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i nvention generall an optical record disc pl t he
conpact disc pl ayeﬂ\“mmu\ﬂ \WW@“\ processing circuit and a method, for data
reproduction, and nore , pagticularly, to apparatus and met hofgPtof r eadi ng
out reproduced data froma buffer menory. BACKGROUND OF THE,I NTI ON As
is well known in the field of audio equipnent, digital recor roduci ng
systens have been generally adopted for the purpose of reproducing
recorded _data h [ elg I dio
nal og s el eRLAREBROEPELYY RPaRaTDs, MEGSetand RO R R
Modul ation) technique and this data is recorded on a recordi ng nedi um
such as a disc or a nagnetic tape, to be reproduced. Anong these systens,
the conpact disc is mainly useg gl ¢ epgntinveEnthos case, a binary
digit(bit) corresponding to the digitized data i1s formed on a disc of
about' 12cmin dianeter, and is optically read. A reproducing device for
reproduci ng the data recorded on the conpact disc as descri bed above,
moves an opti ¢alk Rrckednt- iinvenxio®d generally relates to an optical
trrererereerererrererereerererrerererrrr o~ L0, a~ .~ ~ *@0002*

record disc player such as the compact disc player, its signal

processing circuit and a method for data reproduction, and more

particularly, to apparatus and method for reading out reproduced

data from a buffer memory.

BACKGROUND OF THE INVENTION

As is well known in the field of audio equipment, digital
record reproducing systems have been generally adopted for the
purpose of reproducing recorded data of high density and high
fidelity. In these systems, audio analog signals are converted
into digitized data by a PCM(Pulse Code Modulation) technique and
this data is recorded on a recording medium, such as a disc or a
magnetic tape, to be reproduced. Among these systems, the compact
disc is mainly used at present. In this case, a binary digit(bit)
corresponding to the digitized data is formed on a disc of about’
12cm in diameter, and is optically read.

A reproducing device for reproducing the data recorded on

the compact disc as described above, moves an optical pickup
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provided with a sem conductor |aser and a photo-electric conver- sion
device in a constant linear velocity tracking systen{CLV) fromthe inner
peri phery side to the outer periphery side of the disc, and by rotating

t he conpact disc the data recorded on the conpact disc may be read. The
data read out fromthe disc is supplled to an RFE cir- cuit. This RF circuit
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D/ A(di gi tal )s r r einafter called DAC). An output of the
DAC is SUSBFEQ: 3% a Io Sgggﬁgﬁiter (LPF) , and an output of the LPF

corresponds t G reprodpesd audi O 4t Piite SH988! i ol Ns@bp I A& OdBCHrOREexi pe
used with a CD, I1n order to prevent a final audio output from causing wow

and fluttgrit ! hen E-Medespdylatedxtphgnal ai Sty edhridr as byifid eramenorycandg
read out after the error correction processing using a stable frequency

cl ock si gralor THignatl eekmsagnalu tipsitsynchtlo@mous ticah @ ickepk simhabupplies
generated by a crystal oscillator. Besides the well-known audi o CD pl ayer,
a CD- ROMa| stero isontanot hetreept oduth ngheppaesttactedngidnats. The RO®T
pl ayer reproduces two kinds of data co-existing on the disc, i.e. an
_ cuit also quantizes the signal read from the disc, and supplies a
signal processing circuit with the -quantized signal as an eight
to fourteen bit modulated(EFM) signal. This signal processing
circuit operates an EFM demodulation, a subcode demodulation and
an error correction processing, then its output is suppiied to a
D/A(digital/analog) converter(hereinafter called DAC); An output
of the DAC is supplied to a low pass filter(LPF), and an output
of the LPF corresponds to a reproduced audio output signal. In a
reproduction device used with a CD, in order to prevent a final
audio output from causing wow and flutter, the EFM demodulated
signal is stored in a buffer memory and read out after the error
correction processing using a stable frequency clock signal. This
clock signal is synchronous with a clock signal generated by a
crystal oscillator.
Besides the well-known audio CD player, a CD-ROM player is

another reproducing apparatus using discs. The CD-ROM plavyer

reproduces two kinds of data co-existing on the disc, i.e. an



2 -t audio signal and ROM data, such as inmage information and charac-
ter codes. Wien the audio signal is read out, the reproduction is
performed at a nornmal rate corresponding to audible information. On the
ot her hand, when ROM data is read out, the reproduction is perfornmed at a
faster rate, such as a double rate. In such a CD frequ
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which data is witten into the buffer nenory. On the other hand, a signal

processing st age sHAGK(X¥CKF 1601, eor haowe edie oneprodesti agy apdeaudi orate
out put processing is swtched prorrptly The signal processing stage cI ock
cont r ol s cohht@onatsi g:ﬁaw\h-ﬂszh dat ausiesi .r edde fotiet el dNF'f S ndgorgangedy from

"L" to "H"., the rate is switched from the normal rate to the
double rate, and when the signal HS is changed from "H" to "L",
the rate is switched from the double rate to the normal rate. In
such cases. the rotation speed of a disc motor does not change
instantaneously but changes gradually from the normal rate to the
double rate or from the double rate to the normal rate. As a
result, a frequency of a reproduction stage clock (VCOCK) gen-—
erated by a PLL circuit in accordance with the rotation speed of
the disc motor flutters frequently in accordance with the motor
rotation. The reproduction stage clock controls the rate at which
data is written into the buffer memory.

On the other hand..a signal processing stage clock (XCK) for
error correction processing and audio output processing is
switched promptly. The signal processing stage clock controls
the rate at which data is read form the buffer memory. As a

result, within a transitional period of the disc motor until the

rotation speed reaches the required speed, the frequency dif-



result, within a transitional period of the disc notor until the rotation
speed reaches the required speed, the frequency dif- 3 ference between the
reproduction stage cl ock(VCOCK) and the sig- nal processing stage
clock(XCK) is relatively large. In the buffer nenory, storing(witing) is
performed by a reproduction stage frame cl ock(PFS) synchronous w %.h the
cl ock VOOKncandetwadhnghies NeOTStHRSd By Sat%ﬁ?‘?gn‘élo‘ﬁ'Fg\é%gg'i(ﬁgaEFag} € % 'ahe
cl ock(XFS) synchronous with the cl ock XCK whi (ih i.S rs)>/r]chronous with a
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conpri se pr oo to elimnate éffects of data pick-up

i nterruptign caused byx BsShosknbhane AUl dg+ thher §Bocki o pkOOtCRERT yoh s
usually a l'arge capacity nenory such as 4MB DRAM four megabit dynam c

random agCess JEIBGEY) wikh &Pt oyed Ragraeege hbpakukl ey nenorysand tdwe DAC
to store the reproduced out- put of the buffer nenory. The reproduced
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cal | ed shock proof. In the shock proof system storing to the shock_ proof

MENDry i Sn@omeaelilned deaudeaemya fredotaTudnmed dibt tertpres i eyceeds hgn allowed
value for the buffer memory. This means an overflow or underflow,
i.e.., emptying. which results in a reproduction interruption.

The problem mentioned above is not limited to the CD-ROM
player. For example, the problem also exists for a CD player
which comprises a shock proof memory to eliminate effects of data
pick-up interruption caused by a shock from outside. The shock
proof memory, usually a large capacity memory such as 4MB
DRAM(four megabit dynamic random access memory), is employed be-
tween the buffer memory and the DAC to store the reproduced out-
put of the buffer memory. The reproduced output is stored to the
shock proof memory, then read out. This system is called shock
proof.

In the shock proof system, storing to the shock proof
memory is controlled to keep a predetermined data quantity in the
shock proof memory in the following manner. When storing is in-
terrupted by a shock from outside, the reproduced data in the

shock proof memory is reduced because reading-out continues. If



shock proof nmenory in the follow ng manner. Wen storing is in- terrupted
by a shock fromoutside, the reproduced data in the shock proof nenory is
reduced because reading-out continues. If 4 the quantity reduction in the
shock proof nenory is detected, then in order to recover the predeterm ned

quantity in the shock proof nenory, a reading rate fromthe bufffr nmepory
is switched dauare iftasteedwatéon|dnt hikke cageckperaede tﬁ%m?BYaﬁ§N1%B%%§£$f

the disc notor changes gradually, the difference bhetween .the d i
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track the data in the inner periphery side.

tem and CD-ROM in which the reproduction rate is switched, the

reproduction can be interrupted because of overflow or underflow.

Sudden speed change also occurs, by a search operation, in a

conventional CD player which does not employ the reproduction

rate switching. The disc rotates in about 8Hz when the pickup is

at the inner periphery side of the disc, and 3Hz when the pickup

is at the outer periphery side so as to maintain a constant

linear velocity(CLV). For this reason, to track the data in the

outer periphery side when the pickup is tracking the inner

periphery side, the rotation speed of the disc motor should be

reduced to below one—half. In the opposite case, when the pickup

is at the outer periphery side, the speed should be increased to

two times greater to track the data in the inner periphery side.

The frequencies of the clocks VCOCK and PFS obtained by supplying

the RF circuit and the PLL circuit with the signal from the

pickup, are synchronous with the disc rotation rate. For this

reason, at the moment when the pickup moves to a target point,



The frequencies of the clocks VCOCK and PFS obtained by supplying the RF
circuit and the PLL circuit with the signal fromthe pickup, are
synchronous with the disc rotation rate. For this reason, at the nonent
when the pickup moves to a target point, 5 for exanple fromthe inner
periphery side to the outer periphery side, the frequencies of the clocks
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eproduction ‘1nterruption. Particularly, in
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until th ctiton 1s restarted 1s one of the serious problens. To
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have a shorteéned transitional period can be effective, these notors are
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in an increased price of the CD player set and decreases the marketability
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disc data reproduction apparatus which uses a clock generated by a PLL

(Phase Lagkath Lowop) ctoeksl PFiss ssulgest edwh$abdh ra stdpsodutt Hon gpproduction
interruption. Particularly, in the system in which high—-speed
access is required, a long muting period until the reproduction
is restarted is one of the serious problems.

To solve the above problems, although using high-
controllability motors which have a shortened transitional period
can be effective, these motors are expensive and consume greater
electric power. Use of these motors results in an increased price
of the CD player set and decreases the marketability of the CD
player set.

In the field of disc data reproduction systems, a disc data
reproduction apparatus which uses a clock generated by a PLL
(Phase Locked Loop) circuit is suggested. Such a reproduction ap-
paratus is, for example, disclosed in the Japanese Patent Laid
Open(Ko-kai) 93-28632. In the reproduction apparatus (player)
disclosed in the above laid-open patent, a disc is rotated at a

constant angular velocity (so-called, CAV) by a spindle motor.

The CAV rotation of the disc means that the linear velocity of



paratus is, for exanple, disclosed in the Japanese Patent Laid

Open( Ko- kai ) 93-28632. In the reproduction apparatus (player) disclosed in
t he above | ai d-open patent, a disc is rotated at a constant angul ar
velocity (so-called, CAV) by a spindle notor. The CAV rotation of the disc
means that the linear velocity of 6 the tracking changes according to the
rot ati onthadituscandadathanaaarstee fands tar et hot "esadtian .F #d UaxaRd &2t
under constant an- gular velocity, when the data transfer c{?ate re&raenstentg_
four tintsanshierncedmes rate PRt (PRNDERRE - pEPT pREATPPLRde UNHRE F'E 13 hhsT ar
rate represents 1.6 tinmes the nornal rate at_the inner perj y. L de;
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synt hesi 28f AR coht Bl & thtre}‘%/r%‘d%%%lcgegbgh%rpé/quslcwe%’. The calculation is
executed according to the add LREOLARLLAN paRd Qi 10  PhS&KMPP 8OSHhERY
i nf or mat "6 Sd&CETEE By a' 'a‘?)oé?rﬁ?%nlcgénéor. Further, for the usual audio
use suchsas musi ¢ reproduction, a CAV player nust enploy other circuits to
perform él_d\‘?'reproducti on. As a result, disc data reproduction using a CAV

system has a E‘Umir@(@rﬁéﬁlﬁt Yhe apdenGiansesnddiecpvi peaglrthea phayetasédn
SUWARY OF THE | NVENTI ON Accordingly, it is an object of the present

i nventi on. it {Ar Qyih fén aBaii BONa¥ed di e fdresrere WheequanceprfoductieorPLL cir-

interrupt- ions, or nuting caused by reproduction speed switching are
cuit and a frequency synthesizer which controls the frequency are
required. The calculation is executed according to the address
information and optical pickup position information detected by a
position sensor. Further, for the usual audio use such as music
reproduction, a CAV player must employ other circuits to perform
CLV reproduction. As a result, disc data reproduction using a CAV

system has a complex structure and increases the price of the

player set.

SUMMARY OF THE INVENTION

Accordingly, it is an object of the present invention to
provide an improved disc player wherein reproduction interrupt-
ions, or muting caused by reproduction speed switching are
reduced.

It is another object of the present invention to provide an
improved signal processing circuit and a reproduction method for

reducing interruptions of the reproduction caused by reproduction



reduced. It is another object of the present invention to provide an

i nproved signal processing circuit and a reproduction method for reducing
interruptions of the reproduction caused by reproduction 7 speed swtching
and search operation. It is further object of the present invention to
provide disc players in which access tine deviation is mnimzed. In
agﬁordan@@aﬂq:Twﬂkpﬁwﬂﬂuﬁﬂdi%ﬁﬁﬂﬁﬁ(ﬁﬂeﬁﬁk‘?%regoing ob- jects, anobng
others, are achieved by providing an apparatus for reproducing .data st d
on g_dlsc, cgﬂ%ﬁib?né“ﬁé@ﬁ%‘f%PJ?SFaPanth?hB"8F§@F Pl &%B%ﬁggﬁgc?d?r§V?és
reading out data fromthe disc durin rotation_thereof, S r

genergtl i £ & 'FSed Bivghatn b?/cc‘%ﬁjgnﬂ'ﬁ? no° Y h%ﬂ%rz‘ad?(%u?gﬁ?@iz gt’a in
accordance with rotation of t .sC fs ti i gL ogk—
in response toHCCH ?T?%eﬁ‘gﬁggh?,pﬁgggg%fd?ﬁﬁgﬁggﬁﬁafgﬁ%afﬁté%§bﬁ%iggd

si gnal inescrfsgpogr%en 0 tehe ol 1 st £l 0ck; a0daf 8% PHRAMd I dempgykabeds for
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data, meah ¥ storrng the denodul ated data, ‘nmeans for deriving a second

clock fromthe,fifst 6Logks@BAefObROU Riltdd NGEddIS- SELAgIUne ShOCKoASratat ing
d?oéﬁ, I

ref erence and nenory controlling means for con- trolling a witing

operationdo §he. Stk LRUp MRAH s Foresensitvd ut h@atar stoal enk amdcf during
controlling a reading operation fromthe storing neans in response to the

reference.gt gekonl nraGEos danar am 4 ht anotgeereraspecy ef dhel piesentsignal by
invention, the above-stated objects are achieved by providing an apparatus
for reprogushngz deg atséoreddopua diise, dorerisi agecapdasceorith rotation of
the disc, means for generating a first clock in response to the
digitized signal, means for demodulating the digitized signal
in response to the first clock and for outputting demodulated

data, means for storing the demodulated data, means for deriving

a second clock from the first clock and for outputting the second

clock as a reference clock, and memory controlling means for con-
trolling a writing operation to the storing means in response to
the first clock and for controlling a reading operation from the

storing means in response to the reference clock.

In accordance with another aspect of the present invention,
the above—-stated obJjects are achieved by providing an apparatus
for reproducing data stored on a disc. comprising means for
rotating the disc, pickup means for reading out data from the
disc during rotation thereof, means for generating a digitized
signal by quantizing the read out disc data in accordance with
rotation of the disc, means for generating a first clock in

response to the digitized signal, means for demodulating the

......



rotating the disc, pickup means for reading out data fromthe disc during
rotation thereof, nmeans for generating a digitized signal by quantizing
the read out disc data in accordance with rotation of the disc, neans for
generating a first clock in response to the digitized signal, means for
denodul at ing t.he 8 digitized signal in response to the first, cl ock apd {OI‘
out put - tiagtdesddslisred dn arepeansef f Wi hiy theClefbddrst é@dat APyt~

means for deriving a second clock fromthe first clock and for t i
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obj ects are Achi Y&t PY aRlOVL HeNg A 8RR &liusck f ah o eps pdual tiguatpl ;
| W athe
of data stored on a lesg, the plurality of disc dgta capabl em%; bginng Y

classified it fte lRAStas & fidAdrdnme drsek ansh@ mesony ¢yperdal apgt heans
apparatus conpris- ing, neans for designating information data to be read

among theopl s atirby 10 gli se datia iangl bperdesiqgnato nghenes oér i he fmeragts ahd
second types of data, a disc notor for rotating the disc, a pickup for
readi ng tHesh ohaded tlestigeat edsby ctl hekdesidgrfan mpriteamisl ing #iregdingcrrera
generator to generate a first clock responsive to
tion from the storing means in response to the reference clock.
In accordance with further aspect of the present invention,
the above-stated objects are achieved by providing an apparatus
for reproducing a plurality of data stored on a disc, the
plurality of disc data capable of being classified into at least
a first type data and a second type data, the apparatus compris-
ing, means for designating information data to be read among the
plurality of disc data and for designating one of the first and
second types of data, a disc motor for rotating the disc, a
pickup for reading disc data designated by the designating means,
a first clock generator to generate a first clock responsive to
the disc data read from the disc, a second clock deriving circuit
for deriving a second clock from the first clock, an oscillator
for supplying a constant clock at a predetermined frequency., a
selector for selecting one of the second clock and the constant

clock and for outputting the selected clock as a reference clock, a

first divider for dividing the first clock to generate a first



the disc data read fromthe disc, a second clock deriving circuit for
deriving a second clock fromthe first clock, an oscillator for supplying
a constant clock at a predeterm ned frequency, a selector for selecting
one of the second clock and the constant clock and for outputting the

sel ected clock as a reference clock, a first divider for dividing_the
first clﬂckmboqﬁnmkat@nﬂf&rs?cogﬁr%héiéPBcKOQN@1&‘§é6§meﬁvrgéFP@&pe
dividing the reference clock to generate a second frane cl ock, a buf fer
menory fofoskoko pagedase dasgcradd frea® cleki s@ Paid sfems™P ontY ol T Hy
means for controlling a witin Q@ﬁratlon to the buffer memory in. . ..ng
responseife tdisctidatafrapd 4G A FOFCco®TOITERY S F8AATRg ' 'Oferatd on
fromthe buffer menpry in response to the secand a I R,
when t heT@8siqffuted’ dit 88 daﬁaaféiﬂﬁﬁaf??gfaﬁiﬁg 1%%tgﬁet%b sei%gﬁgﬁgsgieE?s
the second clock as the referen I 18 t hgnate L S£d a
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reference ¢l ock. ASignal, Processt NdefbreUih dekbkedel rAMihe Wasantframe
i nven- t°8R for “Use in processing data read froma rotating disc for

storage [ @ Dulfiel- DT inEAMRAES ¥ oA Jridt¥ld cl sk gevar abi nge il Ltyme
generate a first clock responsive to an EFM signal generated by quanti zi ng

the datagngad feam thedotari R@ 1 SEs ehedemmid@t on ota denpdbkatre feftee EFY/
signal in response to the first clock and to output denodul ated data, a
second cllaglekderning Mhercithlided igrerd v ed Bs s edborad ©3 ottke fsepenthetYpe sgata,
clock and to out- put the sécond clock as a reference clock, and a nenory
con- the selector selects the constant clock as the reference clock.

A signal processing circuit derived from the present inven-—
tion for use in processing data read from a rotating disc for
storage in a buffer memory comprises a first clock generating
circuit to generate a first clock responsive to an EFM signal
generated by quantizing the data read from the rotating disc, a
demodulator to demodulate the EFM signal in response to the first
clock and to output demodulated data, a second clock deriving
circuit to derive a second clock from the first clock and to out-
put the second clock as a reference clock, and a memory con-
trolling circuit to control writing of the demodulated data to
the buffer memory in response to the first clock and for control-
ling reading of the demodulated dafa from the buffer memory in
response to the reference clock.

Further, a signal processing circuit for use in processing

data read from a rotating disc for storage in a buffer memory,

derived from the present invention comprises a first clock gener-
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trolling circuit to control witing of the denpdul ated data to the buffer
menory in response to the first clock and for control- ling reading of the
denodul ated data fromthe buffer nmenory in response to the reference

cl ock. Further, a signal processing circuit for use in processing data
read froma rotating disc for storage in a buffer nenory, derived ‘;romthe
present Rhvest concedprtiosesngriitiese dligak Fomek rEFRANTy i te T kid! st9”
generate a first clock responsive to an EFM si g- nal generated by. .
quant i zi ng 't BengarAzede Ry PG Nttt P TR Jead FriEhoif fiofatbne disc. a

denodul ate the EFM signal in response t he, first. clock
](c:Iermd'l[JIhaP];@ﬂ'O&a’t‘éltﬁ'"ié@oﬁ(?m(ﬂdé‘dl?t??er i\ﬁ r‘%%i‘c‘(ra‘-grI(’:alrJ;]'st1 1 gm%%??rsgga{cgeg%%gph ek
romthe first clock and tq output ,.the, s .

one of tKé °§Z‘c and (ciloocf’lk’(jE pé’gcd an °e°§<L{ ]ear%a Iqsacg%gapf% éé(g%c%ﬁ%fgéfc%lwo}:\%(pﬁ egept

predet er m ned . { TEQNERCY, AN {97 pYLRUEELADhBE rSPleciatb i Qg afo doutput

u t
referencé"'cl o¢ menory controlling circuit to control witing of

the demqgul aled, dat @ Loyt he, bub{estgRMGY dd1 dBEPORGE kO tiHee dddsid el ock
and for controlling reading of the denodul ated data from the buffer nenory

in responsgy tont B& iRl eNge stlp@okie \ BBRRAGA N Orc I 8pkoditci ag paaide tsdron édedn
a disc, derived from the present invention conprises the steps of reading
out the dirsudtalya daRdNgorotaattcurt tofnd henei sej egendr atlion aawigi tefedence
signal by quantizing the read out disc data in accordance with a rota-
tion of thedisandgeneraiomg edirst! chackifauiesponsentood her idigpt PFedhe
signal, denodulating the digitized signal in response

demodulated data to the buffer memory in response to the first

clock and for controlling reading of the demodulated data from

the buffer memory in response to the reference clock.

