsenwekinri Repratittidh sigmall muviwittimgpssiticrd Birddidi1gr oove
12G (servo signal polarity differs between the |and and groove). Then,

based on t hgatpaciing ankPaV @oinpatatrs 46l Fokclompdridkf #akOE148k ifark
controlled by neans of the tracking control signal fromthe servo

control l er 4&ps8dudtitn tsignkinge &i Ty Medabyvé Nevkedenavesldderdsand 121
or over the groove 12G The structure of the polarity

identification cifif¥his4ades ifRNeNcompdtdtor346c,/the @A nbh¥k signal

identification circuit 46 is ' ‘
Scm is supplied to the non-inverted input terminal, and the
threshold value TH1 is supplied to the inverted input terminal.
The output signal S1 of this comparator 46c becomes "1" when Scm
is greater than or equal to TH1; and becomes "0" when the ScM is
less than TH1. In the comparator 46d, the clock mark signal Scm
is supplied to the inverted input teﬁminal, and the threshold
value TH2 is supplied to the non-inverted input terminal. The
output signal S2 from this comparator 46 becomes "1" when ScM is
less than or equal to TH2 and becomes "0" when ScM is greater than
TH1.

The polarity identification circuit 46 has a groove/land
identifier circuit 46e for identifying whether the beam PeB is
above the land 12L or above the groove 12G by means of the polarity
of the clock mark signal‘ Scm based on the output signalslSI, S2;
and then issue an identification signal SGL. In this groove/land
identifier circuit 46e, timing pulses tl, t2 (shown in Fig. 31F)
are supplied from a timing generator 90 (see Fig. 1) to show the

approximate timing for “to" of the zero cross point timing of



63 - conprised of a bandpass filter 46a for extracting a clock mark
reproduction signal Serr] fromthe push pull Sferr], a capacitor 46b for
renovi ng the DC conponents, a conparator 46c for conparing the clock nmark
reproduction signal S[err] with the positive threshold value THL, and a
conparator 46d for conparing the clock Bdrk reproduction signal S[err]
with the negative threshold val ue TH2. In this case, in the
conpar at or 46¢c, the clock mark signal S[err] is supplied to the
non-inverted input termnal, and the threshold value TH1 is supplied to

the invert edHelockenatrBasignalin@caeut put signal S1 of this conparator 46c¢
becones 11111 when S[err] is greater than or equal to THl; and becones "0"

when the S[err] i sn thassgidvare/IHhd identi€iepiaeai 04646 dhanhehebatputar k
signal S[err] is supplied to the inverted input termnal, and the

threshold \silgia1T3Pbesomeppliied imirtet Nanditheanitpaiti Siyialt $2 Bebahes The
out put signal S2 fromthis conparator 46 becones "1" when Serr] is |ess

t han or equalitt gt THAhiaadtdbeehadseanPrante debeehihed o€ atrer tHwigrodvd.
The polarity identification circuit 46 has a groove/land identifier

circuit 46e 2y ahdenti’ ysrmtphetdreantidentegiePBBghal sEIQVeHdwardrowiberd 2L or
above the groove 12G by neans of the polarity of the clock nmark signal

S[err] based:HaotibpubBPBecongs a1 &t, t Hding aldaid ¢hel 6GtBuABignal S1
identificationsignal SG. 1In this groove/land identifier circuit 46e,

timng pul sesedohest 21¢ dtoWAming 2. tAéFdeardE@s SipRetetmifedntd bebver
generator 90 (see Fig. 1) to show the approxinmate timng for "to" of the
zero cross pdtiahimog £id a "0" is output as an identifier signal SGL.
Next, the operation of the polarity identification circuit
46 of Fig. 32 is explained. When the beam PepB is scanning over -
a groove 12G, the clock mark reproduction signal ScM becomes a
signal SG shown in the dashed line in Fig. 31B. Consequently,
the output Signals S1, S2 of the comparators 46c, 46d become as
shown in Fig. 31D, and the output signal S1 becomes "1" at the
timing tl1 and the output signal S2 becomes "1" at timing t2.
Accordingly, in the groove/land identifier circuit 46e, the.beam
PrB is determined to be over the groove 12G and a "1" is output
as the identifier signal SGL.
On the other hand, when the béam PeB is scanning over the
land 12L, the clock mark reproduction signal ScM becomes a signal
SL shown in the solid line in Fig. 31B. Consequently, the output
signals S1, S2 of the comparators 46c, 464 becgme as shown in
Fig. 31E, and the output signal S2 becomes "1" at the timing til
and the output signal S1 becomes "1" at timing t2. Accordingly,

in the groove/land identifier circuit 46e, the beam Prs is



64- the clock mark signal S[err]. In this groove/land identifier
circuit 46e, when the output signal S1 becones "1" at timng t1l and the
out put signal S2 becones "1" at timng t2, the beamPPB is determned to
be*over the groove 12G and a "1" is output as an identifier signal SG.
However when the output S2 becomes " 1"6£t timng.l and the output signal
S1 becones "1" at timng t2, the beamPPB is detérmned to be over the

| and 12L and a "0" is output as an identifier signal SG.. Next, the
operation of the polarity identification circuit 46 of Fig. 32 is

expl ai ned. WearmireddanbBPEves tSoariandgl2kesand aa Jodois dathut hes check mark
reproduction signal S[err] beconmes a signal SG shown in the dashed line in

Fig. 31B. Chdertigidr \signahesS@Lt put signals S1, S2 of the conparators 46¢c,
46d becone as shown in Fig. 31D, and the output signal S1 becones "1" at
the timng tl amdwelrerpumptiic ekgmale $8 HigC B Ssidde gheldirengidR that
Accordingly, in the groove/land identifier circuit 46e, the beam PPB is
det er mi ned the heratmersibhe ¢apodie ol Ghanlland " 121 ismdogkpotve G tfued dentifier
signal SG.. On the ot her hand, when the beam PPB i s scanni ng over
the |and ldétetdnimer] bgkthmok/oEpramiltehing of dhel cfteind beensr®:s, 8bgi gnal
- SL shown in the solid line in Fig. 31B. Consequently, the output signals
S1, S2 of téae caampasetn; théGandiizl e datteastimnotie gpoove §2G3Mideand t he
out put signal S2 becones "1" at the tinmng t1 and the output signal Sl

becones " 1"cahsdquinidyl 2 thécansXitigey levels (I t0ie081gha PO KL, &Y ubear
circuit 46e, the beam PPB is
as the clock mark reproduction signals Scu will be different (see
Fig. 31B).

This difference in amplitude levels is due to forming of
the clock marks CM (protrusions 4a, 4b) just by the on/off
switching of the cutting beams Ba, Bb as shown in the example
inFig. 30. Inorder toeliminate this diffe]_:ence, as for instance
shown in Fig. 33A, the cutting beam Bb can be shifted to the land
12L side (fixed quantity wobble) for at least the off period of
the cutting beam Ba. The shifting of this beam Bb is performed
by the beam wobble control 212 shown in Fig. 28.

