vl

_ Wo137t-§
't . . . . . Ive 5

DECODER/ENCODER CAPABLE OF CONTROLLING DATA READING/WRITING
- OPERATIONS TO MEMORY IN RESPONSE TO FIRST/SECOND CLOCKS,
REPRODUCING APPARATUS EQUIPPED WITH ENCODER/DECODER, AND

RECORDING APPARATUS EQUIPPED WITH ENCODER

BA F_THE I IO

. Field of the Invention

The present invention relétes to a recording apparatus and
a reproduciﬁg apparatus,_capable of recording/reproducing data
such as a music signal on/from a recording medium, e.g., a
recording disk and a recording tape, and also relates to an
encoder circuit and a ‘decoder circuit, mounted on these
recording/reproducing apparatuses.

escr i of the Prior. .

User-data-rewritable magneto—optical disks capable of

:recording thereon audio data are known in the field. Among
. those disk media, such a disk with shock proof functions

"improved by employing, especially, buffer memories could be

realized.

For instance, in a magnetq—optical disk system capable of.

- recording/reproducing audio data by employing a magneto-optical

disk, audio data read out from the magneto-optical disk are

intermittently written into a buffer RAM at a high speed rate

- during reproducing operations, whereas the audio data are

¢ontinuously read from the buffer RAM at a low speed rate so as
to demodulate these audio data as audio reproduction signal.

During the reproducing operation, a certain amount of audio data
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are continuously kept in the buffer RAM. As a result, even when
a track Jjump happens to occur,aue to externally applied
vibrations and thus the data reading operation from the magneto-
optical disk is'temporariiy interrupted, the_audib data can be
continuously read out from the buffer RAM, so that the audio
reproduction signal can be outputted without any interxruption.

| Also, during the recording operation, inpuﬁ audio data are
once continuously written into a buffer RAM at a low speed rate,
and the audio data once stored are intermittently read therefrom
to bé supplied to a recording head, so that the audio data are
recorded.on the magneto-optical disk.

As shown in Fig. 1A, a recording track in the magneto-
optical disk functioning as the recording medium in the above-
explained'magneto—optical disk system is constructed of a
plurality of'clﬁsters. As indicated in Fig. 1B, one cluster is

constituted by a sub-data région having 4 sectors (1 sector =

2,352 bytes) and a main data fegion having 32 sectors. In this

magneto-optical disk, 1 cluster is used as a minimum unit during
the recording operation. 1 cluster correSponds to 2 to 3 tracks
of this magneto-optical disk. It should be understood that an
address is recorded on the disk every 1 éector.

The sub-data region of 4 sectors is used as subfdéta and a

. linking area, whereas TOC (table of contents) data and audio

data are recorded in the main data region of 32 sectors.

The above-described sector is further subdivided into sound

groups.'-As represented in Fig. 1G and Fig. 1D, 2 sectors are
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subdivided into 11 sound groﬁps. 2,332:bytes are available for
data within 1 sector (= 2,352 bytes), and 1 sound group
corresponds to 2,332 bytes x 2 sectors + 11 = 424 byte/sound'
group. Within the sound group consisting of 424 bytes/sound
group, data are separated-into.a.léft channel.and a right

channel to record an audio signal 1 sound group is an amount of

‘audio data corresponding to 11.6 milliseconds. 212 bytes which

constitute the data region in the left-channei{ or the right
channel are referred.to a sound frame.

In the case that the data which has been recorded on the
disk in such.a format is recorded or reproduced via the buffer
RAM, the data recording operation is carried out ip unit of
sector within the buffer RAM. 'Thé access address with fespect

to the buffer RAM is managed by a sector address and a byte

.address (0 to 2,351 bytes) in a sector. The data

reading/writing operations for the buffer RAM are performed on
the basis of the sécﬁor address and the byte address.

In the above-explained magneto;optical disk system, two
sorts of élocks are employed in the recording signal processing
circuit system and thg reproducihg signal processing circuit

system, and these two clocks are not synchronized with each

- other.

In the processing sysﬁem of the reproducing apparatus, the

data read from the disk is decoded by the EFM (Eight-Fourteen

Modulation) decoding manner, and furﬁher procéssed by the ECC

(Error Correct Coding) process, and is sector-decoded.



Therefore, the finally brocessed/decoded data is stored into the
buffer RAM. The expanding process is carried out to the data
read from the buffer RAM with resﬁect to the-audio compressing
process, thereby obtaining reproduced audio data. Since Ehe EFM
signél to be EFM-decoded, namely the.data read from the disk
. contains the jitter component of the disk, such a clock is
employed during the EFM decoding process, which is synchronized
with the disk rotation. In other words, the clock (PLL data.
clock) extracted from the EFM signal by using the PLL circuit is
utilized.

On the other hand, the master clock produced £from the
crystal oscillator system is utilized in the procesSing circuits
subsequent to the ECC process circuit.

Also, in the processing system of the reéording apparatus,
_aftei_thelinput signal is audio-compression-encoded, the encoded
data is stored into the buffer.RAM. Then; the data read from the
buffer RAM is processed 5j way of the sector encoding,-ECC
- encoding, and EFM modulation, and the précessed data is supplied
to the magnétié head. In these process operations, the master
clock prbduced from the crystal oscillator system is employed.

On the other hand, such a clock (PLL Qroup clock) produced
by injecting the information extracted from the group 6n the
disk into the PLL circuit is employed to serve-control the
rotation of the disk. |

In Fig. 2 and Fig. 3, there are shown.the signal process

block (decoder system) of the conventional reproducing apparatus
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including such two clock signal systems, and the signal process.

block (encoder system) of the conventional reading apparatus

including_éuch two clock signal syétems.

An arrapgement of a decoder system for an audio signai
recorded on a disk 101 in the réproducing apparatus is indicated
in Fig. 2.

The disk 101 is illuminated with laser from an optical head
103 while being rotated at a constant linear épeed by a spindle
motor 102.

-An optical head 103 outputs a reflection iight detecting
signal derived from the disk 101 to an RF amplifier 104. The RF
amplifier 104 extracts a reproduced RF signal from the
reflection light detecting signal. Then, this repfoduced RF

signal 1is digitalized to obtain an EFM (eight-to-fourteen

modulation) signal which is equal to .reproduced data from the

disk 101.

This EFM signal is supplied to an EFM decoder 105, a PLL
timing generator 106, and an EFM sync detecting unit 107.

The EFM sync detecting unit 107 detects a sync pattern
within the EFM signal frame. The PLL timing'generator.106
detects an edge of the EFM Signal, and then the output bf this
edge detection is iniectea into the PLL circuit to produce a PLL
data clock PLCK. This PLL data clock PLCK-is synchronized with
the rotation of the disk 101, and therefore is such a clock
containing the rotation jitter component of the disk 101.

Furthermore, the PLL timing generator 106 generates various
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sorts of timing signals based upon the PLL data'ciock PLCK and
the EFM sync.

The EFM decoder 105 performs the EFM_demodulatiﬁg,process'
with employment of the PLL data clock PLCK, and transfers EFM-
demodulated data to a dafa bus 110. The sub-code information is
extracted from the EFM-modulated data by a sub;codé detecting

unit 108, and then is supplied from a terminal 109 to a system

controller for controlling the éntiré apparatus.

The data which has been EFM-demodulated and transferred to
the data bus 110 is written into an ECC-RAM 111. When this data
is written into the ECC-RAM 111,.a write demand is issued to a
priority encoder 112 in response to a write frame clock
synchronized with the EFM signal supplied from the PLL timing
generator 106. The write frame clock WFCK is also supplied to a
write base counter 113 so as to be counted. up.

. On the other hand, a read demand is issued to a priority
encoder 112 in response ﬁo a read frame clock RFCK produced by
frequency-dividing the master clocki MCK. of the crystal
oscillator system from a timing generator 119 to which the
master clock MCK of thé crystal oscillator system is supplied in
order to read the data from the ECC-RAM 111. Also, an error
correction demand is issﬁed'ﬁo the ECC decoder 117. The read
frame clock RFCK is also supplied to the read base counter 115
so as to be counted up.

The demand selected from the write demand. and the read

demand by the priority encoder 112 is issued via_thé data bus



110 to the ECC-RAM 111. _

Read/write addresses for the ECC-RAM 111 are generated by
an address generator 11s. -The address.generator 116 generates
read/write addresses Adl based upon a count value of a write
base counter 113 corresbonding to the counter employed in the
PLL clock system, and also another count value of a read base
counter 115 employed in the master clock system. _

The data which has been EFM—demodulated and transferred to
the data bus 110 is written into the ECC-RAM_lll, since the
write demand is seiected by the priority encoder 112, and the
write address Adl is generated by the address generator-116 in
response to the count value of the write base counter 113. In
other words,-the writing Qperation is carried out as the
operation of the PLL elock system.