A method for reproducing data stored on a disc, derived from
the present invention comprises the steps of reading out the disc
data during rotation of the disc, generating a digitized signal
by quantizing the read out disc data in accordance with a rota-
tion of the disc, generating a first clock in response to the
digitized signal, demodulating the digitized signal in response
to the first clock and outputting a demodulated data, deriving a
second clock from the first clock and for outputting the second
clock as a reference clock, and writing the demodulated data to a
buffer memory in response to the first clock, and reading the
demodulated data from the buffer memory in response to the
reference clock.

Further, a method for reproducing data stored on a disc,

derived from the present invention comprises the steps of, read-

11



to the first clock and outputting a denodul ated data, deriving a second
clock fromthe first clock and for outputting the second clock as a
reference clock, and witing the denodul ated data to a buffer nmenory in
response to the first clock, and reading t h e denodul ated data fromthe
buffer nmenory in response to the reference clock. Further, a neth (;g
reproducnnt@hdw‘a §t1(§r0$dd%)haaddif‘s‘d"9 BetR® T r B tHe pijé§8nt RUBARE dﬁ‘g a
conpri ses e steps o read- 11 ing out disc dat ur N tatlo

di sc, geﬁélgattl‘ﬁ@das‘cﬂrtj‘t‘t|bz>édq‘é?"gﬁ B aﬁﬁnt"??% he rsg:a Y ségéd%{lg—

in accord ance with a rotation of

;:ZBSRZ:T‘S’G{ rt‘li’é‘ ?hgﬁt i"?fé‘r(fts"cgfha?? abr‘?‘odﬁlsa?i n EBEEE%&: gl f‘az‘;laﬁélgédcﬁ?%l{ '
e first clo t t d

second cl"6SRFEmthe 'S cgtg ‘aﬁ 'ozcekqu Sonsirés{e]? rgcﬁé;@p%%gﬁ%ft?ﬂgé ggecgﬁ%ié(g: ggi

and a constant clo r { d C
writing {Re dlenrmra% ?géedgpa%$% :H’QQ? C]B{r:rgﬁrlérﬂe %nlﬁ}efpﬁlﬁiirfggﬁgb?%g?d

cl ock, ar},daf hﬁ( desmdid ated, dat &k opmd hei byt f erosRNMDENdT el €5PONSE
to the re erence cI Apparatus for reproducing data stored on a disc,

derived JfJonathenpreseshd RMRRK Qhd CONMPohSeankEanschkoratr of abradethemined
di sc, pickup neans for reading out disc data fromthe disc during rotation

thereof , fRaNfeddy Peneradiagerncdi giécredwsi ghag bye deandizphgdtHatpeda 2

out di sc data in accordance with rotation of the disc, neans for

generatlmy%ﬁ&epm@@@@&(ﬁhreéep9m§@(ﬁquhe first clock, and reading the
demodulated data from the buffer memory in response to the
reference clock.

Apparatus for reproducing data stored on a disc, derived
from the present invention, comprises means for rotating the
disc, pickup means for reading out disc data from the disc during
rotation thereof, means for generating a digitized signal by
quantizing the read out disc data in accordance with rotation of
the disc, means for generating a reproduction reference clock
responsive to the digitized signal, means for supplying an oscil-
lator clock at a predetermined frequency, means for demodulating
the digitized signal in response to the first clock and for out-
putting demodulated data, means for storing the demodulated data,
memory controlling means for controlling a writing operation to
the storing means in response to.the reproduction reference
clock., means for detecting the frequency of the reproduction

reference clock in accordance with the constant clock, and means

for determining the demoduliated data as invalid when the detected
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responsive to the digitized signal, neans for supplying an oscil- lator
clock at a predeterm ned frequency, neans for denodulating the digitized
signal in response to the first clock and for out- putting denodul at ed
data, nmeans for storing the denodul ated data, nenory controlling neans for
controlling a witing operation to the storing nmeans in response to the

r epr oductreaueeter éaceutchbdcr, Dﬁﬁdﬁ§er@ﬁn6ét§éﬂpﬁg t he frequency of the
reproduction reference clock in accordance mnth t he constant cl ock, an
means for defephharngishe!demeEEISaiad Falte Hist 1rﬁ@ﬁiﬂeﬁhéﬁoﬁh§WﬁﬂQﬁﬁs%Pt

12 frequency is out of a predeterm ned range. not her. si PLOSES
circuit, i d8ENEE@ ¥ r ohi? f he SFr et "o F AT EASN, " $\"mﬁ éOan%$6%ess§§g§"Qg‘ 8

i nformation data read from a rotating dis r ge .l ff
memory, EBRPE 88sYASErolk" ébﬁ%?%ﬁlndQC|r%ﬁf fo %@%@?at8°§pﬁﬂ%§t EISE]OCK

responsive to an EFM. si gnal r t t rat
in gcco:égﬂsga%ﬁP?hCéP8|9t tog %%e@%%% yqu%%'d@dgl JE%ddﬁéﬁJEiﬁ6”bﬁkiﬁN

sc rotation, enodul ator to denopdul ate the EFM

signal  in res %Qﬁ% 6208 fbh%%tQqu% and 4o fIHRAL Stermdid af edadlddddadee

second cfogEa erat I'ng cifcuit to generate a second clock and to out put

the secopd g 30'8185% g4 €f €f &NCea Chonkduaado FERBI Yeaniullte |ty EAM csi gnad
control witing the denodul ated data to the buffer nenory in response to

the first claakoad tQ oY rolrdeadtotngabbetdepndpluat etbriatial Freom ddea, a

buffer menory in response to the reference clock, a second detector to

det ect ashice@uerawc® gdrredtirgt diefearience Jeovdra e axcerdemeec ipeh and to

constant clock, and a determning circuit to determ ne the denodul ated

data as output the second clock as a reference clock, and memory control-
ling circuit to control writing the demodulated data to the
buffer memory in response to the first clock and to control read-
ing the demodulated data from the buffer memory in response to
the reference clock, a second detector to detect a fregquency of
the first reference clock in accordance with a constant clock,
and a determining circuit to determine the demodulated data as
invalid when the detected frequency is out of a predetermined
range.

A reproduction speed detecting circuit derived from the
present invention for use in processing data read from a rotating
disc, the processing including generating a reproduction
reference clock responsive to an EFM signal obtained by quantiz-
ing the information data, comprises a first divider for dividing
the reproduction reference clock to generate a first clock, a

second divider for dividing a constant clock to generate a second

clock, a timing pulse generator to generate a latch pulse and a

13



invalid when the detected frequency is out of a predeterm ned range. A
reproducti on speed detecting circuit derived fromthe present invention
for use in processing data read froma rotating disc, the processing

i ncludi ng generating a reproduction reference clock responsive to an EFM
signal obtained by quantiz- ing the information data, conprises a fi rfst

di vi der toeadi wiudisey in heesrpre|luEPi an dedrsrtdmde f o’k TRd 1J8RePSeE £ iR
clock, a second divider for dividing a constaFt %LOCE tq %nerta}_']te & snetcg,nd
cl ock, aserAnfgci@cke FerfHtG™ t'P genet bt ¥Patlgt dHTFH $€ © 3T dar
pul se in response to a detection of a falli edge_ of. the eco | pck
counter P81RGURESET e e &' AO he a@oc{]gatnercg" i hg” lr%%lz{gb{;gt(ﬁ%PgT%ag
pul se, and .an output circuit t.o qutput val ye of er in response
to the Ié(tadHeplﬂ%sgc%eAﬁ&WLe%rer‘rrétrh&? Sf%o%rns?eeptrood%c? ﬁ]ga d%l? aﬁgr%% ed on a disc,

derived from the pregsent f YNt Q0 FABId$ES ihf Gafal dkgredl dndal oige,
data froma ré\acfl ng disc, generating a digitized signal by quan- tizing

the read Qui; Je [ie G &dds APCOTHANNE M tdorbr Péad i PBa Of nibheoditscd i s c
generating a reproduction reference clock responsive to the digitized

signal, demdwald no tdwe il td Zad, sdgnatat img r&spogsei tedt hiegnaprioduguaon
reference clock, witing the denodu- |lated data to a buffer nenory in

response #i@ ithe tiePr pduat ioart tref ed ecedatackn readirtgndee vdietindal aeedtidana

fromthe buffer nenory in response to a read-out reference clock,

det ecti ngfa tHe efiuencys@iertdrel mepx otetodnc t e$rremterenoeke] AckcEBFBaneéve

e to the digitized signal, demodulating the digitized signal in
response to the reproduction reference clock, writing the demodu-
lated data to a buffer memory in response to the reproduction
reference clock., reading the demodulated data from the buffer
memory in response to a read-out reference clock, detecting a
frequency of the reproduction reference clock in accordance with
a constant clock, and determining the demodulated data as invalid
when the detected frequency is out of a predetermined range.

Other objects, features, and advantages of the present in-

vention will become apparent from the following detailed descrip-
tion. It should be understood, however, that the detailed
description and specific examples, while indicating preferred em-
bodiments of the invention, are given by way of illustration
only. since various changes and modjfications within the spirit

and scope of the invention will become apparent to those skilled

in the art from this detailed description.
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a constant clock, and determ ning the denodul ated data as invalid when the
detected frequency is out of a predeterm ned range. O her objects,

features, and advantages of the present in- vention will becone apparent
fromthe follow ng detail ed descrip- tion. It should be understood,

however, that the detailed description and specific exanples, while
indicating preferred em bodi nents of the invention, are given by way of
illustration only, since various changes and nDdlflcatlons wi thin the
spirit and scope of the BRAE AL ERACH \ NES those skill ed
inthe art fromthis detailed descrlptlon 14 BRIEF DESCRI PTI ON OF THE
DRAW NGS A nore conpl ete appreciation of the present invention and many of
its attendant advantages wi |l be readllylogtg¥n%% by

Lo 4
fol | owi ng det zfi M PR bt T Bn2BBASI U =T n conne&q%ﬁéﬁmléteﬁ%%erp“m and
acconpany i& ?mégﬁgtﬂt@eggé% gﬁ&%%t é%t p1pgb%m¥ga§h99‘%%ﬂdﬁhed by

rel ati ondi reguency o reproductlon stage reference

C'OCk“VCO( stdn8Rd LG d fgv%wn%f Fo £hYNBL REESH) 000 AL 88 I AOKEEXGK)

accordi nd conventlona system” FIG 2 is a block diagramof a disc

data reprg 4#&&9106}9 w PAS s Q&&&Wéﬁ%ﬁ@ arkii sgsembadivAeBh:of the present
|nvent|on G 3 1s a block diagramof a signal processing circuit ac-

cording to the{drstienbodimeny ehaktbespoRsrgt thavest aenpnEhG4bieswaebl atle
di agram of a part of an EFM denodul ating circuit according to the first
enb0d|”Em%éﬁuéﬁﬁyFﬁﬁsﬁnﬁeproduct1on stage reference clock(fvcocw) and the

frequency of a signal processing stage clock(fxcx) according to a
conventional system;

FIG.2 is a block diagram of a disc data reproducing ap-
paratus according to'a first embodiment of the present invention;

FIG.3 is a block diagram of a signal processing circuit ac-—
cording to the first embodiment of the present invention;

FIG.4 is a block diagram of a part of an EFM demodulating
circuit according to the first embodiment of the present
invention;

FIG.5 is a block diagram of a part of a clock generating
circuit according to the first embodiment of the present
invention;

FIG.6 is a bilock diagram of a switching and thinning out
circuit according to the first embodiment of the present
invention;

FIG.7 is a timing chart showing an operation of the thinning

out circuit shown in FIG.6;
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invention; FIGS5 is a block diagramof a part of a clock generating
circuit according to the first enbodi ment of the present invention; FIG6
is a block diagramof a switching and thinning out «circuit according to
the first enbodi ment of the present invention; FIG7 is a timng chart
showi ng an operation of the thinning out circuit shown in FIG 6; 15 FIG
is a block di &JiGr8 of saashilod g agB2PhiodnihgsBat chdine @9 aledrdi'iy t%ug
second enbodi ment of the present invention; FIG9.is a block, diagramof a
f\r/]vltchi ng 'dhelvt i nAPFP %t NS FRuid a&&&ra?nﬁ"lwgﬂé‘%%or? efbSdi Fent ot
e present invention; FIG 10 is a a block diagramof a PMCKG generatin
circuit dNMVeHd %W t chi ng and thinning out ci rcgi t according togt he secogd

enbodi mrent of the present i.nvention; FIG is_a.tim, c t j 5
g_perationf of '([:Hg; tsﬁi he Ai rli’gI oSt i FRGAN sc#év\% fﬁ‘&lcgqg;; %ﬁ% f?h?‘\iha ?@éﬁ
i agram of, a di.sc data reproduyci p- u - gl tgea LI

embodi nerit' of “{ fre ap?céggr?t]g}%vg%t P%?\g F G 'T% %srﬁg&gﬁggggtdi garaingh%f gar‘esent

reproduciir}?/esr&ei% ;det ection circuit according to the third enbodi nent of
t he presen I nvention; '

FIG.10 is a a block diagram of a PMCKG generating circuit of
the switching and thinning out circuit according to the second
embodiment of the present invention:

FIG.11 is a timing chart showing an operation of the thin-
ning out circuit shown in FIG.10;

FIG.12 is a block diagram of a disc data reproducing ap-
paratus according to a third embodiment of the present invention;

FIG.13 is a block diagram of a reproducing speed detection
circuit according to the third embodiment of the present
invention;

FIG.14 is a timing chart showing an operation of the
reproducing speed detecting circuit shown in FIG.13: and.

FIG.15 is a block diagram of a signal processing circuit
formed on a semiconductor chip in accordance with the present in-
vention.

FIG.16 is a block diagram of a memory control circuit and a
buffer memory according to the present invention.

FIG.17 is a timing chart showing generation of an EFM-WT
signal in the memory control circuit according to the present in-

vention.
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FIG 14 is a timng chart show ng an operation of the reproducing speed
detecting circuit showmn in FIG 13: and. FIG 15 is a bl ock diagram of a
signal processing circuit formed on a sem conductor chip in accordance
with the present in- vention. FIG 16 is a bl ock diagramof a menory contr ol
circuit and a buffer nmenory according to the present invention. FIG 17 is
a timng chart showi ng generation of an EFMW signal in the nenory

control circuit according to the present in- vention. 16 DESCRI PTI ON OF
PREFERRED EMBODI MENTS Enbodi ments of the present invention will be
described in detail wth ref ' ing now to
FIGS.2-7, a first enbod? 3 s ~BAEBEQ=?ﬁEﬁ?%apparatus,

met hod and a signal processing cir- cuit for reducing reproduction
interruptions will be described in detail. In FIG2, a disc 1 such as a
CD( conpact digc) 15, rofate L SCe ARt Al \en SHER. 3513 T NG £cADEOE - in
Recor ded data%3%”¥i3ne%?§cgf ?%Nfé%é %3 an 6btféal pi ckup 3, and the data

read out iescﬁllﬁufaﬂlﬂheq~etf%r%%c@:'\4§i‘é}{@ldr%fm{@&-i on circuit(hereinafter

call ed gn circuit) e RF circuit 4 extracts a focus error signa
and a tracking e Qr ) o9&l (Rer eimef ter7 cakbl ed RRsgmbs@Mmant owtf- e of sc
the optical pickup 3, and supplies these extracted signals to a servo
control ¢jfiQlifesrolié i NEr apbBPaltbsGi midtitiod guanti zegnadlheorsogmes imeadir-
fromthe disc 1 and supplies a PLL circuit 6 with

cuit for reducing reprodUction'interruptions will be described in

detail. In FIG.2., a disc 1 such as a CD(compact disc) is rotated
by a disc motor 2, such as a spindle motor. Recorded data on the
disc 1 is read by an optical pickup 3, and the data read out is
supplied to an EFM signal generation circuit(hereinafter called
an RF circuit) 4. The RF circuit 4 extracts a focus error signal
and a tracking error signal(hereinafter called ERRs) from an out-
put of the optical pickup 3, and supplies these extracted signals
to a servo control circuit 5. Further, the RF circuit 4 quantizes
the signal read from the disc 1 and supplies a PLL circuit 6 with
the quantized signal as the EFM signal. The PLL circuit 6 gen-
erates a reproducing stage reference clock (VCOCK) synchronous
with the EFM signal for demodulating the EFM signal in a signal
processing circuit 7. The PLL circuit 6 supplies the EFM signal
and the clock VCOCK to the signal processing circuit 7. A center
frequency of the clock VCOCK is 17.2872 MHz, which is four times
a bit rate of the EFM signal. The bit rate of the EFM signal is

4.3218 MHz.
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the quantized signal as the EFM signal. The PLL circuit 6 gen- erates a
repr oduci ng stage reference cl ock(VCOCK) synchronous wth the EFM signal
for denodul ating the EFM signal in a signal processing circuit 7. The PLL
circuit 6 supplies the EFM signal and the clock VCOCK to the signal
processing circuit 7. A center frequency of the clock VCOCK is 17.2872
Mz, which is Froursefyescontppi PArEust BheoEPMisiama . FIRes bFErYat £°8F "Phle
EFM signal is 4.3218 Miz. 17 The servo control chc%it 5 conprises a f Qcus
servo corﬁlrrd?du‘fci r Uit 3cK iNBa I8P sEVDY EFr cGi t5P I EH ntff'eVef 98 L8Nt POl
cir- cuit and a sled servo control cjrcuit. The focus sgrvo c r ol
circuit htto?Rdanopt!iachis§otusCRP TR Bil ERUP T3 ﬁ%e §%°€%eggé%§ugogFF8]
h

ke r

signal equal t .. The t Ki | .Gir- i
t b_réﬁk\«l ﬂézgoor}tﬁ'eo gs Céﬁ‘golgqq csaelr V'PO(?ﬁgt roﬁr atg‘l(é p"FHkLpC%ﬂF{cp' a@@ the

opti cal [ t o nmake ing error signal equa

to zero. Jhe sp ”rg(#rgcéﬁééé% COQLLP! +oCLERYI L TRANEFQLR 1hBE s@I96 BBNhARod, cir-

i
. .Tocu er
whi ch drlges % he a predetermned speed, or a constant |inear

vel oci ty(QIM) . The 38l asebye icant lalk iRy b fMOMES §NBKRPCK U 3ndweathe
target track point for adjusting an actuator position of the tracking

Servo to g.,LeNhEr epPSint i Oiyd1 i bguah! awabl&-sDViTRG rafged 1 dheesivgnalontrol
processing circurt 7 perfornms an EFM denodul a- tion, a subcode denodul ati on

and an ergprcGPEreshitpPpipr aG@esying: mdtwer opf puhieh tdreva@s cthe Jiss 1 at a
supplied to a DYA(digital/analog) converter(hereinafter called DAC) 9. An
out put ofptbeeDAEMIne8 spuppli ed hocankdwnpass nkiart se(lloRR)tyX@LVand Tée sled
out put of the LPF
servo control circuit moves the pick up 3 to a target track point
for adjusting an actuator position of the tracking servo to a
center position of its allowable moving range.
The signal processing circuit 7 performs an EFM demodula-
tion, a subcode demodulation and an error correction processing.
The output of the circuit 7 is supplied to a D/A(digital/analog)
converter (hereinafter called DAC) 9. An output of the DAC 8 is
supplied to a low pass filter(LPF) 10, and an output of the LPF
10 corresponds to a reproduced audio output signal. The ROM data,
such as video information and character codes, is output from the
signal processing circuit 7 as ROM data output (digital output)
without processing by the DAC 9 and the LPF 10.
A system controlier 8 supplies a clock generating circuit 11
with control signals including a rate control signal (HS) and a
clock switching signal (SW). The system controllier 8 also supplies

the signal processing circuit 7 and the servo control circuit 5

with many other control signals for play, stop, search, attenuat-
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10 corresponds to a reproduced audi o output signal. The ROM data, such as
video information and character codes, is output fromthe signal
processing circuit 7 as ROM data output (digital output) wthout
processing by the DAC 9 and the LPF 10. A systemcontroller 8 supplies a

cl ock generating circuit 11 wth control signals including a rate control
si gnal (HShgan@tz. cl ock switching signal (SW. The systemcontroller 8 also
supplies the signal processing circuit 7 and the servo control circq%% 5
with many ot h@hecomtsioim s¢onire! fer Pl &Fnesedss s chi 988 8ntigt 278 Thgo"
etc. The systemcontroller 8 generates the si%ggls HS anf SW on tggn?gghg
of contrdinesitpfels 9F oRPAtPPHCEEEBR ! §2 "R &h LARTHIY The WALFR SPSFEM 8f
the CD player. Information about e cont ent of the di i aj Ry
readi ng TOE T4 & &Y it et sSheda(%Q RRYY 1 e 'af?rﬁm%?é%?rg ?ldg gggm!%?tﬁgeZSS
m) on the disc. From TCC data,  respect] Pl o Pr aLhraddygsses
of the addi ¢t Shd S HHR sbtfghrp%asé!ﬁgﬁeggfggg%dogh?gcter godes) are
obt ai ned._ Besjdes TOC dat type. of o ¢ he teprodygt 4oacdakaemi TOE- data,
audi o dat a]eoard not ,arf%a&g?ﬁurr% nhfged "3? B(gl ng amgsuﬁcode- Q data which is

demodul ated, hye & sbgode: AERDAUbAL bRAr el Baukls3EGF] G1S) . clicaudl oceasar 2k

controls t systemcontroller 8 to generate the signals HS and SWin

accor danggomi §h+Lhe JBaui & edqdasi gnratedind dahar 8hadr theddesi gnat ed tdanadi.s
the audio data, the signal SW of "L" level is generated to prevent a

si gnal prpsessd 0TSt agetal etpeenge eclodck Hea aredred dugc siwn chiatla . Oh - ehe @tléro

hand, when the '
data or not, is determined by using a subcode-Q data which is
demodulated by a subcode demodulating circuit 24 (FIG.3). The
processor 12 controls the system controller 8 to generate the
signals HS and SW in accordance with the required(designated)
data. When the designated data is the audio data, the signal SW
of "L" level is generated to prevent a signal processing stage
reference clock from being switched. On the other hand, when the
designated signal is the ROM data, the signal SW of "H" level is
generated.