When beam wobble control is performed, the pitch Wa of the
groove 12G matches the pitch Wb of the land 12L in the off period
of the cutting beam Ba. This process allows the differential
between the amplitude levels of signals SL, SG of the clock mark
reproduction signal Scu to be corrected as shown in Fig. 33B.
However, the difference in the positive and negative sides of
the amplitude levels cannot be eliminated. In the example shown

in Fig. 34, the difference in positive and negative amplitude



65 determned to be over the land 12L and a "0" is output as the

I dentifier signal SG. However, in the exanple in Fig. 30, since the
‘direction that the protrusions 4a, 4b of the land 12L and groove 12G face
is determned by the on/off switching of the cutting beans Ba, Bb, as can
be seen, the land 12L is fatter than t®8 groove 12G (wider). Consequently,
the anplitude | evels of the signals SL, SG used as the clock nark
reproduction signals S[err] will be different (see Fig. 31B). Thi s
difference in anplitude levels is due to formng of the clock marks CM
(protrusi oneveds Has hesi dut ttbeadhdwfdorrmmttiohi.ng of the cutting beans Ba,
Bb as shown in the exanple in Fig. 30. In order to elimnate this

di fference, as fm thistemee, thedvean BaFiBbh of824ff tdwd teching igntiegnt W' can be
shifted to the land 12L side (fixed quantity wobble) for at |east the off
peri od of itshsetcas theddundarBandbutistihé beags Bk, tH shifmad Bomusuakky or ned
by the beam wobbl e control 212 shown in Fig. 28. When beam wobbl e
control i s oppobdtertireciidons t(fixedd afantli¢y wpbbded ahdBndatiehboutdarypi t ch W
of the land 12L in the off period of the cutting beam Ba. This process

al | ows t he cdnskquentlyl fdrettheeosuttingidant Bde &evmitsradf siggaalGa Hs SG of
the clock mark reproduction signal S[err] to be corrected as shown in Fig.
33B. Howestiopmt ire Fdyt f3Pehs esuppltibd tuosheiswd tehd20gatdortoildeisgdl  t he
anplitude | evel® cannot be elimnated. In the exanpl e showmn in Fig. 34,
the differ@acasi shepasiin FegantiBdgasuppl bepltiot tHe beam wobble control

211.

In the same way, for the cutting beam Bb, a control signal
Cb as shown in Fig. 34C is supplied to the switch 205, and a control
signal Fb as shown in Fig. 34D is supplied to the beam wobble
control 212. The interval for shifting the beam Ba, Bb by means
of these control signals Fa, Fb is optional. In this example,
the beam off period is approximately 1/2.

The beams Ba, Bb are each set in mutually different
directions for wobbling by means of supplying these control
signals Fa, Fb as shown in Fig. 34B and 34D so that for instance,
the cutting of the groove 12G is performed as shown by the diagonal
line in Fig. 34E. Consequently, the relation of the land 12L and
the groove 12G becomes that shown in Fig. 34F and the imbalance
in width between the land 12L and the groove 12G is eliminated.
Accordingly, as shown in Fig. 34G, the difference between the
amplitude levels of signals SL and SG of the clock mark
reproduction signal ScM is completely eliminated.

In the example in Fig. 34, a triangular waveform is shown



66 | evel s has been set to allow correction. In this case, the
beam Ba, Bb on/off switching timng "to" 1is set as the boundary and both
the beans Ba, Bb shifted in nutually opposite directions (fixed quantity
wobbl e) around the boundary. Consequently, for the cutting beamBa, a
control signal Ca as shown in Fig. 34R7is supplied to the switch 204; a
control signal Fa as shown in Fig. 34B is supplied to the beam wobbl e
control 211. In the same way, for the cutting beam Bb, a control
signal Cb as shown in Fig. 34Cis supplied to the switch 205, and a
control sifgpralthebcastsdbwaignalbi Ba, 36D hawevepphi siné avavee olreatthenbbl e
control 212. The interval for shifting the beam Ba, Bb by nmeans of these
control si graefofas mdy islsapbeonaed. | IThehwidEk sarpl empliihadeeafn td peri od
I's approxi mately 1/2. The beans Ba, Bb are each set in nutually

di fferent timegtilanswaiefowsplini aithdrywoedsishewobbpplgnandgitihesel cidwr ol
signals Fa, Fb as shown in Fig. 34B and 34D so that for instance, the -

cutting of ittkasgreamly ¢@istkstyier dne mxdmpieshdtor ixysttarneedi figieasvobblene i n
Fig. 34E. Consequently, the relation of the land 12L and the groove 12G
becones t hamashbty isnikcgeaded; dhent tie anpdli tude levelsi olf ltheesivperl s he | and
12L and the groove 12G is elimnated. Accordingly, as shown in Fig. 34G
t he di ff er siigeSGetavecse timereaspti bydehdte\amognbf signals SL and SG of the
clock mark reproduction signal S[err] is conpletely elim nated. In
t he exanpl e i n g medtionetiralsongyl dn thy aflock mark CMwpreformatted on

the optical disk 11A, on examining the groove 12G shows it

comprises a pair of protrusions 4a 4b formed to protrude

internally from both sides. However, instead of these

protrusions 4a 4b, a pair of concavities can be formed to protrude

externally at track direction positions matching these

protrusioné 4a 4b and these concavities may be used as the clock

mark CM.

Returning to Fig. 27, when writing data (during record) in

the disk apparatus 10A, during record of the record data Dr and

the fixed pattern signal Spp, modulation of the laser beam is

performed with the data clock signal DCK. Accordingly, the data

clock signal DCK reproduced by the data clock reproducer 70 is

supplied to a laser driver 18. This method for modulating the

laser beam with a data clock signal DCK is for instance listed

in United States Patent USP5182734.

Even when writing data (during record), reproduction of the

clock mark CM is performed by the optlical disk 11A. As related

above, when the laser beam is modulated by the data clock signal



67 for the control signals Fa, Fb however a sine wave or other
waveforms may al so be used. The width and anplitude of the triangular
waveform in other words the wobble quantity and other itens nerely
constitute one exanple. For instance if the wobbhle quantity is increased,
then the anplitude |levels of the signaf& SL, SG can be increased by that
anount . As nmentioned above, in the clock mark CM preformatted on
the optical disk-11A, on exam ning the groove 12G shows it conprises a
pair of protrusions 4a 4b forned to protrude internally from both sides.
However, i mekeadweightwselopk abkkyepraddatiidn sighal Saof (showR\intFigs can be
formed to protrude externally at track direction positions matching these
pr ot r usi ong34ai4bacdull tdths eWlvan chiMitieréAgnby erfittt@ddasithea Claipassgar Kk CM
Returning to Fig. 27, when witing data (during record) in the disk

appar at us ¥@Ateduin ngrdeac aodrahovdctiecdatd dbdck Fignad DCReffoxethipattern

signal SPP, nodul ation of the |laser beamis perfornmed with the data clock
si gnal DCKcléek aisdikngényrodutt idatsi grlloSd' §i thieaka v io me ph athieceibinyi tyhe dat a
clock reproducer 70 is supplied to a |aser .driver 18. This nethod for

modul at i ngofhthe | 26y drea® poiht oefine dhaiktshenal whel & sddter dlegkance
listed in United States Patent USP5182734. - Even when witing data

(during reeggflal Do¥predibepicduced birentidliodignenk cI¥cksmaek fsdrgmmad Sy t he
optical disk 11A. As-related above, when the | aser beamis nodul ated by
the data checghss@nialformation, jitter occurs in this data clock signal
DCK and adverse effects are exerted on the recording of data.
Whereupon, in the disk apparatus 10A in Fig. 27, during
writing of data, a control signal CT1l as shown in Fig. 35B is
supplied to the laser driver 18 from the system controller 51.
The period (clock mark period) Tcu in which the clock mark
reproduction signal Scu (shown in Fig. 35A) is acquired is set
so that the laser beam is not modulated by the data clock signal
DCK as shown in Fig. 35D. Also, a power control signal as shown
in Fig. 35C is supplied to the servo controller 41 from the system
controller 51 and in the preformat period TcM, the laser beam power
is the reproduction power Pr and not record power Pw.
Thus, as shown in Fig. 35A since the laser beam is set so
as not to be modulated by the data clock signal DCK during the
preformat period TcM, a non-weighted data clock signal Scm can
be acquired from the data clock signal DCK. Consequently, highly
accurate phase information from the zero cross point of the clock
mark reproduction signal ScM can be acquired and satisfactory

reproduction of the data clock reproduction signal DCK can be



68 < DCK, a weighted clock mark reproduction signal S[err]' (shown in Fig.
43) is acquired. Wien filtering is perforned with a lowpass filter in
order to renove the data clock signal DCK fromthis clock mark
reproduction signal S[err]', the waveformin the vicinity of the zero
cross point becone indistinct. Wien a daf% clock signal DCK is reproduced

by utilizing the clock mark signal S[err] as phase informatiron, jitter
occurs in this data clock signal DCK and adverse effects are exerted on
t he recording of data. : Wher eupon, in the disk apparatus 10Ain Fig.