On the other hand, the error correction by' an ECC

processing unit 117 is performed with respect to the data

written.into the ECC-RAM 111. For this correction, the read
demand is issued to the ECC-RAM 111 via the priority encoder
112, Also, the read address Adl is generated by the address
generator 116 in response to the count value of the read base
counter 115 so as to read the data.

When the wrlte proces31ng operation of the ECC-RAM 111 and
the read processing operation thereof are performed, the clocks
used in these processing operations are different from each
other,.so that there are jitter components on the time ‘base in

both of the réad/write processing operations. Then, since the



write access and the read access are executed in synchronism
with the two clocks, it is required to control the rofations of
the disk 101 in order to compensate for the access arbiter and
the low frequency component of the jitter. Therefore, the count
outputs from the write base counter 113 and the read base
counter 115 are supplied to a CLV processor 114. The CLV
processor 114 produces the rotation servo control value based
upon a difference between the count outputs of the write base
counter 113 and the read base counter 115, and then outputs this
rotation servo control value to the servo system for the spindle
motor 102. |

The data Dt which is error-corrected in the ECC processing
unit 117 is once transferrea from a data read interface unit 118
via a data bus 110 to a sector decoder 120. Also, discrimination
information C2PO issued when no error correction can b.e'
performed is transferred under timing control of the timing
generator 119.

Furthermore, a bit clock BCK and an LR clock LRCK
synchronized with the data Dt is supplied from the'timing
. generator 119 to the sector decoder 120.

In the sector decoder 120, a so-called "CD-ROM format“‘is
-decoded and the decoded format is transferred to a data'bus 122,

The data reaq and write operations to the buffer RAM 123
~are carried out on the basis of the demand selection by_the
priority encoder 121 and the address generationfby_the address_

generator 124. To the priority encoder 121, the write command



'is issued from the sector decoder 120, the read command is
issued from the audio expansion processing unit 126, and either
thé write command, or the read command is issued from the é&stem
controller via a control interface 125. ‘As previously
explained, since'the.Qata transfer rate at whiéh the data is.
written into the buffer RAM 123 is higher than the data transfer
rate at'whi;h the data is read oﬁt from the buffer RAM 123,
normally, the priority encoder.lzl_selects the write command
issued from the sector decoder 126, or the read command issued
form the audio expansion processing unit 126 in order to_adjust-
a différence'between the data transfer rates.

After the data transferred from the sector decoder 120 to
the data bus 122 has been written into the buffer RAM 123,.£his
data is read in response to the read demand issued from audio
expanéion processing unit 126, and then is supplied via the data'
bus 122 to the audio expansion processing unit 126. In the audio
expansion processing unit 126, the Inverse;Modified—Discrete'
Cosine ?ransform audio.expanding process is carried 6ut to the

read data, so thaf this read data is transformed-into such
digital data with 16-bit quantizing bits and the sampling
frequency of 241 kHz. This digital daﬁg is D/A;converted by a
D/A converter 127 into an analog signal which will then be
Aoutputted from a terminai 128 as a reproduced audic signal.

Next, Fig. 3 schematically shows an encoder system for an
audio signal, constructed in the recording apparatus;.

An audio signal inputted into a tgrminal 130 is processed
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'in an A/D converter 131 belonging to the master clock MCK system

te obtain 16-bit quantized digital data of the sampling
freduency of 44.1 kHz. Then,. this digital data is supplied to an
audio compression processing unit 132 so as to be processed by
the Modified—Discrete Cosine Transform, by which a data amount
is.compressed by 1/5.

In response to a write command issued from the audio

' compression processing unit 132, the audio-compressed data is

written via a data bus 122 to a buffer RAM 123. A read/write
address Ad4 for the buffer RAM 123 is generated from an address
generator 124 either under control of the timing generator 119,
or under conﬁrol of the system cdntroller. The timing generator
119 generates wvarious sorfs of timings by employing the master

clock MCK.

In the case that an amount of data stered in the buffer RAM

.123 reaches a predetermined amount exceeding 1 cluster during

~ the recording operation, the data is read from the buffer RAM

123 and the data is transferred to. a sector encoder 133.

In the seetor encoder 133, the encode process in the sector
form is carried out by using the bit clock BCK and the LR clock
LRCK supplied from the timing generator 119, and then the
encoded data is transferred to a data write interface 134. The

data transferred to the data write interface 134 is.written via

'a data bus 110 into the ECC-RAM 111.

A read/wrlte address Ad3 to the ECC RaAM 111 is generated

from an address generator 116 in response to an FCK signal
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produced from the timing generator 119. ' .

The ECC encddef 135 reads thé data stored in the ECC-RAM

111 to be processed by adding the parity bit thereto.
' The data which has been processed inh thé ECC encoder 135 is
transferred té an EFM encoder 136 in order to be EFM-modulated
(eight—to—foﬁrteen'modulation). This EFM signal is sent to a
magnetic head drive circuit 135, and then a magnetic head 138
applieé a magnetic field to the disk 101'in responselto the EFM
signal. '

It shoﬁld be noted that the'aoné—explained various process
operations during the recording operation are executed on the
basis of the master clock MCK of the crystal oscillator system.'-

On the other hand, in the disk rotation control system for
the disk 101 durihg the recording'operationf the process
operations are carried_out in response to fhe‘clock produced by

employing the PLL circuit in synchronism with the rotations of

" the disk 101.

The disk 101 rotated by a spindle motor 102 is illuminated

with laser by an optidal- head 103, and reflection 1light

information is supplied to an RF amplifier 104.

In the above-described recordable magneto-optical disk, the
recording tracks have been previously formed by wéy of the
groove. Moreover, the absolute positional.information (address
i.nform'ation) is wobbied on this groove (namely,. wobbling
pfocess) in accordande with the FM modulating process with

employment of the carrier of 22.0 * 1 kHz.
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In the RF amplifier 104, such FM-modulated group
information GFM is extracted. This groove information GFM is
supplied to a groove PLL circuit 139, so that a PLL groove clock
GCK is pr@ducéd in synchronism with this groove information GFM.

The groove information GFM is supplied to a groove sync
detecting uhit 140 by which a sync deﬁection is performed with
employment of the PLL groove”clock GCK. In a groove addresé
-decoder 142, an.address decodihg process 'is executed with
employment of the PLL groove clock GCK,_sb that the groove
éddress information is ‘demodulated. Both of the groove sync_and'
the groove address are supplied to the system controller.

Also, the groove information, GFM and the PLL groove clock
GCK are éupplied to a CLV (Constant Linear Velocity) processor
114. The CLV processor 114 outputs error éomponents of the
frequency and phase between:the clock MCK1l generated from the
timing generator 119 on the basis of the crystal oscillator
system, and the PLL groove clock GCK to a CLV servo system as
the servo control values of the spindle motor. | _

As described above, in the-magnetb—optiéal disk system,
both of the PLL data clock and the.master clqck are employed in
the decoder system, whereas both~of the.  PLL groove clock and the
master clock are utilized in the encoder system. That is, two
sorts of clocks which are not synchronizéd.with each other,
namely asynchronous, are employed in the decoder system and the
encoder system, respectively.

Since such different sorts of asynchronous clocks are
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employed, there are the below-mentioned problems.

First, in the decoder system of Fig. 2, the data writing
system to the ECCARAM 111 and the déta reading system from the
ECC-RAM 111 are oberated in response to the different clocks.

As to.the data w:iﬁiﬁg operation to the ECC-RAM 111, the

PLL data clock PLCK is employed which contains the jitter

' component caused by the rotational fluctuations of the disk 101.

On the other hand, since the master clock MCK of the crystal
oscillator system is utilized in the data reading operation, the
jitter margin area used to compensate fo; the jitter is
necessarily_requiréd in the ECC-RAM 111.°

However, sihce the memory spéce provided in the ECC-RAM 111'

is apparently a finité memory space, even when the CLV servo

"system is locked, if the ECC-RAM 111 is overflown, then the

decoding operation would be interrupted. -When, for instance,

constant deviation is present .in the CLV servo, the jitter

" margin area formed on the ECC-RaM 111 ‘is gradually occﬁpied, so

that an overflow will occur. This constant deviation is
accumulated, and then the accumulated constant deviation cannot

be absorbed by the jitter margin area within the ECC-RAM 111,

" resulting in unstable decoding operations.