The clock generating circuit 11, according to the signals HS

and SW, generates the signal processing stage reference

clock (MCK) from a crystal oscillator clock (XCK) or the reproduc-
tion stage reference clock(VCOCK). The crystal oscillator clock
is supplied from a crystal oscillator(X'tal) 13. The reproduction

stage reference clock(VCOCK) is a PLL clock generated by the PLL
circuit 6. Subsequently, the clock generating circuit 11 divides

the clock MCK by 2304 to generate a signal processing stage frame
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designated signal is the ROM data, the signal SWof "H' level is
generated. The clock generating circuit 11, according to the signals HS
and SW generates the signal processing stage reference clock(MXK) froma
crystal oscillator clock(XCK) or the reproduc- tion stage reference

cl ock(VCOCK). The crystal oscillator clock is supplied froma crystal

osci | | at e PXKHAFS)13.whTr@h r epr BEAEL RSN @ JteRfE Tef Efﬁ%fﬁ%eC&Pﬁék(f\S’M)b‘?Ef%"
PLL clock generated by the PLL circuit 6. Subsequently, the clock .
gener at i mgmeIrycdin 1Me deVEARE PrRESSSIAOR MK BY ©304 (5%gehtat e 3 8T Jhile
processing stage frame 19 clock S ich is used as a r ihng, f

clock fof & Bltet! REMHHAFS n”f?‘ufaygf’%jhayaﬁ{o%%sgi g ciT c%‘i)?%%.g]Tﬁgi%%e
generatin circuit 11 outputs the clock XCK as a servo control reference
cl ock( SCR) .ocfﬁegcls‘%)gnal processing circuit 7 will be described in detail

wth refer enc?{ﬂ{eo H %aﬁr E%’pﬁ%%égm REALESS BOWGIiCWd JeMridd® in detail

enbodi nent co | ses” a no ating circuit 21, a buffer nenory 22,

an error Ganf ?CetZ#éeQ{alenr?J%tF?c?’:s?‘ sHBCcQdgndemeulcalddtig & rdli tt 24, ofNthis

output circult a nenory control circuit 26. The EFM denodul ati ng

circuit 2} JoeehuRs e dreps@dushng rit a@émo el aranee €1 vekf¥YCRAK) avbehfes
generate y the PLL circuit 6 and is synchronous with the EFM signal.

After extyAdi@R SYreivoni demgest phalcirceit syncapaubepde theoBRlRting

signal is denpdul ated and stored into the buffer nenory 22 via a data bus

28 as 33-syHeolt dad A, apesuomet f¢ aney | Whithaconai sesooy ¢osynbdl circuit 26.
The EFM demodulating circuit 21 receives the reproducing stage
reference clock(VCOCK) which is generated by the PLL circuit 6
and is synchronous with the EFM signal. After extracting a
synchronizing signal, i.e.., sync pattern, the EFM signal is
demodulated and stored into the buffer memory 22 via a data bus
28 as 33-symbol data, per one frame, which consists of 1-symbol
subcode data and 32-symbol main data including parity data.

The buffer memory 22 is used for Jjitter absorption and an
interleaving in the error correction process. The jitter on the
time axis is absorbed, or eliminated by writing the EFM demodu-
lated signal to the buffer memory 22, in synchronism with the
reproduction stage frame clock(PFS) and by reading in synchronism
with the signal processing stage frame clock (MFS) which is gen-—
erated by the clock generating circuit 11. An output of the
buffer memory 22 is supplied, via the data bus 28, to the error

correction circuit 23, in which C1 and C2 system errotr correc-

tions are performed. Such C1 and C2 system error corrections are

20



subcode data and 32-synbol main data including parity data. The buffer
menory 22 is used for jitter absorption and an interleaving in the error
correction process. The jitter on the tinme axis is absorbed, or elimnated
by witing the EFM denodu- | ated signal to the buffer nmenory 22, in

synchronismwi th the reproduction stage fr | ock(,P nd_hy ,readizng Ai\N
synchronﬂ%hﬁchﬁﬁﬁdtﬂé‘S|%hhT°bP68éséT% b?hgg?f%#ﬁg<%lgﬁ%?@Fg)%%ﬁi?%gﬁg )
gen- erated by the clock generatin ircuit.l11. An t put saf it b F

memory 2XW2P suPpl 5&F - § agt ﬁg"&&{g ougr'i%%‘%é)t'hg%?rgf P%Sr‘r"%?ﬁ ogf] 587> .

circuit gﬁhe‘chprggisfgor@%eé@gdc%awh%ma%m SQEREE-+b1 8RS BUE BT hemERY. 22

Such C1 m error corrections are di sclosed in "Principles of

Di gi t al Qﬁl i Ql'nt(;ﬂw§§§li]%-nezgll-t%23§% Q) oGhaprs6, sSBEedeh (I I 0th&0EFBGH @t)r-

Ken C. Pohlmann (1 e error corrected data is again stored to the

buf fer MeaDLYeg2qatd $Y¥NEBEANESBMWEhE bhe relorkmdrS. 23ubseayertinon itsve with
error cor- rected data is read fromthe buffer nenory 22 in synchroni sm

with theiglogkoMeSMrand osuPRURd ftex the owéputtputcoiibc®5t Pe Jispuutput
circuit 25 outputs reproduced data(DATA) after, if uncorrectable data

exi sts, neapcyvatuesi Beppalsatiepr andaritdafa@aTANsafterperf furgantectadle
subcode denodul ating circuit 24 reads out subcode data fromthe buffer
menory 22daper égh Bssanmeanoradheck ndlerQo 1ddti®hore dc omien N OF i Q1ie are per-
subcode), and outputs the result(SUBQ to the systemcontroller 8. 1t is
pr ef er abl otaedead Beibsotie ol ademp aH | Bffd "G &YREBITeRfor &3 T eBt Forf YRS S

t he subcode data is stored to and read fromthe buffer nenDQy. Fpmever,
sone data from the buffer memory 22, performs an error c eck of Q

data(one component of the subcode), and outputs the result(SUBQ)
to the system controller 8. It is preferable to read subcode data
with the C1 system error correction. Here, the subcode data is
stored to and read from the buffer memory. However, some
reproduction systems demodulate the subcode data without using
the buffer memory for subcode processing.

The memory control circuit 26 outputs control signals such
as a row address signal, a column address signal, a row address
strobe signal (/RAS), a column address strobe signal(/CAS) and a
read/write signal(R/W) to the buffer memory 22. On detecting
falling edges of the signals /RAS and /CAS, the buffer memory 22,
such as a 16 k-bit DRAM, latches the row address and column
address signals, respectively. In this case, the address to be
supplied to the buffer memory 22 is classified into one of the
following four kinds. These addresses are a Wr address for writ-

ing the demodulated EFM data in the buffer memory 22, a C1
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reproduction systens denodul ate the subcode data w thout using the buffer
menory for subcode processing. The nenory control circuit 26 outputs
control signals such as a row address signal, a colum address signal, a
row address strobe signal (/RAS), a colunmm address strobe signal (/CAS) and
a read/wite signal (RFW to the buffer nmenory 22. On detectinﬂ faltlhi ng.,
edges of a¢#eespghars 1 nehd® | CA%S TeRedBHR &0 WSS 220 ¢50eh &L &"fs
k-bit DRAM | atches the row address, and colu ad Less signal s 5 and for
respect | 9¥FFeM f AP stBEs82 the'abbiF €8s o be'® stPpiBEd ™' Re baf FEr

menory 22 is,classified intg. one_of t follow ng four kinds. e
addr esse¥"afé"g W eré‘éa?b?gvmfrfbg‘ Fﬁ‘ée tt%ue#%epm%?JTgﬁ%dggF%ﬂ%dgﬁgq}%ﬁcﬁ he'

buf f er ry. 22, a 21 f i t
error opggﬁggéfe% ?3&08%0%80%1‘1\%25%&% \/\%?‘?féeﬁgi %Fﬁ}égtﬁgﬁg?@enﬁéﬁnﬁqﬁg@

for writing.in.and readind Jfe AWl kS RUf QI MRBN Wil d£ 0k Poted NEn  the
det ect edttgrrgglr%eggﬁsgaa?g‘?‘og‘ 82 adc?r ess for rmeadi ng C2 systemdata to detect

an errorpaf: shhe & ustem Eramebhe (iatd iy | id eand nrbbe i nBufrireim neeryuffer
and for witing in and reading fromthe buffer nenory 22 to correct the

det ect ed n@ifge0ds df ScoRREcan fiee addieess d otrreadious tdetdat aahdomnt hee
buffer nenory 22 to output to the DAC 9. If the buffer nenory is fornmed on
a si ngl e a@hire s swifidr resEd yngohihe olatar ¢ubt, thiee bouffffear memmoTY ANt pecutput
controlled wthout using /RAS and /CAS. The nenory control circuit 26 has
an addreg® citteuACnot Ishowme | hutfierdmeaniavgs) {Endloddiaty 2o cEdmtSers. Cthe
of the coun-

with memory control circuit, the buffer memory can be controlled

without using /RAS and /CAS.

The memory control circuit 26 has an address circuit(not
shown in the drawings) including two counters. One of the coun-
ters counts up the reproduction stage frame clock (PFS) generated
on the basis of a frame synchronizing signal of the EFM data
read from the disc 1, and generates the frame address of Wr. As a
result, Jjitter occurs during the write—in processing of the
demodulated EFM data into the buffer memory. The other counts the
signal processing stage frame clock(MFS), and generate the frame
address of C1, C2, and Re. As described above, while writing of
the demodulated EFM data is performed using Wr address in
synchronism with the clock PFS, the reading is performed using
the Re address in synchronism with the clock MFS.

When the clock switching signal (SW) represents "L" (low

level), the crystal oscillator clock(XCK) is used to derive the

signal processing stage reference clock (MCK). As a result, write
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ters counts up the reproduction stage frane cl ock(PFS) generated on the
basis of a frame synchroni zing signal of the EFMdata read fromthe disc
1, and generates the frane address of W. As a result, jitter occurs
during the wite-in processing of the denodulated EFM data into the buffer
menory. The other counts the signal processing stage frame cl ock(NFS%\ ﬂnd
generateamWeﬂHaﬂnprnkﬂmﬁnﬁcﬁb<9pbi2ﬁh%nﬂﬁY&?"A@”dé%%er@ﬁ ébb§e RRM &Ne
witing of the denodul ated EFM data is perforned using g i N
synchr onissirand t hS¥he e vekePLS, “he(ﬁ‘é%l Hd*\’l%‘ )perfté‘rerrerdeﬁgf’ §° tﬁ’ep R% age
address in synchronismwth the cloc % Whep t he cIt ck s%éﬁth

si gnal (S\Nefr%'b?'égémcs] OQK'(Y%WKI)e\)e"‘I )”S? o 3"l VBscitd at or - Cl ock(XCﬁ)c'
used to derlve t he nal proce53|ng ef n C MK, - -~
result, WSg%*t Zt%?ldj %e%%" oberAtY ohs* 2D ggt?%& %RS Qﬁt elrJRgE(‘t he tla'rerrg g;(/lesr

Wen the %ngazﬁg%ékﬁ %%%nﬁ%'!ﬂérﬁgpféﬁvﬁé%or§h§2reWHxHH%'@Qt%éﬁg%ase

r ef erence Isused to derive the clock result, the
jitter is nev orhed,, iher ugdenf kownand s rf&@vv:@lneepéew@bﬂ@m n
t he bufferm ﬁnt@9§ Rln t égﬁer case, the jitter in the output data

signal s dogs, nos @ﬁuS%uachtot&aem shgcavse rhba aHePW i gled B prgoaks ihgomitrie
signal processing cir- cuit 7 are not output directly as audio signals in

the systengitstichas b ReOWtpad tdieedtock-#s oalidsystsdmnaRIsG id ithea shisdekns

di agram showi ng a part of the EFM denodul ating circuit 21. A circuit 2la

in the EFM,denmpdutatRog abHr edit sRbckepdsotfheyEERsi gnal i n synchroni sm

wi th a channel

FIG.4 is a block diagram showing a part of the EFM

demodulating circuit 21. A circuit 27a in the EFM demodulating
circuit 21 reads the EFM signal in synchronism with a channel
clock(PLLCK, 4.3218 MHz) which is derived from the clock VCOCK
via a divide-by—4 circuit 21b. This circuit 21a extracts a
syncﬁronizing signal, i.e., sync pattern, and performs protection
processing on the extracted synchronizing signal. In the circuit
21a, the reproduction stage frame clock (PFS), i.e., writing frame
clock, is generated in accordance with the extracting of the sync
pattern. Therefore, a frequency of the clock PFS depends on ex-—
tracting of the synchronizing signal, i.e., sync pattern. If the
sync pattern is detected correctly, one sync pattern is detected
in every one frame, i.e., every 588 bits of the cleck PLLCK. Un-
der such conditions, the generation of the clock PFS corresponds
to dividing the channel clock PLLCK by 588. Further, the circuit

21a outputs the EFM signal without the synchronizing signal to an

EFM demodulator 21c. The protection processing on the extracted
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cl ock( PLLCK, 4.3218 MHz) which is derived fromthe clock VCOCK via a
divide-by-4 circuit 21b. This circuit 2la extracts a synchronizing signal
i.e., sync pattern, and performs protection processing on the extracted
synchroni zing signal. In the circuit 2la, the reproduction stage frane

cl ock(PFS), i.e., witing frame clock, is generated in accordance with the
extract i synehrdrd zsyr s naerins Ther epgre]na eregiéendy dihe e e otk PEES™
depends on ex- tracting of the synchronizing signal, i.e., sync ﬁttenn" | f
t he syndqﬁﬂt@@nSV§Qﬁﬁ%mt%U”%oFﬁ@&ﬂkﬁa%ﬁedgygétﬂ§ﬂxﬁTPT% 8§P§cf881zfﬁg
every one franme, i.e., every 588 hits of the clock PLLCK Un- r.such . __
condi ti of,C the gGaH&rst ith %f SERB TGN PT"—'SS(’:SPregr 1nsdspp?863i53%cﬁ n1g§t fas

channel clock PLLCK by 588. Further, the circuit uts, t -
si gnal wi'HiRd t h s’?ﬁéﬁ‘ﬁ&ﬁi z‘iah‘g<Jﬂ TR p%%ea% pEEl\‘A%E?%ngg’u at%’r %ﬁ%&érﬂhe%
protectioQSquE){?r ?$ﬁﬁp%g9n%tb§3e§é6?0t6d 23 synchroni zing signal is for

S c

reduci ng se"of "mSs- ing the synchronizing signal and

devi ation amf%%@/rnﬁﬂP&%degjmcw@&gaww@ B 3,56y ALER am &sh scdeThiis .

processing is osed rn Japanese | aid open patent publications

83- 219828y, 83:.920237 AN 1SR ¢h 463 260. 1 Pegenephiter abosity statkesaiillll amor
provided 1n nore detail. The crystal oscillator(X tal) 13 generates a

crystal oscbbkakek) cd oCcka¥CHr&duéheyf bequesicys ofi MBG. 984UMHz i\whi T8¢ | § 18@4
times greater than a sanpling frequency 44.1' kHz. The crystal oscillator
cl ock( XCKyréstai vined Bysadpaihg gerauaheyadérystal. dvei kirassm! fosaid 1ator
cl ock( XFS) having a frequency of 7.35kHz. In contrast, the
clock (XCK) is divided by 2304 to generate a crystal oscillator
frame clock(XFS) having a frequency of 7.35kHz. In contrast, the
reproduction stage reference clock (VCOCK) is a PLL clock gen-
erated by the PLL circuit 6 according to the EFM signal, and its
center frequency is 17.2872MHz. For this reason, if the signal
processing stage frame clock(MFS) is generated by dividing the
clock VCOCK by 2304, a difference between the clocks XFS and MFS
occurs. To prevent the difference from occurring, a clock PMCK
derived from the clock VCOCK is used as the signal processing
stage reference clock(MCK). Because a rate of the clock XCK to
the clock VCOCK is 48/49, the clock PMCK can be obtained by thin-
ning out a pulse at the rate of one bit in 49 bits of the ciliock
VCOCK. The clock PMCK produced by thinning out, as the signal
processing stage reference clock(MCK) fis divided by 2304(=48x48)
to generate a clock PFS', which has a same center frequency with

the reproduction stage frame clock(PFS), i.e., 7 .35kHz.

A part of the clock generating circuit 11 will be described
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reproduction stage reference clock(VCOCK) is a PLL clock gen- erated by the
PLL circuit 6 according to the EFM signal, and its center frequency is
17.2872MHz. For this reason, if the signal processing stage frane
clock(MFS) is generated by dividing the clock VCOCK by 2304, a difference
between the clocks XFS and MFS occurs. To prevent the difference from
occurrlpqxlmeﬂamk\P?@KPQK#¢W@@9fF@nfiﬁe5elock VCOCK is used as the signal
processing stage reference cl ock(MCK). Because a rate_of clock XCK to
t he fl ock VCEGIM sc Ueglag, XEKd 1@ 038 PR caR She’ Gt 'af héd%?/%%’?— i RgSeht
a pulse at the rate of one bit in 49 bits of the clock. VQQCK. Th I

PMCK pr oduick’F byot Ri rih HeFolRY B9t A& 1SNgM8 Obt o€eEEHAG St'age Te B%e%§§0k

K0 ] AR TSR R LSRN R EBS g T
i .e., 7.35kHz. A part of t . t ir L i Ki

24" b detBAT i FHOPGH 8Rerfte 15 e B FhE" bo st SIS ooy Seqev
VOOCK(17. 2813WH) @ €1 RUP RId€dsh 121 CBI BHaRNGWON NahBY 20Uk ufé £SURt of

Ila in thé c generating circui he swi tching and thinning out

circuit 1la, hasiasfungtion &f selecthagcoBerolcoak cl onksoXEuand 1WCECK as
ac- cording to the clock switching signal (SW, and a function of thinning

out a pul $gof LeEHERE pHREs MEATKs t AJe Otk Pait e G OCK) 088 (MEKE ., sSbgnalhe switch-
processing stage reference clock(MZK), of the switch- ing and thinning out

ggcfggfbi??%igpﬁcﬁ?P?hghggv?g%?gsfuhdtng1éfﬁé'dﬂkﬁﬂﬁkhi'mmr@hdd@ﬁ§ﬁ$¥B ®fra
cuit 11b. which consists of a divide-by-12 circuit, a divide-by-
16 circuit, a divide-by—2 circuit and a divide—-by=-6 circuit con-
nected in series. Outputs(BCK, WDCK and LRCK) of these dividing
circuits are supplied to a DAC interface circuit(not shown) for
digital-to—analog converting. The circuit 11a is provided as a
preceding stage of the circuit 11b., because outputs of the each
dividing circuit are used to execute signal processing, such as
the digital-to—analog converting, other than accessing the buffer

memory . The clock XCK is always output to the servo control cir-

cuit 5 as the clock SCK independent of the clock switching

signal (SW).

The switching and thinning out circuit 11a will be described
in detail with reference to FIG.6, and an operation of the cir-
cuit 11a will be shown by a timing chart in FIG.7.