27, during wubtaimggof data, a control signal CTl as shown in Fig. 35Bis
supplied to the laser driver 18 fromthe systemcontroller 51. The period

(clock mark periochhelHeEk] appardtughioheic|Faek parkas e 886 tdtricthgaal

S[err] (shown in Fig. 35A) is acquired is set so that the |laser beamis
not nodul at edsbyhd ke Skatapparatks si®EdownDIX By Shownd Gh&i gpedtRonAliso, a
power control signal as showmm in Fig. 35Cis supplied to the servo :

control | er 4igéfoiadine syetdivk apparatheriodlsaohiih Fig.peef aHste foeki od
T[err], the lraser beam power is the reproduction power PR and not record

power P[err]has an effébtsidastidadWioi théidisk3appsraass tbeshewerieag.i s set
so as not to be nodul ated by the data cl ock signal DCK during the
preformat pegriod T[err], a non-weighted data clock signal S[err] can be
acquired fromthedat acl ocksi gnal DCK. Consequently, highly accurate phase

information from hetBeEp & eRSs RAISK a@aﬁmschozzk theBh&arh ToE %é‘ﬁh&ﬁg
signal S[err] can be acquired and satisfactory reproduction of the data
cl ock reprodggd icptishdnddsOCKACSh Be determined to be over a land or over
a groove by means of the polarity of the clock mark reproduction
signal ScM. The beam Pee can be easily identified as being over
either over a land or over a groove.

During data writing, the laser beam is controlled in the
preformat period TcM so as not to be modulated by the data clock
signal DCK. Accordingly, a non-weighted data clock signal ScM
can be acquired from the data clock signal DCK and highly accurate
phase information from the zero cross point of the clock mark
reproduction signal Scm acquired so that satisfactory
reproduction of the data clock reproduction signal DCK can be
obtained.

In the preformatting device 200 shown in Fig. 28, on/off
control along the time axis of the cutting beams Ba, Bb is
performed and a pair of protrusions 4a, 4b formed as clock marks
CM. The level change in the vicinity of the cross point of the
reproduction signal Scu for the clock marks CM (4a, 4b) forme.d

in this way, is steep so that highly accurate phase information



69 obt ai ned. The di sk apparatus 10A in Fig. 27 has the sane
structure as the disk apparatus 10 shown in Fig. 1 and the operation is

i dentical. The di sk apparatus 10A shown in Fig. 27, therefore has an
effect identical to the disk apparatus 10 shown in Fig. 1. Furt her,
in this disk apparatus 10A, the beam PP® scanni ng. the optical disk 11A can
be determned to be over a land or over a groove by neans of the polarity
of the clock mark reproduction signal S[err]. The beam PPB can be easily
identified as being over either over a |and or over a groove. '

During dat an bki sBtaimel [favar theageis aals pblind of tHies dloekonssk period
T[err] so as not to be nodul ated by the data cl ock signal DCK

Accor di ngl ¥epofat 16n Hilgh1dsha itdelfastenal rsprddukcticAnobettas @aitaed from
the data clock signal DCK and highly accurate phase information fromthe

Zero cross dleckt reprédiectilonclsighak Dee=edbet heRisvghal S[err] acquired so
that satisfactory reproduction of the data clock reproduction signal DCK

can be obtai nediext, the thirdhémbpdEientest ithdsdawentidflisbevbrivedi 9. 28,
on/off control along the time axis of the cutting beans Ba, Bb is

perfornmed amd atpacturd df eheuspoicCa¥alishkb appapREufSLOB @K thmgds CM  The
| evel change in the . vicinity of the cross point of the reproduction signal

Slerr] for embedthesk iekewM Fag. 4Y. f Ohebhnd Refbtend@iumbsabs P SO
that highly accurate phase information
-in Fig. 27 are used in Fig. 26 so a detailed description is omitted
here.

In the disk apparatus 10A in Fig. 27, the laser bean is
controlled in the preformat period TcM so as not to be modulated
by the data clock éignal DCK and the laser beam power is control'led
to be the reproduction power PR however in the optical disk
apparatus 10B of third embodiment, during the clock mark period
TcM, the laser beam DCK is substituted with the clock signal DCK;
and modulation performed with the high frequency signal HF.

An oscillator 91 to output a high frequency signal HF is
provided in the disk apparatus 10B, and this high frequency signal
HF is supplied to the laser driver 18. A frequency bana is
selected for this high frequency signal HF so as to reduce the
noise of the semiconductor laser and the frequency used is
generally known to be approximately 500 MHz.

In the disk apparatus 10B during data writing, a control
signal CT2 is supplied to the oscillator 91 from the system
controller as shown in Fig. 37B. The high frequency signal HF

is supplied to the laser driver 18 by oscillator 91 only for the



70 - can be obtained fromthe zero cross point of this clock mark
reproduction signal S[err] satisfactory reproduction of the data  clock
reproduction signal DCK can be achi eved. Next, the third enbodi nent
of this invention is described. The structure of, the optical disk
apparatus 10B of third enbodinent is sWdwn in Fig. 36. The sane reference
nunerals as in Fig. 27 are used in Fig. 26 so a detailed description is
omtted here. In the disk apparatus 10A in Fig. 27, the | aser beam
is controlled in the preformat period T[err] so as not to be nodul ated by

the data cl aglodid @Bzk %aﬁéamtckhele:@seaib@ REVehoWh LRMIP! 1398, tRebe the
reproducti on power PR however in the optical disk apparatus 10B of third

enbodi ment, xi¥dBebiiei € hRklaRel WeiHdhidhefrdquenes bagesl hgamnDefei s

substituted with the clock signal DCK; and nodul ation performed with the

hi gh frequenaock 882k gdriod Tew with theCHhtAlAbcRlsighaAUbEKl AHY O8ser
frequency signal HF is provided in the disk apparatus |10B, and this high

frequency sighal poWbri s SitRRN12Y éontRlledSeh FEdotRI pbler/pd s@a¥aBCYs band
is selected for this high frequency signal HF so as to reduce the noise

of the sem capARCIRITilASETC datelrBe, doRttHBNGYa 8880 ibe a8ERS Bl dnednom to be
approxi mately 500 MHz. I'n the disk apparatus | 0B during data

witing, a Go¥ ¥ebro8h&ffbn Ghivelrs Pﬁb&mé} 9% Efel PPefiSGidt YeRiollmil OM t he
system controller as shown in Fig. 37B. The high frequency signal HF is
suppligd to the | esgs, HheX helfaddt 96 b5 Hod1 dLe@ BV R requency
signal HF in the preformat peri_od.Tcm«_I,_ the push-pull signal SP
output during clock mark CM reproduction is obtained with the
high frequency signal HF in a weighted status, however this high
frequency signal HF is present in a frequency band that is
considerably higher than the clock mark reproduction signal Scm
frequency band. Accordingly as shown in Fig. 373, the clock mark
reproduction signal Scu can be extracted by (see Fig. 25) the
bandpass filter 71 with no effects whatsoever being exerted by
this high frequency signal HF. The phase information can also
be acquired with high accuracy from the zero cross point of this
clock .mark reproduction signal Scu and satisfactory reproduction
of the data clock reproduction signal DCK can be achieved.
Next, the fourth embodiment of this invention is described.
The structure of the optical disk apparatus 10C of the fourth
embodiment is shown in Fig. 38. The same reference numerals as
in Fig. 36 are used in Fig. 38 so a detailed description is omitted
here.

