
;e3e({B(x8894=r>vA6ATB9 DEC 2004o  DISC DATA REPRODUCING APPARATUS AND
SIGNAL PROCESSING CIRCUIT FIELD OF THE INVENTION The invention relates to
an apparatus for reproducing data stored on a disc, a signal processing
circuit for use in processing data read from a rotating disc for storage in
a buffer memory and a method for reproducing data stored on disc as defined
in the preamble of claim 1, 13, 24. Such an apparatus, such a circuit and
such a method are known from EP 0 485 234 A2. In Fig. 7 of this document a
circuit is shown which converts a frequency of 4.3218 Mhz into a frequency
of 4.2336 Mhz. The writing operation of digitized and demodulated data to a
storing means is carried out dependent in these frequencies. DE 41 03 973
A1 discloses a method for reproducing and for recording of digital. data.
For avoiding interruptions during a data reproduction, data from a
recording carrier are read out via an intermediate memory. When trouble
occurs, no data are read any more into the intermediate memory due to
tracking and focusing defects. After the trouble disappears, the data are
read into the intermediate memory at a  higher speed, such that the
intermediate. memory is again filled up with data. ~. . . 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 thus 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      - 9 DEC 2004 2 provided with a
semiconductor laser and a photo-electric conversion device in a constant
linear velocity tracking system(CLV) from the inner periphery side to the
outer periphery side of the disc , and by rotating the compact d i sc the
data recorded on the compact disc may be read. The data read out from the
disc 1s supplied to an RF cir cuit. This RF circuit extracts a focus error
signal and tracking error signal from an output of the opttcal pickup, and
supplies a servo control clrcuit with these extracted signals. The RF
circuit 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 supplied to a D/A(digital/analog) converter(hereinafter
called DAC).~An output ofi the DAC i s supplied to a 1 ow pass filter (LPF)
, . and an . output of the LPF corresponds to.a reproduced audio output
signal. In a reproduction device used with a . CD , i n order ~ to prevent
.a f i na 1 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 player reproduces two kinds of data
co-existing on the disc, i.e, an   9 DEC 2004 



3 audio signal and ROM data, such as image informatfon and character codes.
When the audio signal 1s read out, the reproduction is performed at a
normal rate corresponding to audible information.. On the other hand, when
ROM data is read out, the reproduction is performed at a faster rate, such
as a double. rate. In such a CDROM player, frequent switching from the
normal rate to the double rate or from the double rate to the normal rate
is performed. As shown 1 n FIG . 1 , to change the reproduction rate , a
rate control signal(HS) is used. When the signal HS is changed 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) generated by
a PLL circuit 1n accordance with the rotation speed of the disc motor
flutters firequently in accordance' with the motor rotation.' The
reproductlon.stage clock controls the rate at which data is written into
the bufifier memory. On the other hand. a signal processing stage
clock(XCK) fior error correction processing and audio output processing 1s
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 firequency difi   - 9 DEC 2004 4 ference between the
reproduction stage clock(VCOCK) and the signal processing stage clock(XCK)
is relatively large. In the bufifer memory, storing(writing) is performed
by a reproduction stage frame clock(PFS) synchronous with the. clock VCOCK
, and read 1 ng 1 s performed by a signal processing stage frame clock(XFS)
synchronous with the clock XCK which is synchronous with a clock signal
generated by a crystal.oscillator. For this reason, the address diffference
between storing and reading caused by the frequency dififierence exceeds.
an allowed value for the bufifer memory. This means an overflow or
underflow. 1.e " emptying, which results tn 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 4M13 DRAM(fiour megabit dynamic random access memory), is' employed
between the bufifier memory and the DAC to store the reproduced.output of
the bufifer memory. The reproduced'output.is stored to the shock proofi
memory, then read out. This system is called shock proofi . In the shock
proof system, storing to the shock proofi memory is controlled to keep a
predetermined data quantity in the shock proof memory in the following
manner. When storing is interrupted by a shock from.outside, the reproduced
data in the shock proofi memory is reduced because reading-out continues.
Ifi.:   9 DEC 2004 5 the quantity reduction 1n the shock proofi memory is
detected, then in order to recover the predetermined quantity 1n the shock
proofi memory, a reading rate firom the bufifier memory is switched to a
fiaster rate. In this case, because the rotation speed of the disc motor
changes gradually, the dififierence between the reproduction stage clock
and the signal processing stage clock is increased. As a result, an
underfilow occurs in the huffier memory. which causes a reproduction
interruption. As described above, in systems such as the shock proofi
system and CD-ROM in which the reproduction rate is switched, the
reproduction can be interrupted because ofi 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 1n 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 thls.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 ofi 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,   - 9
DEC 2004 6 



for example from the inner periphery side to the outer periphery side, the
frequencies of the clocks VCOCK and PFS are higher than their predetermined
value for the target point until the disc motor decreases Its speed to the
predetermined speed..When,the pickup moves from the outer periphery side to
the Inner periphery side, the frequencies of the clocks VCOCK and PFS are
lower than their predetermined value for the target point. These cases can
result in underflow or overflow, by the frequency difference between the
clocks PFS and XFS, which results in the reproduction interruption.
Particularly) 1n the system in which high-speed access is required, a lodg
muting period until the reproduction is restarted is one of the serious
problems. To solve the above problems, although using highcontrollability
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 apparatus is, for example, disclosed in the Japanese Patent
Lald Open(Ko-kai) 93-28632. In the reproduction apparatus (pl-ayer)
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   - 9 DEC 2004  'The tracking
changes according to the rotation radius and data transfer rates are not
constant. For example, under constant angular velocity, when the data
transfer rate represents four times the normal rate at the outer periphery
side, the data transfer rate represents 1.6 times the normal rate at the
inner periphery side. To implement the above mentioned CAV player, a
calculation circuit which calculates a reference frequency for the PLL
circuit 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 The object of the
present invention is to provide an apparatus for reproducing data stored on
a disc; a signal processing circuit for use in processing data read from a
rotating disc for storage in a buffer memory and a method for reproducing
data stored on a disc, .such that reproduction interruptions or mutings
caused by a reproduction speed switching are reduced. This object is solved
by an apparatus according to claim 1, a signal processing circuit according
to claim 13 and a method according to claim 24. An additional advantage of
the invention is that the disc players can be provided, in which the access
time deviation is minimized. Further advantageous embodiments and
improvements of the invention can be taken from the dependent claims.   - 9
DEC 2004 In accordance with an aspect of the present invention, the
apparatus for reproducing data stored on a disc comprises 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 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 reference clock, and memory control ing means for
controlling 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 apparatus for reproducing data stored on a disc
comprises 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 digitized signal in response to the fist
clock and for outputting demodulated data, means for storing the
demodulated data meansfor 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 d for outputting the selected clock as reference clock,
and memory controlling means for controlling a writing operation to the
storing means in response to the first clock and for controlling a reading
operation from the stroing means in response to the reference clock. In
accordance with further aspect of the present invention, the apparatus for
reproducing a plurality of data stored on a dsic, the plurality of disc
data capable of being classified into at least a first type data and a
second type data, comprises   9 DEC 2004 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 first divider for dividing tirst clock fo generate a first frame
clock, and a second divider for dividing the reference clock to generate a
second frame clock, a buffer memory for storing disc data read from the
disc, and memory controlling means for controlling a writing operation to
the buffer memory in response to the first frame clock and for controlling
a reading operation from the buffer memory in response to the second frame
clock, wherein, when the designated disc date is the first type date, 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. 



A signal processing circuit according to another aspect of the present
invention . 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 output the second 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. Further, a signal processing circuit for use in processing data read
from a rotating disc for storage in a buffer memory, according to another
aspect of the present invention comprises a first clock generating circuit
to generate a first clock   ` 9 DEC 2004 10 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 output the second clock, a selector to select
one of the second clock and an externally 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. A method for reproducing data stored on a
disc according to another aspect of 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 rotation 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, according to another aspect of the present invention
comprises 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 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 selecting one of the second clock
and a constant clock at a predetermined frequency as a reference clock,
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.   9 DEC 2004 Apparatus for reproducing data stored
on a disc according to another aspect of the present invention conprises
means for rotating the disc, pickup means for reading out disc data from
the disc during rotation thereof, means for generating a digitized a 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 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 w
ng 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, means for determining the
demodulated data as invalid when the detected frequency is out of a
predetermined range. Another signal processing circuit, according to
another aspect of the present invention, for use in processing information
data read from a rotating disc, for storage in a buffer memory, comprises a
clock generating circuit to generate a first clock responsive to an EFM
signal generated by quantizing the information data in accordance with a
disc rotation, 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 second clock and to output the second clock a a
reference clock, and memory controlling circuit to control writing the
demodulated 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, a determining circuit
to determine the demodulated data as invalid when the detected frequency is
out of a predetermined range. The method for reproducing data stored on a
disc, according to another aspect of the invention comprises reading out
disc data from a rotating disc, generating a 



9 D\ec 2004 12 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 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
predefermmed range. Other objects, features and advantages of the present
invention will become apparent from the following detailed description. It
should be understood, however, that the detailed description and specific
examples, while indicating preferred embodiments of the invention, are
given by way of illustration only, since various changes and modifications
within the spirit and scope of the invention will become apparent to those
skilled in the art from this detailed description.   9 DEC 2004 13 BRIEF
DESCRIPTION OF THE DRAWINGS A more complete appreciation of the present
invention and many of its attendant advantages will be readily obtained by
reference to the following detailed description considered in connection
with the accompanying drawings, 1n which: FIG.1 is a timing chart showing
the relationship between the frequency of a reproduction stage reference
clock(fcviiK) and the frequency of a signal processing stage clock(fxoK)
according to a conventional system; FI G . 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 ts. a
block diagram of a part of an. EFM demodulating circuit according to the
first embodiment of the present 



invention: FIG S 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
block 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;   - 9 DEC 2004 14
FIG.8 is a block diagram at w switching and thinning out circuit according
to a second embodiment of the present Invention; FIG.9 im a biock diagram
of a swltching and thtnninp out circuit according to the second embodiment
of the present invention; 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~ :he present inverition: FIG.11 is a tlming chart showing an
operation of the thinning out circuit shown in FIG.10; FIG.12 is a block
diagram of a disc data reproducing apparatus according to a third
embodiment of the present invention: FIG.13 is a block diagram of a
reproducing speed detection c 1 r c a 1 t usable a with the present
invention; FIG.1.4 i.s a timing chart showing an operation of the
reproducing speed detecting clrcuit shown in FIG.13; and. FIG.15 is a block
diagram of a signal proccessng circuit Torrned on a semiconductar chip 'in
accordance with the present Invention. FI0.18 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 Invention:   - 9 DEC
2004 



15 DESCRIPTION OF PREFERRED EMBODIMENTS Embodiments of the present
invention w111 be described in detail with reference to the drawings.
Referring now to FIGS.2-7, a first embodiment of the disc data reproducing
apparatus, method and a signal processing c1rcuit 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 a.s 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 clrcuit(hereinafiter
called an RF circuit) 4. The RF circuit 4 extracts a focus error signal and
a tracking error signal(herelnafter called ERRs) from an output 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 land supplies a PLL circuit 6 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 i.n 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 ciock 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.
- 9 DEC 2004 16 The servo control circuit 5 comprises a focus servo control
circuit, a tracking servo circuit, a spindle servo control circult and a
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 zero.
The tracking servo control circult controls an optical tracking ofi the
pickup 3 to make the tracking error signal equal to zero. The spindle servo
control circuit controls the disc motor 2, which drives the disc 1 at a
predetermined speed, or a constant linear velocity(CLV). 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 ofi 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(hereinafiter called DAC) 9. An output of the DAC 9 is supplied to
a 1 ow pass filter (LPF) 10 , and an output ofi the LPF y 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 controller 8 supplies a clock generating circuit 11 with
control signals including a rate control signal(HS) and a clock switching
signal(SW). The system controller 8 also supplies the signal processing .
circuit 7 and the servo control circuit 5 with many other control signals
for playa stop, search, attenuat   - 9 DEC 2004 17 ing, etc. 