The circuit 11a includes a selector and logic circuits,
which include an inverter (INV), two divide-by-7 circuits(DIV.A

and DIV.B)., two flip—-flops(FF1 and FF2), an AND gate and two OR
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16 circuit, a divide-by-2 circuit and a divide-by-6 circuit con- nected in
series. Qutputs(BCK, WDCK and LRCK) of these dividing circuits are
supplied to a DAC interface circuit(not shown) for digital-to-analog
converting. The circuit 1la is provided as a preceding stage of the
circuit 11b, because outputs of the each dividing circuit are Iysed to .
execut e siagresl (ORloceEbiORR) subhe ag ! oeke VEPGKL denedadtd &Y chRert ng! "BY hr
t han accessing the buffer nmenory. The cl ock XCK is_al S t.put_to

servo comtridi irrledtts g8t HEPU oK SERE | ﬁﬂ@ﬁ@nﬁgntgao (to%gl el otk® E08ek

switching signal (SW. The sw tching and thinning.out. circuif_1 ' b
Feotr B {s oref! [ %

descri bed" it ethi 1 902 h(SBk et eRBetPE EVET®E COUd %An Cpet at] on

cir- cuit 11a will be sho atim chart Jj.n Fl T i { CU}

i ncl udes A& 8 or ! HHE |%€i Q‘X%i aggfy SR M e o rbq’d%"%er{hfln@ye{telr\%l g|\’|%/)@,p“t
two divide-by-7 circuits(DIV. n I i I Rfd O 1 angdi &&2)-an
AND gat e %&%‘Y%\Vm%ﬁq the z‘i"ttees(Atafg1 gn%) é@%ﬂ ‘%e\r% f:{) B@Pévcgéﬁggenfpg't‘g %)35;
the PLL circuit (&JSAng%iogﬂ L s icS‘PUhﬁ?E—H@FEi(FSﬁ QRatreORdpd The

clock swit'chi hg''signal ( romthe systemcontroller 8 is supplied to

the ot heri&ﬁ yt J@f dhe 98L8nGRbRVigatbeoknyer trerd | A\V) p-ANopUl(FR1  ShgnaF 20f
the gate I's supplied to the first divide-by-7 circuit(D V.A), clock

i nputs of ¢dhd pafsopst FFagaedeFF2nnand tpne ¢ iyni 1 gAY hef stoend i ORt divide-
gate(OR2). The flip-flops(FFl and FF2) forma shift register. An output
signal (Q8)yof thectiitsti i viget by- he reagdnd sdinpde-by—7 he isesdAdDIV.B) .
di vide-by-7 circuit(D V.B),
whose output signal(QB) is supplied to the first flip—-flop(FF1).
An output signal of the first flip—-flop(FF1) is supplied to the
second flip-flop(FF2) and one input of the AND gate(AND). To the
other input of the AND gate(AND), an inverted output(QN) of the
second flip—-flop(FF2) is input. An output signal (D48) of the AND
gate(AND) is supplied to the other input of the second OR
gate (OR2), whose output is the clock PMCK. The selector has a
first input(AO0) to which the clock XCK is input, a second
input (A1) to which the clock PMCK is input, and a control
input(S) to which the signal SW is input. An output signal of the
selector serves as the signal processing stage reference
clock (MCK). The selector selects the first input(AQ) for "L" as
the switching signal(SW), and selects the second input(Al) for
nH
FIG.7 is a timing chart for "H" as the switching signal (SW)

to explain generation of the clock PMCK.

Because the signal SW is "H", the output of the gate OR1 is
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whose output signal (QB) is supplied to the first flip-flop(FF1). An output
signal of the f i rst f lip-flop(FF 1) is supplied to the second
flip-flop(FF2) and one input of the AND gate(AND). To the other input of
the AND gate(AND), an inverted output(QN) of the second flip-flop(FF2) is
i nput. An output signal (D49) of the AND gate(AND) is supplied to the ot her
i nput of ttd"ﬁmBetﬁohdtmthgatCé(OGRZ)VC%seWbeﬁsutd‘le‘dteH’e ‘d‘tﬂ( Pve! The ¢
selector has a first input(AO to which the clock XCK is npu& a second

i nput (Al)owtpuwihi thenhk(@B bek’ PMIK FeCPRPuU ] VARB™BYSAnPr 6FY T npdf'( P08 Ut

which the signal SWis input. An output 5| pal of the sel ector s
the signad BYbeesefnghst &J@cKef&Hce S b T(?WE?(S’ byTﬁéeSEI &88of °§ g(%:t -

Second | rpUt [ OFbKeShyehe éfﬁ{‘%&mgg%ﬁl?“a spod e B RPRE T Ty
I (S t
"< the oBeRiRed: %vﬂie@%%ﬁ] o TP R TR e EPER oS e Vet

whose di vi d?dFPYQA'g §! %Ha nbér"c@@ s‘?HEQH‘t o Q'ﬂ%‘ (s%)waqf fhe sacend an) The

di vi de- byalmrcw nning out a pulse of the clock VCOCK is perforned

by exeCUtbﬂgthQ'Sak @rog'ﬁM@R Rgtkwaenptike Glhogk p¥EQe ard itneel @t pIE bits
si gnal i's obtained by executing logical multiplication between

the sig- gal tRE1Q18BA &eocrvernted s gede ofnd hei ghgnaswFFEQLI". e theQMu thhet

t hi nned out clock PMCK has 48 bits in a period defined by 49 bits of the

cl ock VCOGK. thl tdeecaser thewsygnabpBeseatsL ™ H't.hADU4 puesult, the divide-
by-7 circuits(DIV.A and DIV.B) and the fl1ip—-flops(FF1 and FF2) do
not work, and low power consumption is established. The servo
control reference clock(SCK) is independent of the clock switch-—
ing signal(SW). and is always identical to the crystal oscillator
clock (XCK). For this reason, controls of the disc motor 2 and
pickup 3 are never affected by clock switching. When the signal
SW changes from "L" to "H", an address of a jitter absorption
area in the buffer memory 22 is set to a center address.

Further, the clock generating circuit 11, the servo control
circuit 5 and the system controller 8 can be formed on a single
semiconductor chip.

Kinds of clocks used in the disc data reproducing apparatus,
method and the signal processing circuit in the first embodiment
are shown in the following Table 1. Clocks used in a conventional
system are the same as in the case the signal SW is "L". This
means that the writing frame clock(PFS) is generated in accord-

ance with the clock VCOCK without thinning, and the crystal os-
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of the gate ORL al ways represents "H'. ' As a result. the divide- by-7
circuits(DIV.A and DIV.B) and the flip-flops(FF1 and FF2) do not work, and
| ow power consunption is established. The servo control reference

cl ock(SCK) is independent of the clock switch- ing signal (SW, and is

al ways identical to the crystal oscillator clock(XCK). For this reason,
control scofl 1eferdifsemeptcdrock (&) pickugeB as etheveeagfihectfedntsy claovk. or
switching. Wien the signal SWchanges from"L" to "H', an address of a
jitter ab86r stigne! ReRCedSime BGRPEr fif@afs ychocks (¥ES)t-o BN céRtercaiflr €S,
Further, the clock generating circuit 11, the servo control <circuit 5 and
the syst 8m9&Gt rd | &f 8Wxﬂlg%ef89m&¥cﬁf%.éFn@%?ds%ﬁiE&ﬁh%TbF‘Eﬁiﬂpame

Ki nds of cl ocks used in the di ata r.eproduci ng appar at us net haod, and,
Che st onalopFecdt e ¢ hert PRsy bkl i oHeR Pt BEE® eyl G

follow n able 1. Cd.,ocks .used in convent i systemare the sane as in
t he casegpﬁglgﬁangp §&quhqghouﬁﬂ€ben%a%%ktﬂ§$£¥he¥ﬁﬁfff g%ﬁ%ﬁhf reading
cl ock( PFQ), i r in accord- ance with the clock VCOCK w t hout
thinning%L§H§ %ﬁg%éibfgﬁr 0os- 27 cillator frame clock(XFS) is used as the
reading frame clock, or the signal processing stage frame clock (MFS). In
the case the signal SWis "H', the clock PFS is used as the witing franme
cl ock, and the clock PFS derived fromthe clock PMCK. which is obtained
by thinning out the clock VCOCK, is used as the reading frane clock(MS).
23 S . _ _ : . SRR . A
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Table 1. Clocks Used in the first enbodi ment clock sw tching signal (SW
types of clock SW"L" SW"H' signal processing stage XCK PMCK reference
cl ock(MCK) reading frame clock(MS) XFS PFS  (signal processing stage
frame cl ock) reproduction stage VCOCK VCOCK reference clock(VCOCK) witing
frame cl ock(PFS) PFS PFS (reproduction stage frame clock) servo control
XCK XCK reference Talotk( BCKY1XcKs: Ugegsinl tbecifliratoembefiémende cl ock PMCK
: clock by thinning out a pulse fromVCOCK XFS : crystal oscillator frane
cl ock (X

VCOCK: PLL generated cl ock derived from EFM s gnal PFS : frape c|ock by

di vi di ng VOOCK (VCOCK/ 2352) In the first emf}‘ocﬁcr*‘erﬁ""‘d"e‘“é?:‘r"?%e?j1 HUESW hhen

t he signal SW represent "L", reading out fromthe bpuffer oy

performed in ‘ARESr #AnEd S/ h the frame clock %gerlved fr a*xstabl e
crystal 'oscillator clock, which is generated by the crystal os-

signal processing stage XCK PMCK

reference clock (MCK)

reading frame clock(MFS) = XFs = PFS"
(signal processing stage

frame clock)

reproduction stage VCOCK VCOCK

reference clock (VCOCK)

writing frame clock(PFS) PFS PFS
(reproduction stage

frame clock)

servo control XCK XCK

reference clock (SCK)

XCK : crystal oscillator reference clock
PMCK : clock by thinning out a puise from VCOCK
XFS : crystal osciltator frame clock (XCK/2304)

PFS' : frame clock by dividing PMCK (PMCK/2304)
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cillator. In the systemin which jitter in the output ROMdata is all owed.
When the signal SWrepresents "H', reading fromthe buffer nenory can

al ways be perforned using the clock PFS', and is enabled by the sel ector.
More generally, if the systemw Il only process output ROM data, then the
selector is not required. Cenerally, it is difficult to formthe crystal
oscillator wWVORCH:hélLlcigensinastash cl aingle bead conetuckfod €hgpal Ther ef or e,
the crystal oscillator is provided separately fromthe sem con- ductor chip
on whi ch one &FSoot:h fofamd reidak Dyarttl CiohttaI Y&CH (WRCH 67 #ed) By

enpl oyi ng the system descri bed above, data transfer rate is naintained
constant and the reproduction interruptions caused by underflow or
overflow are reduced. In the system of the above first enbodi ment, when the
synchroni zing signal is extracted correctly, the clock PFS gen- erated in

t he EFM denodul ating circuit 21 corresponds to a divide-by-588 clock
signal of the PLLCK which is a divide-by-4 30 clock signal of the clock
VCOCK. Therefgre, | a e | o i S; 8
W, ihat of the HlDck pRaSRobdtught FUSRRYLRY LR O R §ie PO

readi ng- %tprfers%rnttéﬂem bUf .85 gTREDI ¢ sfrgﬁmefﬁéegubyedl e drg, th@ %eaakmed
processi ng stage reference clock(MK) by 2304. Wen the signal S

representis, adtortbBec@ Akt WCKnhieS them&! aalk RVSKF whiweh ive derhymd of romak he
cl ock VCOCK. Because the clock PMCK is derived by thinning out a pulse at

the rate cafysang béci N1 4Pobi tsook ,t hehiadrocks VEERKratlBe by the crystai os-

cillator. In the system in which jitter in the output ROM data is

allowed. When the signal SW represents "H", reading from the
buffer memory can always be performed using the clock PFS', and
is enabled by the selector. More generally, if the system will

only process output ROM data, then the selector is not required.

Generally, it is difficult to form the crystal oscillator
with other circuits on a single semiconductor chip. Therefore,
the crystal oscillator is provided separately from the semicon-—
ductor chip on which one or both of circuit 5 and controller 8
are formed.

By employing the system described above, data transfer rate
is maintained constant and the reproduction interruptions caused
by underflow or overflow are reduced.

In the system of the above first embodiment, when the
synchronizing signal is extracted correctly, the clock PFS gen-
erated in the EFM demodulating circuit 21 corresponds to a

divide-by-588 clock signal of the PLLCK which is a divide—-by-4
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frequency of the divided-by-2304(48x48) clock signal of the clock PMXK
corresponds to that of the divided-by-2352(49x48) clock sig- nal of the
cl ock VCOCK. For this reason, the frequencies of the clocks PFS and MFS
are the sane val ue, and underflow or overflow w Il not occur. However,
there is a possibility that the synchronizing sig- nal is not detected
correctl 9loThi ss casal carf otcar ddy ol s¥CAGKof Thhaeespmehr onnzitie scgrel tWue
to a scratch of the disc or by unusual generation of the synchronizing
si gnal dlieegeesedr &F Wirerat PehsVCASKa reesli t28TheMHepr ddigt | ofi $h&gec e
clock PFS_is likely to represent an unusual frequency. Under such a condi -
tion, be%ﬁﬁsésa7s?ﬁgkﬁzfréﬁ@tﬁﬁﬁ BEaMSnGarclr MEtSorost Naesh ng~ Pk i Tgepm the
deternlned ? 588 bits aof the clock PHHgK the frequency . of the clock PFS
does not°Hd F«Ssﬁ‘b‘?{ﬂ%"%’o 'that ©BF "4ty dhy- DEed PG 'Ihhl PEP eSS N9
cl ock VOOCK. this reasqn ce . n speed hetwee iting and
e Peferenc OFFéﬁCQR byerﬁ%g Wheq %e Suﬂﬁgaréqunﬂ é%ents

readi ng 0CC and er- I"ow resul ts

descr i bedaboys, té‘ﬁ‘o%eﬂéﬁ“% Afpd 1&éQCBM§ESW%%%n¢SS ﬁfgp?oeah%p the

detectlon of the synchroni zi ng S|gna and this ma results I n overfl ow or

under f | ow; oSRCOBBCRMO AR ofhd Ne) PEESeMEK ngeabweehelb@t &% it 't o €S

i nprovenent of the data reproduction. The second enbodi nent of the disc
data reppQdyei Bg apre RAH@ Usr SRéhedrand assignal Hf 0oeRSSENBCK MWK t Othe

further refine the operation of the first enmbodiment will be described in
detail frequency of the divided-by-2304(48x48) clock signal of the clock
PMCK corresponds to that of the divided-by—-2352(49x48) clock sig-

nal of the clock VCOCK. For this reason, the frequencies of the

clocks PFS and MFS are the same value, and underflow or overflow

will not occur.
However, there is a possibility that the synchronizing sig-
nal is not detected correctly. This case can occur by missing of

the synchronizing signal due to a scratch of the disc or by
unusual generation of the synchronizing signal due to search
operations. As a result, the reproduction stage frame clock PFS
is 1likely to represent an unusual frequency. Under such a condi-
tion, because a single frame may be longer or shorter than a
period determined by 588 bits of the clock PLLCK, the frequency
of the clock PFS does not corresponds to that of a divided-by-
2352 clock signal of the clock VCOCK. For this reason, a dif-
ference in speed between writing and reading occurs, and under-
flow or overflow results in buffer memory.

As described above, the frequency of the clock PFS depends
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with reference to FIGS.8-11. Because circuits except for the clock
generating circuit have the sane construction as in the previous
enbodi ment, only the clock generating circuit will be described. In
accordance with the second enbodi nent, a clock generation circuit 110
shown in FIG 8, which is used in place of circuit 11 in FIG 2, conprises
a switchpng tarnel tkitrad higoouto fti thai tsIridhrodiivd dhag sdigreall t s abkR Bind sa may
control circuit 113. The clocks XCK(16.9344MHz) and VCOCK(17.2872MHz) are
suppl i edregut e $ni eeRCfilRy &Ad Ykiemdil®y -out circuit 111. The swi tching and
thinning out circuit 111 has a function of selecting a clock fromthe
cl ocks XCK aﬁSCVCQOQWRﬂﬂﬁWﬂWRJQB the erssendw teyemei o7 gRal @8eF, tndf W -
function of thinning-out pul se or pul ses fron1the clock VCOCK according
to contrdPe8i dRAFSY e&ﬁd°ﬁwfh?Aﬁ%ﬁﬁ;ﬁﬁpﬁﬂ%ﬂﬂé Y% the signal processing
st age referen cl ock of the smnt h gnd t hi, n |ng out gerU|t 111
C

i s supplied t (? vi af RE %@&op1me nSi%t$3 espy L FP
circuit, .a diyide; gxhjo% a%'dr%u'%l & di wodceeéosvlr@ Gyl Lt atgsifauﬂww @Me

1
circuit 80 nect &4 n series & °Ci Ul t Tl rOV|d as prece

stage 32n@f JbREaGiiLRUIt %% eCAUSE Y e S Of ; 1t1h%eeaac@s&1 M & Nghn caé@éut

are used to execute signal processing other than accessing to the

nmenory. Fherclogke XEKcleS 1 Wayssostput, teethe seryor6aMnt st redlc & Clﬂlotr' 5tra§
the cl ock SCK i ndependent of the clock switch- ing signal (SW. An output of

the dividiirgkcigenetratihy isidedi tohaivee ignabhmpr eeessimge i ssubts Aranthéo

a control circuit 113. The °
previous embodiment, only the clock generating circuit will be
described.

In accordance with the second embodiment, a clock generation

circuit 110 shown in FIG. 8, which is used in place of circuit 11
in FIG.2, comprises a switching and thinning out circuit 111,
dividing circuits 112 and a control circuit 113. The clocks
XCK(16.9344MHz) and VCOCK(17.2872MHz) are supplied to the switch-
ing and thinning out circuit 111. The switching and thinning out
circuit 111 has a function of selecting a clock from the clocks
XCK and VCOCK according to the clock switching signal (SW), and a
function of thinning—-out a pulse or pulses from the clock VCOCK
according to control signals(DP and DM). An output clock, as the
signal processing stage reference clock(MCK), of the switching
and thinning out circuit 111 is supplied to dividing circuits
112, which consists of a divide—-by—-12 circuit, a divide-by—-16

circuit, a divide-by—-2 circuit and a divide-by-6 circuit con-

nected in series. The circuit 111 is provided as preceding stage
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control circuit 113 includes two counters 113a and 113b and a subtracting
circuit 113c. One of the counters, i.e., an Rframe counter 113a, counts
up the signal processing stage frame clock(MS) which is supplied fromthe
dividing circuits 112, and outputs a frane address of Re to the
subtracting circuit 113c. The other counter, i.e., a Wfranme counter 113D,
count s upft Hée cdpasduct i 'oh shegruse apeteldek OPFIheg@raatddy ohi ndhec basi st
of the frame synchronizing signal of the EFMdata read fromthe disc 1,

and out p@fr§ g€ I rrame >EFHtEs $ ignaly R"c?ct*?@ ‘srlH)tQ%Rberl‘ ngh N rEeFess 1ngcto Thee
subtractin CIrCUIt 113c_cal cul at es ; % a difference N between
a currenP Wit e HEATOSS TBetﬁéoﬁﬁf bwaﬁ? aHHthcGPréﬁ9r%ﬁﬁy%dﬂ?%§s

f t he buf f d - th trol |s. DP a

acoor dind 0. EESH 14 B et O TRl POK T RECBETRBT ' b B Tt Tha-
buf f F hat

itter aBn oo o thipaci Ty rﬂ‘ﬁ %Léeé‘?a‘%ﬁ%r S5 L R L8

the currenf. 99 Al eoscsestym% el e ndhes of oLg e difeulerepse this

usually 6 or anes. The control signals DP and according to

di fferencen Mo Are; gensgratets asy & epuesent,rd @@uﬁwep%?» 1009y ' &b aShgngl AIPPd a
set ("H') for N=1-3 (fpFS<<fMFS) reset ("L") for N=7-12 control signal DM

set (" H")sdbafraMtliGrgl 2 (FRFSE f MrSy . ioeeeto( "the E8UnREASE Thewef o, rinrLhe
case that synchronizing signals are incorrectly

counter 113a, counts up the signal processing stage frame
clock (MFS) which is supplied from the dividing circuits 112, and
outputs a frame address of Re to the subtracting circuit 113c.
The other counter, i.e., a W-frame counter 113b, counts up the
reproduction stage frame clock(PFS) generated on the basis of the
frame synchronizing signal of the EFM data read from the disc 1,
and outputs the frame address of Wr to the subtracting circuit
113c. The subtracting circuit 113c calculates [Wr—-Re], i.e., a
difference N between a current write address to the buffer memory
22 and a current read address from the buffer memory 22, and gen-
erates the control signals DP and DM according to the difference
N. Usually, the current write address to the buffer memory leads
the current read address. For example, suppose that a jitter ab-
sorption capacity is 12 frames, the current write address leads
the current read address by 6 or 7 frames. Therefore, the dif-
ference N is usually 6 or 7 frames.

The control signals DP and DM, according to the difference

N, are generated as represented below.
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detected and a frequency of the clock PFS is |ower than that of the clock
MFS, readi ng speed exceeds witing speed and the dif- ference N becones

| ower. When the difference N decreases from6 to 3, the control signal DP
represents "H', and the clock gener- ating circuit 110 works to decrease
the frequency of the clock MS by increasingat hi nni ng-rate.
Wien the difference Ni n- cr easesto?7, thesi gnal DP
represents " L ", and the c i r cui t 1 1 0 recovers the frequency of
the clock MS ¥ 113! ndtord ! V&R ue. S¢h ﬁh@"bppoéPFeNcé§8 i (Eersthénr-she
frequency of the clock PFS exceeds that of the cl ock NFS the witing
speed is faster, and the dlfferenc%s%Fbé brestArghar - T@hen the difference
N in- creases fron16 to. 10 cont nal epresents "H!, _.and_ the
clock generatify i ?euft1ib @grkss? k asef?ﬁe&FFéqig 6§PF6?>fﬁéselock
MFS by decreasing the thinning rat;esgbﬁg"thfrgbp Lgrgnce decreases to

6, the signal DM represents "L" , t cuit recovers the frequency
of the clock MFS to its normal value. A control of the thinning-rate wll
be described in detail. The clock PMCK is generated according to the

control sidyad sor34 OF ame EMbé Ntk he éph&@%ngzﬁrﬁgneﬁgnﬁlk hRet hﬁc@a$@ct1
DP="L" and DME"L" The clock PMCK i s generated by thinning-out pul ses at tﬁe

rate of onetddtedesnd9abifireqafentcie o oetke VEDEKK Peke,isd paidrodihset engtned

by 48 bits of the clock PMCK corresponds to a period determned by 49 bits

of the Clﬂﬂk'&TEEK.MBecamyaqﬁn@c&@geﬁhESCeeds writing speed and the dif-
ference N becomes lower. When the difference N decreases from 6
to 3, the control signal DP represents "H", and the clock gener-
ating circuit 110 works to decrease the frequency of the clock
MFS by increasing a thinning—-rate. When the difference N in-
creases to 7, the signal DP represents "L", and the circuit 110
recovers the frequency of the clock MFS to its normal value.