In the optical disk apparatus 10B in Fig. 36, the laser beam



71 clock mark period T[err]. Accordingly, as shown in Fig. 37D, the _

| aser beamis nodul ated by the high frequency signal HF in the 'clock mark
period T[err] with the data clock signal DCK The |aser beam power is
normal Iy controlled in record power Pw status as. shown in Fig. 37C
however, control may al so be acconpli si¥8d with the reproduction power PR
only in the preformat period TM Thus, when the | aser beamis

nodul ated by the high frequency signal HF in the preformat period T[err],
the push-pull signal SP output during clock mark CM reproduction’is

obt ai ned wiwds mbduldtedh by hijgle firequiegogl sidnalnHE dwaiight thle stlaicksmahbwever
this high frequency signal HF is present in a frequency band that is
consi der ablperiogh®e hbwevéhdnctbe lopticklrédislodpparatusilgcain Hiey.r 38,
frequency band. Accordingly as shown in Fig. 37A, the clock mark

reproduct i @uringnahe Stbvel maak period rieaf echdyataceldck).sizmalt DEK bsaindpass
filter 71 wwth no effects whatsoever being exerted by this high frequency
si gnal HF. uHed ahdswdulbtlontisoperfiormddat twdcecthe ferdquehdy iwigh tlesur acy
fromthe zero cross point of this «clock mark reproduction signal S[err]
and sati sf agliceky sigpabd2meK.on = of . the data cl ock reproduction signal DCK
can be achi eved. Next, the fourth enbodi ment of this invention is

described. The cémswdquertlyf, imchepptdaialdidssk apparatus 10CC aotiotibkesf ourt h
embodi ment is-shown in Fig. 38. The same reference nunmerals as in Fig. 36
are used i reidcgit382 sis proetidedeccb demblieptheoddta elibtk esligrizdr BCK and In
the optical disk apparatus |OB in Fig. 36, the | aser beam
_acquire a data clock signal 2DCK. The laser driver 18 is then
supplied with this data clock signal _2DCK.' Also, during daté
writing in the optical disk apparatus 10C, a control signal CT3
is supplied-to the laser driver 18 ffom the system controller
51 as shown in Fig. 39B,. and the laser beam is modulated by the
clock signal 2DCK as shown in Fig. 39D during the clock nark period '
TcM. The laser beam power is normally controlled in record power
Pw status as shown in Fig. 39C.
Thus, when the laser beam is modulated by the clock signal
2DCK during the preformat period TcM, the push-pull signal Sep
output during clock mark CM reproduction is acquired in a weighted
status however the clock mark signal 2DCK is in a much higher
frequency band than the clock mark reproduction signal Scwm.
Accordingly, as shown in Fig. 39A, this lock mark reproduction
signal ScM can be extracted by the bandpass fil£er 71 (éee Fig.
29) while being affected in no way whatsoever by the clock signal

2DCK. Further, phase information can be obtained with high

accuracy from the zero cross point, and a satisfactory



72 was- -aodutiat ed- by--hi gh frequency :si-gnal - H= .duri ng the cl ock mark
period T[err] however in the optical disk apparatus |0Cin Fig. 38, during
t he cl ock mark perlod T[err], the data cl ock si'gnal DCK is used and

modul ation is perforrred at twice the frequency with the clock signal 2DCK.
~Consequently, in the optical disk appa%t us 10C, a doubler circuit 92 is
provided to ‘doubl’e the data cl ock signal DCK and ~acquire a data cl ock
signal 2DCK.” The'laser driver 18 is then supplied with this data clock
signal 2DCK. Also, during data witing in the optical disk apparatus |0C,
a control sepretu€liion icf dhepdatd ¢lhodiheilgaadr DOKIi achriek@d.r om t he system
controller 51 as shown in Fig. 39B, and the | aser beamis nodul ated by the
cl ock signal 2DChheaspticat dbskiappai@3budulibg idhemivddedniukt petttoc

T[err]. The | aser beam power is normally controlled in record power Pw
status as sbobdberrikicgit32C. As can beldesn intFgy.t3eih abdchtdmnopisiaaddul at ed
by the clock signal 2DCK during the preformat period T[err], .the push-pull
signal S edikk appardtdul0Bgicladao prokiddd mearhodncdsainl liatoacqlj ridae i N a
wei ghted status however the clock mark.signal 2DCK is in a much higher
frequency batdcahadidkhepphoakusraid hepradinpler stoweturd end]is less
Accordingly, as shown in Fig. 39A this lock mark reproduction signal

S[err] canelkpersivect Fdrbhet hanbshdpasschill disk dppbhsatusilPC sRMYm il | e
bei ng affected in no way what soever by the clock signal 2DCK. Further,

phase i nf origti 3% tsrebesobd eswie:dhmgrbéumn gheuresord powei:hmdemé Cross
point, and a satisfactory

reproduction power Pr so that compared to optical disk apparatus

10a, the optical disk apparatus 10C has the advantage'of simple
power control of the semiconductor laser.

The example in the above embodiments showed in the optical
disk 11, a groove 12G wobbled only on one side however, the groove
12G may also be wobbled on both sides;

Also, in the above-explained embodiment, the clock mark CM
is preformatted on the wobbled side of the groove portion 12G.
However, the clock mark M may be preformatted on the non-wobbled
side of the groove 12G, and moreover the clock marks CM may be
preformatted on both sides of this groove 12G.

Further in the above embodiments, the waveform numbers of
the groove wobbles corresponding to the address information of
"1" and "0" are respectively selected to be "4" and "3", but need
not be limited to these numbers.