The system control 1 er 8 generates the s 1 gnal s HS and SW on the basis
ofi control signals firorn a processor 12, which controls the whole system
ofi the CD player. Information about the contents of the disc is obtained
by reading TOC(Table ofi Contents) data on a lead-in area(radius 23 mm to
25 mm) on the disc. From TOC data. respective positions, or start
addresses,' ofi the audio data and ROM data(such as image data and
character codes) are obtained. Besides TOC data, the type ofi the
reproduction data, i.e., audio data or not, is determined by using a
subcode-O 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 requlred(designated) data.
When the designated data is the audio data,.the slgnal.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 ofi "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 reproduction stage reference clock(VCOCK). The crystal oscillator
clock is supplied from a crystal oscillator(X'tal) 't3. The reproduction
stage reference clock(VCOCK) is a PLL clock generated by the PLL circuit
fi. Subsequently, the clock generating circuit 11 divides the clock MCK by
2304 to generate a signal processing stage frame   - 9 DEC 2004 la and read
operations absorbs the jitter on the time axis. When the signal SW
represents "H"(high level), the reproduction stage reference c lock (VCOCK)
i s used to derive the clock MCK . As a result, the fitter is never
absorbed) and the underflow and overf 1 ow are prevented i n the buffer
memory 22. In the 1 after case, the fitter in the output data signals does
not cause a problem. because the output data signals from the signal
processing circu 1 t 7 are not output directly as and i o signal s 1 n the
systems such as CD-ROM and the shock-proof system.~ FIG . 4 1 s a b l ock
diagram showing a part of the EFM demodulating circuit 21. A circuit 21a 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 synchronizing
signal, i.e., sync pattern, and performs protection processing on the
extracted synchronizing signal. Ln the circuit. 21a, the reproduction stage
frame clock.(PFS), i.e., writing frame. ciock, is generated in accordance
with the extracting of the sync pattern. Therefore, a frequency of the
clock PFS depends on extractlng of the synchronizing signal, i.e., sync
pattern. Ifi the sync. pattern is detected correctly, one sync pattern is
detected in every one frame, i.e., every 5B8 bits of the clock PLLCK. Under
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 21 c . The
protect 1 o,n .process 1 ng on the , extracted   - 9 DEC 2004 19 address
for reading C1 system data to detect an error of the C1 system from the
data written in the buffer memory 22 and for writing in and reading from
the buffer memory 22 to correct the detected erroneous data, a C2 address
for reading C2 system data to detect an error of the C2 system from the
data written in the buffer memory 22 and for writing in and reading from
the buffer memory 22 to correct the detected erroneous data, and an Re
address for reading the data from the buffer memory 22 to output to the DAC
9. If the buffer memory is formed on a single chip with memory control
circuit, the buffer memory can be controlled without using /RA5 and /CAS.
The memory control circuit 26 has an address circuit(not shown in the
drawings) including two counters. One of the counters 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, fitter occurs during the- write-1n
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 C 1 , C2 , and .Re . As descri bed above , while writing of the
demodulated EFM data i s performed using Wr address i n synchronism with
the clock PFS, the reading is performed using, the Re address. in
synchronism with the clock MFS. When the clock switching signai(SW)
represents "L"(low level). the crystal oscillator clock(XCK) is used to
derive the signal processing stage reference clock(M.CK). As a result,
write   - 9 DEC 2004 20 disclosed in "Principles of Digital
Audio"(ISBN:O-672-22388-0) Chap. 6, Sec. 6.3 (Error Correction), Ken C.
Pohlmann (1987). The error corrected data is again stored to the buffer
memory 22 in synchronism with the clock MFS. Subsequently, the error
corrected data~is read from the buffer memory 22 in synchronism with the
clock MFS, and supplied to the output circuit 25. The output circuit 25
outputs reproduced data(DATA) after, if uncorrectable data exists, mean
value interpolation and mute functions are performed. The subcode
demodulating circuit 24 reads out subcode data from the buffer memory 22)
performs an error check of 0 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 signa 1 . a column address s i gna
1 , a row address strobe signal(/RAS). a column address strobe signal(/CAS)
and a read/wrlte 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.writing the demodulated EFM data in the buffer memory 22,
a C1.   9 DEC 2004 



22 clock(MFS), which is used as a reading frame clock fior a bufifier
memory tn the signal processing circuit 7. The clock generating circuit 11
outputs the clock XCK as a servo control reference c 1 ock (.SCK ) . ' The
signal processing circuit 7 wit~l be described in detail with reference to
FIG.3. The signal processing circuit 7 ofi this embodiment comprises an EFM
demodulating circuit 21, a bufifier memory 22. an error correction circuit
23, a subcode demodulating circuit 24, an output circuit 25 and a memory
control cfrcuit'26. The EFM demodulating circuit 21 receives the
reproducing stage refierence clock(VCOCK) which is generated by the PLL
circuit 6 and is synchronous with. the EFM signal. After extracting a
synchronizing signal, t.e., sync pattern, the EFM signal is demodulated and
stored into the huffier memory 22. via a data bus 28 as 33-symbol data,.
per one firame, which consists of 1-symbol subcode data and 32-symbol main
data including parity data. The buf fiat memory 22 i s used for jitter
absorption and an interleaving in the error correction.process: The fitter
on the time axis is absorbed, or eliminated by writing the EFM demodulated
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 generated by the clock generating circuit
11. An output of the buffer memory 22 1 s supplied , v i a the data bus 28
, to the error correction circuit 23, in which C1.. and C2 system error
correc tions are performed. Such C1 and C2 system error corrections are   9
DEC 2004 23 synchronizing signal 1s for reducing errors in the case of
missing the synchronizing signal and deviation among synchronizing cycles
caused by a scratch on a disc. This processing is disclosed in Japanese
laid open patent publications 83-219828, 83220227 and USP 4,453,260.
Description about clocks will be provided in more detail. The crystal
oscillator(X'tal) 13 generates a crystal oscillator clock(XCK) at the
frequency of 16.9344MHz which is 384 times greater than a sampling
frequency 44.1'kHz. The crystal.cscillator 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) 1s a
PLL clock gengrated 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 thinn 1 ng out a pu 1 se at the rate of one b i t i n 49 b 1 is
of, the c 1 ock VCOCK. The clock PMCK produced by thinning out, as the
signal processing stage reference clock(MCK) is 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 w111 be described   9 DEC 2004 24 in detail with
reference to FIG.5. The clocks XCK(16.9344MHz) and VCOCK(17.2872MHz) are
supplied to a switching and thinning out circuit 11a 1n the clock
generating circuit 11. The switching and thinning out circuit '11a has a
function of selecting one of the clocks XCK and VCOCK according to the
clock switching signal(SW), and a function of thinning out a pulse from the
clock VCOCK. An.output clock, as the signal processing stage reference
clock(MCK), of the switch1 ng and th 1 nn 1 ng out c i rcu 1 t 1 i a 1 s
supp 1-1 ed to a d i v 1'd 1 ng c 1 rcult 11b, which consists of a
divide-by-12 circu~lt, a divide-by16 circuit, a divide-by-2~circult and a
divide-by-6 circuit connected 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. Tfie circuit 11.a i.s provided.as a
preceding stags 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 ctr-.. cult 5 as the clock
SCK independent of the. clock switching signal(SW). The switching and
thinnlng out circuit 11a will be described in detail with reference to FIG
. 6 , and an operation of 'the c i rcuit lla 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 



- 9 DEC 2004 25 gates(OR1 and 0R2). The clock VCOCK generated by the PLL
circuit 6 is supplied to one input ofi the first OR gate(OR1). The clock
switching signal(SW) from the system controller 8 is supplied to the other
input ofi the gate OR1 via the inverter(INV)..An output signal of the gate
OR1 is supplied to the first divide-by-7 circuit(DIV.A)) clock inputs ofi
flip-flops(FF1 and FF2) and one input of the second OR gate(OR2). The
flip-flops(FF1 and FF2) form a shift register. An output signal(~A) of the
first divideby-7 circuit is input to the second divide-by-7 circuit(DIV.B).
whose output signal(OB) is supplied to the first .flip-flop(FF1). An output
signal of the fiirst flip-flop(FF1) 1s supplied to the second
flip-filop(FF2) and one input ofi the AND gate(AND). To the other input of
the AND gate(AND), an inverted output(ON) of the second flip-flop(FF2) 1s
input.~An output signal(D49) of the AND gate (AND) 1 s supplied to the
other i nput ofi the second .OR gate(OR2), whose output ls~the clock PMCK.
The.selector has a first input (AO ) to which the c l ock XCK i s i nput )
a second , 1 np ut (A1 ) to which the c 1 ock PMCK 1 s, 1 n~put , and a
control ' . . ' input(S) ao 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(AO) for "L" as the switching
slgnal(SW), and selects the second input(A1) for "H., , FIG.7 is a timing
chart fior "H" as the switching signal(SW) to explain generation ofi the
clock PMCK. Because the signal SW 1s "H", the output of the gate OR1 is
.- 9 DEC 2004 2G identical to the clock VC~CK, whose divided-by-49 signal
is the output slgnal(OB) of the second divide-by-7 circuit. Thinning out a
pulse ofi the clock VCOCK is perfiormed by executing logical addition
between the clock VCOCK and the output signal D49, which is obtained by
executing logical multiplication between the signal FF1Q and an inverted
signal ofi the signal. FF2G1(.l.e.. ~N) The thinned out clock PMCK has 48
bits 1n a period defined by 49 bits of the~clock VCOCK. In the case the
signal SW 1s "L", the output of the gate OR1 always represents "H". As. a
result, the divideb.y-7 circuits(DIV.A and DIV.B) and the filip-flops(FF1
and FF2) do not work) and low power consumption 1s established. The servo
control reference clock(SCK) is independent of the clock swltching
signal(SW), and is always identical to the crystal .oscillator clock(XCK).
For this reason, controls of the disc matar 2 and . pickup 3 are never
affected by clock switching. When the signal SW changes from "L" to "H") an
address of. a fitter 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 accordance with the, clock VCOCK
without thinning. and the crystal os   9 DEC z004 27 



cillator frame clock(XFS) 1s used as the reading frame clock, or the signal
processing stage frame clock (MFS). In the case the signal SW is "H", the
clock PFS is used as the writing frame clock, and the clock PFS' derived
from the. clock PMCK, which is. obtained by thinning out the clock~VCOCK,
is used as the reading frame clock(MFS). .   - 9 DEC Z004 za Table 1.
Clocks Used in the first embodiment types ofi clock clock switching
signai(SW) SW="~.,~ SW="H" signal processing stage XCK PMCK reference
clock(MCK) reading frame clock(MFS) XFS PFS (signal processing stage firame
clock) reproduction stage VCOCK VCOCK reference clock(VCOCK) writing frame
ctock(PFS) PFS PF5 (reproduction stage frame clock) servo control XCK XCK
reference clock(SCK) XCK . crystal oscillator reference clock PMCK . clock
by thinning out a pulse from VCOCK XFS . crystal oscillator frame clock
(XCK/2304) PFS' . frame clock by dividing PMCK (PMCK/2304)   -- 9 DEC 2004
29 VCOCK: PLL generated clock derived firom EFM signal PFS . frame clock by
dividing VCOCK (VCOCK/2352) In the first embodiment described above, when
the signal 5W represents "L", reading out firom the bufifer memory is
performed in accordance with the frame clock XF5 derived firom a stable
crystal oscillator clock, which is generated by the crystal oscillator. In
the system in which fitter 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 dffiicult to form the crystal
oscillator 