In the opposite case, i.e., when the frequency of the clock

PFS exceeds that of the clock MFS, the writing speed is faster,
and the difference N becomes higher. When the difference N in-
creases from 6 to 10, the control signal DM represents "H", and
the clock generating circuit 110 works to increase the.frequency
of the clock MFS by decreasing the thinning rate. When the dif-
ference N decreases to 6, the signal DM represents "L" , and the
circuit recovers the frequency of the clock MFS to its normal
value.

A control of the thinning-rate will be described in detail.

The clock PMCK is generated according to the control signals
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PMCK, as the signal processing stage reference clock, by 2304(48x48)
corresponds to dividing the clock VCOCK by 2352(49x48), the frequency of
the clock MFS represents 7.35kHz, which is the normal frequency. (2) In
the case DP="H' and DM="L" The clock PMCK is generated by thinning-out

pul ses at the rate of two bits per 49 bits of the clock VCOCK. Here, a
period @8t end P& iy & Wiald csfi nchenaginsok: PMCK corresponds to a peri od
determ ned by 50 bits of the clock VCOCK. Because dividing this PMX, as
the signal prddesdimghst &g &erdncend &Sy 2304(48x48) corresponds to
di vidi ng the cl ock VCOCK b% 2400(50x48), the frequency of the clock MFS
represents 7. 208HL ! °Gki BNCKs T1o0v#§ " ERaRCEhEorhal N f PEGQaricyP Y [S5S | Rt t hiae

case DP="L" and. DME"H'.The clock VCOCK is used as t ck PMCK, i.e., no
SR P gl e T Ui b ibaPe A s & nahRod e, o0 e i 1 8ehi o9

t he cl ock P is identjcal . aperiod deterpined by 48 bits of the clock
VCOCK. ngél%]&fe\ﬁ gﬁ’nghghll)s]ttgl\/ﬁz, etahs'“:} t%gocs‘f ggﬂ@gl CS%S@@E&”H& s‘ioag% pemog

Sher Sac g oo d SO IBXD) provigenonda: otk deag e ek Yoy

i s higheppdian the ReMdEL i JTLAURRDe EEEngd PR arskycdire of 140, by

switching and thinning out <circuit 111. The circuit 111 includes a

sel ector QS 4 #h)sand )| 0gbpr&ddponds to dividing the clock VCOCK by
2352 (49x48) , the”fbequehcy'of the clock MFS represents 7.35kHz,
which is the normal frequency.

(2) In the case DP="H" and DM="L"

The clock PMCK is generated by thinning—-out pulses at the
rate of two bits per 49 bits of the clock VCOCK. Here, a period
determined by 48 bits of the clock PMCK corresponds to a period
determined by 50 bits of the clock VCOCK. Because dividing this
PMCK, as the signal processing stage reference clock, by
2304(48x48) corresponds to dividing the c¢clock VCOCK by
2400(50%x48), the frequency of the clock MFS represents 7.20kHz,
which is lower than the normal freguency.

(3) In the case DP="L" and DM="H"

The clock VCOCK is used as the clock PMCK, i.e., no
thinning-out is performed. Therefore, a period determined by 48
bits of the clock PMCK is identical to a period determined by 48
bits of the clock VCOCK. Because dividing this PMCK, as the sig-

nal processing stage reference clock, by 2304(48x48) corresponds

to dividing the clock VCOCK by 2304(48x48), the frequency of the
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cuits, which include an AND gate(ANl), two divide-by-7 circuits(D V.A and
DV.B), two flip-flops(FF1 and FF2), an OR gate(ORl) and a PMCKG
generating circuit. The clock VCOCK gen- erated by the PLL c i rcui t 6 i
s supp 1 i ed to one i nput of the AND gate(ANl). The cl ock sw tching
signal (SW fromthe systemcon- troller 8 is supplied to the other input
of the ARDogat e{ANLY eP oyt duf palksizgnath i shsigphiiethen shepr gthe normal
divide-by-7 circuit(DV.A), clock inputs of flip-flops(FF1 and FF2) and
one i nput éGHeY -OR gate(ORL). The flip-flops(FFl and FF2) forma shift
register. An t put_signal (QA) .of the first divide-by-7 circuit(DIV.A) is
UL t0 & Seld o vFaBTBy 7 SRSV e | SHOEh(epar i Yhe (8 put
supplied t.o %ifi rst, flip-flop(FF1l) and the PMCKG generating circuit. An
out put si°dh&" '3t t'he first flip- flop(FFl) is supplied to a second

flip-flop(FF2 n rating, ci ' whi i nv d.:._
out put (QN) of )thiegd%faa%%g%ﬁ pgﬁ{&gﬁ%éﬁz% iéé‘£ g.(!fj%%oq‘&]%%lf h?ﬁe%éeﬁg err

generating, ciicui §nfiwy thed ) [eeei ¥8s ARG coptralaghgnal P and, PYe-py -7
generated by the sub- tracting circuit 113c. An output signal of the PMCKG

generati RG r&i 1 €8k b1vs Af ethd opt herot herwd nput pof 1ihe GFF 0aLREORE:) Then oOR
selec- tor has a first input(AO0) to which the clock XCK generated by the

crystal esaid(o®ior 4met ashrmeKd ngémeérsatigyr e)rauitthe TR6 tneguenmyodk gen-
16.9344M+z, is fed, a second input(Al), to which an output clock(PMX) of
the OR ga&re(t@RL)bY sthapBt ) &idcaicorirod sumpuiéd) tot @onshiiciputheo i gnal ABW
is input. An output signal of the selector serves as the signal processing
st age refoadte(@N1). The clock switching signal (SW) from the system con-
troller 8 is supplied to the other input of the AND gate(AN1),
whose output signal is supplied to a first divide-by-7
circuit(DIV.A), clock inputs of flip—-flops(FF1 and FF2) and one
input of the OR gate(OR1). The flip—-flops(FF1 and FF2) form a
shift register. An output signal (QA) of the first divide—-by-7
circuit(DIV.A) is input to a second divide-by-7 circuit(DIV.B),
whose output signal(@QB) is supplied to a first flip—-fiop(FF1) and
the PMCKG generating circuit. An output signal of the first flip-
flop(FF1) is supplied to a second flip—-flop(FF2) and the PMCKG
generating circuit, to which an inverted output(QN) of the second
flip—flop(FF2) is also input. The PMCKG generating circuit fur-
ther receives the control signals DP and DM generated by the sub-
tracting circuit 113c. An output signal of the PMCKG generating
circuit is fed to the other input of the OR gate(OR1). The selec-—

tor has a first input(A0). to which the clock XCK generated by

the crystal oscillator (not shown in this figure) at the
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cl ock(MCK). The sel ector selects the first input(AO for "L" as the
switching signal (SW, and selects the second input(Al) for "H' FIG 10
shows the PMCKG generating circuit, which has two AND gates(AN2 and AN3)
and a selector(SEL #2). The output signal (Q of the first flip-flop(FF1)
and the in- verted output signal (/Q '/' neans an inversion) of the second
flip-flofErrenaye dfed § 0°34pilits. ofsafPF‘Fs? ARDogat ey (Aln. baitpiich an
signal of the first AND gate(ANZ) Fg)rovi ded to an first input(A) of the
sel ect or CSEP 4R2)c 1 ape( PRyt t €d dltspu? sE@ﬁSI(PPQ)) iof theutecaff @ control
flip- rop&FF and the out BUt si gnal ( of the second divide- by 7 ci rcwt
are fed t “rf)p(@[s ofoavwhde cfhﬁ\lﬁ‘%j?ﬁ (ﬁNS)‘S AR pufNsiofiRuofs tgral of
second AN ate ). is to a seco d i nput ( of the sel ectg éSEL #12%[

"L sugnatl S?alﬁ/& '"i?u‘i)m’efoaas N a SR c?"8f39$ﬁe | BEPIF(SH 25’”‘3e
The sel ector #2) el h flrst |npt A " d DP—,','L,':,

t he secong |nkE) TﬁeDggaéf:tt ¥ slsMgth 15zj']nec(tl % %hl‘n ultl(ﬁ%gt (féjpfolf

P L A P, onangd %th§w§e' eGied 5] 8BRk 2%e tiﬁgwn%pﬁ"é’%% for

FIG11 is a timng chart for as the sw tching si to explain
generati onyof the clock PMCK. Wen the signal SWis "H', the output of the
AND gate (AN 1) 37 is identical to the clock VCOCK, Wnose di vi ded- by-49

signal is themtpud sirgnal (€ pPHckbe geerond idig/i derdyi ¥, Ciwnawin (HA Y. Blo
Thinning out a pulse of the clock VCOCK is perforned by executing
AND gates(AN2 and AN3) and a selector (SEL #2).

The output signal(Q) of the first flip-flop(FF1) and the in-
verted output signal(/Q, '/' means an inversion) of the second
flip—-flop(FF2) are fed to inputs of a first AND gate(ANZ). An
output signal of the first AND gate(AN2) is provided to an first
input(A) of the selector(SEL #2). The inverted output signal (/Q)
of the second flip—-flop(FF2) and the output signal(QB) of the
second divide-by—-7 circuit are fed to inputs of a second AND
gate (AN3). An output signal of the second AND gate(AN3) is to a
second input(B) of the se]ecfor(SEL #2). An "L" signal is always
input to a third input(C) of the selector (SEL #2), . The
selector(SEL #2) selects the first input(A) for DP="L" and
DP="L", the second input(B) for DP="H" and DM="L", and the third
input(C) for DP="L" and DM="H", and outputs a selected signal as
the signal PMCKG.

FIG.11 is a timing chart for "H" as the switching signal (SW)

to explain generation of the clock PMCK.

When the signal SW is "H", the output of the AND gate(AN1)
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| ogi cal addition between the clock VCOCK and the signal PMCKG which is
obt ai ned by follow ng manner. (1) In the case DP="L" and DME"L" (see

FIG 11) ...PMKG=(FF1Q *(FF2/Q The clock PMCK is generated by
t hi nni ng-out pulses at the rate of one bit per 49 bits of the clock VCOCK
(2) I'n the case DP="H' and DMF"L" (see FIG 11) ...PMCKG=(@B)*(FFQ2/ Q The

cl ock PM3k i sdeehicat edobythtehi ahodlg- §GOCHUl seloae e 1 degirdyoft St woi bhak per
49 bits of the clock VCOCK. ES) In the case DP="L" and DMF"H' (see FIG 11)
... PMCKGEhe' queret ok ovediRB)s afsetinas serendl stk PMciey 17 eciragit (DIV.B) .
t hi nning-out is perforned. Here, the divide- b§_7 circuits(DV.A and D V. B)
and the fINEHIBHSHEFR dHd! ?‘—Gt‘:zcjTa do ot ! AW KYCANY f dwPepbReFedoR¥uRYSEFER ' NS
established., The servo control reference c|]o i s ipdependent of the
clock switehiGRy SFghat (ZwPbehngen &M v%b%Cl‘dgfhh%g?a’E% ths c?r‘;f’é‘[ag]l PMCKG:
oscill ator_.cl.ock, Fora]Inhég brepgﬁpw]crg)ntrolge% the disc notor 2 and pickup

3 are nevwehrICal}-]%eoc ted by a I ock 3 t%hT%?g. en the signal SW changes

from"L" to "H,) appaddress S0t piptdef .absqrptipg-area ingsthe hufgery

menory 22 is set ‘'to a center address. In this enbodi nent, iIle two

counters 113k B0 pFerF3faprovided in the clock generating circuit

110, it is instead pos- sible to use two counters in the nenory control

circuit 26 of ¥ clock PMCK is generated by thinning-out pulses at the
rate of one bit per 49 bits of the clock VCOCK. '

(2) In the case DP="H" and DM="L" (see FIG.11)
.. .PMCKG=(QB)* (FFQ2/Q)

The clock PMCK is generated by thinning—-out pulses at the
rate of two bits per 49 bits of the clock VCOCK.

(3) In the case DP="L" and DM="H" (see FIG.11)

. . .PMCKG="L"

The clock VCOCK is used as the clock PMCK, i.e., no
thinning—out is performed. Here, the divide-by—-7 circuits(DIV.A
and DIV.B) and the flip-flops(FF1 and FF2) do not work, and low
power consumption is established. The servo control reference
clock (SCK) is independent of the clock switching signal (SW), and
is always identical to the crystal oscillator clock. For this
reason, controls of the disc motor 2 and pickup 3 are never af-
fected by a clock switching. When the signal SW changes from "L"
to "H", an address for a jitter absorption area in the buffer

memory 22 is set to a center address.

In this embodiment, while two counters 113a and 113b are
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signal processing circuit 7 instead of the counters in the clock
generating circuit 110. Wiile, in the clock generating circuit according to
this second enbodi nent, the rate of thinning-out pulses is 0, 1, and 2
for 49 VCOCK bits, these rate are not |limted to such values. In the second
enbodi ment descri bed here, when the signal SW represents "L", reading out
from t he WU etedrehr Yhe scheskopmpdrati ngcedrdaride Wit h thei$r AneteR8ckoXFS
derived froma stable crystal oscillator clock, which is generated by the
crystal o%tPd 1tatete Wentewetergnil SU¢represyntsntre! FRECEigngf of the
process- iqg}sta e reference clock iis derived fromthe PLL cl ock. There-

r

fore, under¥Tdl RBTCOTRF{TOWFHBCHOE dcdtEdS Y ath§ afR¥PFonal 1 PpéhFod '8FK

t he diSC|E¥é¥a§9usqgin Fpapg&ng a reproduction rate or search operation
Furt her, EVEH Unhde? @' 'condrti on where the synchroni zing sig- nal is not

det ect ed dueg t 1 SSI f i Z ' |, . .
erat ches on TRE HESc 6 g SKCREN o1 o s tonal ok aRk8d s, T ok his

junps, u 0 i, | toPC:nCHR n LD e duct hon sy m
o ponf AR PR ENREAL N et oBoys Pl b Dol Beprmeenyctbor sy shers

oper at i onger sSAPOREiEcKlal ft s ar né 8ad-ouE hResHBENN QR $BUWLLN sLbE Chack sPFS,
and denodul ated by the subcode denodul ating circuit. |If the denodul ated

subcodes are rortget seouhpuembel ke tr eRrseucRd gl shghaktheaniBaa13%w

started. An origin of the clock PFS, i.e., the reproduction stage _
represents "L'", Peading out from the buffer memory is performed
in accordance with the frame clock XFS derived from a stable
crystal oscillator clock, which is generated by the crystal os-
cillator. When the signal SW represents "H", the signal process-
ing stage reference clock is derived from the PLL clock. There-
fore, underflow or overflow do not occur during a transitional
period of the disc motor caused by changing a reproduction rate
or search operation.

Further, even under a condition where the synchronizing sig-
nal is not detected correctly due to missing of the synchronizing
signal caused by scratches on the disc or wrong synchronizing
signals caused by track Jjumps, underflow or overflow will not oc-
cur.,

In the reproduction system described in the above embodi-
ments, after the rate changing or search operations, subcode data
are read out in synchronism with the clock PFS, and demodulated

by the subcode demodulating circuit. If the demodulated subcodes

are correct, outputs of the reproduced output signal can be
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reference clock(PCK), is generated by the PLL circuit. To reproduce
information on the disc correctly and quickly, lock performance of the PLL
circuit is inportant, however, |ock per- formance devi ates anong si gnal
processing LSIs, because of a per- fornmance deviation of the voltage
controlled oscillator(VCO) in- cluded in the PLL circuit. As a result,
access tifeariwpdchAreprégdigenfstbpnelpekobfput ival-i.d thhgt aepiogtuction stage
reproduction rate changing _or search operations, deviates anon? CD pl ayer
sets. For"BXEMATEEe SURPOSEPERAL t he 1Gke patest nakcd MevPatli of 1§ Uighged ©
from 25% to 40% access tinme of a CD player set wwith a PLL circuit which

0 . I
can | ock %ﬁ?6°8aﬁf i Wé’_"?érll@é‘ &N Y8, Fd S%aﬁ‘é’f”?ﬁ’éﬁyt Fatd otu kek ep: pll &pdy
set with §e£1%r05§§§'§f“ﬂhﬁﬁfﬁ,“ %P kUOPEﬁFSthnga%Qe H&%ﬂ&?egf 1%2026M%M_

1 v
However, ‘even | LL Circui ocked in't range’ of "=

the errore ﬁ%&nT uhgvpgtggrgﬁop80§93ﬁagfBP%@B¥S%%@O[%IFQt%@%fﬂégugﬁEJ?QQ—

by t he p1rc ese errors are cause Yy vi bration o e di sc notor

during thesthansht y@lakt BN icdd. tid Wi £hgé e¥Oh kLo aPe_Y 19f e Wicss in-
notor i s changing. These phenonena prevent CD player nmanufacturers from

suppl y- i 0gu&&daphayenesets wikButihe aame peslionnanceesNOWinR .t RiHiEHRepre-
bodi nent of the present invention wll be described for overcom ing this

probl em déetdi seméattd reapaducidlg dppatat st é&ndréproalLERAbNPHAGRS Thartd ng
circuit according to the third enbodi ment of the present in- vention _
enpl oys corcaearghf opedeteéotbngdspeedesf amepgodochilayer ard sCi IFoN terxanfpare ,
determ ning whether data is valid or not ac- 40
suppose that the 1lock performance deviation is ranges from * 25%
to = 40%, access time of a CD player set with a PLL circuit which
can lock onto data in the range of = 40% is faster than that of a
CD player set with a PLL circuit which can lock onto data in the
range of =+ 25%. However, even if the PLL circuit locked onto data
in the range of = 40%, the error rate would be large because of
many errors in the signals read by the pickup. These errors are
caused by vibration of the disc motor during the transitional
period, in which revolution speed of the disc motor is changing.
These phenomena prevent CD player manufacturers from supply-
ing CD player sets with the same performance. Now, a third em-
bodiment of the present invention will be described for overcom-
ing this problem.
The disc data reproducing apparatus and the signal process-
ing circuit according to the third embodiment of the present in-

vention employs circuitry for detecting speed of reproduction,

and circuitry for determining whether data is wvalid or not ac-
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cording to the detection result. If the detection result, i.e., speed, is
in an all owabl e range in which the PLL circuit can lock onto data, the
data is designated as valid. To suppress the perfornmance deviation anong CD
pl ayer sets, the allowable range is set to a range of a PLL circuit with
the worst |ock performance, i.e., smallest |ock range. For exanple, in

t he case adratinhetal togaletdacion amgeuls. 25%thevetetdctten Pesuttrcdi-e. .
having a | ock range of 40% | ocks onto data at a frequency which devi ates
35% from3ARetenteri vatiea | t pwakibe arange 1heveiehetBssPbe @dsicynat egnad ock
invalid. By utilizing above nen- tioned procedure, deviations of access
time and Vtrdrdztd e Bdnd2tED pl 458t 9RatedaRe WRhiflized. FIG 12 is a bl ock
di agram of a d{tsc dat a reproduci ng aratus according to the third

ap- p . 3
enbodinent of theSWFREBAT ERGEREFTLORANER (Ve oGt SN CRnB ! BYBRees Sas

shown in jin FlG 2 ar nu red by the sanme_nunbers. The disc 1.such, as . .the
CD(corrpacfthe |E]C?W?%??0F§F§§ b1y8t eet d?%caNS?BPeZ.OfReacoé]ldlédcbré?ﬁ] n"'t ﬁg &iths?c

1 s re%rbélt t P@o@ﬁé%&%‘orma%‘é.\ép '13.’e .a.nds%g'?l gtca 1ro%§d r‘QaLHgé .S §8p_ e&%}lgqte%g

the RF circuit 4. circuit 4 extracts the focus ‘error signal

tracking &froheSta9alERRS)tHd oM Ao M PUT ocRf rhRGEORLd Cal o g3k CkiPed. 18Ndhe
supplies these extracted signals to the servo control circuit 5. Further,

the RF cimaui &idcquanhiaz@sg the sbgrakrangad S omide dosksl b suppdigs a
the PLL circuit 6 wth the quantized signal as the EFM signal. The PLL

circuit 6frgpnetiay eshachepeodacengi3skageonetreensptelhovk(VEQCKhesWAGAr @nqus

with the EFM signal for denbdul ating the EFM signal in the fol-
nevertheless be designated as invalid. By utilizing above men-—-
tioned procedure, deviations of access time and error rate among

CD player sets are minimized.

FIG. 12 is a block diagram of a disc data reproducing ap-

paratus according to the third embodiment of the present inven-—
tion. In this figure, the same elements as shown in in FIG.2 are
numbered by the same numbers. The disc 1 such as the CD(compact
disc) is rotated by the disc motor 2. Recorded data on the disc 1
is read by the optical pickup 3, and the data read out is sup-
plied to the RF circuit 4. The RF circuit 4 extracts the focus
error signal and the tracking error signal(ERRs) from an output
of the optical pickup 3, and supplies these extracted signals to
the servo control circuit 5. Further, the RF circuit 4 quantizes
the signal read from the disc 1 and supplies the PLL circuit ©
with the quantized signal as the EFM signal. The PLL circuit 6
generates a reproducing stage reference clock(VCOCK) synchronous

with the EFM signal for demodulating the EFM signal in the fol-

41
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41 T1 CL I ow ng signal processing circuit 7. The PLL circuit 6 supplies
the EFM signal and the clock VCOCK to the signal processing cir- cuit 7. A
center frequency of the clock VCOCK is 17.2872 MHz, which is four tines a
bit rate of the EFM signal, which is 4.3218 MHz. A clock used for reading
the EFM signal is generat ed by dividing the clock VCOCK by 4 for the
normel reprodect $ bansat @rocasd g di Vidi g T he IdleocRLVCOIKR Y ©2 § osUPRé tes
doubl e reproductl on rate. The servo control circuit 5 conprises the focus
servo cor-N& ridiM cf i8Rt , 20He thPalionf &R i ctfig, St%%aépPﬁ8F€S§éF‘9o°c36n-

trolcrctadthesledsroct I h t

ci rcw!t @%‘t?o?s &n SR Tl F\8/8H§%cr;:fyr?chf t)'inglIilﬁ °§-Lt evclt’fg(g'gsigﬁtrav%?o?cqi e&'BEr’
I t T, t ki t I

opt! cal TTAGH i crSimet FTekup 3 F o Fhkeo T hene CrEkiP hEMaD r o gdae

to zero. H% SR %qlocéeb\éQdC%JOFe Gl h@ui £p COPE[OlS, Id' 3¢ é)rra'gedsﬂg/h

as a spin not or drives the disc 1 af a pr edet er m ned speed,

constant di\peyi gl PRLt ¥1okhke VBlRK S8/ VH €0Rt kRl GidrGid it ﬂ@ﬂﬁéd&@%@hdﬂal{% 3
to a target track point for adjusting an actuator position of

tracking 50 oy t @i @i § AL ER hROZI 1lickN V&odKt Dyl 2 opebl enaDdb08 1 el a&geodﬁ&ft&%ﬁ
detail ed conponents of the servo control circuit are not shown in the

drawi ngs.natldhe signal processing circuit 7 perforns an EFM denodul a- tion,
a subcode denodul ation and an error correction processing.