Still further, in the above embodiments, the fixed pattern
region of the recording region is provided to correspond to the

recording position of the clock mark CM in an one-to-one



73 - reproduction of the data clock signal DCK achieved. The
optical disk apparatus |0D, is provided just with a doubler circuit 92. As
canbeseen in Fig.36i nwhich theoptical disk apparatus | OB is also provided
with*an oscillator 91, the optical disk apparatus.|0D has a sinpler
structure and is | ess expensive. Further in the optical disk apparatus

| OC shown in Fig. 38 there is no switching between the record power and
the reproduction power PR so that conpared to optical disk apparatus 10A,
the optical disk apparatus 10C has 'the advantage of sinple power control
of the sem corehadtionshiper However, Thbs efdxed pathetrheredionre neetiodotent s
showed in the optical disk 11, a groove 12G wobbl ed only on one side
however, the ngassserily®erpgsidlionedctoncbbrespand tothe siegeiding positddso, in
t he above- expl ai ned enbodi nent, the clock mark CM is preformatted on the
wobbl ed si de aff thiecgookveank M. orlThe? GotaHomeuesy, offhtheseckixemr patiermy be
preformatted on the non-wobbled side of the groove 12G and noreover the-
cl ock marks GMgimpsheay foefiorstancedorebetteditdese ehalbés thandihe ¢2&ck
Further in the above enbodi nents, the waveform nunbers of the groove
wobbl es corr esxksdCMg to the address information of "1" and "0" are
respectively selected to be "4" and "3", but need not be limted to these
nunbers. : St Yét funthierin thetdwvebenizodimeadisnethe 2Tt fixdd pett@ait ern
region of the recording region is provided to correspond to the recording
posi tion of tdignelotk memordEN im symcbnenizatiiom with the NRZI data in the

fixed pattern region of thé magneto-optical disk 11.
Alternatively, either a 1T fixed pattern signal or a 3T or higher
fixed pattern signal may also be recorded. However it should be
understood that when the pattern interval becomes small, the
amplitude of the reproduction signal Swo will decrease and the
S/N ratio would deteriorate due to the MTF (Modulation Transfer
Function). Conversely, when the pattern interval is extended,
the fixed pattern region must be widened, in order for the edge
numbers for _phase comparison to be obtained as the same number,
with the result that the data region into which the data can be
recorded becomes narrow.

Even further, in the above embodiments in the ADIP decoder
60, the demodulating process operation is carriedout byutilizing
a clock signal CK 24 having a frequency "fc" (= 6 fa = 8 fb) higher
than the frequencies "fa" and "fb" of the wobble signais Swe by
a common frequency multiple, which corresponds to the data of
the address information ADM of "1" and "0". Alternatively, a

similar demodulating process operation may be performed may be



74 - relationship. However, this fixed pattern regi on need not
necessarily be positioned to correspond to the recording position of the
clock mark CM The total nunber of these fixed pattern regions may for

i nstance be selected to be smaller than jhe clock marks CM Yet further
in the above enbodi nents, the 2T fi xed ttern signal is recorded in
synchroni zation with the NRZI data in the fixed pattern region of the
magnet o-optical disk 11. Alternatively, either a 1T fixed pattern signa

or a 3T or higher fixed pattern signal nmay al so be recorded. However it
shoul d be akfiosnedddy wiiligdngtahelpakizignalnhaving apfremienahhigher he
anplitude of the reproduction signal S err] will decrease and the SIN

rati o woul d tharethesatiredivencdes HEalTad VR afithe wobhle &ignadnSws by)
Conversely, when the pattern interval is extended, the fixed pattern

regi on nust anethiedesenmon nfxgqrencyorul btPkrlige nunbers for phase conpari son
to be obtained as the sanme nunber, wth the result that the data region
into which the daftithwebdunthesr dadthsealoraembodiments, the upgie {dea her,
in the above enbodinents in the ADI P decoder 60, the denodul ati ng process
oper ation | ®csheipcesant bpventiaw isErrlisgdtr Bignagnako-ptioalngisk
frequency."fc" (= 6 fa = 8 fb) higher than the frequencies "fa" and "fb"
of the wobblappsirghubsl¥ epliemativedynmbinis padquacideaimay piisilaprilyrbe
corresponds to the data of the address information ADM of "1" and "0".

Al t er nat i velappliedstai dthexidimes afi eptinalc siskoppparains mapabdepeff or med
may be _ '
y handling an optical disk in which address information is

frequency-modulated, and the frequency—modulated signal is

recorded as a groove wobble.



1

.75* erformed by utilizing a.clock:si.gnal ~having a frequency higher than
t hese Md "fb" of the wobble signal S[err] by another
common | tiple. Still yet further, in the above
enbodi ﬂlm Il ?Hﬂ i dea of the present invention is applied to the
magnet o-*opftti ca [ paratus 10. Al t®r nati vel Yy~ this unique idea may
similarly be applied™o other types of optical disk apparatus capabl e of
handl ing an optical disk in which address information is
frequency- nodul ated, and the frequency-nodul ated signal is recorded as a
groove WobIWHRAT IS CLAIMED IS : 76 VWHAT | S CLAI MED
IS : 1. A frequency denodulating circuit for denodul ating a
frequency nodul atli.ng Asifgerghercy rdswidud.atiing t el rateitta for odgmodiilaging a a
wavef orm shaping unit for acquiring a binary signal fromsaid
f r equency- nfrckdhieney modyiaiting signal expressingidjgdltalelataatdangprisihg: f or
generating clock signals having a frequency of said frequency-nodul at ed
signal correspoadwagefors Shapfingauditi fp1t alcaidrangamdiday lsdghal) a
frequency higher than the frequency of said frequency-nodul at ed

from said frequency-modulated signal; .

a clock signal generating unit+for generating clock signals
having a frequency of said frequency-modulated signal
corresponding to "1" of said digital data, and also having a
freqﬁency higher than the frequency of- said frequency-modulated
signal by a common multiple, which corresponds to "0" of said
digital data; and

a detector for decoding said binary signal in response to

said clock signals to thereby obtain said digital data.

2. A frequency demodulating circuit according to claim
1, wherein number information of said frequency-modulated
signals corresponding to said digital data of "1" and said digital

data of "O" are respectively integers.

3. A frequency demodulating circuit according to claim
1, wherein said detector comprises:

an edge detecting unit for detecting an edge of said binary
signal to output an edge detection signal;

a window pulse generating unit for generating a first window

pulse and a second window pulse corresponding to patterns of said



si gnal l e, which corresponds to "0" of said digital

dat a; anE’ tector for decoding said binary signal in response to
said clo "Im Mjﬂ‘l reby obtain said digital data. 2. A
frequency* detd rcwt accor di n%to claim 1, wherein nunber
I nfor mati on of sald requency nodul at ed "“signal s carresponding to said

digital data of "I" and said digital data of "0" are respectively

I nt egers. : 3. A frequency denodul ating circuit according to.claim
1, wherein said detector conprises: an edge detecting unit for

det ecting alblelége' algmalsy binary - signal to output an edge detection

si gnal ; ‘a Wi ndow pul se generating unit for generating a first w ndow
pul se and a second e inidepll pulserdetgaiddonynib %alit@rwtéﬂ%al d 77
bi nary signals; a coincident pulse detecting unit for detecting a.
coi nci dent mllstgld.h@h palse sdga éé%éc@qﬁ) g detgefionssignpl is medaci dent wi it h
output timng of said first and second w ndow pul ses; and a

det er ni ni ng coancident dettdy wutbng himing etshdd Ehrat andjlsglcpaﬁ Window s " 1"
or "0" based on said coincident pulse. 4. A frequency

denodul at i ngpudisesai andccording to claim

a determining unit for determining as to whether said

digital data is "1" or "O" based on said coincident pulse.

4. A frequency demodulating c.ircuit according to claim
3 wherein: said window pulse generating unit includes: a pulse
separating unit for separating said window pulses into a first
window pulse related to a rising edge of said binary signal, and
aléo a second window pulse reléted to a falling edge of said binary
signal; and in said coincident pulse detecting unit, a detection
is made as to whether or not said first and second separated window

pulses are coincident with said edge detection signal.