with other circuits on a single semiconductor chip. Therefore, the crystal
oscillator is provided separately from ,the semiconductor chip on which one
or both ofi c i rcu i t 5 and controllerr 9 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 generated in the EFM demodulating
circuit 2l corresponds to a divide-by-588 clock signal ofi the PLLCK which
is a divide-by-4   - 9 DEC 20G4 30 clock signal of the clock VCOCK.
Therefore, in the case the frequency of the .clock VCOCK 1s 17.2872 MHz,
that of the clock PFS is 7.35 kHz. Another frame clock MFS for reading-out
from the buffer memory is generated by dividing the signal pr'oce'ssing
stage reference clock(MCK) by 2304. When the signal SW represents "H" , the
clock MCK i s the clock PMCK which is derived from the clock VCOCK. Because
the clock PMCK is derived by thinning out a pulse at the rate of one b i t
i n 49 b i is of the c lock VCOCK , the frequency of the
divided-by-2304(48x48) clock signal of the clock PMCK corresponds to that
of the divided-by-2352(49x48) clock signal of the clock VCOCK. For this
reason, the frequencies of the clocks PFS and MFS are the same value, and
underflow or overflow w111 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.slgnal due. to ,search operations.
As a result, the reproduction stage frame clock PFS is likely to represent
an .unusual frequency. Under such a condl tion, because a single frame may
be longer or shorter than a period determined by 5B8 bits ofi 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 underflow or
overflow results in buffer memory. .. As described above, the firequency of
the clock PFS depends   9 DEC 2004 31 on the detection of the synchronizing
signal, and this may results in overfow or underfiow. Second. embodiment of
the present invention relates to .further improvement of the data
reproduction. The second embodiment of the disc data reproducing apparatus,
method and a signal processing circuit to further refine the operation of
the first embodiment will be described in detail with reference to
FIG5.8-11. Because circuits except for the clock generating circuit have
the same construction as in the previous embodiment, only the clock
generating circuit w111 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 switching 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
o~ puls.es from the clock VCOCK according to control slgnals(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-b,y-2 circuit and a divide-by-6 circuit _connected in series. The
circuit 111 1s provided as preceding stage   - 9 DEC 200 32 



ofi the circuit 112, because outputs of the each dividing circuit are used
to execute signal processing other than accessing to the buffer memory. The
clock XCK is always output to the servo control circuit 5 as the clock SCK
independent of the clock switching signal(SW). An output of the dividing
circuits 112 is fled to the signal processing circuit 7 and to a control
circuit 113. The control circuit 113 includes two counters 113a and 113b
and a subtracting circuit 113c. One of the counters, l.e., an R-frame
counter 113a, counts up the signal processing stage frame clock(MFS) which
1s supplied from the dividing circuits 112, and outputs a frame address ofi
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 ofi 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 generates 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
fitter absorption capacity is 12 frames, the current write address leads
the current read address by 6 or 7 frames. Therefore, the difference N is
usually 6 or 7 frames. The control signals DP and DM, according to the
difference N, are generated as represented below.   - ~ DEC 2004 33 control
signal DP: set ("H") for N=1-3 (t,.RSfMFS) reset ("L") for N=7-12 control
signal DM: set ("H") for N=10-12 (f~RS fMFS) reset ("L") for n=1-6
Therefore, in the case that synchronizing signals are incorrectly detected
and a frequency of the c 1 ock PFS i s 1 ower than that of the c 1 ock MFS
, read 1 ng speed exceeds wr 1 t i ng speed and the d 1 fference N becomes
lower. When the difference N decreases from 6 to 3, the control signal DP
represents "H", and the clock generating circuit 110 works to decrease the
frequency of the clock MFS by increasing a thinning-rate. When the
difference N increases 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 wr 1 t i ng speed i s faster . and the difference N
becomes higher. When the difference N increases f.~om 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 difference 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   - 9 DEC 2004 ' 34 DP and DM in
the following manner. (1) In the case DP="L" and DM="L" The clock PMCK is
generated by thinning-out pulses at the rate of one b i t per 49 b i is of
the c 1 ock VCOCK. Here , a per i od determined by 48 bits of the clock
PMCK corresponds to a period determined by 49 bits of the clock VCOCK.
Because dividing this 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 pulses at the rate ofi two bits per 49 bits ofi
the clock VCOCK. Here, a period determined by 48 bits of the ciock PMCK
corresponds to a period determined by 50 bits of the clock VCOCK. Because
dividing this PMCK, as the signai processing stage reference clock) by
2304(48x48) corresponds to dividing the clock VCOCK by 2400(50x48), the
frequency of the clock MFS represents 7.20kHz, which is lower than the
normal frequency. , 



(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   - 9 DEC 2004 35 clock MFS
represents 7.50kHz, which is higher than the normal frequency. FIG . 9
shows a structure of the switching and th i nn i.ng out circuit 111. The
circuit 111 includes a selector(SEL #1) and logic circults, which include
an AND gate(AN1), two divide-by-7 circuits(DIV.A and DIV.B), two
flip-filops(FF1 and FF2.), an OR gate(OR1) and a PMCKG generating circuit.
The clock VCOCK generated b'y the PLL circuit 6 1 s supp 1 1 ed to one i
nput of the AND gate(AN1). The clock switching signal(SW) from~the system
controlley 8 1s supplied to the other Input of the AND gate(AN1), whose
output signal is supplied to a fiirst divide-by-7 circuit(DIV.A), clock
inputs of flip-flops(FF1 and FF2) and one input of the OR gate(OR1). The
flip-filops(FF1 and FF2) form a shift register. An output 'signal(OA) of
the first divide-by-7 circult(DIV.A) is input to a second divide-by-7
circuit(DiV.B), whose output s i gna 1 (QB) i s .supplied to .a first f l i
p-t 1 op (FF1~) ~ and the PMCKG~generating circuit. An output signal of the
first~fllpflop(FF1) 1s supplied 'to a second filip-flop(FF2) and the PMCKG
generating circuit, to which an inverted output(oN) of the second
flip-flop(FF2) is also input. The PMCKG generating circuit furthey receives
the control signals DP and DM generated by the subtracting circuit 113c. An
output signal ofi. the PMCKG generating circuit is fed to the other input
of the OR gate(OR1). The selecfor has.a ,first input(A0)~, to which the
clock XCK generated by the crystal oscillator (not shown in this figure) at
the   - 9 DEC 2004 36 frequency of 16.9344MHz, 1s fed, a second lnput(A1),
to which an output clock(PMCK) of the OR gate(OR1) 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(AO) for "L" as the switching signal(SW), and
selects the second input(A1) 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(0) of the first flip-flop(FF1) and the invetted
output signal(/Q: '/' means an inversion) of the second flip-flop(FF2) are
fed to inputs of a first AND gate(AN2). 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(/) of the second flip-flop(FF2) and the output
signal(G1B) of the second d.1 v i de-by-7 c 1 rcu 1 t are fed to i nputs of
a. second AND gate(AN3). An output signal of the second AND gate(AN3) 1s to
a second input(B) of the selecto~~(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 D'P="L" and DP="L", the second lnput(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)   



- 9 DEC 2004 37 is identical to the clock VCOCK, whose divided-by-49 signal
is the output signal(~B) of the second divide-by-7 circuit(DIV,B). Thinning
out a pulse of the clock VCOCK is performed by executing logical addition
between the clock VCOCK and the signal PMCKG.. which is obtained by
following manner. (1) In the case DP="L" and DM="L" (see FIG.11) .
.PMCKG=(FF1~)*(FF2/Q) The 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)*(FF02/~) 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 c 1 ock VCOCK i s used as the c 1 ock PMCK , i . a . , no thin~lng-out
1s performed. Here, the divide-by-7 circuits(DI,V.A and DIV.B) and the
flip-fitops(FF1 and FF2) do not work, a.nd 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 p 1
ckup 3 are never affected by a clock switching. When the signal SW changes
from "L" to "H", an address for a fitter absorption area in the buffer
memory 22 is set to a center address. In this embodiment, while two
counters 113a and 113b are   - 9 DEC 2004 38 provided in the clock
generating circuit 110, it is instead possable to use two counters 1n the
memory control circuit 26 of the signal processing circuit 7 instead of the
counters in the clock generating circuit 110. While, in the clock
generating circuit according to this second embodiment, the rate of
thinning-out pulses is 0. 1, and 2 for 49 VCOCK bits. these rate are not
limited to such values. In the second embodiment described here, when the
signal SW represents "L", reading out from the buffer memory is performed
1.n accordance with the firame clock XFS derived from a stable crystal
oscillator clock, which is generated by the crystal oscillator. When the
signal SW represents "H", the signal processing stage reference clock is
derived from the PLL clock. Therefore, underflow or overflow do not occur
during a transitional per 1 od of the d 1 sc 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 jumps. underfilow or overflow w111
not occur. In the reproduction system described in the above embodiments,
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   - 9 DEC 2004 39 started. An origin ofi the clock
PFS, i.e.. the reproduction stage refierence clock(PCK), is generated by
the PLL circuit. To reproduce lnformation on the disc correctly and
quickly, lock perfiormance ofi the PLL circuit is important, however, lock
perfiormance deviates among signal processing LSIs, because of a
perfiormance deviation of the voltage controlled oscillator(VCO) ineluded
in the PLL circuit. As a result, access time, which repreBents time to
output valid data after reproduction rate changing 



or search operations, deviates among CD player sets. For example. suppose
that the lock performance deviation is ranges firom  25o to t 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 ofi a CD player set with a PLL circuit
which.can lock onto data in the range ofi t 25~. However, even ifi the PLL
circuit locked onto data 1 n the range of t 40~, the error rate wou 1 d be
large because of many errors 1 n the signal s read by the p 1 ckup . These
errors are caused by vibration of the disc motor during the transitional
period, 1n 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 embodiment 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 1n vention employs circuitry ,fior detecting
speed of reproduction, and circuitry for determining whether data 1s valid
or not .ac   - 9 DEC 2004 40 cording to the detection result. If the
detection result, i.e., speed, is in an allowable range in which the PLL
circuit can lock onto data, the data is designated as valid. To suppress
the performance deviation among CD player. sets, the allowable range is set
to a range of a PLL circuit with the worst lock performance, i.e., smallest
lock range. For example, 1n the case that the allowabla lock range 1s ~
25~, even if the PLL circuit having a lock range of  40~.locks onto data at
a frequency which deviates 35~ from the center value, the data w111
nevertheless be designated as invalid. By utilizing above menti oned
procedure, deviations of access time and error rate among CD player sets
are minimized. FIG. 12 is a block diagram ofi a disc data reproducing
apparatus according to the third embodiment ofi the present invention. 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) 1s rotated by the
disc motor 2.. Recorded data on the disc 1 i s read by the optical pickup 3
, and the data ~ read out . i s ~ 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.6 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   