The servo control circuit 5 comprises the focus servo con-
trol circuit, the tracking servo circuit, the spindle servo con-
trol circuit and the sled servo control circuit. The focus servo
control circuit controls an optical focus of the pickup 3 to make
the focus error signal equal to zeré. The tracking servo control
circuit controls an optical tracking of the pickup 3 to make the
tracking error signal equal to zero. The spindle servo control
circuit controls the disc motor 2, such as a spindle motor, which
drives the disc 1 at a predetermined speed, or a constant 1line
velocity. The sled servo control circuit moves the pick up 3 to
a target track point for adjusting an actuator position of the
tracking servo to a center position of its allowable moving
range. (These detailed components of the servo control circuit
are not shown in the drawings.)

The signal processing circuit 7 performs an EFM demodula-
tion, a subcode demodulation and an error correction processing.

The output of the circuit 7 is supplied to the DAC 9. An output

of the DAC 9 is supplied to the LPF 10, and an output of the LPF
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The output of the circuit 7 is supplied to the DAC 9. An output of the DAC
9 is supplied to the LPF 10, and an output of the LPF 42 10 corresponds to
a reproduced audi o output signal. The ROM data, such as video information
and character codes, is output fromthe signal processing circuit 7 as ROM
data out put without processing by the DAC 9 and the LPF 10. A system
controlIé@iﬁpﬁnﬁﬁﬂ¢@¢3th@ z| oekrgeneedt andici pgtibttt $1gniptth dbrt ROM data,
signals including a rate control signal (HS) and clock sw tching

si gnal ( SWUCHTHES sysi% toher®R T 6PN 8BN4AI Sbasaplepl Pedeshe 1§i gHAP Upr SEegsithg
circuit 7 and the servo control cir- cuit 5 with many other control signals

f or pIaySEﬁQﬁf R ehs 1 natt bntidt Fng, aﬁu%?%gdaE?couFﬁPé Wil RBOHIt PRG CESH NG
si gnal r the [ocess| rcuit 7 is generated in accordance with
t he resuqt &t‘%'ﬁ%?é@t?@% aL?%pféduction speed detecting cir- cuit 14.

The SySt em COﬂA r Ol l‘? 8(90 ‘Fpg{ f%ﬁs86hgu gng tﬁe ([iO anpr gn% 1{18 QPCU 1%

basi s of control® S|gnal ront e proce e Whé1'e

syst em of £ he; GP pggg%c o1 ef g@gﬁfsl qmcd%taqw tétev#p@t@@t%p o2 §n9'1§913) and

obt ai ned by reading i'sc. FromTOC dat &
posi tions pfcik hewaudiry rfj@t @1 gARdq (BYM daﬁ@ea59sQtha'dmtrJh‘?eSY§beg‘l SO sup-

controller 80 also have two registers(not shown) to store the allowable

lock rangelids echetegsanl bpstekeskgr angeui tOve 4rRYi SRS s§F06 €8 0ARrBPPRYi r—
limt of the allowable range, the other stores a lower limt. These two

regi ster scwre pregranmedt e otbeEDCQMawmﬂrﬁﬁgﬁ@m§Ufer5p15@r exasmp| esearch,

manuf acturers can set
attenuating, muting, etc. Here, the muting control signal for
the signal processing circuit 7 is generated in accordance with
the result of a detection of a reproduction speed detecting cir-
cuit 14. The system controller 80 generates the signal HS and the
signal SW on the basis of control signals from the processor 12,
which controls the whole system of the CD player. Information
about the contents of the disc is obtained by reading TOC data on
the disc. From TOC data, respective positions of the audio data

and ROM data are obtained.

The system controliler 80 also have two registers(not shown)

to store the allowable lock range, i.e., the smallest lock range.
One register stores an upper 1limit of the allowable range, the
other stores a lower limit. These two registers are programmablie

to CD player manufacturers. For example. manufacturers can set
the allowable lock range, i.e. the upper and lower 1limits, among
CD player sets to the registers through the processor 12.

The processor 12 controls the system controller 80 to gener-
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the allowable | ock range, i.e. the upper and lower limts, anmong CD player
sets to the registers through the processor 12. The processor 12 controls
the systemcontroller 80 to gener- 43 ate the signal HS and the signal SW
in accordance with the required(designated) data. Wen the designated data
is the audio data, the signal SWof "L" level is generated to prevent the
sig- nal Prdcé&ssi ny’ ghade ¥ ogR ¥ rion? béilwg Wi B¥held! @Acrted draer winemdthe
when the designated signal |s the ROM data, the signal SW of "H' level is
generatedeqﬁﬁf%ﬂQﬁ%Sb%%éﬁ%@ n@aé?rcWFF”lfhemﬂﬁﬁkﬂWRf%Q)@?ﬁ?si@néheHSUda@d

th t t | st f I K( MCK

From t he LrAT d bst| 918 o rof gPancEW%aeii'R?&m%Feph%o?éé?&%aét 66 Stabe
f V Th | | f | ock( '

suppl i ed T ?Lwr%e‘é%%@ns ar 2888 15 b TSk [ PEAGHLRL T of st OEner
f COCK d t PLL reul .

;ﬁeergpgg}a ggc§¥lato% P%fe%gﬁgg&%ﬁ%g ?gr%kglggﬁf4yaﬁftﬁgé gwbka@ SW

reproductdon spepd, det eeti e chfeyit 14, which detects the frequency of
the reproduction stage reference clock using the <crystal oscillator

reference cl ockhe Q1 Gckegehbrat ihbecdeteatd an,, ddosysiemeonhsoklghadOns
determ nes whether the data is valid or not, and outputs a valid/invalid

flag(FS).and the dataneds getergenemett as itwval isd,gthe qgonbeels sigaalstage
representing nuting "ON' is output fromthe systemcontroller 80. Next,
refernrmré%éﬁenﬁbandobk(M@E)rmmaMU¢haNbspee@1'osciilatoh"ﬁeferédce
clock (XCK) or the reproduction stage reference clock(VCOCK). The
crystal oscillator reference clock(XCK) is supplied from the
crystal oscillator 13, and the reproduction stage reference
clock (VCOCK) is the PLL clock generated by the PLL circuit 6. The
crystal oscillator reference clock(XCK) is also fed to the
reproduction speed detecting circuit 14, which detects the
frequency of the reproduction stage reference clock using the
crystal oscillator reference clock. On a result of the detection,
the system controller 80 determines whether the data is valid or
not, and outputs a valid/invalid flag(FS). If the data was deter-
mined as invalid, the control signal representing muting "ON" is
output from the system controller 80.
Next, referring FIGS. 13 and 14, the reproduction speed
detecting circuit 14 will be described.
FIG. 13 shows a block diagram of the reproduction speed
detecting circuit 14, which has a divide-by—-48 circuit 141, a

divide-by—-2352 circuit 142, a timing pulse generator 143, a 7-bit
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detecting circuit 14 will be described. FIG 13 shows a bl ock di agram of
the reproduction speed detecting circuit 14, which has a divide-by-48
circuit 141, a divide-by-2352 circuit 142, a timng pul se generator 143, a
7-bit 44 7 counter 144, an encoder 145, and a 4-bit latch circuit 146. The
cl ock XCK(16.9344 MHz) supplied fromthe crystal oscillator 13 is fed to

t he di vi decbytd8 ¢AAcuiatn leticodshosBdout pat i gndd i(ICAQJtels carcuhe flA€équdrney
of 352.8 kHz and is fed to the timng pul se gen- erator 143 and the counter
144. The ¢l ®ek XRIOCKEc@afér MHZéqaéﬁ@$199!7f28m2tivﬁz)3”$’t§[§|9|‘| e¢cfirldmtore 'BLL s
circuit 6 |s fed to the divide-by-2352 CIrCUIt 142, whose out put )
si gnal (PFSjdi §°athehd 1Vder &y T quldifcy! tof 1 41 - SWR?ﬁeaﬂHtPEtfédgpélﬁﬁgK) is

timng Pt SETGoHEr AE5hCY43 glher it BEZaNHr OR PrseCLEN® ard St asnty
genera of gl eat QUL s O, For cxarple. fhe clgal, BHbE(ChL s AupEraLes

after the'latch pu W th y of one pu the

pul ses( CLy ang olh). @f1e oUlpub 148 d her Zybiy £owing ceqrpéﬁharsd e e 4bibne

| at ch CIFCUIt 146. T It counter 144 counts up the signa

it value @ﬁvgge—%Qddé%feéchQMttﬂﬁ20|@ﬁ539mdﬁﬂ§aﬁ sT?ﬁa@Q@@@§r1%4%t the
encodes 7-bit data(N) of the counter 144 to 4-bit data(M. The 4-bit latch

circuit 14éntakchpequbheydatafMesakHznedatich i sef LbheaRdmeubPBLY seheyen-

| atched data(M to the systemcontroller 80. Under a condition of a

pr edet er e nedorepragiuchtorhepeed,1 beg edge of the signal PCK, the timing
pulse generator 143 generates a latch pulse(LP), and subsequently
generates a clear pulse(CL). For example, the clear pulse(CL) is
generated after the latch pulse with a delay of one pulse of the
signal CCK. These pulses(CL and LP) are output to the 7-bit coun-
ter 144 and to the 4-bit latch circuit 146. The 7—-bit counter 144
counts up the signal CCK, holds it value at 96, and is reset by
the clear pulse(CL). The encoder 145 encodes 7-bit data(N) of the
counter 144 to 4-bit data(M). The 4-bit latch circuit 146 latches
the data(M) at the latch pulse(LP) and outputs the latched
data(M) to the system controller 80.

Under a condition of a predetermined reproduction speed, be-
cause the frequency of the signal PFS is 7.35 kHz, a value(N) of
the counter 144, at a rising edge of the latch pulse(LP), is
47((352.8/7.35)-1). A relationship between the frequency(f) of
the signal PFS and the value(N) of the counter 144 is represented

by an equation f=352.8/(N+1). The relationship between the en-

coded value(M), the wvalue(N)., the PFS fregquency(f) and a
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cause the frequency of the signal PFS is 7.35 kHz, a value(N) of the
counter 144, at a rising edge of the latch pulse(LP), is
47((352.8/7.35)-1). A relationship between the frequency(f) of the signal
PFS and the value(N) of the counter 144 is represented by an equation
f=352.8/ (N+1). The relationship between the en- coded value(M, the

val ue( N),denea PFS fPeqiliepdy (e @arhier 45 qayuencyeeifatifén(3) $honnt e damle
frequency of PFS is shown in Table 2. 46 T Table. 2 Rel ationship between
M N, f(k¥z) and (% MN f(kHz) D(% 0 0 33 10.1 37 1 34- 35 10.1 9.5
37- 30 2 36- 37 9.5- 9.0 30" 23 3 38- 39 9.0- 8.6 230 17 4 40 41 8.6
8.2 17- 12 5 42- 43 8.2- 7 . 8 12- 7 6 44- 45 7.8- 7.5 7- 2 7 46- 47
7.5- 7.2 2- -2 8 48- 51 7.2- 6.7 -2~ -9 9 62- 55 6.7- 6.2 -9---16 10 56-
59 6.2- 5.8 -16"- -21
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11 60- 63 5.8- 5. 4 -21 -26 12 64- 79 5.4- 4.3 -26"- -41 13 80- 95 4. 3-
3.6 -417--51 14 96- 3.6- -51 47 Tr Next, referring to FIG 14, the
operation timng of the reproduction speed detecting circuit 14 is
explained. At the timng 1, the timng pul se generator 143 detects a
falling edge of the signal PCK and generates the latch pul se(LP). Here,
the counter 144 outputs its value(N ) to the encoder 145, and the latch
circuit 146 latches the encoded vaI_uegM). At the timng 2, the counter 144
is reset by theT@Pd& ZpRedétdionsh eerhd! | &t cH CfHzuiand 48(%Yi | |
holds its value(M). At the timng 3, like at the timng 1, the timng

pul se gen- erator 143 defects a falli ng edge of tne SI gnal PCK and
generates the Iatckhl/l pul se(LP). Here, e[\_‘ ount er %)ut puts its val ue(N)
to the encoder 145, "and the latch ci rchflkt “Y46 Iatch he encoded

value(M. At the timng 4, like at the timng 2, the counter 144 is reset
by the clear pulse(CL), however, the latch circuit 146 still holds its

val ue(M . As expl ai ped aboyv the repro t4 on speed_d cting circuit 140
detects the speed, (r)ére thtez)o?%eaquency of ?'thg 1cI ock PCK dg:ﬁaved fromthe

cl ock VCOCK, and outjput sgheg esulqtg of- detsecti on tg;.Lhezg

2 36~ 37 9.5~ 9.0 30~ 23
3 36~39 9.0~ 8.6 23~ 17
4 40~ 41 8.6~ 8.2 17~ 12
5 42~ 43 8.2~ 7.8 12~ 7
6 44~ 45 7.8~ 7.5 I~ 2
7 46~ 47 7.5~7.2 2~ -2
8 48~ 51 7.2~ 6.7 -2~ -9
9 62~ 55 6.7~ 6.2 -9~ -16

10 56~ 59 6.2~ 5.8 -16~ —-21

11 60~ 63 5.8~ 5.4 -21~ -26

12 64~ 79 5.4~ 4.3 -26~ —-41

13 80~ 95 4.3~ 3.6 -41~ =51

14 96~ 3.6~ -51~
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system control |l er 80. For the determ nation, the systemcontrol- |ler 80 has

two registers, which hold an all owable |ock range(L1- L2), and a
cal cul at or, which conpares the value(M to the value of the registers(Ll
and L2). The values(L1l and L2) which repre- sents the allowable | ock range
may be set by the processor 12. For exanple, and with reference to Table
2, if the all dwedtl e Fedlerrdgiaritpalmdd i s1425%he ap89@D) FortiménpLiof the
circuit 6, the data is designated as valid if the output(M of the latch
circuit TeBreguciti ohenegfyeafiect ing irqyi § et dat £X3! yE’¢Gnat ed as
invalid, the data and its corresgondi_ng subcode are negl ect ‘?‘1 This nmean
FOBoréc-

. s
that, even if Ather® nbiBiPEr Yi's HeEedt 8I"GuR'ths® neSBrr Fignts @

processing, .the data is si gnat ed ncorrective, By utilizing t e
ment i one%gdr]dé‘gsﬁdgc?e\ﬂfat Eibengs [oidkhe ]agpzcessarf | 2 HH 7T of 7 al %%%%%BP%B?PPY.

PLoser e TR R VP, FEBCITERle 9 0l L g B

is gen- erated cl ock V e div circuit,

signal PCK t e ct ) he, £ L dy,? i ag9e, iy M ¢l ock( PFS)
generate gy(%th%_e] q1de('err]gpc1|u| a% ibﬁabé cfarc%ipt_gﬂ éFI%ﬁ%Sgé @QF !
detecting ciroui tydd can, ggused gfe Leetitug! y1wat h Ot hgedi sgy dathd clear
reproduction systens in which access tinme is decisively determ ned by the
| ock perfornaaceLof, hheRkdrGircniét .1 Rath examy @i tt ha @i seuilt] 14oaars bets
used in the systemdescribed in the second enbodi nent of the present

i nven- tiven wna'i)n a disc data reproduction system such as disclosed in

At the timing 3, like at the timing 1, the timing pulse gen-
erator 143 detects a falling edge of the signal PCK and generates
the latch pulse(LP). Here, the counter 144 outputs its value(N)
to the encoder 145, and the latch circuit 146 latches the encoded
value (M) .

At the timing 4, like at the timing 2, the counter 144 is
reset by the clear pulse(CL), however, the latch circuit 146
still holds its value(M).

As explained above, the reproduction speed detecting circuit
140 detects the speed, or the frequency of the clock PCK derived
from the clock VCOCK, and outputs the result of detection to the
system controller 80. For the determination, the system control-
ler 80 has two registers, which hold an alilowable lock range(L1~
L2), and a calculator, which compares the value(M) to the value
of the registers(L1l and L2). The values(L1 and L2) which repre-
sents the allowable lock range may be set by the processor 12.

For example, and with reference to Table 2, if the allowable lock
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Japanese patent application #92-359941, which corresponds to U S. patent
application serial #08/159,601 by Inagawa et al. The sys- tens disclosed in
t hese patent applications switch their reading frame clock derived from
the crystal oscillator clock according to the difference between the
current wite address and read address of the buffer nmenory. In such
syst ens, rseterisé sove? §% owoantd Ykl f Ifeow dbhaofldc-ctory itheS actbss dahe iis
decisivety affected by the |ock perfor- 49 mance of the PLL circuit. In
contrast 995 A a&R et i vrhi dsyst ERF coFeMtIEW of Uritfer Faboh oettre i &f 14F tife
PLL circuit |locks onto the data, because the frequency difference between
witing afd theaBrR§ei €Tref atPvdly I%ﬁg%heCHEanvgrﬂ Hrathfied sl dwvalid.
occurs, continuit% of .the data is broken in the error c rrgctioghprocess

P 24t a

the data §%€ RRIYnAP8d &S CAVASSRC A% R AP Bick BT LR 48eTeRAE

start. Faor_this reaspn, the | ock performance of the PLL Lrcui 0 (N
Sioni 11 cahdy vt T HehESe o8 BEPE R ReEaBLeob it hy FhECEbholnEisnd

system Newdn @208l 15 0CeR8! BG L1 § ulibst ghIRA40<2; RRBL-AFARAYGLOT | chip

according to the present invention w escri W reference to

FIG 15. In a sgm genquet Ofg Chink, fo&kb Gditi dnéd, pd LJOLK, gRRI-a @R of
circuit 11S, and a signal processing circuit 7S are formed. In the-signa

processi ng-&d § £ Uk fmd Sand@ne EFM- deaedubabhBgcpi peHivkr 88%s arkufifien memer.y
22S, an error correction circuit 23S, a sub- code denodul ating circuit 24S
and an output DmreHet £26iS &rembodiment, although the signal PCK is gen-
erated from the clock VCOCK by the divide-by—-2352 circuit, the
signal PCK to be detected may be the reproduction stage frame
clock (PFS) generated by the EFM demodulating circuit 21(FIG.3).
The reproduction speed detecting circuit 14 can be used ef-
fectively with other disc data reproduction systems in which
access time is decisively determined by the lock performance of
the PLL circuit. For example, the circuit 14 can be used in the
system described in the second embodiment of the present inven-
tion and in a disc data reproduction system such as disclosed in
Japanese patent application #92-359941, which corresponds to U.S.
patent application serial #08/159,601 by Inagawa et al. The sys-
tems disclosed in these patent applications switch their reading
frame clock derived from the crystal oscillator clock according
to the difference between the current write address and read
address of the buffer memory.
in'such systems, because overflow and underflow do not oc-

cur., the access time is decisively affected by the lock perfor-
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formed and connected to a data bus. The buffer nmenory 22S is con- trolled
by a nmenory control circuit 26S through control signals such as an address
signal, address strobe signals and a read/wite signal. The cl ock
generation circuit 11S nay be the clock generation circuit 11 according to
the first enbodiment or the clock generation circuit 110 according to the
second embode- offeritheofPlilhec predkht [AvEANtsAasSton ithe Kafivedrdiitdr et ems

also fornmed a DAC interface circuit 9S, to which clock signal s(MS, WDCK,
LRCK andOBer‘@é'n@rf‘at‘é@d%R]fiﬁ‘é EFGER sgendf BT n§hei Ridi t c1n8uT B 19cks onto

supplied. These cl ock signals arg fed to the DAC 9% ig. %& t hr ough out put
term nal $NCaf® & e REEAUPE tsnegn FegHEE&Ysiy TR ePRE BAC P BT Yok Y Hakd

circuits e _spend de eg CIrCUIt ccordin o the thi nbodlnent of
t he presgﬁ?glﬂ€eﬂﬁ(ﬁfﬁ%y %o 'BEY or&gfganﬁgfLe%i85ndbé%bchw o ccurs

Further, (OIS BETYY 8N ot iGlidroudle By SEMERILL Ald ool \LEhESULE.

a dlglta ter and other Intertface circuits nmay ornmed on

the sanme, ﬁ%md%%dwc; angmrpatéf@e EFM,dgh nadulaly RHCi Gy th kS Jenghat 54
|l atch pulse(EFMLP) in response to detection of the syn¢ pattern. Be- cause

the syncqypatkt @R iskdriic! ydad 11 ¢ hee £5bh datReWibeR iper rORENC@NIUIS thé hrithe
clock VCOCK, the latch pulse EFMLP is in response to the clock VCOCK. The

EFM denodykaliing dodecdt 21 it atshesy derpdutated BhMadaifrddty espoasees s
the latch pulse EFM.P. The menory control circuit 26(FIGs.3 and 15) w |l
be time in the conventional system.