5. Anoptical disk apparatus for handling an optical disk
on which address information is frequency-modulated to produce
a frequency-modulated address signal and said frequency-
modulated address signal is recorded as a groove wobble,
comprising: |

wobble signal reproducing means for reproducing a wobble
signal corresponding to said groove wobble; and

frequency demodulating means for frequency-demodulating



3 wherelLn: id wi ndow pul se generating unit includes: a pulse
separating unit for separating said w ndow pulses.into a first w ndow

pul se reJﬂuﬂ u edge of said binary signal, and al so a second
wi ndow p mmmﬂ:um m, falling edge of said binary signal; and in
sai d coi nci dént “pufse® detecting unit, a @etection « is made as to whet her
or not said first and second separated w ndow pul ses are coincident with
sai d edge detection signal. 5. An optical disk appar at us for
handl i ng an optical disk on which address information is
f requency- noskidiwvelblle filgn@dicto tharebgpmenoirensdid aidatdesddirefsnmaitgoat and
sai d frequency- nodul at ed address signal is recorded as a groove wobbl e,
conpri si ng: wherein: wobbl e signal reproduci ng neans for reproducing a
wobbl e signal corresponding to said groove wobble; and frequency
denodul ati ng neansafidr ffe@upranic etiodotat g m@ans includes: 78 sai d
wobbl e signal to thereby acquire said address information; wherein: :
sai d frequency deapdavafory stepiag nnitdisr shaping a wawefoxmmoshspiag uni t
for shaping a waveformof said wobble signal to acquire a binary signal
a cl ock si gnadbhleneighabgtenadquifrer agpheany isigmalleck signals having a
frequency of said wobble signal corresponding to "1" of said address
information, and alc®dkeyigglagénestdmayuniityher gehpatimecloekyeonslef said
wobbl e signal by a common nul tipl e,

having a frequency of said wobble signal corresponding to "1"

of said address information, and also having a frequency higher
than the frequency of said wobble signal by a common multiple,
which corresponds to "0" of said address information; and

a detector for decoding said binary signal in response to

said clock signals to thereby obtain said address information.

6. Anoptical disk apparatus according to claim 1 wherein:
number information of said groove wobbles corresponding to said
address information of "1" and said address information of "0Q"

are respectively integers.

7. Anoptical disk apparatus according to claim 6 wherein:

said address information is a biphase-modulated signal.

8. Anoptical disk apparatus according to claim 5wherein:
the amplitude of said groove wobble is varied in response to the
frequency of said -frequency-modulated signal so that the slope

at the junction of said address information between a waveform



whi-ch—eor+esponds—to—6* of said address information; and a detector

for d | ' ' y signal in response to said clock signals to
thereim '@Bum "mfjress i nformati on. 6. An optical disk
appar atys¢ i claim1 wherein: _nunber information of. said groove

wobbl es corresponding to said address i T ormation.of "1" and said address

I nformation of "0" are respectively integers. ' 7. An optical disk
apparatus according to claim6 wherein: said address information is a
bi phase- nodul at ed si gnal . 8. An optical disk apparatus according to

cl ai m 5 wher expresgingy &l of usieidfadsred sginbexmattlun endsaveavetbrm response
to the frequency of said frequency-nodul ated signal so that the slope at
t he juncti onerppressihgadd"cof saidrathlress brfowmeatipnvdvesonot change.
79 expressing "1" of said address information and a waveform expr.essing
"0" of said address informati on does not change. 9. An optica
di sk apparatus for handling an optical disk on which address information
i s frequency- nodulSat ecirt oppicaludisk appaegties dprrivahdldngdamdptiesl siigkal and
said frequency- nodul ated address signal is recorded as a groove wobbl e,
conpri si ng: on whichwaefitessiigifalrmatpowdisc Engoueeis-rogiulaépdoth ginoguaewobbl e
‘a frequency-modulated address signal and said frequency-
modulated address signal is recorded as a groove wobble,
comprising:
wobble signal reproducing means- for reproducing a wobble
signal corresponding to said groove wobble; and
frequency demodulating means for frequency-demodulating
said wobble signal to thereby acquire said address information;
wherein:
said frequency demodulating means includes:
a waveform shaping unit for shaping a waveform of said
wobble signal to acquire a'binary signal;
a clock signal generating unit for generating clock signals
having frequencies higher than frequencies of said wobble signals
by a common multiple, which corresponds to "1" of said address
information data and "0" of said address information data, with
reference to said binary signal; and
a detector for decoding said binary signal by using said
clock signals to thereby obtain said address information; and

said detector comprises:

an edge detecting unit for detecting an edge of said binary



signa%—eeffeSﬁeﬁdFﬁg—%e—said groove wobbl e; and frequency

denodu) frequency-denodul ating said wobble signal to

there MB@I g mdress i nformation; wherein: sai d frequency
denmodut udes a waveform shaping unit for shaping a
wavef orm of said mobble signal to acqui80e a._binary signal; a cl ock

signal generating unit for generating clock S|gnals haV|ng freqUencies
hi gher than frequencies of said wobble signals by a common nultiple, which
corresponds to "1" of said address information data and."0" of said

addr ess i nf ogigdd 10 dadu@put 4h edff SetBeeibn SyrhlRi nary signal ; and
a detector for decoding said binary signal by using said clock signhals to

thereby obtain sapdviatdibwassl dd\gondwrit iog; urdiitdfor genefdt thgiereebOkvitasnr i ses:
an edge detecting unit for detecting an edge of said binary

80 si gnal plilse®WndUt 886 avidrioC bulBe sivglidlh correspod Wd1gRwtREhS €
generatlngunlt for generating a first window pulse and a second w ndow

pul se, whi chofdiRspandriyospgsdry;ns of said binary signals; a
coi nci dent pul se detecting unit for obtaining first and second coi nci dent

si gnal s when sai daedgtndiaiett! pOls& iddtabting Bde £6idkadaihgVEirstoshaut
timng of said first and second wi ndow pulses; and a determ ni ng
unit for detgseBrd 68861 deht\BEIRENs Fitérl said edge detection signal is made
coincident with output timing of said first and-second window
pulses; and
a determining unit for determining as to whether said

digital data is "1" or "O" based on said first and second

coincident signals.

10. An optical disk apparatus according to claim 9
. wherein:
said window pulse generating unit includes:

a pulse separating unit for separating said window pulses
into a first window pulse related to a rising edge of said binary
signal, and also a second window pulse related to a falling edge
of said binary signal; and in said coincident pulse detecting
unit, detection is performed to determine whether or not said
first and second separated window pulses are coincident with said

binary signal.

11. An optical disk on which address information is

frequency-modulated to produce a frequency-modulated address



dlghtéT~ZEE:;77;ﬁrIT‘UF‘LG' based on said first and second coincident

si gnal s ,lm”m“" optical disk apparatus according to claim9
wher ei n! IW | se generating unit includes: a pul se
separatlng Uni't flor sseparating said w ndow pul ses. into a first w ndow
pul se related to a rising edge of said bBhary signal, and also a second
w ndow pul se related to a falling edge of said binary signal; and in said
coi nci dent pul se detecting unit, detection is perfornmed to determ ne

whet her or not said first and second separated w ndow pul ses are

coi nci dent Widilgnsai ghd aidr ¥reqestdy-modulated atiref8 epdnaialisdietordedihi ch
address information is frequency-nodul ated to produce a

frequency- nodil algedonddiiRE2in: an amplitude of said groove wobble is varidd
signal and said frequency-nodul ated address signal is recorded as a groove

wherei n: an grpréspsiesotosthd freqayecyiibseid Freguerdy-notuletpdnsigrifl t he
frequency of said frequency-nodul ated signal in order that a slope at the

junction of saigrdskieRst 4 Siepeati the jaRtVRAN o8 SE\EIQRIB X DhESHIANgionl" Of
said address information and a waveform expressing "0" of said address

information ¢ReGeeOs WiiAT@AIM expressmglz'1"Aaf09ai&aidod1es;ls 26 EOF16R tibrd O
claim1ll wherein said
and a waveform expressing "0" of sdaid address information does

not change.