To avoid such an overflow of the ECC-RAM 111, thé gain of

the CLV servo in the low frequency range must be sufficiently

maintained. This may require either an amplifier for increasing

the gain in the low freguency range, or a motor with hiéh

torque. As a result, unwanted power consumption would be
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reguired. Therefore, there is a problem in tﬁe power saving
aspect. When the recording/reproduciné apparatus is operable by
cells, the lifetime of cells would be shortened.

Moreover, in order to read/write the data from/into the
ECC-RAM 111, the separate base coﬁnters, i.e., the write base
counter 113 and the read base counter 115 are required. Also,
the priority encoder 112 is required so as to control the

qperations. In addition, the CLV processor 114 is needed in

. order to reflect the jitter control between both of these clocks

to the CLV servo system.
Because of the above-explained conditions, the resulting

circuit system would become complex, and there are demerits in

view of the circuit scale and the manufacturing cost.

Subsequently, observing the encoder system shown in Fig. 3,
the master clock MCK is employed in the data encoding system,
and the PLL groove clock is used in the CLV servo éystem{

In order that the groove information GFM on the disk 101 is

- synchronized with data to be recorded (EFM signal) within a

preselected tolerance VS jitter, the system controller must

perform such a process operation that.the start timing at which

the data is read from the buffer RAM 123 and then is transferred

via the sector encoder 133 to the ECC processing system, is
determined by using the groove sync detection timing as a
reference, while considering é so-called "encode delay" defined
from the EFM encoder 136 to the magnetic head drive.circuit 137.

Also, during the recording operation, the deviation in the PLL
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groove clock GCK, and the phase difference between the groove
address and theiséctor address encoded into the data are

monitored. When these deviation and the phase difference are

" deviated from a preselected range, this recording operation is

once interrupted. After a.predetermined head address of the
disk 101 is accessed, the recording .operation is again
commencéd. |
Under such circumstances, the magneto-optical disk system
would be brought into.such a system whose recording'operétion
could not be compéhsated also while the groove PLL circuit 139
is under locking state. Also, a sufficient CLV servo band and a

sufficient CLV servo gain should be maintained. 'The stability -

‘of the encoding operation could not be sufficiently achieved

similar to that of the decoder, and there is a power consumption
problem.

In addiﬁion,'the CLV processor 114 is required in this
encoder system so as to reflect the jitter control between both
of these different clocks to the CLV servo system. This may
cause such disadvantages as the circuit scale and the cost.

The present invention has been made so as to solve thé

above-described problems, and therefore, has an object to a

recording apparatus, a reproducing apparatus, an encoder

circuit, and a decoder circuit, whose stable operabilities could

be achieved under low power consumption.

The present.invention is to provide a reproducing apparatus
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equipped with a decoder, and to provide such a decoder that a
Writing operation of data read from a recording medium into a

memory for temporarily storing the data is performed in response

"to a sync-signal read from the recording medium, whereas. a

reading operation of the déta ffbm this memory is performed in
response to a stabilized clock. -

To achieve these objects, a reprodﬁcing apparatus,
according to oné aspect of the present invention, is feétured by
comprising:

a reproducing head for reading out data from a recording

medium;

a signal processor for performing a pfedeterminedlsignal
process'to the data read by.the reﬁroducing head;

a memory for tgmporarily storing therein the datalprocessed
by the signal processor; |

a writing operation controller for controlling a writing
operation of the signal-processed data into the memory;

. a reading operation controller for controllihg a reading
operation of the data temporarily stored in the -memory
therefrom;

a first clock generator fof extracting a clock synchronized
with the drive of the recording medium from the data reproduced
from the recording medium; .

a second clock generator for generating a staﬁilized clock;
and: |

a controller for controlling both of the signal processor
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and the writing operation controlier on the basis of the first
ciock generated from the first clock generator, and also for
controiling the reading operatioh controller based upon the
stabilized clock generated from the second clock generator.

Also, a decoder circuit, according to another aspect of the
present invention, is featured by comprising: | |

a signal proéeésor for perfdrmiﬁg-a predetermined signal
process to data reéd out from a recording medium baséd ﬁpon a

first clock synchronized with an operation of the recording

medium;

.a memory for teﬁporarily stofing therein the data processed
by the signal processor; |

a writing controller for writing the signal-processed data .
into the memory on the basis of the first clock; and

a reading éontrol}er for reading out the data stored in the
mémory on.the basis of a second clock corresponding to a
stébiliéed clock. |

Furthefmdre, the present invention is to provide a
recording apparatus equipped wi;h an eﬁcoderL and to'provide
such an encoder that when data to be written into a-recording

medium is once written into a memory, the data writing operation

- to the memory.'is performed on the basis of a stabilized clock,

and also the data reading 6peration from the memory is performed
in response to a sync signal recorded on the recording medium.
To this end, a recording apparatus, according to another

aspect of the present invention, is featured by comprising:
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a data input terminal;

a memory for temporarily storing therein the inputted data;

a write controller for controlling a writing operation of
the data into the memory; |

a read controller for controlling a reading operétion of
" the dgta'temporarily storéd in the memory therefrom;

a signal processor for performing a predetermined signal
process to the data read from the memory;

a fecqrding head for recording the data processed by the
signal processof on a.re¢ording medium;' |

a first clqck generator for extracting a sync signal
previoﬁsly récorded on the recording medium to thgréby generate

a first clock;

.a second clock generator for generating a stabilized clock;
and |
a controller for controlling both of the signal processor
and- the read controller on the basis of the first clock
generated from the first clock generator, and also for
controlling the write controller on the basis of the stabilized
clock from the.second clock generatép.
Moreover, an encoder circuit, according to é further aspect
of the present invention,:is featuréd by comprising:
a memory for ;emporarily storing therein inputted data;
a write controller for writing the inputted data into the.

memory on the basis 6f a first clock corresponding to a

stabilized clock;
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a read controller fér reading the data stored in the memory
.on the basis of a second clock synchronized with ;'drive of a
recording medium; and

a signal processor for performing a predetermined_signal
process to the data réad by the read.controller on the basis of
the second clock.

EBlEE_DESQEIEILQN.QEQEHE.QBAEINQ&

For a better undersfanding of ;he present invention,
reference is made of a detailed description to.be read in
conjunction with the accompanying drawings, in which:

Fig.'lA is a schematic diagram forlshowihé a cluster unit
of data recorded on a disk;

Fig. 1B is,’a.schematic diagram for indicéting a data
structure in.which the aboﬁe-explained cluster unit is arranged
by a plﬁ;ality of'sectors; |

Fig. 1C is a  diagram schematically representing a data
structure of a soﬁnd frame;

Figf.lD is a schematic diagram indicating that the_above—
mentioned sound frame is constructed of the.plural sound frames;

Fig._lE is a diagram schematically showing a data structure
of a sound group; | |

. Fig. 2 1is a schematié block diagram of the_conventionall
réproducing apparatus;

Fig. 3 is a schematic bloqk diagram of the conventional

recording apparatus, ;

" Fig. 4 is a block diagram'schematically representing a
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major arrangement of a decoder and an encoder, which constitute
the present invention;

Fig. 5 is a blpck diagram schematically showing a decoder
and an encoder, accordiﬂg to a second embodiment of the presenﬁ
invention; |

Fig. 6 schematic diagram .illustrating an overall
arrangement according to the present invention;

Fig. 7 is-l a schematic diagram for showing a decoder
according to a first embodiment, which constitutes the present
invéntion;

Fig. 8 is a schematic diagram for showing a decoder

according to a second embodiment, which constitutes the present

invention;

Fig. 9 is a schematic diagram for showing an encoder
accordiné to a first embédiment, which constitutes the present
inventiqn; and

Fig. 10 is a schematic diagram for showing an encoder
according to a second.embodiment, whibh conétitutes the present
invention.

DETATLED DESCRIPTION QF THE PREFERREb EMBODIMENTS
A description will now be made of an embodiment of the

present invention. This embodiment .is such a decoder circuit,

‘or an encoder circuit employed in a recording/reproducing

apparatus, and is a recording/reproducing apparatus with
employment of a magneto-optical disk as a recording medium.

The description will be made in the following order:
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1. Conceptional Arrangement of Magneto-optidal disk System to
which Present Invention is applied.