Next a signal processing circuit formed on a semiconductor
chip according to the present invention will be described with
reference to FIG.15.

In a semiconductor chip, a PLL circuit 6S, a clock gener-
ation circuit 11S, and a signal processfng circuit 7S are formed.
In the signal processing circuit 78, an EFM demodulating circuit
21S, a buffer memory 22S, an error correction circuit 23S, a sub-
code demodulating circuit 24S and an output circuit 25S are
formed and connected to a data bus. The buffer memory 22S is con-
troiled by a memory control circuit 26S through control signals
such as an address signal, address strobe signals and a
read/write signal. The clock generation circuit 11S may be the
clock generation circuit 11 according to the first embodiment or
the clock generation circuit 110 according to the second embodi-
ment of the present invention. On the semiconductor chip is also

formed a DAC interface circuit 9S, to which clock signals(MFS,

WDCK, LRCK and BCK) generated by the clock generating circuit 118



described in detail with reference to FIG 16. The nenory control circuit
26 includes a first selector 201, an OR gate 202, a WL counter 203, an Rl
counter 204, a second selector 205, a W2 coun; ter 206, a Read Only Menory
(ROM 207 and a third selector 208. CQutputs of the EFM denodul ati ng
circuit 21S and the error correc- tion circuit 23S are fed to .a first

i nput (A) and assesondd.i Npidd)c dbckhe ifdrsts sghectrerd 2, t heSPACt iver yg . An
output of the first selector 201 is provided to the buffer nmenory 22s as
writ e- dat &hrAvndeFM WP st ghatmihath . camd odise wasedt fiorn §igfal tgeocessing in
denodul ated EFM signal is led to a control input (S) of the first 51

sel ect or 20 .DAGeSEFNAoAT & gnaheand cdmcERRSCORR e - Whesdi grrlleqjelmy ecatedit
by the error correction circuit 23S are fed to the OR gate 202, and an

out put si G@fA°oR™Y I PEetOR I et DDA §mpros\imgttt t ©F a thy iy Feal torvierblon may
input(WR) of the buffer nenpry 22S. The clocks PFS and MFS are fed to the
W count er? A3 B d YMEROCTOUIE T RICUTEpeth I Rel HUrBRE™ out BBt §26Y°t RBEE

t d.t first i t(A d di t f.th
Selector 205 Fesudivail AREBEPCT ThESEeoond Shl ebtef ' s05% TS ar
i ded to buf.f [ h - 205,
provi ded 12 1441e DULRST SREOLKa, WeRehle, SR SeLPELRT <200 mRA LLARY on
the V2 coupers 406 adh ddsa BMR0hase fed to a first input(A) and a

second input(B) of the third sel ector 208, respec- tively. An output of the

third sel ector #$ef a0 ddifoluf1ed ¢ i RRIDEY rZ251 @S A1 8Y NP eddgt £8S.a W@t ch
the denodul ated EFM data is'stored to the buffer nenory

pulse(EFMLP) in response to detection of the sync pattern. Be-
cause the sync pattern is Iincliuded In the EFM data which is
synchronous with the clock VCOCK, the latch pulse EFMLP is in

response to the clock VCOCK. The EFM demodulating circuit 21S
latches demodulated EFM data in response to the Tlatch pulse
EFMLP .

The memory control circuit 26(FIGs.3 and 15) will be
described in detail with reference to FIG.16. The memory control
circuit 26 includes a first selector 201, an OR gate 202, a W1
counter 203, an R1 counter 204, a second selector 205, a W2 coun-
ter 206, 2 Read Only Memory (ROM) 207 and a third selector 208.
OQutputs of the EFM demodulating circuit 21S and the error-correc—
tion circuit 23S are fed to a first input(A) and a second
input(B) of the first sélector 201, respectively. An output of
the Tirst selector 201 is provided to the buffer memory 22s as
write—-data. An EFM-WT signal which controls writing oT the

demodulated EFM signal is Ted to a control input(S) ot tnhe first
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225, the first, second and third selectors(201, 205 and 208) select their
first input(A in accordance with' an "H' |level of the EFMW signal as
the control input. Consequently, the output of the WL counter 203 is fed
to the buffer menory 22S as the frame address and the output of the W2
counter 205 1s fed as the synbol address. \Wen corrected synbols are
stored t os¢ hechof f @0 1neMmitey RRG;WT t héghhl sapndseqorERRNCORKI +@T signal gen-—
sel ectors(201, 205 and 208) select their second input(B) in accordance
with an "¢ratedebyotheherEBM cyrifesitdnal cascuht: 288ntarel fedpeb. the OR gate
Consequently, the ou cps- L- o-1~the R counter 204 is fed to the buffer
menory 228°as ehd .anraukpus? sdddreelssotintdheh@Rogae 202t he ROMV207e i sthea
as the synbol address. The output of the Rl counter 204 is used to read
al | data ¥niten&est f epnisrdr y! DRSLAY/Rie ¢f adcadelr E§8" dMRMP AY &?tsput Tée

the ROM 207 is used as the synbqgl address. Wen the d dul at e dat a
or the co?}%‘élfédpg§nBBFsM5§ea¥§t%ngtf’otf’ﬁewﬁuf’PHPtﬁEn%mé % g‘ Rgn&I°YeY

"H I ite/ R t WR) th h_th t

200, 71 19 884 RarhgZnlliel o R0 GogEH Al T ORGP %egue&%%%warse.egﬁ’iél e
whi ch h dse,[g:gﬂlg t f :
I nI fhecﬁgﬂ)g%%c%wg?g& rctl?l '% 26, t eqé%ﬂiﬁé\i?%ﬂgﬁ#?sgaghﬁgerggt]fggnmge%w

response LQsEbetli %@9 p%S%(JEEMePLfaQ@teasB%h@ 's'erchQ(&?’" 29isPli& PRI Med to
accessing period " for denodul ated EFM data writ

the buffer memory via the second selector 205, as a frame
address. The latch pulse EFMLP is fed to the W2 counter 206. Out-
puts of the W2 counter 208 and the ROM—207 are fed to a Tirst
input(A) and a second input(B) of the third selector 208, respec-
tively. An output of the third selector is fed to the buffar

memoiry 22S as a symbol address.

When the demodulafed EFM data is stored to the buffer memory
228, the first, second and third selectors(201, 205 and 208)
select their first input(A) in accordance with an "H" level of
the EFM-WT signal as the control input. Consequently, the output
of the W1 counter 203 is fed to the buffer memory 22S as the
framz address and the output of the W2 counter 208 {s fed as the
symbol address.

When corrected symbols are stored to the buffer memory 225,
the first, second and third selectors(201, 205 and 208) select
their second input(B) in accordance with an "L" level of the EFM-
WT signal as thz control input. Consequentiy, ths output oF tne

Ri1 counter 204 is fed to the buffer memory 228 as ting Trame
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ing, thereof. In particular, the EFMW signal is provided in synchronism
wth period Win response to the latch pul se EFMLP. Menory accessi ng
periods are divided into four periods. One period is for the denodul ated
EFM denodul ated data witing. The other three terns are for readi ng before
the error correction, for witing after the error correction and for

readi ng tad @vépet addiethepradused dat atpbt ®oM heodr rpog ¢d esti Ghe symbol
Description about accessing the buffer nmenory will be provided in nore
detail. Tdwdreesse follow ng six types of ac- cesses 'co the bu-ifer nenory.
1) witing of denodul ated EFM data ...32 synbols/frame 53 2) reading
before C errofheopwerttonf. th82R¥yabuhsefrad® 18) usenr eot ireadota lér dart@ous

synmbol s readi ng of erroneous synbols ...2 synbols/frame witing of
corr ect edtRgnpef 5er momepwhaPs8/ ppafibedfrreadprgrbesor end2 téer output of the
correction... 28 synbols/frame 5) correction of erroneous synbol s reading

of errond®¥d 9hbbfsused3zagyiBsl syrPahe2d@Freefng of corrected symbols ...3

synbol s/ framne readi ng, OT yepr.oduc data'to output ...24 synbols/frane
The ERR CORR. - % Sﬂa %eémé@ﬁé‘rta&deogﬂﬂ/ ‘i"ﬁ&aePFortrheorQ%rf?%ﬁechYEBPt]si Rre

response {o Lhe yeiijag of Lhe correetod symals in o[ agcessgs 3) jand 4

| of the"dbove acceSses are €xecl rfnﬁﬂﬁﬂghnéﬁbr ac- “¥¢8 sﬂﬁQFSQZﬁSH
which is L. synchroRLsm WhhR-Lhe 35893 /R5 O¢RRELOE the OR gate 202.

FIG.17 is a timihg chart to show generation of the EFM-WT
signal which controls writing of the demodulated EFM signal to
the buffer memory. )

In the memory control circuit 26, the EFM-WT signal is gen-
erated in response to the latch pulse(EFMLP) and a following pos-—
sibl2 memory accessing period "W" for demodulated EFM data writ-
ing, thereof. In particular..the EFM-WT signal is provided in
synchronism with period W in response to the latch pulise EFMLP.
Memory accessing periods are diQided into four periods. One
period is for thz demodulatasd EFM demodulated data writing. The
other three terms are for reading before the error correction,
for writing after the error correction and for reading to output
the reproduced data after the error correction. ‘

Description about accessing the buffer memory will be

provided in more detail. There are following six types of ac-

cessas to the buffer memory.

1) writing of demodulated EFM data...32 symbols/frame



stage frame cl ock. However, as shown in FIG 17, the EFMW signal which
controls witing of the denodul ated EFM data to the buffer nenory is also
generated in response to the latch pul se EFMLP generated in accordance
with the reproduction stage reference clock(VCOCK). Therefore, "access 1)"
is in respons3 to the reproduction stage reference cl ock(VCOCK) and the
reproducti on 20ageafdage belfocle RAS)errAs degerediddrabhod? syocor B Mi-4noe one
feature of the present invention, the reading-out clock for the buffer
menory 22 may Be cderiegdd ofr @f tele angRusd sombend sst age ref erence cl ock.
Thus, over- 54 flow and underflow do not occur, the interruption of the
data reproduction ir€agdmg SHore " ARPUhe WY I cduced oatke |/ dame abl e
before the disc notor reaches the reqyired speed. According to anot her
feature of the pres&ft G| GPr g eU PR i - PP EH TRPOut cl ock
for the buffer nmory, .22 nmay. be gontrolled in accorda wi t.h fhe. anount
of data in the4gﬁfr 1“3(3?2“nr?er?o‘%qc .peAcngoredT " tTTHE T {1 'h'e';12C e%?fml,ﬁ%]tsé;ﬁf%"ée
present invent isgn,cor,%%,{(ieoq{ %d,ucetrlrog},%qfseds dure the' frequency of the
and th

reproduction stage clock, Is detected, e data is designated as valid

or invalid. Wile theff s Desnddd i rafab and, desehdiets Wadméar e

present considered to be preferred enbodi ments of the present in- vention,

it will be understoag by ddase sdidd@ted b g L. thadymy@ré ppsagbanges and
nodi fications may be nmade, and equival ents

6) read1ng'oflreprbduced data to output...24 symbols/frame

The ERR.CORR.-WT signal is generate; by the error correction
circuit in response to the writing of the corrected symbols in
"accesses 3) and 4)".

All of the above accesses are executed during the mzmory ac-
cessing period which is in synchronism with the signal processing
stage Trame clock. However, as shown in FIG.17, the EFM-WT signal
which controls writing of the demodulated EFM data to the buffer
memory is also generated in response to the latch pulse EFMLP
generated in accordance with_the reproduction stage raefeirence
clock (VCOCK). Therefore, "access 1)" is 1n responss to the
reproduction stage reference clock(VCOCK) and the repr&duction

stage frame clock(PFS).
As desciribed above, according to one feature of ths present
1nventioh. the reading-out clock for the buffer memory 22 may be

derived from the reproduction stage reference clock. Thus, over-
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may be substituted for devices thereof w thout departing fromthe true
scope of the invention. In addition many nodifications nay be nmade to
adapt a particular situation or material to the teach- ing of the present

i nvention wthout departing fromthe central scope thereof. Therefore, it
is intended that this invention not be |limted to the particul ar

enbodi menf 1diwsArosednds rtffeovwest nodde ceant emuat ed+ber ugasrym NG Ohet St a
invention, but that the invention include all enbodinents falling within

t he scoperéPrelectippenidcedvertyi sisorss angLANNBrebrolppadatdataf ors available
reproduci ng data stored on a disc, conprising: nmeans for rotating the

di sc; pi cREpORCatdef & sCeafitty drahs theomedcd ticssrhad ng rota- tion

t hereof neans for generating a digitized signal by quantizing the read out
di sc data in a@‘&&r"%&‘ﬁ@@ w2 h2PotRET of S8t U Re odi sidie PRam’" o Nyendr &ni-ngthe
first clogk i.n_response to the igitized signal; neans faor denodul ating
the di gi Lsg V&t Ral & "r*éesp%%%%g?g‘w oS PPRy TRf olheaky iGr SRR 1 4% may
denodul at ; for, stor] t he. denpdul at ed dat a; nmeans for .
deri vi ng ggsg'?b%g Ogﬁ ge::li fr (?rﬁsctqr%redafl rest‘ﬁ]cqjogfg1 SN ooﬁt%%ﬁ i ﬁb e Rl
clock as @epehgrence clock; and:

According to the further feature of the present invention.
the reproduction §peed. i.e., the frequency of the reproduction

stage clock, is detected, and the data is designated as valid or

fnvalid.

While there has been illustrated and described what are
present considerad to be presferred embodiments of the present in-
vention, it will be understood by those skilled in the art that
various changes and modifications may be made, and equivalents
may be substituted for devices thereof without departing from the
true scope of the invention. 1In add1tion many modifications may
be made to adapt a particular situation or material to the teach-
ing of the present invention without departing from the central
scope thereof. Therefore, it is intended that this invention not
be Timited to the particuiar embodiment disclosed as tﬂe best
mode contemplated Tor carﬁying out this invention, but tﬁat the
invention include all embodiments falling within the scone of the

appended claims.
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menory controlling means for controlling a witing opera- tion to the
storing neans in response to the first clock and for controlling a reading
operation fromthe storing neans in response to the reference clock. 2.
The apparatus according to claim1, further conprising: neans for
detecting the frequency of the first clock in ac- cordance with an
external | 9L8UYBl i ed constant clock; and neans for determning the

denodul at ed data as invalid when the detected frequency is out of a

pr edet er mi ned Y ang@ Parafghar £1US FEP TePHGUE? nd &l a StdP 84 naadisEsc -
conprisin 56, Tl means for rotating the disc; pickup neans for reading
out data 9%ﬁﬁiﬂhn%lsc during rota- tion thereof: means for generating a
digitized S|gnal uantl D ad out disc data in accordance with
rotati on of tH& %P c! °pnﬁﬁﬁ§ ?8 S ﬁegaflng a first clock in response to

the digitize nal o] u [ h gtz nal
response to qﬁ§é? ?sTe énéeggqn u%ght??ﬁé ggghdbﬁgtgg %a%uainganoﬁan
storing t@ﬁo eﬂqué@;ed data means for deriving a second clock fromthe

first cloc for outputting the second clock; nmeans for supplying a
constant clockn@ind BhedgLBlMAEthg a digitized signal by quantizing the

read out disc data in accordance with rotation of the disc;

means for gepehatﬁng'a first clock in response to the
digitized signal;

means for demodulating the digitized signal in response to
the first clock and for outputting demodutated data;

means for storing the demodulated data;

means for deriving a second clock from the first clock and
for outputting the second clock as a reference clock; and

memory controlling means for.controliing a writing opera-
tion to the storing means in response to the first clock and for
controlling a reading operation from the storing means in
response to the reference clock.

2. The apparatus according to claim 1, further comprising:

means for detecting the frequency of the first clock in ac-
cordance with an externally supplied constant clock; and

means for determining the demodulated data as invalid when
the detected frequency is out of a predetermined range.

3. Apparatus for reproducing data stored on a disc,

comprising:
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frequency; neans for selecting one of the second clock and the constant
clock and for outputting the selected clock as a reference clock; and
menory controlling nmeans for controlling a witing opera- tion to the
storing neans in response to the first clock and for controlling a reading
operation fromthe storing nmeans in response to the reference clock. 4.
The appar atus Beededfag reterares shef ¢itker conprising: neans for
detecting the frequency of the first clock in ac- cordance with the the
constant cl ockP 1 @KHPnB&AEST SPTdELBAINEI RY Tt K@ tdefb @M Hh&d HfiCa Y i 13t~
when the _detected frequency is out of a predetermned range. 57 5. The
appar at us* 48BoF3PRG°f o claim 2 or 4 wherein the deternining neans

cor ng o ange e oG MRAr R el Ot B8R0 aTnl FafRRET IS e
deri vali opoggnir,o! g eans Lon EantAlld 08 & 9efduald o e Pnd N second
cl ock by t he deriving neans. 7. The apparatus according to c 51 m 6 Wwher ei n

the derivation, oo robhi Nge HEARS iGegt olsi kbe dardvatiion of shBe 3CeBd the
clock ac- cording to an anount of data stored in the storing neans so. 8.

The appar gt ys+ageqrdiggatio claim7 wherein the deriving neans derives the
second cl ock by a thinning-out process of the

means for demodulating the digitized signal in respdnse to
the first clock and for outputting demodulated data:

means for storing the demodulated data;

means for deriving a second clock from the first clock and
for outputting the second clock;

means for supplying a constant clock at a predetermined
frequency;

means for selecting one of the second clock and the constant
clock and for outputting the selected clock as a reference clock;
and

memory controlling means for controlling a writing opera-
tion to the storing means in response to the first clock and for
controlling a reading operation from the storing means in
response to the reference clock.

| 4. The apparatus according to claim 3, further comprising:

means for detécting the frequency of the first clock in ac-
cordance with the the constant clock; and

means for determining the demodulated data as invalid when

the detected frequency is out of a predetermined range.
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first clock, and the derivation controlling neans increases a thinning-out
anount when the anount of the data is less than a first predeterm ned

val ue, and the derivation controlling nmeans decreases the thinning-out
amount when the ampbunt of the data is |arger than a second predeterm ned
value. 9. The apparatus according to claim7 wherein the anount of data
stored in the 5%tofigg avaAsaits st edptesedt 8@ bye acdigfifer2n@®  betie&® icur £BAt
read and wite addresses of the storing neans. 10. The apparatus accordi ng
to clai mI® LM R T sl Mytudin9st di viding means for dividing the
first clock to gener- ate a first frame clock; and second dividi ng means
for dividing tHATef ettt B2kt ho p@%ﬂ%?%?@iﬁegeﬁaﬂﬂefrane cl ock; wherein

t he derivation, controllin ans | ncl : 8 fi.rst counter
% . grg% S AQSOFgQ%g ?o P1a1m ? r 2”%%@% H{ the

. . a
counting franes i $he?PPFS rane” "clock as a first result; secon

counti ng ns; for t .in the second frame clock as a second
JEANG Pl QD1 L O 1 8RS

result; neans ating a difference between the first and

second resul ts.ydd;, £PPRF aLYStEOT 1 1RET REHAENG & RIdKaLLTY 18l dAatde ST QReH AN
a disc, the plurality of disc data capable of being classified into at

| east a fd# sthd Yéec sdd ac poslk B peera8ddéy pei Hat Aebhe.ap- paratus conpri sing:
nmeans for designating infornation data to be read anong the

7. The apparatus according to claim 6 wherein the derivation
controlling means controls the derivation of the second ciock ac-
cording to an amount of data stored in the storing means so.

8. The apparatus according to claim 7 wherein the deriving
means derives the second clock by a thinning—-out process of the
first clock, and the derivation controlling means increases a
thinning—out amount when the amount of the data is less than a
first predetermined value, and the derivation controlling means
decreases the thinning-out amount when the amount of the data is
larger than a second predetermined value.

9. The apparatus according to claim 7 wherein the amount of
data stored in the storing means is represented by a difference
between current read and write addresses of the étoring means.