12. An optical disk according to claim 11 wherein said

address information is a biphase-modulated signal.

13. BAnoptical disk according to claim 12 whereinwaveform
numbers of said groove wobbles corresponding to "1" of said
address information and "0" of said address information are

respectively integers.

14. BAn optical disk apparatus for driving an optical disk
on which a groove wobble corresponding to a signal acquired from
frequency zﬁodulation of biphase modulated address_ information,
and a mark for representing phase information placed inside said
wobble are preformatted; and having the biphase bit coﬁnt "a"
("a"™ is a natural number) between two of adjacent said marks,
and the channel bit count "n" ("n" is a natural number) between
two of said adjacent marks, comprising:

first clock signal production means for generating a first



address information is a bi phase-nodul ated signal . 13. An optica
di sk according to claim12 wherei nwavef orm nunbers of said groove wobbl es
correigullmmmm" u,m" said address infornmation and "0" of said address
i nfbr tively integers. 14. An optical disk
apparatus ort dM ving*an optical disk d# which a groove wobbl e
corresponding to a signal acquired from frequency nodul ati on of biphase.
nodul at ed address information, and a mark for representing phase

i nformat.i on pl aced i nside said wobbl e are preformatted; and having the

bi phase bit €Iwdl Sighal( 1dilisimy aat ohal fredqiaidy helvephe tod tife adj acent
said marks, and the channel bit count "n" ("n" is a natural nunber)

bet ween twor&frcihictiad] atemal rof lsaidcolpek Mark; first clock signal
production nmeans for generating a first 82 cl ock signal
utilizing an "n" WwoBgLe xdynall #dgioduet ibhtmeahe FordbiehicduciingnftowEasai d

cl ock mark; wobbl e signal reproduction neans for reproducing from
said opticadpithical @isobMebiegiiainalotd RS pRadify it s&idggbeey aobbhé} €;

and frequency denodul ati on nmeans for acquiring said address

i nformation dnd frequency denodul ati on of said wobbl e signal, sai d
frequency denodul ati on neans havi ng: a second cl ock signal generator
for generating a geeqiéncy demodulation means' for acquiring said address

information by frequency demodulation of said wobble signal,
said frequency demodulation means having:

a second clock signal generator for generating a second
clock signal by frequency dividing a data clock signal supplied
from said first clock signal reproduction means by 1/M(M=n/(a °
s)) in which a clock "s" ("s" is a natural number) is an
oversampling value of said biphase bit;

a waveform shaping unit for acquiring binary values by
waveforming said wobble signal; and,

a detector for acquiring said address information by

processing said second clock signal using said binary signal.

15. An apparatus according to claim 14 further comprising
information recording/reproducing means for recording or
reproducing the record track formed along said wobble groove on

the optical disk.

16. An apparatus according to claim 15, wherein said

information recording/reproducing means records or reproduces



cl oek stgrat—by—f+regueney- dividing a data clock signal supplied fromsaid
first c ' duction neans by 1/ MM=n/ (a. s)) in which a clock
"s". ("smﬂmﬂuﬁmkﬂ&;mamer) is an oversanpling val ue of said biphase
bit? ¢ =snhapi ng unit for acquiring.binary val ues by

wavef orm ng sai d wobbl e signal; and, 8 a detectwor for acquiring said
address information by processing said second clock signal .using said

bi nary signal . 15. An apparatus according to claim14 further

conprising information recording/reproduci ng means for recordi ng or
reproduci ng shedr asfomhadtriank si gnak dbadethgns sailld wbiddte cjockveigmal & he

optical disk. 16. An apparatus according to claim15, wherein said
i nformation recordi ng/reproducing means records or reproduces
83 said information signal based on said first clock signal.

17. An optical di Skv.apprat aptiscdbaidkiappagasns ot dwrl vidigsin opamazd d1sk
alternately with grooves and | ands constituting recording tracks, said
| ands or grodfgesed attednstaly hiunrgksovestambrﬂa:giqobmﬁiﬁuﬁi@grmddnding
wher ei n; : each of said marks conprises a first portion and a second
portion: thettacks, paitﬂL‘Landberrrq;:dowesmémdedsuthma&ﬂdacmftaﬁaudgplhasd or
groove portion, having a stepped down porti on par al | el
1nformat10n, wherein;
each of said marks comprises a first portion and a second
portion: the first portion being formed on one end side of said
land or groove portion, having a stepped down portion parallel
to the radial direction, and comprising a recessed or raised
portion, while the second portion being formed on the other end
side of said land or groove, having a stepped up portion in a
position along the track direction corresponding to said stepped
down portion and para‘llel to the radial direction, and comprising
a recessed or raised portion,
said optical disk apparatus comprising:
laser irradiation means for irradiating a laser beam onto
said optical disk,
light receiving means for receiving the laser beam
reflected from said optical disk and outputting a reproduction
signal; and
detection means for detecting from the polarity of the

reproduction signal on the mark whether the laser beam scanning

said optical disk is above said land or above said groove.



to.the radial direction, and conprising a recessed or raised portion,
Wni—'re the second portion being fornmed on the other end side of said | and

dire ﬂﬂmlllllﬁmuﬂﬁl,mlltnépfﬁdsﬁf’dpZ[ epped | down’ pori on and parallel (0 the
al*

radi reeti®n,s artd conprising a- rec8sed or raised portion, sai d
optical disk apparatus conprising: | aser irradiation means for
irradiating a | aser beamonto said optical disk, | i ght receiving

means for receiving the | aser beam reflected fromsaid optical disk and

outputting a reprpgluct A®roptsiclaldisRnépparatusdatestddiy eargafiar 19gt ecting
fromthe polarity of the reproduction signal on the mark whether the |aser

beam scanni ggrtBét ¢ofiptisahg distevbontevel saklitReduses aheviassdi i gitoove.
84 18. An optical disk apparatus according to claim 17,

further comuiirsldgtéd SEonD sefat Laséerimiidiateet sesadhad Fselowi ghid
irradiated fromsaid | aser irradiation neans'to foll ow said recor di ng

track with sacgrasfiy Greent woth afaikesagves Wipltred 1wt tbeing suppDeedaliggt i on
results fromsaid detection neans. 19. An optical disk

appar at us agger défect iort rdisilitd from sadldedetaceidnl Mdaglt. det.ection neans
repr oduces a push-pull signal as the reproduction signal and said
| i ght detection nmeans detects whet her: t he | aser beam scanni ng said
optical disk is above said
19. BAn optical disk apparatus according to claim 17

whérein said light detection means reproduces a push-pull signal

as the reproduction signal and said light detection means detects

whether the laser beam scanning said optical disk is above said

land or above said groove based on the polarity of said push-pull

signal.