- 9 DEC 2004 41 lowing signal processing circuit 7. The PLL circuit 6
supplies the EFM signal and the clock VCOCK to the signal processing
ci.rcult 7. A center frequency of the clock VCOCK is 17.2872 MHz, which 1s
four times a bit rate of the EFM signal, which is 4.3218 MHz. A clock used
for reading the EFM signal is generated by dividing the clock VCOCK by 4
for the normal reproduction rate, and by dividing the clock VCOCK by 2 for
the double reproduction rate. The servo control circuit 5 comprises the
focus servo con trol circuit, the tracking servo circuit, the spindle servo
control 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 zero. The tracking servo control clrc.ult 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 Tine 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 1n the drawings.) The
signal processing circuit 7 performs an EFM demodula tion, a subcode
demodulation and an error correction processing. The output of the c i rcui
t 7 1 s supp 1 1 ed to the DAC 9 . An output of the DAC 9 is supplied to
the LPF 10, and an output of the LPF   - 9 DEC 2004 42 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 without processing by the DAC 9 and the LPF 10. A system controller
80 supplies the clock generating circuit 11 with control signals including
a rate control signal(HS) and clock switching slgnal(SW). The system
controller 80 also supplies the signal processing circuit 7 and the servo
control circult 5 with many other control signals fior play, stop, search.
attenuating, muting, etc. Here, the muting control signal fior the signal
processing cirault 7 1s generated 1n accordance with the result ofi a
detection of a reproduction speed detecting circult 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 1s obtained by
reading TOC data on the disc. From TOC data, respective positions of the
audio data and ROM data are obtained. The system controller 80 also have
two.registers(not shown) to store the allowable lock range, i.e., the
smallest lock range. One register stores an upper limit of the allowable
range, the other stores a lower limit. These two registers are programmable
to CD player manufacturers. For example, manufacturers can set . the
allowable lock range, t.e. the upper and lower limits, among CD player sets
to the registers through the processor 12. The processor 12 controls the
system controller 80 to gener   - 9 DEC 2004 43 ate the signal HS and the
signal SW in accordance with the required (designated) data. When the
designated data is the audio data, the signal SW of "L" Ievel is generated
to prevent the signal processing stage clock from being switched. On
theother hand, when the designated signal is the ROM data, the signal SW of
"H" level is generated. The clock generating circuit l3-according. to the
signal HS and the signal SWs . generates the signal processing stage
reference clock(MCK) from the crystal oscillator reference 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 determined as invalid, the control signal
representing muting ``ON" 



is output from the system controller 80. Next, referring FIGS. 13 and 14, a
reproduction speed detecting circuit 14 will be described which does not
form part of the inventions which can however be used in the embodiments of
the inventions. . FIG. 13 shows a block diagram of the reproduction speed
detecting circuit 14 which as a divide-by-48 circuit 141, a divide-by-2352
circuit l42, a timing pulse generator 143, a 7-bit   - 9 DEC Z004 44
counter 144 , an encoder 1 45 , and a 4-b 1 t 1 atch c 1 rcu i t 146 . The
clock XCK(16.9344 MHz) supplied firom the crystal oscillator 13 is fed to
the divide-by-48 circuit 141, whose output signal(CCK) is at the firequency
of  352.8 kHz and is fed to the timing pulse generator 143 and the counter
144. The clock VCOCK(center firequency 17.2872 MHz) supplied firom the PLL
circuit 6 is fed to the divide-by-2352 circuit 142, whose output
signal(PFS) is at the center 'frequency ofi 7.35 kHz and is fled to the
timing pulse.generator 143. At the falling 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
afiter the latch pulse with a delay of one pulse ofi the signal CCK. These
pulses(CL and LP) are output to the 7-bit counter 144 and to the 4-bit
latch circuit 146. The.7-bit counter 144 counts up the s i gna 1 CCK ,
holds its value at 96 , . and 1 s reset by the clear pulse(CL). The encoder
145. encodes 7-bit data(N) ofi the counter 144 to~4-bit data(M)~. The 4-bit
latch circuit 146 latches the data(M) at the latch putse(LP) and outputs
the latched data(M) to the system controller 80. Under a condition of a
predetermined reproduction speed, because the frequency of the signal PFS.
is 7.35 kHz, a value(N) ofi the counter 144, at a rising edge of the latch
pulse(LP), is 47((352.8/7.35)-1). A relationship between the frequency(fi)
of the signal PFS and the value(N) of the counter 144 is represented by an
equation.fi=352.8/(N+1.).. The relationship between the encoded value(M),
the value(N), the PFS frequency(f) and a   - 9 DEC 2004 45 deviatlon(D)
from the center frequency of PFS is shown in Table 2.   9 DEC 2004 46
Table. 2 Relationship between M, N, fi(kHz) and D(96) M N 00^- 33134-
35236^- 37338^- 3944 0 ^-- 41542- 43644^~- 45746~ 47848-- 51962^- 551056^-
591 1 ~60~- 631264~ 79138 0--- 9 51496~- f (kHz) -r 10. 1 10.1^- 9.5 9.5^-
9..0 9.0~ 8.6 8.6^- 8.2 8.2^- 7.8 7.8^- 7.5 7.5-. 7.2 7.2^- 6.7 6.7^- 6.2
6.2^- 5.8 5.8^- 5.4 5.4^- 4.3 4.3^- 3.6 3.6^ D (~) 



-- 3 7 37^- 30 30^- 23 23^- 17 17^- 12 12 ^- 7 7 ^- 2 2 ~- - 2 -2^- -9 -9^-
-16 -1 6~- -21 -.21--- -2 6 -26^- -41 -41 ^- -51 - 51-.   9DEC 2004 47
Next, referrlng to FIG. 14, the operation timing ofi the reproduction speed
detecting circuit 14 is explained. At the timing 1, the timing pulse
generator 143 detects a fialling edge ofi 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 t i m
i ng '2 , the counter 1 44 1 s reset by the c 1 ear pulse(CL), however, the
latch circuit 146 stilt holds its value(M'). At the timing 3, like at the
timing 1, the timing pulse generator 143 detects a fialltng 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 t i m i ng 4 , 1 1 ke at the t i m i ng 2 , the
counter 144 1 s 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 controiler 80 has
two registers, which hold an allowable lock range(L1^L2), and a calculator,
which compares the value(M) to the value ofi the registers(L1 and L2). The
values(L1 and L2) which represents the allowable lock range may be set by
the processor 12. For example, and with reference to Table 2, ifi the
allowable lock   - 9 DEC 2004 48 range 1 s -25~ to +25(D) fior the PLL c1
rcui t 6 , the data 1 s designated as valid if the output(M) of the. latch
circuit 146 is i n the range of 3 to 1 0 . I f the data 1 s des 1 gnated as
1 nva 1 1 d . the data and its corresponding subcode are neglected. This
means that, even ifi there no error is detected during the error correction
processing, the data is designated as incorrective. By utilizing the above
mentioned process, deviations of access time and error rate among CD player
sets are minimized. In the third embodiment, although the signal PCK is
gencrated from the clock VCOCK by the divide-by-2352 circuit, the signal
PCK to be detected may be the reproduction stage firame clock(PFS)
generated by the EFM demodulating circuit 21(FIG.3). The reproduction speed
detecting circuit 14 can be used ef fiectiveiy with other disc data
reproduction systems in which access t 1 me i s decisively determined by
the lock .performance ofi the PLL circuit. For example, the circuit 14 can
be used in the. system described in the second embodiment of the present
invention and in a disc data reproduction system such as disclosed 1n
Japanese patent application #92-35994 1, which corresponds to'U.S. patent
application serial #08/159,601 by Inagawa et al. The systerns disclosed in
these patent applications switch their reading frame clock derived from the
crystal oscillator clock according to the difference between the current wr
i to address and read address ofi the buffer memory. In such systems,
because .overfilow and underflow do not occur, the access time i.s
decisively affected by the lock perfor   9 DEC 2004 



49 mance of the PLL circuit. In contrast, in a conventional system.
overflow or underflow occurs after the PLL circuit locks onto the data)
because the frequency difference between writing and reading is relatively
large. Once overflow or underflow occurs. continuity of the data is broken
in the error correction process, the data is designated as invalid, and the
play back of the data does not start. For this reason, the lock
perfiormance of the PLL circuit dose not significantly affect the data
affects on access 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 processing
circuit 7S are formed. In the signal processing circuit 7S, an EFM
demodulating circuit 2lS,~a buffer~memory 22S, an error correction circuit
23S, a subcode demodulatlng circuit 24S and an output circuit 25S are
formed and connected to a data bus. The buffer memory 22S is.controlled 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 embodiment of the present invention. On the semiconductor chip is
also formed a DAC interface circuit 9S, to which clock signals(MFS, HIDCK,
LRCK and BCK) generated by the clock generating circuit 11S   - 9 DEC 2004
50 are supplied. These clock signals are fled to the DAC 9(Flg.2) through
output ~srminals, and are used for signal proc;:ssing in the DAC 9. Besides
these circuits, the spa d detecting circuit according to the third
embodiment ofi the present invention may also be fiormed on the
semiconductor chip. Further) the servo control circuit, the system
controller, a CLV circuit, a digital fiilter , the DAC and other interface
circuits may be formad on the same semiconductor chip. The EFM demodulating
circuit 218 generates a latch pulse(EFMLP) in response to detection ofi the
sync pattern. Because the sync pattern i s 1 nc 1 uded 1 n the EFM data wh
i ch i s synchronous with the clock VCOCK, the latch pulse EFMLP is in
response to the clock VCOCK. The EFM demodulating ctrcul~~ 21S latches
demodulated EFM data 1n response to the latch pulse EFMLP. The memory
control circuit 26(FIGs.3 and 15) will be described 1n detail with
reference to FIG.16. The memory control c i rcu i t 26 i nc 1 udes a fi 1
rs t se 1 actor 201 , an OR gate 202 ; a 141 counter 203, an R1 counter
204, a second selector 205, a W2 countar 206 , a Read On 1 y Memory . (ROM)
207 and a th 1 rd se 1 actor 208 . Outputs of the EFM demodulating circuit
21S and the error correcLion circuit 23S are fed to a first input(A) and a
second input(B) ofi the first selector 201, respectively. An output of the
fiirst selector 201 is provided to the huffier memory 22s as write-data .
An EFM-WT signa l which controls writing of the demodulated EFvI signal is
fed to a control input(S) of the first   - 9 DEC 2004 51 selector 201. The
EFM-WT signal and an ERR.CORR.-WT signal genorated by the error correction
circuit 23S are fed to tha OR gate 202. and an output signal of the OR
.gate 202 is provided to a ~rJr 1 ta/Read control input (~~1/R) of the
buffer memory 22S . The clocks PFS and MFS are fed to the W1 counter 203
and. the R1 countar 204, respectively, and outputs of these counters are
fled to a first input(A) and a second input(8) of the second selector 205,
respectively. An output of the second selector 205 is provided to tl~e
huffier memory ) v i a the second se l actor 20b , as a frame address. The
latch pulse EFMLP is fed to the W2 counter 206. Outputs of the W2 counter
206 and the ROM 207 are fed to a first input(A) and a second input(8) of
the third selector 208) respect i ve 1 y . An output of the th 1 rd sel
actor 1 s. fed to the buf~~ sr memory 22S as a symbol address. When the
demodulated EFM data 1s stored to the buffer memory 22S, the first, second
and third selectors(201. 205 and 208) selact their first lnput(A) 1n
accordance with' an "H" level of the EFM-WT signal as the control input.
Consequently, the outpu'~ of the W1 counter 203 1s fed to the buffer memory
22S'as the frame address and the output of the W2 counter 206 is fed as the
. symbol address. When corrected symbols are stored to the buffer memory
22S, the first, second and third selectors(201.. 205 and 208) select their
second input(B) in accordance with an "L" level of the EFMWT signal1 as the
con tro 1 . 1 n.put . Consequent i y , the output of the R i counter 204 i
s fed to, the buffer memory 22S as the frame   9 DEC 2004 52 address and
the output of the ROM 207 is fed as the symbol address. 