10. The apparatus according to claim 9, further comprising:

first dividing means for dividing the first clock to gener-
ate - a first frame clock; and

second dividing means for dividing the reference clock to

generate a second frame clock;

wherein the derivation controlling means includes:
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plurality of disc data and for designating one of the first and second
types of data; a disc notor for rotating the disc; a pickup for reading

di sc data designated by the designating neans; a first clock generator to
generate a first clock responsive to the disc data read fromthe disc; a
second clock deriving circuit for deriving a second clock fromthe first
cl ock; an oscifTiztbrcrBptelpplofintg P tofctaki nel SERMES 4 'pr et & LS fegme
frequency;. a selector _for selecting one of the second clock and the
const ant I Yk ZhP f of ' Out pUEEYhG the sel ected clock as a reference cl ock;

first divider f di vi di the first_clock t t 59 first f
clock; and a SEEBROCASAMIEE 08 REANIT: FE"E €Y EFEndE %tk To YiePSoatd

a second ; ane g{gg%; a buggggngepggylgoragtoring disc data read fromthe
di sc; and nenory con?ro?llng means or'congrolling a witing opera- tion

to the buffer 3 Ey *Idor?" r@éPQU%@tti%gt [{eéiﬁ)ﬁ?%g%rn%@ &é?ﬁgenar{qwécq{irst and

controlling a reading operation from menory 1 n response to the
second frade,cd 0cks Magrei n, when the designated disc data is the first
type
11. Apparatus for reproducing a plurality of data stored on
a disc, the plurality of disc data capable of being classified
into at least a first type data and a Secbha"fype data, the ap-
paratus comprising:
means for designating information data to be read among the
plurality of disc data and for designating one of the first and
second types of data;
a disc motor for rotating the disc;
a pickup for reading disc data designated by the designating
means ;
a first clock generator to generate a first clock responsive
to the disc data read from the disc;
a second clock deriving circuit for deriving a second clock
from the first clock;
‘an oscillator for supplying a éonstant clock at a predeter-
mined frequency;
a selector for selecting one of the second clock and the
constant clock and for outputting the selected clock as a

reference clock;

a first divider for dividing the first clock to generate a
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data, the selector selects the second clock as the reference clock, and
when the designated disc data is the second type data, the selector
selects the constant clock as the reference clock. 12. The apparat us
according to claim11l wherein the first type data includes ROM data and
the second type data includes audio data. 13. The apparatus according to
claim 11 #Whepé&i irene séeskd 28Fock deriving circuit conprises: a derivation
controlling circuit for controlling a deriva- tion of the second clock b
the second cl ofkS8EPN Sy Vdidauitoracd ' EbT b AgtP® BRTEABOAE &F Ot & StHFed ™
in the buffer nenor en the.  designated disc data is the first type data,
the secon@“€l 8c§688%|dvi h§™& FdQK ‘deriving the second clock by a

thi nni ng-out  proGess: 9f tl.?'n%oﬁrsftorc'é)a?&hr‘%é‘ed?%i \é%ttiaonr*&é)g'“;‘p{:lni N9eCl g UL
i ncreasing a t Ri rini ng-ou’f1 ambunt when”t he® afrotint “6f st'ored data is 1 ess
than a fi éﬁh 60 predeterm ned value, and the derivation controlling

e

circuit creasi ng the thinning-out anount when the anmount of stored data

is larger thanpamspgonddredetaidn Reshyakde, oo tHiat idd reguenat inf édera-
second clock is controlled in accordance with the anount of stored data.

14. The appahatiés awsobdirfgrt meklariyn 13, rkepbhee a@PEhSi RGrsta fdeimRCtOTot 0
detect a frequency of the first clock in ac- cordance with the constant
cl ock; andna dereeminitireg 1dingC @i tretaei ichet expdameet itdre fhenochd & eftifalatrmeharsy in

response to thé'§e¢ond'fﬁéme clock; S

wherein, when the designated disc data is the first type
data, the selector selects the second clock as the reference
clock, and when the designated disc data is the second type data,
the selector selects the constant cfock as the reference clock.

12. The apparatus according to claim 11 wherein the first
type data includes ROM data and the second type data includes
audio data.

13. The apparatus according to claim 11 wherein the second
clock deriving circuit comprises:

a derivation controlling circuit for controlling a deriva-
tion of the second clock by the second clock deriving circuit ac-—
cording to an amount of data stored in the buffer memory when the
designated disc data is the first type data,

the second clock deriving circuit deriving the second clock
by a thinning—out process of the first clock,

the derivation controlling circuit increasing a thinning—out

amount when the amount of stored data is less than a first
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invalid when the detected frequency is out of a predeterm ned range. 15.
The apparatus according to claim 14 wherein the deter- m ning neans

i ncludi ng: nmeans for storing the predeterm ned range. 16. A signal
processing circuit for use in processing data read froma rotating disc
for storage in a buffer menory, conprising: a first clock generating
cCircuit tBrgefdetiel nedi Vet 4§ ocRNdr ehBnsieve tdt AANEFRREGRAI! igeheFatr et bl
guantizing the data read fromthe rotating disc; a denodulator to

denpdul at 88FREAEERNLstHRalt il N dGrGile ampun &/HeT Sthe | 3R P § OSW‘T:)%tdata
denodul at ed gata a econd cl ock deriving circ o derive a secopnd cl ock

fromthe fPrsfr@C6cK %%?%ﬁtpfﬁ89§geahaeg|aéngs &° rEt&r éhcl” LI RRCY
and a me ryt%%ntrq;hhpg Fééﬁuﬂg %n%?Qﬁﬁ%ﬁiwﬁd ?909% EganS%quﬂp ul 88 &9

data to the buff N response t
control i gg ceadicnd 4af: 4 the denodul ated data from the buffer nenory in
response to the reference clock. 17. The signal processing circuit

according to chai M, aphlari®ls GRBIASIAY tA d1d/F 08! efdoEndo @&ﬁ&ptsang
frequency of the first clock in accordance with an externally supplied

constant clocka aterttat etd BeRgcti CUireduerls) es 11 BRet i rdemMedWcn eth daga
= cordance with the constant clock; and

a determining circuit to détermine the demoduldted data as
invalid when the detected frequency is out of a predetermined
range.

15. The apparatus according to claim 14 wherein the deter-
mining means including:

means for storing the predetermined range.

16. A signal processing circuit for use in processing data
read from a rotating disc for storage in a buffer memory,
comprising:

a first clock generating circuit to generate a first clock
responsive to an EFM signal generated by quantizing the data read
from the rotating disc;

a demodulator to demodulate the EFM signal in response to
the first clock and to output demoduiated data;

a second clock deriving circuit to derive a second clock
from the first clock and to output the second clock as a

reference clock; and

a memory controlling circuit to control writing of the
-
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invalid when the frequency is out of a predeterm ned range. 18. A signal
processing circuit for use in processing data read froma rotating disc
for storage in a buffer nmenory, conprising: a first clock generating
circuit to generate a first clock responsive to an EFM signal generated by
quantizing the data read fromthe rotating disc; a denodulator to

denodul atEePeey EERedi §AAR %P rERPoRYETRE MaMONY r &P FESPRNSRd 1O S0Epdtirst

denpdul at ed data; a second cl ock .derivi i it t i | ock
fromthe ¢1PGR BRebiSndeeB EBaIUNg Hee S8LGH AN dehs SebarbiBsrt: dida dion

one of thg seco clock and.an_exter- nall uppld ed canst clock at a
predetern?%%db¥£gaﬁeﬁ%9?P§né F%PponSu?Pi%S%tﬁ%fggfgggéglgﬂ%%k as a

reference cl ock; ard a ' Ishel)ity t naly wdting;pf jthe
denodul at ed da?é'tg¢?%egﬁﬁﬁégrgﬁg%%$§é!ﬂgrgéﬁgﬁgé:t%cgﬁghfﬁﬁgt dc?@%&Raﬁép
for contre|liRg-readbP9s9hgt he denpdul ated data from the buffer menory in
response to the reference clock. 62 19. The signal processing circuit

according to chaimi6 QetedBorf Wbt BeR @Ml irticd@ ety RUf ftgfe MERYY .c12bk The
signal processing circuit according to claim18 wherein the deriving

circuit cesporaghceawdeni vahi exteenanalyl uppd ieentdodls tarderd atkd oraraf t he

second clock by the deriving circuit. 21. The signal processing circuit

according to chaidet2®dmining circuit to determine the demodulated data as
invalid when the frequency is out of a predetermined range.

18. A signal processing circuit for use in processing data
read from a rotating disc for storage in a buffer memory,
comprising:

a first clock generating circuit to generate a first clock
Pesponsive.to an EFM signal generated by quantizing the data read
from the Potating.disc:

a demodulator to demodulate the EFM signal in response to
the first clock and to output demodulated data;

a second clock deriving circuit to derive a second clock
from the first clock and to output the second clock;

a selector to select one of the second clock and an exter-
nally supplied constant clock at a predetermined frequency, and
for outputting the selected clock as a reference clock; and

a memory controlling circuit to control writing of the
demodulated data to the buffer memory in response to the first

clock and for controlling reading of the demodulated data from

the buffer memory in response to the reference clock.
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wherein the derivation controller controls the derivation of the second

cl ock according to an anount of data stored in the buffer nenory so that a
frequency of the second clock is controlled in accordance with the anount
of store data. 22. The signal processing circuit according to claim 21
wherein the deriving circuit derives the second clock by a thinning-out
process of thelfirdbeclsdd0alarmre¢esebPevaired idorcardling tacrbasds 1§ or

t hi nni ng- out anmount when the anount of stored data is less than a first
predet er m fedfYaFher aABPFHE BEr t0St PUA TEEOREMGINYer decreases the

t hi nni ng- out appunt_ when .t he amount of , stored data is |arger than econd
oredet er i ned 93F uelN935 1 AE agpBPSEaS A% ot HHAH o 2958 i 23%0rtS0° hALPe: IF

t he anouwteofistgﬁed dgga.ks repres n%%% bxs%sdifference bet ween cur- rent
read and WPt AdaPEsE8E 4 "PhSTHGHT & CREREFY 24, The signal processing

circuit accordi 9&&%#@{%F&§3coJéﬂéhﬁ pCQ®mé§LEleaéi!EghAWQU#gﬂ %9 the

divide the first clock generate a Irst frame clo a secon

di vider tgedbNhdei1bBR b§f ehenaerGlanly 9 generate a 63 second frame clock
wherein the derivation controller includes: a first counter to count up

frames in the bhrstrhéamd g@l0Cckprageasfinptcipeulitt; fcse6andgcaint erafiar 20
count up franmes in the second franme clock as a second result; and
wherein the derivation controller controls the derivation of the
second clock according to an amount of data stored in the buffer
memory so that a frequency of the second clock is controlled in
accordance with the amount of store data.

22. The signal processing circuit according to cltaim 21
wherein the deriving circuit derives the second c¢clock by a
fhinning—out process of the first clock, and the derivation con-
troller increases a thinning-out amount when the amount of stored
data is less than a first predetermined value, and the derivation
controller decreases the thinning—-out amount when the amount of
stored data is larger than a second predetermined value.

23. The apparatus according to cltaim 21 or 22 wherein the
amount of stored data is represented by a difference between cur-
rent read and write addresses of the buffér memory.

24, The signal processing circuit according to claim 23,
further comprising:

a first divider to divide the first clock to generate a

first frame clock; and

a second divider to divide the reference clock to generate a
—_—
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a subtractor to calculate a difference between the first and second
results. 25. The signal processing circuit according to claim24 wherein

t he second divider outputs at |east one internediate clock distinct from
t he second franme cl ock. 26. The signal processing circuit according to claim
25, fur- ther conprising: a digital/analog converter interface circuit with
a inter- sading efrdmeke eeput terninal for receipt of the internediate
clock. 27. The signal processing circuit according to claim 18, further
conprising: a'@&tbrind @t requenelef {Re'¥9PSist ¢ 1 ock i n ac-
cordance with thfe constant cl ock; and_determ-ning circuit }o de%erm’ ne .t he
denodul at ed dat & Y5 T ncOYAFFY WRefiCHRE HPedddney i'd otlte of 'S br EBBP . fil REY
range. 28a.s 'I;he _strg?nglpeor&cg,ssi ng circuit according to claim27 wherein the
det erm ning Circui i et ud hg: a first and second registers to holding the

predeter m ned , 1 angg 64 2% ¢ & MeLROLJ« T 6T QIUGIdD FALArg! U Off Aram

di sc, conpris- ing the steps of: reading out th Isc data during rota ron

of the distck agdhes adddonh@ i giitzegngi gnal by quantizing the read out
disc data in accordance wth a rotation of the disc;

a subtractor to calculate a difference between the first and
second results.

25, The siéhai processing circuit according to claim 24
wherein the second divider outputs at least one intermediate
cliock distinct from the second frame clock.

26, The sighal processing circuit according to claim 25, fur-
ther comprising:

a digital/analog converter interface circuit with a inter-
mediate clock output terminal for receipt of the intermediate
clock.

27. The signal processing circuit according to claim 18,
further comprising:

a detector to detect a frequency of the first clock in ac-
cordance with the constant clock; and

determining circuit to determine the demodulated data as in-
valid when the frequency is out of a predetermined range.

28. The signal processing circuit according to claim 27
wherein the determining circuit including:

a first and second registers to holding the predetermined

range.
[ —
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generating a first clock in response to the digitized signal; i
the digitized signal in response to the first gcI ock and gut pht'(tjiegdgl ating
denodul ated data; deriving a second clock fromthe first clock and for
output- ting the second clock as a reference clock; and witing the

denodul ated data to a buffer nmenory in response to the first clock; and
readi ng the derendul atesthathtior rERIRUBUTY eda hendEgrf ORe8pdhsE - t GOPRETS™
refer_encq clock. 30. A nmethod for reproducing data stored on a disc

conpri s- iingy tthee steaps ©f: readi ng out disc data during rotati on of’the

disc; generating a digitized sjignal by quaptizin re d
i n accordance r\/ﬁ&%"’wr%{%t?'ﬁﬁl HFSE h%aﬁ%/ “"b%%e?%??%\boﬁ ?rs cfjoc SC data

response to the digitized nal ; dem)clul at the di
response to tHEeRerating c?ckd Aot oGt | %aia '5 1tg éd‘ égt é:%'egg‘?t%avc:.i Eaug

second clock fromthe first cl ock nd_s e hecsecond cl
ock
and a corstemtItdck” aFCROT BB P elil ermﬁéggﬁggugﬁﬁﬂgshagfeference cl ock;

writing the dem)dulated dat a b ry el o]
cl ock; and rea®tR§"th rfEI%rmduiII g?%é gfgé%(?gﬁt%gs%&ﬁ? E?ﬁn?@% tr?hegftwbd

signal;

demodulating the digitized signal in response to the first
cliock énd outputting a demoduiated data;

deriving a second clock from the first clock and for output-
ting the second clock as a reference clock; and

writing the demodulated data to a buffer memory in response

to the first clock: and

reading the demodulated data from the buffer memory in
response to the reference clock.

30. A method for reproducing data stored on a disc, compris-—
ing the steps of:

reading out disc data during rotation of the disc:

generating a digitized signal by quantizing the read out
disc data in accordance with a rotation of the disc;

generating a first clock in.response to the digitizecd
signal;

demodulating the digitized signal in response to tHe first
clock and outputting a demoduiated data:

deriving a second clock from the first clock; and

selecting one of the second clock and a constant clock at a
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response to the reference clock. 31. Apparatus for reproducing data stored
on a disc, conprising: neans for rotating the disc; pickup neans for
readi ng out disc data fromthe disc during rotation thereof; neans for
generating a digitized signal by quantizing the read out disc data in
accordance with rotation of the disc; nmeans for generating a reproduction
r ef er encBEAELR T PESES T rEHENTY e &g 18RSI GHREX: neans for suppl yi ng
an oscillator clock at .a predeterm ned, frequency: ans for depodul atin
Che di gi t 26d"EiIgnas 1the LTINS O | HRERT 81 ScPbiR Stndasimoul puTEsRGoe
dermdulatt%dt%aetq:;‘p aqﬁchg,sggging t he denodul ated data; nenory

control ling nmeans for con r'old I'ng a witing opera- tion to the storing

Teans in 1 espose {6 of SRERONGHINL o T BERILNCESG! Gots RIS of RLSEL | O

t
t he frequency of the reproduction Treference in accordance wth-he

const ant gls@ehhsednd BANS SR dRILIdHdHg the denodul ated data as invalid
when the detected frequency is out of a predeterm ned range. 66 32, The

appar at us accardi ngpiga €4 U 3fowhar &b Robh BFDIYA t £0BIGH d NG EANY i sc,
i ncl udes neans for controlling a reading opera- tion fromthe storing nmeans
i n resporsmpird sd ngead- out reference
means for rotating the disc;
pickup means for reading out disc data from the disc during
rotation thereof;
means for generating a digitized signal by quantizing the
read out disc data in accordance with rotation of the disc;

means for generating a reproduction reference clock respon-

sive to the digitized signatl;

means for supplying an oscillator clock at a predetermined
frequency;
means for demodulating the digitized signal in response to

the first clock and for outputting demodulated data;

means for storing the demodulated data;

memory controlling means for controlling a writing opera-
tion to the storing means in response to the reproduction
reference clock;

means for detecting the frequency of the reproduction
reference clock in accordance with the constant clock, and

means Tfor determining the demodulated data as invalid when

the detected frequency is out of a predetermined range.

66

B f:i:::::::::::::::



cl ock, wherein a frequency of the read-out reference clock changes in
accordance with the rotation of the disc. 33. The apparatus according to
claim 32 wherein the deter- mning nmeans including: neans for storing the
predeterm ned range. 34. A signal processing circuit for use in processing
infor- mation data read froma rotating disc, for storage in a buffer
menory conpri s$hgThg @rad yermer accrd Tintut® £éadénctateharei psithe g@pory
respon- sive to an EFM signal ?enerated by guantizinq the information data
in accor daeE" W t h"@ BF3RSr 6P ETHERS B°ABRDAGraCertre’ddmedd AEEHRE ERRra-
signal in_response Lo, the first clock.and to out put dennduhgteg daga; a
second CIB‘(:?(ng hePat'i ﬁg <iTCdY 17 Genélal §58°8&Eond T ock®“aid tSeOl?tPf)auntce
the secongd, glock as a reference clock; and nmenory controlling circuit to
control witing the denodu- |ated data to the buffer nenory in response to

the first Clochheﬁggntg QQ%%U@Wgyﬁ%ﬁf%héhﬁegﬁgggf'gé?grgﬁké Eﬁ%%kt@ﬁa;ges

buffer nmenory in response to the reference c second detector

detect a {yeguedryartet Nethi kAt rbehenencerCkpek dijRcaccordance with a
constant clock; and a determning circuit to determ ne the denodul ated data

as 67 invalidzwhernehapieirectrd dceabensy ks Qutaidf 2 pureeéennthed deter-
range.
mining means including:
" 'means for storing the predetermined range.’

34. A signal brocessing circuit for use in processing infor-
mation data read from a rotating disc, for storage in a buffer
memory comprising:

a clock generating circuit to generate a first clock respon-
sive to an EFM sjignal generated by quantizing the information
data in accordance with a disc notatfon:

a demodulator to demodulate the EFM signal in response to
the first clock and to output demodulated data;

a second clock generating circuit to generate a sécond clock
and to output the second clock as a reference clock; and

memory controlling circuit to control writing the demodu-
lated data to the buffer memory in response to the first clock
and to control reading the demodulated data from the buffer
memory in response to the reference clock;

a second detector to detect a frequency of the first

reference clock in accordance with a constant clock; and

a determining circuit to determine the demodulated data as
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35 The signal processing circuit according to claim34 wherein the
reference cl ock changes in accordance with the disc rotation. 36 The
signal processing circuit according to claim35, fur- ther conprises the
buffer nmenory. 37. The s'ignal'processing circuit ac co rding *to claim 36
wherein the determining circuit including: a first and second registers to
hol di ng tHevdl életdYa nka® (&t ted. FACAESNGHUCS oY pedd srRREphgrmined
circuit for use in processing data read froma rotating disc, the :
processi NAT9$&I ud- ing generating a reproduction reference clock responsive

t EFM si | _obt d t th f t t :
NN kit b Tt oM A i N
a first ﬁ?g%e]@ %ﬁso%% gt {PLc ¥hahagad i pon A SHOE K 9h9%§ef%tlsa
second cl ati Se generat or €nerat e ? pul' se an 4

ear pulsekétg%{gﬁponse to a detection of af al | i n g edge of the
second cl ock: a counter to count up the first clock, the counter being

reset by the Ci@afh@U§$§na@-nFr‘68e§@lﬂBt BYt cGiikClickolr@ 19t Ridt 3 M3 wes off drhe
counter in response to the latch pul se.

ther comprises the buffer memory.

37. The signal précessing circuit according to claim 36
wherein the determining circuit including:

a first and second registers to holding the predetermined
range.

38. A reproduction speed detecting circuit for use in
processing data read from a rotating disc, the processing includ-
ing generating a reproduction reference clock responsive to an
EFM signal obtained by quantizing the information data,
comprising:

a first divider for dividing the reproduction reference
clock to generate a first clock;

a second divider for dividing a constant clock to generate a
second clock;

a timing pulse generator to generate a latch pulse and a
clear pulse in response to a detection of a falling edge of the
second clock;

a counter to count up the fifst clock, the counter being

reset by the clear pulse, and
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39, The reproduction speed detecting circuit according to claim 38 wherein
the output circuit conprises: an encoder to encode an output of the counter
to decrease a bit-width thereof; and a latch circuit to latch an output of
the encoder in response to the latch pulse. 40. A nmethod for reproducing
data stored on a disc, conprising: reading out disc data froma rotating
di sc; generatiafy audiPdti 2dd s bhalt by YhANRT A nYate redd R ERENTARCTN
data in accordance with a rotation of the disc; generating a reproduction

r ef er enc& SEPEEE S dh o vt the! S®i gi ti zed signal ; denodul ating the

digiti d si | ] to.th ti f | K: iti
The emedur no i ibe FERR e B Shesmard oo Eepdnel” S ovE e astsindld on b8
ref erence. cl i no. | at buf f i

e oro &I AP od GG A e SoTDENL B EH- Qa1 8 LORE e L e e
reproduction rgf el enees £l 06KehBodBCHR RAGRIIMIH eh&O0BSLARLr CLOCKecABYse a

determ ning the denodul ated data as invalid when the detected frequency is
out of a HIredatHIHT etk éSNgeand9
a latch circuit to latch an output of the encoder in
response to the latch pulse.
407 A metfthod for reproducing data stored on a disc,
comprising:
reading out disc data from a rotating disc;
generating a digitized signal by quantizing the read out the
disc data in accordance with a rotation of the disc;
generating a reproduction reference clock responsive to the
digitized signal;
demodulating the digitized signal in response to the
reproduction reference clock;
writing the demodulated data to a buffer memory in response
to the reproduction reference clock
reading the demodulated data from the buffer memory in
response to a read-out reference clock;
detecting a frequency of the reproduction reference clock in
accordance with a constant clock, and

determining the demodulated data as invalid when the

detected frequency is out of a predetermined range.
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