20. A preformatting device for preformatting a base disk
by cut-forming the surface of said base disk with grooves and
marks containing phase information, said preformatting device
comprising:

a light source for génerating a first and a second laser
beam;

optical means for joining said first and second laser beams
tomutually overlap so that said overlapped first and second laser
beams irradiate the surface of the base disk;

laser beam ¢ontrol means for controlling on and off
switching of said first and second laser beams; and

control means for controlling operation of said laser beam



| and or above said groove based on the polarity of said push-pul

Si gnaM& . A preformatting device for preformatti ng a base
di sk ng the surface of said base disk with grooves and
marks mm MF&H" nformation, said preformatting device

conpr|5hngc | i ght source B®r generating a first and a second
| aser . beam optical neans for joining said first and

second |laser beans" to mutually overlap so that said overl apped first
and second | aser beans irradiate the surface of the base disk;

| aser beam comtieh msams, for controlling on and of f switching of said
first and second | aser beans; and control neans for controlling

operation of sai dyh&@s®in §&8dcontrol meald requlates therised bemadsntrol
wherein said control means regul ates the | aser beam control means

such that wddangadut thst watl saeaofid-stosed sbeaid 1886H HeldiB@bth turned ON,
said groove is fornmed on said base disk and said first |aser beam

i's turned ofgh,084¥d i@boReflisd Forfeade! salll NRGPLISPEN 981d first lasdd I st
timng to a second timng, and said second | aser beam is turned off

only for a srRefndspredeiEormetlperswd isiredi ptedotermined pati®d Sdnd
second timng, and said first and second | aser beans are both

turned on aty #ikbtreihing o af betonditinfiegynand said setbadel 858F neshmoer i od
has el apsed after said second timng.

is turned off on]_.y for a second predetermined period immediately

after said second timing, and said first and second laser beams

are both turned on at a third timing,‘affer said second

predetermined period has elapsed after said.second timing.

21. Apreformatting device according to claim 20, wherein
said laser beam control means includes a first and second optical
switches arranged on a first and second laser beam optical paths
running between said light source and said base disk to control
on and off switching respéctively of said first and second laser

beams for irradiation onto said disk base.

22. Apreformatting device according to claim 20 further
comprising displacement means for displacing said second laser
beam radially across said disk base surface, said displ;cement
means displacing the position of said second laser beam for the

period of time between the first timing and the second timing.

23.  Apreformatting device according to claim 22, wherein



21.« A preformatting device according to claim20, wherein sai d

| ase I ncludes a first and second opti cal

switches arranged on a first and second | aser beam optical paths

runhl ﬂlﬂmma mm Lght source and said base disk to control . on
and of ctlvely of said 6rst and second | aser beans
for irradi‘atiion onto said disk base. 22, A preformatting
devi ce according to claim 20 further conpri sing di splacenent neans
for displacing said second | aser , beam radi ally across said di sk base:
surface, saighidi gplsptesemént means HR8PFacks Hadd Bgcbhd® xsirt beamobysai d
second | aser beam for the period of time between the first timng
and the secqibddt@iri@ned amount towards Zhe dfpecfionhbving ldas eeeatger di ng
to claim 22, wherein 86 sai d di spl acenent neans di spl aces
sai d second dAseidbEapsbyard sedonddebeeniethsanount towards the direction
havi ng | ess overl ap of said first and second | aser beans. : 24.
A preformatting device according to claim 20 further conpri sing

di spl acenent neans for displacing said first and second | aser beans
respectively radi 24ly agsrefornattingidudcefaccorsiing tmeRablindo Featier

di spl acenent neans di spl acing the positions of said first and second

| aser beamns donpriiBengeti ool aderdntembansn for displacing said first and

second laser beams respectively radizi_lly across the surface of
said base disk, said displacement means displacing the positions
of said first and second laser beams for the period of time from

said first timing to said third timing.

25. Apreformatting device according to claim 24, wherein
said first and second laser beams are displaced by a predetermined
amount by said displacement means at said second timing so that

the overlap of said first and second laser beams is minimal.

26. Apreformatting device according to claim 24, wherein
the length of said first fixed period and said second

predetermined period are equal.

27. A préformatting method for preformatting a base disk
by cut-forming the surface of the base disk with grooves and marks
containing phase information, the method comprising the steps

of:

irradiating the base disk and forming said grooves on said



said first timng to said third timng:: - : 25. A preformatting :
dev:idmdi“rrgﬁ—weLai m 24, wherein said first and second | aser beans
are di predet er m ned anount by sai d displacenent neans at
sard:EWMWWﬁWian ﬂ”

l #’lthat the overlap of said . first and second | aser

beans*iscninlmall 26. A prefolfatting dewice according to claim

24, wherein the I ength of said first fixed period and said second
predeterm ned period are equal. 27. A preformatting nethod for
preformatti ng a base disk by cut-f-orm ng the surface of the base disk

Wi th grooveg,ad giBkKahi 1€ WHidl i Bet PAAS Sddohdr TBEEP hednle afRt B8Eh on
conprising the steps of : I rradi ati ng .the base di sk and form ng

sai d groovesyi mpehdlly overladpping in Sases«dtsbnihile said first and second
| aser beans are both on - and nutual ly overlapping in one section,

switching only sakgiédiifly loAI§ she@Eddt faker héamlors fopr gdeiss# ned
period fromthe first timng to the second tim ng, switching only

sai d. second JrazRtcbRtRe@peribamaneReFdrst tiiadets tienssbdify 't'gdin%, _
i medi ately after said second timng, switching both of the first

and second | aser S@fPEhiYy ohl9"baid SRhdSI688H Bédh MEs Froal 8 s&ddrth tim ng
after said second " predeterm ned period has el apsed after said second
timng. predetermined period immediately dfter said second timing,

switching both of the first and second laser beams on, from

said second timing to said third timing after said second

predetermined period has elapsed afteér said second timing.

28. A preformatting method according to claim 27 further
- comprising the step of displacing said second laser beam for _the

period of time between said first timing and said second timing.

29. A preformatting method according to claim 28 further
comprising the step of displacing said second laser beam by a .
predetermined amount for the period of time between said first
timing and said second timing towards a direction for reducing

the amount of overlap of said first and second laser beams.

30. A preformatting method according to claim 27 further
comprising the step of displacing the positions of said first
and second laser beams for the period from said first timing to

said third timing.



28. «A preformatting nmethod according to claim 27 further conprising the

step of d cond | aser beam for the period of tine
bet ween smmwmlmnfwn”mand said second timng.’ 29. A
preformatting® nethdd dccodrding to claim28 further conprising the step
of displacing said second | aser beam by g8 predet erm ned anount -for the
period of time between said first timng and said second timng towards
a direction for reducing t he anount of overlap of said first and second
| aser beans. 30. A preformatting nethod according to claim27
further conpri sk ng sl g NOASLLI ' j.rst
and second | aser E%ém; hﬁc;féficﬁgna%g:rl I gcsi'p%‘?gﬂm s%‘%%ﬁ%%g%:atcﬁ'ﬁg?ﬁgi? ?ﬁwhé%i d
third timn f . . . R 3
preformatti %Ejomr?ertlﬁéagagté%rscﬁer% otfo dé Fgll?nc{?%g fst?rlt grecoéaér%)arslesrl r]?(je a%nhéys$ep of
di spl aci ng i 0 urg-?%:b 1.ned OL ; peri od
ﬁéﬁ&%mﬂeagéﬁ% I d¥h@ pé¥ btk OfYs S%gft d:i-'%%‘%??

bet ween sai Irst timn sal second t1 mng towar on for

duci . ' Jd LSt . . A
br ef or mat {1 g <aeyt ge2Bhd oSl ANrES 0 AL AR repucing ogerfap |
first fixed perdqd apdspalsly SReRRd 1R5eAeh&Ld ned period are equal.

32. A preformatting device according to claim 27 wherein
the length of said first fixed period and said second

predetermined period are equal.