Overall Arréngement of Recording/Reproducing Apparatus.
Arrangement of Decoder System.
Modified Arrangement of Decoder System.

. Arrangement of Encoder System.

)] ul [ VS (8]

. Modified Arrangement of Encoder System.'
1) Conceptional Arrgggement of Magnet Qgticai Disk System to
which Present Invention is applied

A data transfer system of a magneto;dptical disk sysﬁem
according. to an .embodiment of. the preéent invention is
‘conceptionally arranged as shown in Fig. 4.

An EFM'signal read from the magnetd-optical disk by an
optical head is suppiied from a terminal la of FiQ. 4 to an
encoder/decoder unit 2 during the reproducing operation. In the
‘encoder/decoder unit 2, after the EFM-demodulated data is stored
into the ECC-RAM 3, an error correction is performed and a
sector decoding operation is carried out. |

The data decoded in the encoder/decoder unit 2 is ﬁritten
into a buffer RAM'S by way of a process-operation by an
interface 4a proVided on the drive side of a memory controller
4, and is read out from the buffer RAM 5 by way of a process
operation by an interface 4b provided on the audio compressing,
or audiolexpanding side thereof. The data read from the buffer
RAM 5 is supplied to an encoder/decoder unit 6 for audio

compressing/éxpanding process so as to be audio-expanded. Then,
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the inverse modified discrete cosine transform is carried out to
this data, so that 16-bit qﬁantized digital audio data in.the
sampling form of 44.1 kHz is:supplied to a terminal 9.

During the recording operation, the digital audio data
supplied to the terminal 9 is processed by the Modified Discrete
Cosine .Transform in an audio compressing_ or expanding’
encoder/decoder unit 6, éo that an amount of the procéssed data
is compressed by approximately 1/5. Then, the processed data.is
written into the buffer RAM 5 via the process operation of the
audio compressing or expanding interface 4b, and is read out
from the buffer RAM 5 Qia the process oﬁeration of the drive-
sided ihterface 4a. The data read.from the buffer RAM 5 is -
processed in the encoder/decoder unit 2 by way- of ﬁhe sector
encoding operation, the ECC parity encoding operation, and the
EFM modulating operation, and thén the processed data is
supplied from a terminal 1b to a magnetic head.

It should be understood that the groove'informatioﬁ which
has been previously recorded on the disk,.and is read from an
opfical head during the recording operation is supplied from a
terminal la to a PLL system clock generating unit 7. |

- In this embodiment, the clock produced in the PLL system
clock generality unit 7 is employed in the prdceésing system
defined from the disk to the .drive-sided interface 4a, whereas
the ﬁlock produced from the master clock generality unit 8 is
used in the process system defined from the audio compression or

expansion " sided interface 4b to the terminal 9 for
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inputting/outpufting the data.

| That is to say, in the system contéining thé bufferlRAM 5
with a relatively large capacity so as_to achieve the shock
proof function, a boundary for the used clocks is formed
before/after the buffer RAM 5 along the signal stream.

Fig. 5 schematically ;epresents another conceptional
arrangement of the bresent 'invention.- This conceptional
arrangement is so constructed that the buffer RAM 5 and the ECC-
RAM 3 shown in Fig. 4 are substituted by a single RAM 10 in an
integral form. In other words, an ECC area 1l0a and a_buffer
area 10b are prepéred in this single RaM 10. With such a
structure, the data pfocessing system may_be made_compact, or
manufactured within one chip.

A description will now be made of concrete arrangements,
aqcording to embodiments, contgining the above-explained
conceptional structures as shown in Fig. 4 and Fig. 5.

2) Arrandement of Recording/Producing Apparatus

In Fig. 6, there is schematically shown an overall
arrangement of a recording/reproducing apparétus according to an-
embodimenf of the present invention. o

In Fig. 4, for example, audio data has been recorded on a
magneto-optical disk 11, and this magneﬁo—optical disk 11 is
rotatably driven by a spindle motor 12 during the recording and
rebroducing operations (namely, fecording/reproduding

operations).

During the recording/reproducing operations, laser light is
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illumiﬁatea from an optical head 13 onto the rotated disk 11.
The opticai head 13 outputs high power laser light so as to.heat
the recording trécks of the disk .11l to the Curie temperature
during the recording operation, and outputsllaser light having a
relatively low levei in order to detect the data from the
reflgction laser light dué to the magnetic Kern effect during
the reproducing operation. Turning ON/OFF of the laser output,
- and controlling of the'ou;put 1eveis are controlled by a system
controller 20;

As a laser output means, a laser diode, such an optical
system constructed of a polarizing beam spiitter and an
6bjective lens, and also a aetector for detecting the reflection
laser light are moﬁnted on the optical head 13. The objective
lens 13a is held by a two-shaft.mechanism 14 in such a manner
that this lens can be displaced along the radical direction of
the disk 11 and also along the approaching/separating direction
of the disk 11.

A ﬁagnetic head 16 is located opposite to the optical head
13 with sandwiching the disk 11. The magnetic head 16 is
operated to apply to the disk 11, a magnetic field modulated by
the data supplied during the recording operation.

The entire optical head 13 and the magnetic head 16 are
transportable along the radical direction of the disk 11 by a
thread mechanism 15. N .

The informatioh detected from the disk 11 by the

reproducing operation by the optical head 13 is supplied to the
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RF amplifier 18. The RF amplifier 18 performs the process to
caiculate the supplied information so as té extract a
rep:oéuction RF signal, a tracking error signal, a focus error
signal, group information (absoluté positional information FM-
modulated on wobbled groups formed on disk’'1ll) and so on.

Thus, the extracted reproduction RF signal corresponds to a
so-terminatea "EFM signal", naﬁely a binary signal. This EFM
signal is supplied to an encoder and decoder unit 30. The

'traqking error signal and the focus error signal are furnished
to'a servo circuit 19, and the group information is supplied to
_an addr¢ss‘decoder 70.

The servo circuit 19 produces various sorts of servo drive
signals based upon the tracking error signal and the focus error
signal, ‘and also a track jump instruction, an access
iﬁstruction; and rotation speed detection information (CLV servo
signal), which are derived from a system controller 20
constructed b& a microcomputer. The servo circuit 19 controls
- the 2-shaft mechanism 14 and the thread mechanism 15 so as to
perform the focus control and the tracking control. Also, the
servo circuit 19 controls the spindle motor 12 at constant
linear velocity.
| In the address. decoder 70, the gfoup information 1is
injected into.the PLL circuit to thereby produce the PLL groove
clock in synchronism with the disk'rotatioﬁ. The address-
‘decoder 70 detects the groove sync by employing the PLL gréove

clock, and also demodulates the groove address.
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The groove sync.and the grbove address are furnished via
the encodér/décoder unit 30 to the system controller 20. It
should be noted that the PLL groqve'clock, the groove sync, and
the groove address correspond to signals used during the
recording operation. |

The reproduction RF signal is supplied to the.
encoder/decoder unit 30, so that the data decode and sub-code
~are extracted, the address recorded as tﬁe data is extracted,
and the PLL data clock synchronized with the EFM'signal is
generated.

The sﬁb—code information and the address information are
.supplied to the system controller 20. |

‘With respect to the CLV servo control of the spindle motor,
the PLﬁ data clock is utilized during the reproducing operation,
whereas the PLL groove clock is employed during the recording
operation.

The reproduétion RF signal functioning as audio data is
processed by the encoder/decoder unit 30 in accordance with the
EFM demodulatien, the CIRC (Cross Interleaved Reed Solomon.
Coding) error correction, and the sector ‘decoding operation.
Thereafter, the processed signal is 6nce'written into a buffer
RAM 27 by the memory controller 50. It should be noted that the
data is read from the disk 11 by the optical head 13, and also
the data is transferred.from the optical head 13 to the buffer
RAM 27 at speed of 1.41 Mbit/seé, and further these data reading

and data transferring operations are intermittently performed.
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The data written into . the buffer RAM 27 is read out
therefrom at such a timing that the transfer speed of the
‘reproduced data becomes 0.3 Mbit/sec, and then is supplied to an
audio compressing/expanding encoder/decoder 60. Then, the audio
signal which has been procéssed by the modified discrete cosine
transform to be compressed and recorded on the disk_iS'processed
in accordance with the inverse modified discrete cosine
transform. Then, the processed signal is converted into an
analog signal by a D/A-converter 23, and this analog signal is
sﬁpplied from an'outpgt terminal 24 to a predetermined amplifier
circuit unit in order to be reproduced. For example,  this
reproduced signal is outputted as analog audio signals for right
and left channels.