The output of the R1 counter 204 is used to read all data 1n the bufver
memory 22S as the frame address, and the output o.- the . ROM 207 is used
as the symbol address. When the demodulated EFM data or the corrected
symbols are stored to the buffer memory 22S, a signal of "H" level is fed
to the hlrite/Read control input(1N/R) through the OR gate 202. F3G.17 is a
timing chart to~ show generation of the EFP1-iNT signal which controls
writing ofi the demodulated EFN signal to the~buffer memory. In the memory
control circuit 26, the EFM-WT signal is generated in response to the latch
pulse(EFMLP) and a following posBible memory accessing period "W" for
demodulated EFNi data wrfiting, thereof. In particular, the EFM-WT signal
ls.provided in synchronism with period W i n response to the 1 etch pulse
EFMLP . Memory accessing periods are divided into .flour periods. One
period is for the demodulated 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 1n more detail. There are following six types of ac cesses co the
buffer memos y. 1) writing of demodulated EFM:data:..32 symbols/frame   9
DEC 2004 53 2) reading before C1 error correction...32 symbols/frame 3)
correction of erroneous symbols reading of erroneous symbols...2
symbols/frame writing of corrected symbols...2 symbols/frame 4) reading
before C2 error correction...28 symbols/fram~ 



5) correction of erroneous symbols reading of erroneous symbols...3
symbols/frame writing of corrected symbols...3 s~~mbols/frame 6j reading~oT
reproduced data to output...24 symbola/fram~ The ERR.CORR.-WT signal 1s
generated by the error correction circuit in response to the writing of the
corrected symbols in "accesses 3) and 4)" A11 of the above accesses are
executed during the memory ac cessing period which is in synchronism with
the signal processing . stagy frame clock. However, as shown in FIG.17, the
EFh1-WT.signal which controls writing of the demodulated EFM data to the
du~f f er memory is also generated in response to the latch pulse EFhILP
generated in accordance with the reproduction stage reference clock(VCOCK).
Therefore,'"access 1)" is 1n response to she reproduction stage reference
clock(VCOCK) and the reproduction stage frame clock(PFS). As descrlbe~
above. according to one feature of the present invention,.the reading=out
clock for the buffer memory 22 may be derived from the reproduction stage
reference clock. Thus, over   -9 DEC 2004 54 flow and underflow do not
occur, the interruption of the data reproduction is very short, the
reproduced data is available before the disc motor reached the required
speed. According to another feature of the present invention, the
derivation of the 



reading-out clock for the buffer memory 22 may be controlled in accordance
with the amount of data in the buffer memory. According to the further
feature of the present invention, the reproduction speed, i. e. the
frequency of the reproduction stage clock, is detected, and the data is
designated as valid or invalid. While there has been illustrated and
described what are present considered to be preferred embodiments of the
present invention, 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. In addition many modifications may be made to adapt a
particular situation or material to the teaching of the present invention
without departing from the central scope thereof. Therefore, it is intended
that this invention not be limited to the particular embodiment disclosed
as the best mode contemplated for carrying out this invention, but chat the
invention include all embodiments falling within the scope of the appended
claims, as interpretd according to Art. 69 of the EPC Protocol.   - 9 DEC
2004 ss Claims 1. Apparatus for reproducing data stored cn a disc (1),
comprising: a) means (~, 5) for rotating the disc (1>; b) pickup means (3)
for reading out disc data from the disc (1) during rotation thereof; c)
means (4) for generating a digitized signal by quantizing the read oLt cisc
data in accordance with rotation of the disc (1); means ~(6) for generating
a first clock~(VCOCK) in response to the. digitized signal; e) means (7,
21) for demodulating the digitized signal~ (EFU) in response to the first
clock and for outputting demodulated data; f) means ;22) for storing the
demodulated data; 5 ) means ( 11 ) for der~.ving a second clock (MCK, MF5)
from the firEt clock (VCOCK) and for outputting r. he second clock as a
reference clock; and h) memory controlling means (26) for controlling a
writing operation to the storing 'means (22i in. response to the first
clock (PFS) and for controlling a reading operation from the storing meCans
(22) in response to the reference clock (MCK; 



Mrs) ;   - 9 DEC 2004 56 characterized by k) said deriving means (11)
comprising a thinning-out means for deriving the second clock (MCK, MFS) by
thinning-out a portion of said first clock (VCOCK) such that said second
thinned-out clock (PMCK), during a predetermined period, includes: k1) a
first component with a plurality of first pulses having a first pulse width
and a first duty ratio (50/50); and k2) a second component occuring after
the first component, with at least a single second pulse having a second
pulse width and a second duty ratio; k3) said second pulse width being
longer than said first pulse width of each of said first pulses and said
second duty ratio being different from the_first duty ratio of said first
pulses. 2. The apparatus according io claim 1, further comprising means for
detecting the frequency of the first clock in accordance With an externally
supplied constant clock; and means for determining the demodulated date as
invalid when the detected frequency is out of a predetermined range.   9
DEC 2004 s~ 3. Apparatus according to claim 1 or 2, comprising means (13)
for supplying a constant clock at a predetermined frequency; and 



means (11) for selecting one of the second clock and the constant clock and
for outputting the selected clock as a reference clock. The apparatus
according to claim 2 or 3 wherein the determining means includes means for
storing the predetermined range 5. The apparatus according to claim 1 or 3
wherein the deriving means comprises derivation controlling means for
controlling a derivation of the second clock by the deriving means. 6. The
apparatus according to claim 5, wherein the derivation controlling a means
controls the derivation of the second clock according to an amount of data
stored in the storing means so that a frequency of the second clock is
controlled in accordance with the amount of scored data. 7. The apparatus
according to claim 6 wherein 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   - 9 DEC 2004 ss
decreases the chinning-out amount when the amount of the data is larger
than a second predetermined value. 8. The apparatus according to claim 6 or
7 wherein the amount of data stored in the storing means is represented by
a difference between current read and write addresses of the storing means.
9. The apparatus according to claim 8, further comprising first dividing
means for dividing the first clock to generate 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 first
counter means for counting frames in the first frame clock as a first
result; second counting means for counting frames in the second frame clock
as 



a second result; and means for calculating a difference between the first
and second results. 10. Apparatus according to claims 1-9, for reproducing
a plurality of data ' stared on a disc, the plurality of disc data capable
of being classified into at least one   - 9 DEC 2004 59 of a first type
data and a second type data, the apparatus comprisQing: means for
designating information data to be read among the plurality of disc data
and for designating or.e of the first and second types of data; an
oscillator for supplying a constant clock at a predetermined f=equcncy; a
selector far selecting one of the second clock and the constantclock and
for outputting the selected clock as a reference cloak; a first divider for
dividing the first cloth to generate a first frame clock; . a secand
divider for livid=n.g the reference clock to generate a second frame clock;
a buffer memory for scoring disc data read f rorn the disc; ~ and memory
controlling moans (26? for controlling a writing operation to the buffer,
memory in response to the first frame clock and for controlling a reading
operation from the buffer memory in response to the second frame clock;
wherein, when the designated disc data is the first type data, the selector
sel.ects 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. 11. The apparatus according LO claim 10~ wherein
the first type 3a~a includes RCM data ana the second Cype data includes
audio data .   9 DEC 2004 GO 12 . The apparatus according to claim 10
wherein said means for deriving said second clock comprises a derivation
controlling circuit for controlling a derivation of the second 



clock by the second clock deriving circuit according io an amount of data
stored in the buffer memory when the designated disc data is the first type
data; the derivation controlling circuit increasing a thinning-out amount
when the amount of stored data is less than a first predetermined value,
and the derivation controlling circuit decreasing the thinning-out amount
when the amount of stored data is larger than a second predetermined value,
so that a frequency of the second clock is controlled in accordance with
the amount of stored data. 13. A signal processing circuit for use in
processing data read from a rotating disc for storage in a buffer memory
(22), comprising:   - 9 DEC 2004 61 a first clock generating circuit (6) to
generate a first clock (VCOCK) responsive to a modulated signal generated
by quantizing the data read from :,he rotating disc (1); a demodulator to
dernoduate the modulated Signal irz response f,a the first clock and to
output demodulated data; a second clock deriving circuit (11) to derive a
second clock from the first clock (VCOCK) and to output the second clock
(MCK, MFS) as a reference clod:; and a memory controlling circuit (26) to
control writing of the demodulated data to thp buffer memory (22) in
response Lo the.first clock and far controlling reading ef the demodulated
data from the buffer memory ir. response to the reference .clock; wherein
said second clock deriving mesas (11) comprising a thinning-ouC means for
deriving the second clock (MCK, MF5)~by.thinning-cut a portion of said
rirst clock (VCOCK) such that said. second' thinned-our_ clock (PMCIC) ,
during a predetermined period . ,. includes: a,first crnponent with a
plurality of first pulses having a first pulse width and a first duty ratio
(50/S0?; and a second component occurring after the first component, with
at least a since second pulse having a second pulse width and a second duty
ratio; said eecond pulse width being longer than said first . pulse width
of Path of said first pulses and said second duty ratio being different
from the first duly ratio of said first pulses.   - 9 DEC 2004 62 la, 'The
signal processing circuit according to claim 13, further comprising; a
first detector to detect a frequency of the first clock in accordance with
an externally supplied constant clock ; and a determining circuit to
determine the.demodulated data as is_valid when the frequency is cur. of a
predetermined 



range. 15. A sigma 1 processing circuit acccording to claim 13 or J4 ,
comprising a selector to .select one of the second clock and an externally
supplied, constant clock at a predetermined frequency, and for outputting
the selected clock as a reference deck . 16. The signal processing circuit
according to claim 13 or 15 further comprising the buffer memory. 17. The
signal processing~circuit according to claim 13 wherein the second clock
deriving circuit comprises: a derivation controller to control a
derivation. of the second clock by the , deriving circuit . 18. T3nc-
signs? prccessing ;circurt according to, claim 17 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 r. he
secondd clock is controlled in accordance with the amount. of 5t0=ed dote.'
. 19'.. 'fhesigna:l processing circuit according to claim ,18 , wherein the
derivation controller increases a thinningout amount when the amount of
stored data is less than~   9 DEC 2004 63 first predetermined value, and
the derivation controller decreases the thinning-out amount when the amount
of stored data ie larger than a second predetermined value. 20. The
apparatus according to claim 18 0. I9 wherein the amount of Stored data is
represeneed by a difference, between current read and write addresses of
the buffer memory . . 21. The signal processing circuit according to claim
20 further comprising: a first divide= to divide the first clock to
generate a first frame clock; and a second divider to divide the reference
dock r.c generate a second franc clock; wherein the derivation controller
includes: a first counter to count up Frames in the first. frame clock.as a
First result; a second counter for count up frames in the second frame
clock as a second result,; and a subtractor to calculate a difference
between the first and second results. 22. 'the signal processing circuit
according to claim 21 ., wherein the .seoond .divider outputs at least nine
intermediate clock distinct from the second frame clock. 



