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Title of the Invention |
DISK ROTATIONAL VELOCITY CONTROLLING CIRCUIT

Backgroufid of the Invention
Field of the invention
The present-invention relates to a circuit for controlling a rotational
velocity of a disk, and more specifically to a disk rotational velocity
controlling circuit for controlling a rotational velocity of a disk such as a
CD (compact dick), of a CLV (constant linear velocity) type.

Description of related art

Prior art disk rotational velocity controlling circuits of this type
have been used to constitute a velocity controlling circuit in a signal
reproducing apparatus for a recording medium such as a CD, in which
information is recorded in a PCM (pulse caode modulation) format, as a -
reproducing velocity controlling device disclosed in Japanese Patent
Application Pre-examination Publication No. JP-A-61-126665, (an
English abstract of JP-A-61-126665 is available from the Japanese Patent
Office, and the content of the English abstract of JP-A61-126665 is
incorporated by reference in its entirety into this application) (Prior Art
Reference 1) or in Japanese Patent Application Pre-examination
Publication No. JP-A-58-056258 or U.S. Patent 4,532,561 claiming
Conventional Priorities based on JP-A-58-056258 and three other
Japanese patent applications, (the content of which is incorporated by
reference in its enttrety into this application) (Prior Art Reference 2)

Referring to Fig. 1, there is shown a block diagram of the first

prior art disk romational velocity controlling circuit. This shown first
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reproduci ng apparatus for a recordi ng nmediumsuch as a CD, in which
information is recorded in a PCM (pul se code nodul ation) format, as a
repreduci ng velocity controlling device disclosed in Japanese Pat ent
Appl i cation Pre-exam nation Publication No. JP-A-61-126665, (an English
abstract of JP-A-61-126665 is available fromthe Japanese Patent O fice,
and the content of the English abstracy of JP-A61-126665 is incorporated by
reference in its entirety into this application) (Prior Art Reference 1) or

i n Japanese gridenit AR riotaidml \Félsc%m&@llﬁn@ citehit eoroppisedla disk 10
JP- A-58- 056258 or U.S. Patent 61 cl aimng Conventional Priorities

based on J P-mch&mamaummmwwmpnmgecmmn apPEMAeights, (the -
o L ot o MRS sl U e LY il *
reproduction circnit 101 receiving an analog slgnal AR read out from the
disk 10 by a pickup device (not shown), for convemng the analog s1gnal
into a digital signal to generate an EFM signal E, a clock generator 8 for
generating a clock CK, an edge detection circuit 102 receiving the EFM
signal E and the clock CK for detecting an edge which is a level transition
of the EFM signal, in synchronism with the clock CK, and for generating
an edge detection signal EG, and a pattern width detection circuit 104
receiving the edge detection signal EG and the clock CK for calculating
the width of the synchronous pattern from the edge detection signal EG
and generating a disk rotatlon control s1gnal CR.

Now, an operatnon of the prior art d1sk rotational velocity
controlling circuit will be described with reference to Fig. 1. In order to
elevate a recording density, the digital disk typified by the CD adopts the
CLV type in which the linear velocity is maintained at constant regardless
of which of an inner periphery and an outer periphery the signal is
recorded in. Therefore, the rotational velocity of the disk must be
changed in accordance with a reading position in a radial direction of the
disk. For this purpose, a control is carried out to calculate a current
linear velocity from a synchronous signal pulse included in the signal AR
read out from the disk 10, and to maintain the linear velocity at a

.- predetermined constant velocity. -

In a CD modulation system, the frequency of the clock ‘CK for
giving the reference for the detection'of the velocity is 4.3218 MHz,- and -
therefore, a clock period T = 1/4.3218 MHz. Information is récorded
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Referring to Fig. 1, there is shown a block diagramof the first prior art
disk rotational velocity controlling circuit. This shown first 2 prior
art disk rotational velocity controlling circuit conmprises a disk 10 such
as a CDin which digital information is recorded in an EFM (ei ght -
to-fourteen Modul ation) format and in the CLV type, a signal reproduction
circuit 101 receiving an anal og signak 3R-read out fromthe disk 10 by a
pi ckup device (not shown), for converting the analog signal into a digital