The data writing/reading_operations-into]ffom the buffer
RAM 27 are performed by designating the addresses by controlling
é'write pointer and a read pointer by a.memory controller 50.
As previously éxplained, the write pointer (write address) is
incremented at a timing of 1.41 Mbit/sec, whereas the read
pointer (read address) is incremented at a timing of 0.3
Mbit/sec. Since theré is a difference between the writing bit
rate and.the reading bit rate, a certain amount of data have
been stored within the buffer RAM 27. When a.complete capacity
of data have been stored within the buffer RAM 27, increment of
the write pointer is stopped and the data reading operadtion from
the disk 11 by the optical head 13 is also stopped. However,

since increment of the reading pointer is continuously
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performed, the audio output signal is reproduced without ényf
interruption.

Assuming now that only the data reading operation from the
-buffer RAM‘27 is continuously executed and the data storage
amount of the buffer RAM 27 becomes below a predetermined data
amount at a certain ﬁime instant, 5oth of the data reading
opération'by the optical head 13 and increment of the write
pointér are restarted, so that the data is again stored into the
buffer RAM 27. |

As described above, since the audio signal is outputted
through the buffer.RAM 27, even when the tracking operation by
the optical head is disturbed due'to, e.g., disturbances, and
-thus the continuous signal reproduction from the optical disk is
inter:upted, the audio signal reproducing operation is not
interrupted. While the data is still stored in the buffer RAM,
for instance, the optical head is acéessea to the correct
tracking positibn in order to restart__the data reading
operation. As a consequence,. the operation can be continued
without giving any adverse influences to the audio signal
reproduction. In other words, the shock proof function of the
recording/reproducing apparatus could be considerably improved.

On the other hand, when the'recording_éperatibn is executed
to the disk 11, the recording éiénal (analog audio signal)’
supplied to the inpuﬁ terminal 26 is converted intc digital data
by an A/D converter 25, and thereafter, this digital data is

supplied to the audio compressing/expanding encoder/decoder unit
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50 so as.to be proceésed by way of the audio compression process
(modified discrete cosine trahsform).

fhe recording data_ compressed Dby the audio
compressing/expanding encoder/decoder unit 60 is once written
into the buffer RAM 27.by-the memory controller 50, and is read
thefefrom at a préseledted timing, and then the read recording
data is supplied to the encéder/decoder unit 30. For instance,
at such a time instant when the data stored amount in the buffer
" RAM 27 becomes a preselected data amount exceeding 1 cluster;
the data is read out from.the buffer RAM, which will then be
transferred to the encoder/decoder unit 30.

In the encoder/decoder unit 30, such process operations as
the sector encoding, CIRC eﬁcoding (parity.adding), and the EFM
modulation are carried out to this recording audio daté, and
thereafter, the processed recqrding audio data is supplied to a
magnetic head drive circuit 17.

In response to the recording data (EFM signal) encoded, the
magnetic head drive ciréuiﬁ 17 supplies a magnetic head drive
”signal to a magnetic héad,16. In other wordsf the magnetic head
drive circuit 17 causes the magnetic'head 16 to apply either the
N-pole field, or the S-pole field to the disk 11. At thi; time,
the syéﬁem controller 20 fﬁrhishes a cdntrol signal to the
optical head by that éuch a laser light having a high recording
level is outputted from the optical head. As a consequence, the

audio data entered into the input-terminal 26 may be recorded on

the disk 11.
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In the recording/reproducing apparatus; a display unit 21
is provided which displays mode conditions and operation
conditions”during thé recording operation or the reproducing
operation, ahd further program numbers, time information,
character infprmation recorded on the disk 11. The display unit
21 is constructed of, for instance, a liquid crystal display,
.whose operation is controlled by the system controller 20. |

Also, an operation unit 22 is provided on the
recording/réproducing apparatus, by'which the user executes
various operations. In the operation unit 22, there are

employed a recording key, a repfoducing'key, a stop key, an AMS
| (auto music scan) key, and a search key for user-operations.

A clock generéting unit 80 of the crystal oscillator system
is.eﬁplpyed so as to operate the system controllér 20 and the
like. The master clock MCK generated from the cloék generating
unit 80 is supplied to the sys;em controller 20 and also to
various circuit elements via this system controller 20.

When either the recording operation, or the reproducing
operation is performed with respect to the disk 11, the
ﬁanagement information, namely P;TOC (Premastered Table ofl
Content) and U-TOC (User Table of Céntent) recorded on the.disk
11 must be read out. The system contrcoller 20 discriminates an
address of ‘an area to be recorded on the disk 11 from an address
of an area to bé reproduced on the basis of the above-described
management information. ' This management information is held in

the buffer RAM 27. As a result, a buffer area for storing the
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above-described recording data, or reproducing data, and an area
for storing the management information tnereof are subdividéd
and set in the buffer RAM 27.

Then, the system controller 20 reads the management
information by'reproducing the recording traqk at the innermost
peripheral portion of the disk, on which the management
information has been recorded when the disk 11 is loaded. The
read management information is stored in the buffer RAM 27, éo
that when the recording or reproducing operation is subsequently '
performed to the disk 11,_this management information'may be
referred.

As is known, U-TOC is edited to be rewritten in connection
nirh the data recording_ operation and the data erasing
operation.. The systém éontroller 20 executes this editing
process to the U-TOC information sﬁored in the buffer RAM 27
every time the recording operation and the erasing operation is
performed. In response to this rewriting operétion, the U-TOC
area of the disk 11l may be rewritten at a preselected timing.
3) Arranggm' ent of Decoder Sy:st;gm-

In. Fig. 7, there is shown a detailed block diagram of a
decoder system functioning dnring the reproducing operation,
employed in the above-described recording/reproducing apparatus.

That is, Fig. 7 répresents detailed arrangements of the
encoder/decoder unit 30, the memory controllerISO, and the audio
cbmpressing/expanding encoder/decoder unit 60 among the overall

arrangement of Fig. 6.
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As the constructural elements included in. the
encoder/decoder unit 30 of Fig. 6 within the decoder system
shown.in Fig.-7, there are an EFM decoder 31, a PLL timing
generator 32, an EFM sync detecting unit 33, a sub-code
detecting unit 34,.a.terminal 35, a data bus 36, an ECC-RAM 37,
an ECC decodér_38,-a base_counﬁer 39, an address generator 40,
and a data read interface 41.

" As, the. constructural elements contained in the memory
controller 50, there are a sector decodér 51, a data bus 52, a
priority encoder 53, an address generator 54, a controller
interface 55, and a timing generator 56.

Furthermore, as the structural elements ingiuded in the
audio compreésing/expanding encoder/decoder unit 60, there is an
audio compressing decoder 61.

A description will now be made of such a decoder system.

- During the reproducing‘opefation, while the disk 11 is
rotated by the spindle motor 12 at a constant linear wvelocity,
tﬁe laser light is iliuminated onto the disk from the optical
head 13.

The optical head 13 outputs the feflection_light detecting
signal from the disk 11 to the RF amplifier 18, and the RF
amplifier 18 extracts the reproduction RF signal from the
reflection light detection signal. The digitalized reprodugtion
RF signal is a so-called "EFM signal" which corresponds to the
reproduced data from the disk 11.

This EFM signal is supplied to the EFM decoder 31, the PLL
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timing Qenerator 32, and the EFM syﬁc detecting ﬁnit 33.

The EFM sync detecting unit 33 detects a sync pattern
within the EFM signal frame. The PLL timing generator 32
detects an edge of the EFM signal, and then this edge detected
outputs is injected into_the PLL circuit .to produce a PLL data
clock PLCK. This PLL data clock PLCK is synchronized with the
rotation of the aisk 11, and therefore is such a clock
containing the rotation jitter component of the disk 11.

Furthermore, the PLL timing generator 32 generates various
sorts of timing signals based upon the PLL data clock PLCK and
the EFM sync. A

The EFM decoder 31.performs the EFM demodulating process
with employment of the PLL data clock PLCK, .and transfers to
EFM—deﬁodulated data to a data bus 36. The_sub—codelinformation
is extracted from the EFM-moduléted data by a sub—codg detecting
unit 34, and then is:supplied from the terminal 35 to the system
controller 20. |

The dafa which has been EFM-demodulated aﬂd transferred to
thé data bus 36 is_writtén into the ECC;RAM 37.- For this data
writing.operation, a read, or.write frame clock RWFCK is
generated from the PLL timing generator 32 in.response to the
PLL data ciock PLCK, and ié counted by the base counter 39. The
address generating operation in the address génerator 40 is
controlled by the PLL timing generator 32 ‘to thereby produce én
interleave, or scramble effect address.