23. The signal processing circuit according to claim 22 further
comprising:~   - 9 DEC 2004 64 a digital / analog converter interface
circuit with an intermediate clock output terminal for receipt of the
intermediate clock. 24. A method for reproducing data stored on a disc (1),
comprising the steps of (a) reading out the disc dafa during rotation of
the disc (I); (b) generating a digitized signal by quantizing the read out
disc data in accordance with a rotation of the disc (1); (c) generating a
first clock (VCOCK) in response to the digitized signal; (d) demodulating
the digitized signal in response to the first clock and outputting a
demodulated data;   - 9 DEC 2004 a1 deriving a second clock (MFS, MCKI from
the fa rst clock (VCOCtc~ and for outputting the second clock (MFS) MCK) as
a reference clock; and L) writing the demodulated data to a buffs= memory
(22) in response to tha first clock (VCOCK); and g;' r.eaaing the
demodulated data from the buffer memory (22) in response co the reference
clock; anal k) wherein said deriving step c) .compri.ses a thinning~out
process for deriving the second clock (MCK, MFS) by thinning-out a portion
of s'ai'd first clock (veecx) such that said second thinned-out clock (
PMCK) , during a predetermined period includes: kl) a first component With
a plurality of first pulses ha1ing a first pulse widc:h and a first
dutv.ratio (SO/SO); and .. . k2 ) ' a second component occurring after. 



the first component, with at least a'single~ second pulse having a second
pulse width and a n second duty ratio; k3) .said second pulse width being
longer than said first pulse width of each of said first pulses and said
second duty ratio being different from the first duty ratio o` said first
pulses. 25. ~ A method accord:ng to claim:24 ., further comprising the
following step:;: deriving said second clock (MFS, MCK) from the first
clock (VCOCK); and selecting one of the second clock and a.constant clock
at a predeterrnintd frequency as a reference cock.   - 9 DEC 2004 GG 2 6 .
A method according to clam 25, further comprising: determine a frequency oI
the refs=znce clot)-: i.n accordance with: d constant clock; and
determining the demodulated data as invalid whey the detected frequency is
out of a predetermined range. 27. A signal processing circuit ~ according
to claim .13, for use in reproducing a plurality of, disc data stored on a
rotating disc, the plurality of disc data capable of being classified into
at least one of a first type data and; a second type date, the reproduction
of the plurality of data involving accesses to a buffer memory, comprising:
a PLL circuit for generating a ~rCO clocJ: signal responsive to a modulated
signal generated by binalizing the data read from the rotating disc; said
demodulator demodulating the modulated signal in response to the PLL cl.ock
signal ) .and .f.or ,outputting demodulated data; said thinnirg-out means
receiving the VCO clock signal, =or conducting thinning-out process to the
VCO clock signal) and for outputting a thinned.-out'clock signal; said
selector receiving a constant clock signal and the thinned-out clock
signal) and for alternatively outputting the one of the constant clock
signs? and~the thinned-out clock signal as a .reference clock signal, a
reference of the constant clock signal being different from ? frequency of
the VCO clock signal; anal said memory controlling circuit controlllng
writing of the demodulated data to the buffer memory in response tc the
Vf.'0 clock signal) and for controlling reading of the demodulated data
from the buffer mernory in response .to . the reference' , clock signs 1 ;
wherein) wren tl:e disc data to be reproduced is the f:irst . type data,
the selectorr outputs the thinned-out   - 9 DEC 2004 67 clock signal as the
reference clock signal, and where_ the disc data to be reproduced is the
second type data, the selector outputs the constant clock signal as ehe
reference clock signal. 



28. The signal processing circuit according to claim. 14 comprising said
First divider fox dividing the reference clock signal and for generatirg a
plurality of intermediate cloctt signals and a reading frame clock signal,
said irst d=eider including a series of dividers; wherein the daita
reproduction involves the intermediate clock signal e. 29. The signal
processiing circuit aecording to claim comprising said secod divider fo=
dividing the VCE~ clock signal and for generating a writing frame clock
signal; . wherein the first division number oz said first divider is
different from z second division number of said second divider. 30. The
signal processing circuit according to claim wherein the First division.
number is l304 and the second division number ie 232. 31. A signal
processing circuit according Lo claim 13, further. comprising: a
reproduction reference clock generation responsive ~tc a modulated signal
obtained by quancizing the informaticm dates; and er'ror Correction. means
for an error corn:ectior: in, the data read from the disc,   - 9 DEC 20D4
68 characterized by: a spend detection circuit to detect a speed of the
reproduction. reference clock based on a constant clock, whirr the speed
detection circuit outputs as a result of the detection; and a data
invale.dating circuit for irvalidazing the data read from the rotating disc
irrespective of a result of the error correction.
.As.A@.A.A@.A&@.A.Aye.AfS.Ay.,.AS.AN.A(.As;
f.A.As%.As@L.A@L.A%.Ar.As,.A.Ar.AL_.AL.AsA9.AF-.A.A9.As.F.AU.As.A.A9A.As9.A
Y .A9.A l.As.A a.Ashl.AY.l.Ah .A3_.AS4.A3 .A.A_.A;Y9.A3r.A`9.ALl.As_.A.A.AH
.A& .AL.AL%.Ay.Af .A.3.A9h.AAr.ALL.A.Ah,.A l( Kb:    



?x $$1$3$`*~ytoje`[V]ca]ca]c a]ca]ca]ca]c a]ca]ca]c a]ca]ca]ca]ca]ca]c
a]ca]ca]ca]c
a]caV]caV]c,a]ca]ca]ca]c^a]ca]ca]c^a]ca]cRa]c,a!`*m*n*++-.'/./4//1146667789
Y999>????CCCE~xsmhc^Yje`[V]c]ca]ca]ca]ca]c^a]ca]c^a]ca]ca]c
a]ca]ca]ca]ca]ca]c^a]ca]c^a]ca]ca]c a]ca]ca]ca]c^a]ca]c^a]ca]ca]ca]ca]c a
EFGHIJJNKKK5LhNNOQQQQQS,TTTT!WX Y
Y/YiYYYZVZ{vpkfa\W]]ca]ca]ca]ca]ca]c^a]ca]c a]ca]ca]ca]c
a]ca]ca]ca]ca]c^a]ca]c^a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!VZZZZ+[m
[[[ \Y\d\\\]S]^]]]]];
^F^^^_@_g___{``ab}wrlgb\Wkfa\W]]caU]ca]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]caU]caU]ca
bbbbc.chce7fhhhThk<kBlll9mvm~nnnrtttv0wF{S{V{|wrmhc^Y]]]c a]ca]ca]c
a]ca]ca]ca]c a]c a]ca]ca]ca]c a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]c^a]ca]c a! l'(lwzP^a,m=;
}xsnid_Z]]]]ca]ca]ca]ca]ca]ca]ca]ca]ca]c a]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c a]ca]ca!;
#03`pOxc2q/m$'}xsnid_Z]]]]ca]c a]ca]ca]ca]ca]ca]ca]ca]ca]c a]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]c a]c a]ca]ca]ca]ca]c a]ca!'*69-
R%!x:e{vqlgb]X]]]ca]c a]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]caU]ca]caU]ca]ca]ca]ca]ca]ca]c
a]ca!whNHUXl:<ILN"0qFI}xsnid_Z]]]]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c a]ca]ca]ca]ca]c a]ca]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca!IU),,++KR_b^$'}xsnid_Z]]]]ca]ca]c a]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]c a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c a]ca]ca]ca]ca]ca]ca!   E I
dj#-0Nuq!!!#'zupkfa\W]]ca]ca]ca]ca]ca]ca]ca]c a]ca]ca]ca]c a]ca]ca]ca]ca]c
a]caU]ca]ca]ca]caU]ca]caU]ca]ca]ca]ca]ca]ca]ca]c
a]ca!'''>.I.L..../9/t////00~11?2~22%3c333334$4S4444
5}xsnid_Z]]c]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c a! 5=5x5556F6667P778 8\88888C9999::c::;
(;v;
&<(<7<=U=}xsnhb]X]]]ca]ca]c^a]c^a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c,a]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!U===B>o>|>>>>>>>>> ??N???@
@%@W@X@@@@@mAAAaBkBxB{vqlfa\W]]ca]ca]caU]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]ca]c^a]ca]ca]caU]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!xB{BB`CCCC9DwDDDE
EGEEE<FjFuFxFFFF{G~GGGG:HHHHHI|wrmhb]X]]]ca]ca]c^a]ca]ca]ca]ca]ca]ca]ca]ca]
ca]ca]ca]c a]c
a]ca]ca]ca]ca]ca]c^a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!IJJJJKkKKKL0L1L9L:LdL
oLLLLLLFMMMM>NNNNNNOOO}xsnid_Z]]]]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]c a]ca!OOOOPPPP&P,PIPOPWPPPPPPPPP>QDQQQQQ!RSSSSST}xsnid_Z]]]]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca!TbTTTTVVWWWmWnWWWW5X;
XeXfXXXXXXXX"Y'Y5Y:YUYVYYY{upkfa\W]]ca]ca]ca]ca]ca]caU]ca]caU]ca]ca]ca]ca]c
a]ca]ca]ca]caU]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca!YYYYZZZ[[4[5[S[q[u[[[[[[[[\\\\\\\\\\x]]]}xsnid_Z]]c]
ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a!]<^@^A^j^m^^^^^^^^^^^^^^^^____#_%_K_O_S_!`]`7aRa|wrmhc^Y]]]ca]ca]ca]ca]ca
]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c^a]ca]ca]ca]ca]ca]ca]c
a]ca]ca]ca!Rabbb@bBbYbZbbbb
ccccc&c8c9cJcLc_chc~cccccccccd*d}xsnid_Z]]]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca!*d+dVdndqdudvdxdddd*eweffffof|fffgMgPggghGhOhhhhhh|wrmhc^Y]]]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]caU]ca]ca]ca]ca]ca]ca]ca]ca]
ca]ca]ca]ca]ca]ca!hUii j kkkkkkkkk9llllHmmmmmmm n
nFnnnnocodogo|wrmhc^Y]]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]caU]ca]ca]ca]ca
]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!gohovowo{o|ooooooo3p4p8p9p
MpNpSpTpcppppwqqqqqqqqqr}xsnid_Z]]]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!rTrhrirrrsrrrrr
rr[sbtttttttuuJuQuhuluuuuuuuu*v{vqlgb]X]]]ca]ca]ca]ca]ca]ca]ca]caU]ca]ca]ca
]ca]ca]ca]ca]ca]ca]caV]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!*v+vvvv
vvvvvvvGwHwwwwwwxx!xNxUxnxpxxxxxxxryy{vqlgb]X]]]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]caU]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c^a]ca]ca!y
yyyzz&z*z2z3z6z9zBzCzizjzozpzz({pxxxxxxxryy{vqlgb]X]]]ca]ca]ca]ca]ca]ca]ca]
ca]ca]ca]ca]ca]ca]ca]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
]c a Kb^cD#10%&'()-S10%&'()-S33s10%&'()-310%&'()-s@10%&'()- Y  "10%&'()-^:



a?!9610%ii&'()-!9610%&'()-9310%&'()-)F10%&'()-zy`'10%&'()-#10%&'()-
uV4!l #10%@@&'()-l #10%g&'()- 10%g&'()- %@10%g&'()- 10-- 10--
10--!l=10%--&'()-m7LrdV4!F%10%bb&'()-  10gg 10gg
10gg!9#10%gg&'()-"9#10%g&'()-"9#10%g&'()-"9#10%gC&'()-"?uv^?44 10b
0#10%b&'()-!S#10%bb&'()-3S#10%b&'()-3!l @#10%bb&'()-Z l @#10%b&'()-Z
s10%b&'()-vwx3tjH4
10b!0$10%@>@>&'()--!$10%@@&'()--$10%@&'()--s10%@&'()-F%@10%@&'()- 10b 



10btn rS1!& #10%""&'()-& #10%"&'()-Ss10%"&'()-!&@10%""&'()- 10 10
10!$10%&'()--n  !$"$#$$$1$3$!'~_@!& #1l #10%b&'()--3s10%b&'()-$10%b&'()-
10" 10" 10"s#10%"&'()-&!&
#10%""&'()-!'e(]*^*_*`*m*n*+rS4!10%'o&'()-:st10%'o&'()-%y10%'o&'()-  10bb
10bb 10bb!l #10%bb&'()--!l #10%bb&'()--++-./01 11dE:/ 10'  10' L-:10%'
&'()-L-:10%'o&'()-#410%'o&'()-Y  10%'o&'()-10%'o&'()- l
&10%'o&'()-111489Y99rS4/ 10810%&'()- 



37M10%&'()- 510%&'()-!fym10%&'()-!fy10%**&'()-%S10%&'()-  10'
99999>CCCCC~sh]> %S10%M&'()-  10 10 10y3%310%&'()-f,10%&'()-!&10%&'()-  10
10 10 CCEFGHI}^<~sh]>!(&!10%kk&'()-F3"s10%M&'()-3y10%M&'()- ! 10%MM&'()-G!y
10%AA&'()- y10%M&'()-IJJNKKKKKKxmb@h]>!!l%10%HH&'()-3 10M 10M
10M510%M&'()-3:10%M&'()-
@210%M&'()-s-10%M&'()-3K5LhNNOQQa?mb@h]>!!(!10%HH&'()-
s10%H&'()-s10%H&'()-!s!10%HH&'()-   310%H&'()- Y y10%H&'()-
QS,TTTTTTT_@h]>!!s&10%M&'()-!%10%UU&'()-  10H 10H 10H8 10%H&'()-
3710%H&'()- 9*Y10%H&'()- 



TV!WXXXX Y YuS4h]L10%&'()-!%f10%&'()-  10MM 10MM 10MM!910%MM&'()-m
310%M&'()- 310%M&'()-  Y/YiYYYZVZdEuS4h]L10F
10%&'()-310%&'()-,@#10%&'()-lsg#10%&'()-`3  10%&'()-
&10%&'()-VZZZZ+[m[[dEuS4h]L10Y l" 10%&'()- -#10%&'()-Y z 10%&'()-
10%&'()-9@#10%&'()-@#10%&'()-[[ \Y\d\\\aBuS4h]L-@#10%&'()-yY F+
10%&'()-!Ksy)s10%&'()-'S#10%&'()-Y % 10%&'()-&$10%&'()-\]S]^]]]]]]dYNCh]L
10 10 107z10%&'()- 6y 10%&'()-F4-10%&'()-y2S#10%&'()-l 0z
10%&'()-]]]F^^_g_}[<YNCh]&#10%&'()-
!#10%&'()-y!#10%&'()-y!#10%&'()-y910%&'()-%10%&'()- g__{``aabzX6YNCh]!
%#10%&'()-! %#10%&'()-! %#10%&'()-&#10%&'()- !&#10%&'()- !&#10%&'()- 



bbbbbbbbcuV7h]! `z 10%&'()-&10%&'()-10%&'()-%10%&'()-F 10 10 10!
%#10%&'()-c.chce7fhhhhaVK@h]! 10 10 10lF+#10%&'()-Z
!sy)9'10%&'()-F#10%&'()-  10%&'()-Ff10%&'()-hhhThk<kBldEVK@h]!
10!@#10%&'()-:l @ z 10%&'()-S#10%&'()-F  f
10%&'()-910%&'()-'@10%&'()-Blll9mvm{n|n}n~naVK@h]! 10 10 102@#10%&'()-` `0S
10%&'()-,#10%&'()-*#10%&'()-!s)`'10%&'()-~nnnnrrtt^?4@h] 10f,$10%&'()-!@
$10%&'()-&!!@ $10%&'()-&!@ $10%&'()-&!10%&'()-@&10%&'()- tttttv0wC{D{E{jK@5
10Z 10Z3#10%Z&'()-m! 



-#10%UU&'()-- -#10%Z&'()--`10%Z&'()-%10%Z&'()-  10 10E{F{S{V{}uSE75   10
10! $10%&'()--! $10%bb&'()-- $10%&'()--10%b&'()-%10%b&'()- 10Z  oaSE5   10
10 10 10!FsS (10%&'()--!sS (10%``&'()--10%&'()-%,10%&'()-  10 l}^?aSE5  



10f##10%z&'()-Y@#10%z&'()-f!3l @#10%zz&'()-3l
@#10%z&'()-`10%z&'()-!&10%xx&'()- '(ijklaVK@5   10 10z 10z
10zF7-#10%z&'()-y5-#10%z&'()-3-#10%z&'()-!((10%&'()-3 'y 10%z&'()-lwz}^<.@
10~u~u!Qs#10%~u~u&'()-"s#10%-u&'()-"! f#10%uu&'()-
f#10%-u&'()-10%-u&'()-!P&10%}u}u&'()- K_=@ 10~u~u!!L 4(10%&'()--!FL
4(10%&'()-- TL 4(10%&'()--&10%&'()-!Y%10%&'()-  10~u~u 10~u~uKuS1 1!^LY
'10%  &'()- (!LY 



'10%]]&'()- (`10%&'()-&10%&'()-  10 10 10!L 4(10%&'()--MNOP^a}oP1
1`10%&'()-,&10%&'()-  10zz 10zz 10zz!3T#10%zz&'()-!3T#10%&'()-!>P0LY
'10%//&'()- (a,m=^?oP1 1`*-#10%&'()-@!s,)
(10%qq&'()-@3$10%&'()-&!y'10%FF&'()-@#10%&'()- #10%&'()-=;~\=
1`9s10%&'()-!&F10%&'()-  10 10 105#10%&'()-4#10%&'()-!*-#10%&'()-@  !"#03bC
1`10% U&'()-&10% U&'()-  10 10 10,f#10%&'()-#10%&'()-f#10%&'()-3`pa@bC 



1` 910% &'()-l910% U&'()-l!P&Y&10%UU&'()-F  10% U&'()-10% U&'()-F 10%
U&'()-Ouv{\=2C 1 10 U110% U&'()-Q110% #&'()-Q!dUS,9!10%q[q[&'()- s3%10%
&'()-m)s3%10% U&'()-m!P`10%UU&'()-vwx)cjHC 1 10
U!93g#10%&'()-!93g#10%&'()-3 &10%&'()-,10%&'()-%10%&'()-  10 U 10 Uc4rS4 1
L10%&'()-&F10%&'()- 



10 10 10!s$#10%&'()-!s$#10%&'()-s$#10%&'()-2q/maBrS4 1
L@3@#10%&'()-@1@#10%&'()-,f,T#10%&'()-m!s#Y(10%==&'()- ! 10%&'()-
y#10%&'()- $'~\: 1 !&3 m(10%&'()--!3 m(10%uu&'()--10%g&'()-!f&10%[[&'()-
10 10 10 Y7 10%&'()-i'()*69!rS4 1 sl #10%&'()--10%&'()-%10%&'()-3 10 10
10!3 m(10%&'()--!>3 m(10%&'()--!uS4 1 LM10%O&'()-m! 



LM10%OO&'()-ms10%O&'()-3%10%O&'()- 1099 1099 1099!sl #10%99&'()---u}pcV7 1
f&10%&'()-10((10((10((!! L$10%((&'()-"!L$10%CC&'()-"L$10%&'()-"@10%O&'()-
0R}^?cV7 1 FS#10%&'()-ZyS#10%&'()-! S#10%&'()-!3 10%&'()-3
10%k&'()-9s10%&'()- %I!CaBcV7 1 @, 10%&'()-y!@#'10%ss&'()- @#10%&'()-3
10%&'()-3 10%o&'()--#10%&'()-Cx:xmbC 1 &10%&'()-F 10 10
10l@5@#10%&'()-Y`3S#10%&'()-Y/@#10%&'()-@, 10%&'()-ye!}^SH= 1  10 10 10s
M$10%&'()--!s 



M$10%&'()--!s M$10%&'()--s M$10%&'()--10%&'()-w+^<SH= 1 !&&10%&'()-l
!f#10%gg&'()-!f#10%gg&'()-g#10%g&'()-yL10%g&'()-'Y10%g&'()- +hrS4 1
10%&'()-&10%&'()-@ 10 10 10!F5#10%&'()-F5#10%gw &'()-!`&&10%&'()-l NkzX6rS4
1 !9l '$10%j#j#&'()--!9l '$10%&'()--!p9l '$10%&'()--!9l '$10%&'()--!9l
'$10%&'()--9l '$10%&'()--EFGHUX3rS4 1  Y S#10%(&'()--&10%(&'()-,&l10%(&'()-
10oo 



10oo 10oo!9l '$10%oo&'()--!9l '$10%WW&'()--3l:9:z[9+4
10((!Y(@#10%((&'()-tY(@#10%(&'()-t!3lS#10%((&'()-!3lS#10%((&'()-3lS#10%(&'(
)-! Y S#10%((&'()--:;<ILN"gE4 10((!Y!Ms(9'10%>>&'()-FS#10%&'()-F #10%&'()-Z
&10%&'()-%10%&'()-  10(( 10(("0qdE:/ 10
1037@#10%&'()-S5#10%&'()-s3#10%&'()-3 1 10%&'()-/10%&'()-S,@#10%&'()-FrxY7/
10! @#10%((&'()-F @#10%N&'()-F &@#10%(&'()- Y
#10%(&'()-&10%(&'()-F%10%(&'()-  10IUaB7/ 10!
1-#10%(&'()-S,-#10%(&'()-Y*#10%(&'()-3%-#10%(&'()-Y!3Y#10%((&'()-3Y#10%&'()
-),,bC 10! lY @#10%&'()-'910%&'()-S&l10%&'()-  10( 10( 10(
7-#10%(&'()-S5#10%(&'()-,++KaBbC 10! 010%&'()-!^s''10%&'()-S#10%&'()-gF 



10%&'()-y10%&'()-@#10%&'()-YKOPQR_bbC 10! 10%&'()-%l10%&'()-  10 10
10f5@#10%&'()-3#10%&'()- 1 10%&'()-bE\zl^P1 %10%`&'()- 10 10 10!iY
$10%&'()--!0Y $10%&'()--!Y $10%&'()--Y $10%&'()--k^^<.1 10``!/10%``&'()-
!@)F10%``&'()-yf#10%`&'()-!yf#10%``&'()-  10%`&'()-``10%`&'()-$' dVH:`` 10
10 10!!3 #10%&'()--3 #10%&'()--`10%&'()-%10%&'()- 10`` 10``  



xmb@:`` 10!3%10%&'()-  10< 10< 10< 10%<&'()-
g#10%<&'()-`10%<&'()-&S10%<&'()-   E I K R S U
dL2@:L10%&'()-L10%&'()-L10%&'()-s10%&'()-3 910%&'()-10%&'()-U ] ^ ` h i k s
x^?@:L10%L10%&'()-L10%&'()-L10%&'()-L10%&'()-L10%&'()-s t 



v      }^F@:L10%L10%&'()-L10%&'()-L10%&'()-L10%&'()-
u]C@:L10%L10%&'()-&L10%&'()-)L10%&'()-&L10%&'()-)L10%&'()-
x^?@:L10%L10%&'()-L10%&'()-L10%&'()-L10%&'()-L10%&'()-    



}^F@:L10%L10%&'()-L10%&'()-L10%&'()-L10%&'()-
u]D@:L10%L10%&'()-&L10%&'()-)L10%&'()-&L10%&'()-)L10%&'()- |[:D@:L 3 l10%b
&'()- 3 hl10%T &'()- 3 10%!&'()-  @10%!&'()- 3 #@10%!&'()- 3 Y10%!&'()-
!"#-0vU4: 3 l &10%&&'()--  l &10%&&'()-- 3 10%'&'()- 6%10%'&'()- 10!10!10!
3 l10%!&'()-( 



|obU4: 3 %10%MR$M&'()- 10. '. 10. '. 10. '. 3  l &10%. '. &'()--6  l &10% '
&'()-- g l &10%'&'()-- K l &10%'&'()--N|[:bU4: 3 3 F"#10%MR$M&'()-Z K
#10%eR$e&'()-Z3 3  #10%MR$M&'()-Z6 3  