Tﬁen, the EFM—dembdulated data is written into the ECC-RAM
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37 at a certain phase timing (base counter value) managed by the
read or write frame cléck RWFCK based upon the Qrite address
generated from the address generator 40..

On thé other hand, the ECC decoder 38 reads the data from
the ECC—RAM 37 to perform the deinterleave, or error correcting
process. The reading operation from this ECC-RAM 37 is'élsQ
managed by the read, or write frame clock RWFCK. In other words,
the read command is issged by the-ECC decoder 38 at a phase
timing (base counter value) different from the phase timing for
‘the writing operation by the read, or write frame clock RWFéK.
The daté is read from the ECC-RAM 37.based on the read address
generated from the address generator 40.

The data Dt error-corrected by the ECC decoder. 38 is
traﬁsferred via the data bus 36 from the dété read interface
unit 41 to the sector decoder 51 at a certain timing_(base
counte: value) mapaged also by the read/write frame clock RWFCK.
Also, the discrimination information C2PO uéed when no error
correction is carried out is transferred.

Furthermore, a bit cldc]; BCK and an .LR clock LRCK
synchronized with the data Dt is éupplied from the timing
generator 32 to the 'sector decoder 51. That is, the sector
decoder 51.is also operated in response to the PLL data clock.

In the sector decoder 51, a so-called "CD-ROM fbrmat" is
decoded and the decoded format is ﬁransfefred to a data bus 52.

The data read and write operations to the buffer RAM 27 are .

carried out on the basis of the demand selection by the priority .
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encoder 53 and the address generatioﬁ'by the address generator
54. To the priority encoder_53, the write command is issued
from the sector decoder 51, the read command is issued ﬁrom the
audio compression decoder 61, and either the write command, or
the read command is issued from the system controller 20 via the
control interface 55. As previously explained, since the data
transfer rate at which the data is written into the buffer RAM
27 is higher than the data transfer rate at which the data is
read out from the buffer RAM 27, normally, the priority encoder :
53 selects.the write command issued from the sector decoder 51,
or the read command issued form the audio compression.decoder 61
in order to adjust a difference between. the data transfer rates.

~After the data transferred from the séctor decoder 51 to
the data bus 52 has been written into the buffer RAM 27, this
data is read in response to the fead demand issued from audio
compression decoder 61, and then is supplied via the data bus 52
~ to the gudio compression decoder 61.

It should be understood that the operatlons subsequent to
the data reading operatlon from the buffer RAM 27 are carried
out . under timing control by the timing generator 56 in
synchronism with the maéter clock MCK.

In the audio coﬁpression decoder 61, the Inverse Modified-
Discrete Cosine Transform audio compressing process is carried
out to the read data, so that this read data is transformed into
such digital data-with 16-bit quantizing bits and the sampling

freqﬁency of 44.1 kHzL This digital data is D/A-converted by a
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D/A converter 23 into an analog signal ﬁhich will then be
outputted from the terminal 24 as a reproduced audio signal;
| In the case 6f the decoder system according to this
embodiment, the process operations executed until the data is
written into the buffer RAM 28 are carried ouf on the basis of
the PLL data clock-PLCK, whereas the process operations afte;
the data is read from the buffer RAM 28 are carried out on the
basis of master clock'MCK.
That is to say, the process operations up to the EFM
decoding, the deinterleaving, the error correcting, the data
transfer, the sector decoding, and the daﬁa writing into the

buffer RAM 27 correspond to the signal processing operation in -

synchronism with the rotation of the disk 11. As a result, in

this proceésiﬁg system, as long as the PLL. circuit within the
PLL timing generator 32 is locked, this processing system can be
completely free from jitter components. No idea to employ the
jitter margin is required. |

As a consequence, a so-called "jitter margin area" is

.required in the ECC-RAM 37. Furthermore, only the slot is

allocated with respect to.the read/write accesses to the ECC-RAM
37, and no adjustmen% is needed by considering the jitter
compénent, s6 that'a simpler control can be achieved. In other
woxds, as.apparent from the éomparison’result with Fig. 2, the
priority encoder for accessing to the ECC-RAM 37 is no longer
required. Also, two independent base counters are not regquired

to the write control-and the fead control, but only one base
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'ﬁounter'39 is required.

In this embodiment, the boundary between the two clock
systems.corresponds to the buffer RAM 123. Originally, the
buffer RAM 123 owns a fela;ively large memory capacity such as 4
Mbits in order to achieve the shock proof function. There is
substantially no adverse.influence by fhe'jitter between these
two cléck systems. . In other words, there is substantially no
~ adverse inflﬁence by.the,jitter on the time base caused by the
rotational fluctuations of the disk 11.

.Since the adverse influence of'the-jitter betwéen the
differentlclocks need not-be reflected to the CLV servo system,
no longef such a.CLV processor 114 as shown in Fig. 2 is
employed. Furthermore, as the operation of the CLV servo
system, the wide CLV servo range for the rotation of the spindle
motor 12 is not required, but if the error is present within the
locking range of the PLL circuit, then.such a system capablé of
allowing the constant deviation can be realized.. As a
consequenée, phére is no need to increase the servo gain or to
widehn the servo range by taking account of the advérse influence

by the jitter component, and'therefore, the power saving can be

achieved.
4) Modified Arrangement of Decoder System

Fig. 8 schematiéally shows a modified arrangement of a
decoder system. It should be'noﬁed that the same_referencé.'
numerals shown in Fig. 7 will be employed as those for denoting

the same circuit components of this modification, and
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 exp1aqations thereof are omitted.

In this modification, a RAM 28 is employed. This RAM 28 is
constructed by combining the ECC—RAM 37 with the butter RAM 27
in Fig. 7. 1In the RAM 28, there are provided a buffer RAM aréa
28b for storing therein.data used to realize a shock proof
function, and an ECC-RAM area 28a used in the ECC process.

-An address to the RAM 28 is generated from the address’
generator 40 in correspondence with the ECC-RAM area 28a, and
also 1is generated from tﬁe address _geherator 54 in
correspondence with the buffer RAM area 28b. Then,_an acéess
address is selected by an address selecting unit 44 under
control of thé PLL timing generator 32 for ﬁhe PLL data clock
systgm and the timing generatér 56 for the master.clock system,
and then the.selected access address is supplied to the RAM 28.

With such an arrangement, -since the RAM 28 is equipped with
the data buffer function and the ECC data holding function, it
is possible to reduce the memory chips with respect to the
circuit packaging. Also, the encoder/decoder unit 30, the
memory controller 50, and the audio compressing/expanding
engoder/decoder 60 shown in Fig._6 are preferabl& manufactured
in one chip. |

In particular, in the arrangement explained in Fig. 7, only
one priority encoder for the RAM accessing operation is requifed
in the processing system. From this point of view, both of the
ECC RAM area 28a and the buffer RAM area 28b may be easily

combined in an integral form as illustrated in Fig. 8,
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5) Arrangement of Encoder System

Next, a descriptioq will now be made of the eﬁcoder system
operable during, the reéoraing operation  iﬁ the
recording/reproducing apparatus shown in Fig. 6. . A detailed
arrangement of this encoder system is represented in Fig. 9. In
Fig. §, there are shown detailed.-arfangements as .to the
encoder/decoder unit 30, the memory controller 50, the audio
compréssing/expanding encoder/decoder 60, and the address
decoder 70 among the érrangements of Fig. 6.

As the constructural elements 'contaihed in the
encoder/decoder unit 30 of Fig. 6 in the encoder system shown in
Fig. 9, there are provided the data bus 36, the ECC-RAM 37, the
éddress generator 40, the timing.generator 42, the.data read
interface 43, the ECC encoder 45, and the EFM encoder 46. -

Also, as the constructﬁral elements contained in the.remgte.
controlier 50, there are émpioyed the daté bus 52, the address
generator 54, the controllér interface 55, and the sedtor
encoder 57.

Furthermore, as the ‘structural elements contained in the
audio compreséing/expanding ehcoder/decoder ﬁnit 60, there is
provided the éudio compression encoder 62.

As the structural elements included in the address decoder
70, there are employed a groove PLL circuit 71;.a grOOQe sync
. detecting unit 72, and a groove address decoder 73.