#10%MR$M&'()-Z 3  #10%MR$M&'()-Z 3 `10%MR$M&'()-rstu7vU4: 3 & #10%$&'()-F 3
#10%$&'()-F 3 10%$&'()- 3 %Y10%$&'()- 10MR$M10MR$M10MR$M 3
!F"#10%MR$M&'()-Z7q!!!!!!#vU4: 3 3 f#10%$&'()-& 3 L10%$&'()- 3 &10%$&'()-
10$10$10$ 3  "#10%$&'()-l {  #10%$&'()-F##%''''''vU4: 3 &10%'&'()- 3
'10%'&'()-410$10$10$ 3 #10%$&'()- 3 #10%$&'()- . 3 f#10%$&'()-&'h+,;
.<.=.>.I.L.vU4: 3 L10%'&'()- 3 9'l10%'&'()- 10'10'10' ` 



(10%'&'()-- `  (10%;';&'()-- `  (10% & &'()--L..../9/t/|[:vU4: 3 3 ,
10%'&'()-3 3 Fsz10%'&'()- 3 F#10%'&'()- 3  10%'&'()- 3 3 10%'&'()- 3
,@#10%'&'()-t////00~11|[:vU4: 3 3 &"10%'&'()-3 3 @#10%'&'()-& 3
lL-#10%'&'()- 3   y 10%'&'()- 3 YZ10%'&'()- 3
Y-#10%'&'()-1?2~22%3c33|[:vU4: 3 3 l410%'&'()-3 3 2-#10%'&'()- 3  0f
10%'&'()- 3 &-#10%'&'()- 3 Y+#10%'&'()- L''10%E'E&'()-33333334$4vU4: 3 l
s`10%'&'()- 3 



l  M10%'&'()- 3 s10%'&'()- 1&10%'&'()- 10'10'10' 3  810%'&'()-$4S4444
5=5|[:vU4: 3 3 F @10%'&'()-3 3 F s10%'&'()-3 3  `10%'&'()-1 3  910%'&'()- 3
10%'&'()- 3 3 S10%'&'()-=5x5556F66|[:vU4: 3 3 ##10%'&'()-3 3  !z 10%'&'()-3
3 ,  10%'&'()-1 3 `#10%'&'()- 3 



f 10%'&'()- 3  Y10%'&'()-667P778 8|[:vU4: 3 3 ,L0:10%'&'()-3 3 ,#10%'&'()-3
3 *#10%'&'()-1 s)'10%X'X&'()- 3 9'#10%'&'()- 3 %"10%'&'()- 8\88888888vU4: 3
,10%#&'()- 3 &10%#&'()-310'10'10'1 3 @7#10%'&'()- 3 S5#10%'&'()- 3  3f
10%'&'()-8C9999::c:|[:vU4: 3 3 -10%B"&'()-3 3  10%#&'()- 3 &fZ10%#&'()-1 3
f10%#&'()- 3  10%#&'()- 3  10%#&'()-c::;(;v;=U=|[:vU4: 3 3 @/ 10%#&'()-3 3 



$10%#&'()-s 3 l"10%#&'()-1 3 910%#&'()- 3 10%#&'()- 3
10%#&'()-U===B>l>m>n>o>|>|obU4: 3 &'10%"&'()- 10#10#10# 3 710%#&'()-1 3
510%#&'()-  3 3y10%#&'()- 3 l110%#&'()-|>>>>>N??|[:bU4: 3  0@10%w"w&'()-
"@`10%"&'()-S 3 @10%"&'()-1 >0,Z10%r"r&'()- 3 L@10%"&'()- 3
``10%"&'()-?%@@@mAaBhBiB|[9+4 10;;! s310%;;&'()-  +s310%!&'()- &-T
10%"&'()-1 3 @F+10%"&'()-  4,% 10%w"w&'()-  &,!10%"&'()-@iBjBkBxB{BB`CC_>4
10;;! 3  



F10%#&'()- $ 10%#&'()-g 3 Y&10%#&'()- 3 10%#&'()- 3 s'10%#&'()-3 10;; 10;
;CCC9DwDDE|[:>4 10;;!  0 f#10%y"y&'()- 3  310%#&'()- 3  10%#&'()- 3
y10%#&'()- 3  10%#&'()- 3   10%#&'()- EGEEEE<FgFhF|[:-4 10# 3  610%#&'()- 3
4s10%#&'()- 3 



0y10%#&'()-   +`10%#&'()- 3 +`10%&'()- 3 F ' 10%#&'()-hFiFjFuFFFF{GbA4 10#
3  3  10% ( &'()-: 3   Y10% ( &'()-  PF10%(&'()-- 3 `F10% O &'()-- s
10%M(M&'()-410#10#{GGGG:HHH|[:A4 10# t&'"10%N&N&'()-  3 3 @10% 



( &'()- 3 YG10% ( &'()- 3   10% ( &'()- 3   10% ( &'()-
Yy10%(&'()-HIJJJJJJJvU410 3 10%GL(G&'()-  3  10%GL(G&'()- 3
%10%GL(G&'()-310(10(10(  &Y@210%(&'()-f I &'"10%#(#&'()- JKkKKKLdL|[:vU410
3 az#10%uL(u&'()-3 az#10%uF u&'()-3 3 :10%GL(G&'()- 3 10%GL(G&'()-  3
S10%GL(G&'()-  3   10%GL(G&'()- dLoLLLLFMM|[:vU410 3 3 



%z10%GG&'()-3 3 y#10%GL(G&'()-3 3 ! 10%GL(G&'()- 3 10%GL(G&'()- 3
`10%GL(G&'()-f 3 `10%GDG&'()-fMMM>NNNNNN|[NA41010GL(G10GL(G10GL(G3 3
4M10%GL(G&'()-3 3 @2#10%GL(G&'()- 3 3010%GL(G&'()-  3  +@10%GL(G&'()-
#&)@10%7L(7&'()-NNNNOOWP|[:NA41010 3  10%'&'()-3 3  10%'&'()-@3 3
910%'&'()- 3  @10%'&'()-S 3 10%'&'()- 3 @&10%'&'()-YWPPP>Q!RSSS|[:-410'
"710%'&'()-3 3  



`010%'&'()-93 4L)&10%;';&'()- 3  %10%'&'()- 3  !10%'&'()-@ 3
y10%'&'()--SSSSSSTbTbA410'   3   &10%',$'&'()- 3   SL10%',$'&'()- 3
10%',$'&'()-  3 10%',$'&'()- 3 &'10%',$'&'()- 10'10'bTTTTVVWW|[:-410',$' 3
F @210%',$'&'()- 3 0/10%',$'&'()-l 3 3 ,10%',$'&'()-- 3 3  10%',$'&'()- 3
10%',$'&'()- 3   10%',$'&'()-W 



WWWWW;XXbA410',$' 3  3  s10%"&'()- 3  ly10%"&'()-t 3    10%"&'()- 3
10%"&'()- 3 & 10%"&'()-10',$'10',$'XYZZS[[\\{Z9,410" 3 0 5 10%"&'()-T& 3
0`10%"&'()-& &l+@10%i"i&'()-&! S#:10%y y &'()-9 3  S#:10%"&'()-9 f9
10%="=&'()-:\\\\\\x]]bA410" 3  3 10%38(3&'()-f 3  10%38(3&'()-  &&Z10% 8(
&'()- 3 



10%38(3&'()- 3 10%8(&'()- 10"10"]]<^^^S__|[:A410"  '9$10%2&&'()-
"Z10%8(&'()-@ 3 `10%38(3&'()- 3 10%3'3&'()- l s!10%l 8(l &'()- 3
:10%38(3&'()-_!`]`7aRabbbb|[NA41010'10'10' nF7!10%'&'()- A /M!10%A OA &'()-
. /M!10%. 8(. &'()- 3 -o10%38(3&'()- ,`'9$10%,8(,&'()-bbbb_chcc|[:NA41010
"`3&$10%`'`&'()-@ 3 10%'&'()- s`&@ 10%k'&'()-  3 10%'&'()- Ls10%'&'()-
6@&10%'&'()- cdVddd*ewe|[:NA41010 &L-M!10%'&'()- 09(:'10%x'x&'()- 3
%,10%'&'()- 3 l"y10%'&'()- 3 `10%'&'()-S 3 @910%'&'()-@weflfmfnfof|fffvU410
3  10%mr"m&'()- 3 L10%mr"m&'()- 3 



@&10%mr"m&'()- 10j'j10j'j10j'j ``9610%j'j&'()- ws31
10%>'>&'()-fgMgPgggh|[:vU410 3 3 10%mr"m&'()-3 3 310%mr"m&'()-3 3
10%mr"m&'()-  3 lF10%mr"m&'()- 3 @`10%mr"m&'()- 3
10%mr"m&'()-hGhOhhhhhhh{m_Q01 3 &10%'&'()-  10mVmV 10mVmV 10mVmV!3
"10%mVmV&'()-G 3 @ m10%mr"m&'()- 3 &z10%mr"m&'()- 3 10%mr"m&'()-hUii jj
kk|[:_Q01 3  V , 10%'&'()-m `Y 10%c &'()- xY 10%o'o&'()-  !Y :10%'&'()-@
4l 10%X'&'()-@ RY 



10%'&'()-kk9llHmmmm|[:-010' 3  ;@10%'&'()-m 3 Y 8 10%'&'()-@  0f510%'&'()-f
H9,,m10% ' &'()-M 3 `L%G%10%'&'()- |L%G%10%0y!0&'()-mmm n nFnnobA010' 3  3
` 10% %( &'()- 3  10% % &'()- 3 10% %( &'()- 3 l10% %( &'()- 3 ,&10% %(
&'()-310'10'ocppwqrTr[s|[:A010' 4)9$10%!%(!&'()- 3 (.10% %( &'()- 3 # 10%
%( &'()-` 3 `10% & &'()-  3 10% %( &'()-  4l10%!%(!&'()-[sbttttttttvU410 3
10%"&'()- 3 S&10%"&'()-10 %( 10 %( 10 %(  3 `9'10% %( &'()-- 3 



9'10% ' &'()-- 3 110% %( &'()-&tuvvw!xx|[:vU410 3 }+:!10%"&'()-3 3
f&&10%"&'()- s93G10%"&'()-- 3 fs&10%"&'()-@ &!10%"&'()- 3
10%"&'()-xxryyyyyyyvU410 3 910%@E @&'()- 3 %l10%@E @&'()-410"10"10" 3
fl:10%"&'()-- 3 f5&10%"&'()- C010%K"K&'()-yyz({vU410 3 910%@E @&'()- 3
%l10%@E @&'()-410"10"10" 3 10%@E @&'()- 3 10%@E @&'()- 3  `M10%@E @&'()-
Normal" "Heading 13]c" "Heading 23]c" "Heading 33]c" "Heading 43]c"
"Heading 53]c" "Heading 63]c" "Heading 73]c" "Heading 83]c" "Heading 93]c"A
"Default Paragraph Fontw#!_'.6@HQUZ_e}kqEx~kO"w)G;Q " t$=+05n;j?iCGKP
TY_ncejqv(x|~`*EVZb;'I' 5U=xBIOTY]Ra*dhgor*vy({  ^ vtn !'+19CIKQT
YVZ[\]g_bchBl~ntE{ lKa=3vc!C+3:",Kb U s 



7#'L.t/13$4=56 88c:U=|>?iBCEhF{GHJdLMNWPSbTWX\]_bcwefhhkmo[stxy({
!"#$%&'()*+,-./0123456789:;
<=>?@ABCDEFGHIJKLMNOPQRSTUVWXYZ[\]^_`abcdefghijklmnopqrstuvwxyz{|}~6Times
New RomanArialCourier New"h Root EntryWordDocumentB
!"#$%&'()*+,-./0123456789:;
<=>?@ABCDEFGHIJKLMNOPQRSTUVWXYZ[\]^_`abcdefghijklmnopqrstuvwxyz{|}~
!"#$%&'()*+,-./0123456789:;
<=>?@ABCDEFGHIJKLMNOPQRSTUVWXYZ[\]^_`abcdefghijklmnopqrstuvwxyz{|}~ 