Operations of such an encoder system will now be explained.

During the rééording operation, an audio signal entered
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from an input terminal 26 is converted by the A/D'converterl25
with employing -the master clock MCK into 16-bit qhantized
digital data of sampling with 44.1 kHz. Then, this digital data
is supplied into the audio compression encoder 62 in which a
data amount thereof is compressed by approximately 1/5.

The audio-compressed data is written vie the data bus 52
into the buffer RAM 27 in respoﬁse to the write command issued
froﬁ' the audio 'compressing encoder 132, The read/write
addresses to the buffer RAM 27 are generated by the address
generator 54 based upon the control of the timing generator 42
and the control by the system controller 20 via the controller
interface 55.

In this_embodiment; the A/D conversion by the A/D converter
'25; fhe audio compression encoding operation‘by the audio
compreesion encoder 62, and the write operation to the buffer
RAM 27 are carried out in response to the master clock MCK
generated from the ciock generating unit 80.

During the recording operation, an amount of_data stored in
the buffer RaAM 27 reaches a predetermined amount eXceed%ng 1
cluster,.data is read from the buffer RAM 27 and the data-is
transferred to a sector encoder 57.

In the sector encoder 57, the encode proeess in the sector
form is carried out by using the bit clock BCK and the LR clock
LRCK supplied from the timing generator 42, and then the eﬁcoded
data is transferred to the data write ihperface.43. The data

transferred to the data write interface 43 is written via a data
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bus 36 into the ECC-RAM 37.

A read/write address to the ECC-RAM 37 is generated from
the address generator 40 in response to the frame clock FCK
produced from the timing generator 42.

The EéC encoder 45 réads the data stored in the-ECC—RAM 37

to be processed by adding the parity bit thereto. _
- | The data which has Eeen processed in the.ECC encoder 45 is
transferred to the EFM encoder 46 in order to be EFM—moduiated
(eight—tb—four;een modulétion). This EFM signal is sent to the
magnetic head drive circuit 17, and then the magnetic head 16

applies a magnetic field to the disk 11 in response to the EFM

signal.

During such a recording operation, in the rotation control
system of the disk 11, the various process operations are
performed on the basis of the clock produced by'employing the
PLL circuit in synchronism with the rotation of the disk 11.

Laser is illﬁminated onto the disk 11 rotated by a spindle.
motor 12 by an optical head 13, and reflect;on light information
is supplied to an RF amplifier 18.
| In a recordable magneto-optical disk, thelrecording tracks
have been_previously formed by way of so-called "groove'.
Moreover, the absolute positional information (address
‘information) is wobbled on this groove (namely, wobbling
procesé) in accordance with the FM modulating process with
employment of the carrier of 22.0 * 1 kHz. In the RF amplifier

18, such FM-modulated group information GFM is extracted. This
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groové information GFM is supplied to a groove PLL cifcﬁit 71,
so that a PLL groove clock GCK is produced'in‘synchrgnism with
this groove information GFM.

Thé groove information GFM is supplied to a groové sync
detecting unit 72 by which a sync detection is performed with
employment of the PLL groove gléck GCK. In a groove address
decoder 73, an address dééoding process is executed with
employment of the.PLL groove clock GCK, so that the groove-
address information is_demodulated. Both of the groove sync and
the'groove addreés are supplied to the system controller 20.

In the case, both of the PLL groove clock GCK and the
grooVé sync are supplied to the timing generator 42. The.timing
generator 42 is so arranged as to be operable while using the.
PLL groove clock GCK as the reference clock.

.As a résult, in the prbcess system defined from the data
reading operation from the buffer RAﬁ 27 to the magnetic_head
16, the operations are carried out on the basis of the PLL
groove clock GCK produced in.synchronism with the rotation of
the disk 11.

As expiained.before, in.the éasé of tﬁe encodér system
according to this embodiment, the process operations up to the
data writing operation into the buffer RAM 28 are performed in
respénse to the master c;ock MCK, whereas the process operations
'afte; the data reading operation from the.buffer RAM 28 are
carried out on thg baéis of the PLL groove clock GCK.

In other words, the various process operations such as the
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data reading operation from the buffer RAM 27, the sector
encoding operation, the data transfer operation, the_parity bit
addition, the interleaving operatioﬁ, and the EFM encoding
operation are the signal processing operation in synchronism
_with'the rotation of the disk 11. As a result, in this process
system, as 1ong_as the PLL circuit Qithin the groove PLL circuit
71 is locked, the encodiﬁg system is cthletely free from the
jittet problem. . .

AlSo,'eince the adverse influences by the jitter components
betweeh both of the clocks, namely the.frequency/phase error
combonents betweeh the master clock MCK and the PLL groove clock
GCK need not be reflected to the CLV servo system, no longer,
such a CLV processor 114 as.showp in Fig. 3 is employed.
Fur;hermore, as the operation of the . CLV servo system, the wide
CLV servo -range fer the rotation of the spindle motor 12 is not
required, but if the error is present within the locking range
'pf the PLL circuit, then such a system capable of allowing the
constant deviation can be realiied. As a consequence, there is
no need to increase the servo gain or to widen the servo range .
by-taking account of the adverse influence by the jitter
component, and therefore, the power saving can be.achieved.
6) Modifi n o 'c t

Fig. 10 schematically shows a modified arrangement of an
encoder system. It should be noted that the same reference
ngmefale shown in Fig. 9.wili be employed as those for denoting

the same circuit components of this modification, and
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explanations thereof are omitted.

" In this modification, a RAM 28 is employed. This RAM 28 is
constructed by combining the ECC-RAM 37 with the butter RAM 27
in Fig. 9. 1In the RAM 28, there are provided a buffer RAM area
28b for storing therein .data used to realize a shock proof
function, and an ECC-RAM area 28a used in the ECC process.

An address to thé RAM 28 1is genérated'from the address
generator.40 in correspondence with the ECC-RAM area‘28a, and
also is generated from the address generator 54 in
correspondence with the buffer RAM area 28b. Then, an acceés
address is selected by an address ééledting unit 44 under
control of the PLL timing generator 42 for the PLL groove clock
system and of the system controller 20 and then the selected
access address is supplied to the RAM 28.
| With éuéh an arrangement, since the RAM 28 is equipped with
the data buffer function and the ECC data holding'function,,it
is possible to reduce the memory chips with respect to. the
circuit packaging. Algo, as shown in Fig. 6, the
encoder/decoder unit 30, the memory controller 50, and the audio
cbmpressing/expanding enéoder/deéoder unit 60 and the address
decoder 70 are preferably manufactured in one chip.

It should be understobd that although the above—describéd
embodiments have described that the present invention has been
applied to the nmgneto;optical disk recording/reproducing
apparatus, the present invention may be alternatively applied to

a CD player and a DAT player, which are equipped with a buffer
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RAM used to a so-called "shock proof" function. 1In particular,
in the case of a CD system having no conceptional idea of a:
sector, as to a data transfer process between a decpde system
and' a buffer RAM, very cumbersome processibperations are
required in order to corréctly continue the data by eliminating
the adverse influence of the jitter problem. Since the
operations up to the data writing operation to the buffer RAM
are performed in syhchronism with the PLL system, no care should
be takeﬁ.to the .jitter adversg influence. Accordingly, fbr
insténée, the write timing to the buffer RAM and the like may be
readily produced in accordahce with, for instance, a sub-code.

As previously described, in the reproducing apparatus and
the deqoder circuit, according to the present invention, the PLL
system clock.is used in the system defined from thé recording
medium up to the data writing operation into the buffer RAM,
whereas the clock of the crystal oscillatbr sYstem is émployea
in the system defined by the data reading operation from the
. buffer RAM. As a consequencé, as long as the PLL lqu is
maintained within the decéde means and the write control means,
the system can be free from the.jitter problem, and also the
jitter margin.afea is no longér required iﬁ the memory used to
the decoding process. Furthermoré, with respect to the access
control to the memory used to the decoding process, neither the
priority encoder and othgr-circuit portions as thé managing
means for the adverse influence of the jitter, nor the CLV

,processor circuit for reflecting the adverse influence of the
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jitter to Fhe fotation servo system are required.

As apparent from these facts, no overflow of the memory
used to execute the decoding process by the jitter occurs, so
that the stable decdding operation can be.considerably improved.
There are such advantages that the overall circuit arrangement
could_be greatly simplified, and the circuit arrangements
defined by the data reading circuit from the buffer RAM could be
readily manufactured in a single chip.

As to the adverse influence of the jitter occurred between
the different clock systems, this adverse influence may be
covered or suppréssed by the buffer RAM having a' relatively
large memory space. Since the decoder system is free from the

jitter problem, such a system capable of allowing the constant

. deviation can be built in the rotation servo system. Thus, the

servo gain/servo range can be reducéd. As a result, substantial
power saving can be realized. |

Also, in the recording abparatus and the encoder circuit,
according to the present invention the clock of the crystal

oscillator system is employed in the system defined from the

input to the data writing operation to the buffer RAM, whereas

the clock of the PLL system is used in the system defined from
the data reading operation from the buffer RAM up to the data
writing operation into the recording Medium. As a consequence,
as iong as the PLL lock is maintained in the read control‘ﬁeans
and the encoding means, the system is free from the jittér.

Thus, the stable encoding operation could be improved, and such

=

~
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a CLV processor circuit for reflecting the adverse influence of
- the jitter to.the rotation servo system is ﬁo longer required,
so thét.the entire circuit arrangemént'could be made simple.

As to the advérée influence of the jitter occurred between
the different clock systems, this'adversé influénce may bé
covered or suppressed by thé.buffer RAM héving a.relatively.
large memory space. Since the encoder system is free from the
jitter probiem, such a system capable of allowing the constant
deviation can be built in the rotation servo system. Therefore,
the servo gain/servo range can be reduced. Aé a consequence,

‘substantial power saving can be realized.
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wﬁag is claimed is:
.1. A reproducing apparatus comprising:

reproducing means for. reading out data from a recording
medium;

signal processing meané for performing a predetermined
signal process to the data read by the reproducing meaﬁs;

'storage means for temporarily storing the data processed by
said signal process1ng means; -

write control means for controlling a writing operation of
'said signal-processed data into said storage means;

réad control means for controlling a reading operation-of:
" the data temporarily stored in said storage means therefrom;

first clock generating means for extracting a clock
synéhronized with the drive of said recording medium from the
data rebroduced from said recording medium to thereby generate a
first clock; |

second clock generating means for generating a stabilized
clock; and |

control means for controlling both of .said signél
processing means and said write control means based upon the
first clock generated from said first clock generating means,
and also for controlling said read cdﬁtrol means based on the
stabilized clock generated from said second clock generating
means.
2. | A reproducing apparatus as claimed in claim 1 wherein:

said signal processing means further includes a second

___;__—%——~——_*‘——”
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storage means used to correct én error; and

said first storage means is comhonly used with said second
storage means.
3. A reproducing apparatus as claimed in ciaim 1 wherein:

data~reading/writing operations frdm/to said second storage
means are contfolled by said control means based on the first
cloék_generated from said first ciock generating means.
4, A reproducing apparatus as claimed in claim 1 wherein:

said reproducing appardtus further compriées second signal
processing means for expanding the signal-processed data; and

said second'signal processing means is controlled on the
basis of said stabilized clock. |
5. A reprodﬁcing apparatus as claimed in ciaim 2 wherein:

- said reproducing apparatus furthef comprises second signal.

processing means for expanding the signal-processed data; and
' said second signal processing heans is controlled on the
basis of said stabilized clock.
6. A reproducing apparatus comprising:

a reproduping head for reading out data from a recording
medium;

a signal processor for performing a prédgtermined éignal
process to thé'data regd by said reproducing head; |

a memory for teﬁpofarily'storing therein the data processed
by said signal processor;

a writing operation controller for controlling a writing

operation of said signal-processed data into said memory;

N
heet Has Been Reﬁaced :
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a reading operation cbntroller for controlling a reading.

'operation of the data temporarily stored in. said memory
therefrom; | |

a-first'clock generator.for extracting a clock synchronized
with the drive of said recording medium from the data reproduced
from said recoraing medium;

a seéond clock generator for generating a stabilized clock;
and

a controller fdf controlling both of said signal processor
and said.writihg operation controller based on the first clock
generated from said first clock generator, and also for
controlling said reading operation controller based upon the
stabilized clock generated from said. second clock generator.-

7. A decoder circuit comprising:

signal processing means for performing a predetermined

signal process to data read. out from a recording medium based
upon a first clock 'synchronized. with an opératibn of . the
recording medium;
storage means for temporarily storing therein the data
processed by.said signal processing means;
- write control means for writing said signal-processed data

into said storage means based on said first clock; and

read control means for reading out the data stored in said

storage means based upon a second clock corresponding to a

stabilized clock.

8. A decoder circuit as claimed in claim 7 wherein:

Sheet Has Been Reﬁaced
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said signal processing means further includes a second
stofage means.used to correct anlerror; and

said first storage means is commonly used with said second
storage means. '
9. A decoder circuit as claimed in claim 8 wherein:

data reading/Writing-operations_from/to said second storage
means are controlled by said controi means based on the first
clock generafed from said first clock generating‘means.
10. A decoder circuit as claimed in claim 7 wherein:

said decoder circuit.further comprises second signal

processing means for expanding the signal-processed data; and

said second signal processing means is controlled on the.

basis of said stabilized clock.
11. A recording apparatus eomprising:

data input meéns}

. storage means for temporarily storing therein the inputted
data;

writing control means for controlling a writing operation
of the data into said storage means; |

reading control means for cbntrolling a reading opératibn

of the data temporarily stored into said storage means

therefrom;

signal processing means for performing a predetermined-

signal process to the data read out from said storage means;
recording means for recording the data processed by said

signal processing means on a recording medium;

This Sheet Has Been|i{e[ilaced
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'firs; clock-generating means for extracting a sync signal
previously recorded on said recording medium to thereby generate
first clock; | |

second clock generating means for generating a stabilized
clock; and

control means .for controlling both of said ‘signal
processing means and said reading controi means based upon the
first clock generated from said first clock generating means,
and also for controlling said writing control means based on the
spabilized.clock generated from said second qlock generating
means.

12. A recording apparatus as claimed in claim 11 whereln

sald signal processing means further includes a second
storage means used to correct an error; and

said first storage means is coﬁmon;y used with said second
storage means.

13. A recording apparatus as claimed in claim 11 wherein:

data reading/wfiting operations from/to said second storage
means“are-aontrolled by said control means based on the first
.clock generated from said first clock generating means.

14. A recording apparatus as claimed in claim 11 wherein:

said recording apparatus further comprises second signal
processing means for compressing the inputted data; and

said second signal proceséing means is controlled on the
basis of said stabilized clock.

15. A recording apparatus as claimed in claim 12 wherein:

is Sheet Has Been R« laced
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said recording apparatus further comprises second‘signal
processiﬁg means forlcompressing the inputted data; and
said secoﬁd signal précessing'means.ié controlled on the
basis qf éaid stabilized clock.
l6. A xecording apparatus comprising:
a data input Eerminal;
a memory for temporarily storing therein the inputted data;
a write controller for controlling a writing operation of
the data into said memory; |
a read éontroller for controlling a readihg épérafion of
- the data temporarily stored in said memory therefrom;
a signal processor for performing a predetermined signal
_process to the data read from said memory;
a recording head for recqrding the data processed by said
sighal pfocessor on .a recording medium;
a first clock generator for extracting a sync signal
~ previously recorded on said recofding medium to thereby generate
a first clock;
a second clock generator for generating a stabilized clock;
and |
a_contrdller for controlling béth of said signal processor
and- said read controller based upon the first clock generated
from said first c1bck generator, and also for controlling said

write controller based on said stabilized clock from said second

clock generator.

17. An encoder circuit comprising: TMS$waEhSB“MR1im£d

[
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storage means for temporarily storing therein inputted
data;

writing control means for writing said inputted data into
Said.storage means based on a first clock corresponding to a
stabilized clock;

reading control means for reading the data stofed in said
storage means based on a second ciock synchronized with a drive
of a recording medium; and

siénal processing means for performing a predetermined
signal process to the da;a read by said reading control heans
based upon said second clock. |
18. An encoder circuit as claimed in claim 17 wherein:

said signal processing means further includes a second
storage means used to correct an error; and

said first storage means is commonly used with said second
storage means.
1. Aan encoder circuit as claimed in claim 18 wherein:

data reading/writing operations from/to said second Storage
means are controlled by said control means based on the second
clock generated.from said second clock generatihg means.
20. An ehcpder_ciréuit as claimed in claim 17 wherein:

said éncoder circuit further comprises secdnd signal
processing means for compressing the inpﬁtted data; and

said second signal processing means is controlled on the

basis of said stabilized clock.
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