signal to gdyepattermsnharingsthenaidtl (on duration)pfrthree times tocléven times
of the clock period T (zamely, 3T to 11T). This information recording is
performed in units of one frame which is composed of 588 bits, namely,
588T, and an information recording region or section is so configured
that two or more maximum pattern widths of Il'i“ﬁevef continue. On the
other hand, a synchronous signal patteni for a frame synchronism (called
a "synchronous pattern” hereinafier) is defined by a high leve] having a
duration (namely, width) of 11T and a succeeding low level having a
duration (namely, width) of 11T or a low level having a duration of 11T
and a succecciing high level having a duration of 11T. Namely, the
synchropous pattern is defined as two 6ontinuous maximum pattern
widths (or durations), and is recorded at every 588T. Thus, it is possible
to adjust the rotational velocity of the disk by detecting the two
conth;uous maximum pattern widths as the synchronous pattern, and
calculating a difference between the detected maximum pattern width and
a maximum pattern width 11T corresponding to a normal rotation linear
velocity. For example, if the detected maximum pattern width is larger
than 11T, namely, if it is discriminated that the disk rotation linear
velocity is slower than the normal rotation linear velocity, the conirol
signal CR is generated to accelerate the disk rotarional velocity. On the
other hand, if the detected maximum pattern width is shorter than 11T,
namely, if it is discriminated that the disk rotation linear velocity is faster
than the normal rotaﬁdn linear velocity, the control signal CR is
- generated to decelerate the disk rotational velocity. If the detected -~
maximum pattern width is equal to 11T, namely, if it is discriminated that

the disk rotation linear velocity is at the normal rotation linear velecity, -
'\
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generating a clock CK, an edge detection circuit 102 receiving the EFM
signal E and the clock CK for detecting an edge which is a level transition -
of the EFM signal, in synchronismwth the clock CK, and for generating an
edge detection signal EG and a pattern width detection circuit 104
receiving the edge detection signal EG and the clock CK for cal culating the
w dth of the synchronous pattern fromthe edge detection signal EG and
generating a disk rotation control sigftatt CR Now, an operation of the

prior art di gle | §ish ' : it iSn% ' ' :r i bed
wi th reference ?f‘;ﬁ%&g. @.lﬁiggﬁe@%&eﬁg@a e a%%%#&“&gﬁ?’?’g?&%e
di gi tgal di skas yasf i ed by the CD adopts the CLV type in which the |inear

velocity is maintained at constant regardl ess of which of an inner
periphery and an 'Bhe siguad reprodugtioncircnignt(l converts the read-out signal AR

into a digital signal to generate and output the EFM signal E to the edge
detection circuit 102, The clock generator 8 g.t;ﬁerat;:s the clock CK
having the petiod T, and supplies the clock CK to the edge detection
circuit 102 and the pattern width detection circuit 104. The edge
detection circuit 102 detects the edge which is the Ievel transition of the
EFM signal E, in synchronism with the clock CK received, and generates
and outputs the edge detection signal EG to the pattern width detection
circuit 104. The pattern width detection circuit 104 responds to the edge
detection signal EG, to detect the pattemn width and to generate the disk
rotation control signal CR for the disk acceleration, the disk deceieration
or the disk velocity maintaining, on the basis of the difference between
the detected pattemn width and 11T.

Referring to Fig. 2, there is shown a circuit diagram of the edge
detection circuit 102. This edge detection circuit 102 includes a buffer
amplifier A201 'receiving and amplifying the EFM signal E to generate an
amplified signal EA, a cascaded inverters 1201 and 1202 receiving the
clock CK to generate a delayed clock CKD having a predetermined delay
from the clock CK, a D-type flipflop F201 receiving the signal EA and
controlled by the delayed clock: CKD to output a signal ED1 which is
delayed from the signal EA by one clock, another D-type flipflop F202
receiving the signal ED1 and controlled by the delayed clock CKD to --
output a signal ED2 which is delayegl from the signal ED1 by one clock,
and an cxclusive OR gate EX201 receiving the signals ED1 and ED2 to -

I
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recorded in. Therefore, the rotational velocity of the disk nust be changed
I n accordance with a reading position in a radial direction of the disk.

For this purpose, a control is carried out to calculate a current |inear
velocity froma synchronous signal pulse included in the signal AR read out
fromthe disk 10, and to maintain the linear velocity at a predeterm ned
constant velocity. In a CD nodul ati angsystem the frequency of the clock CK
for giving the reference for the detection of the velocity is 4.3218 Mz,

and t her ef orggnesatas aflexphisivsOR sighal béddednthe signal OEIAt amh ED2, ag the ded

edge detection signal, -

Now, an operation of this edge detection circuit 102 will be
described. If the EFM signal E is supplied to the buffer amplifier A201,
the buffer amplifier A201 outputs the ampﬁﬁcd-éFM 'signhl EA. The
D-type flipflop F201 outputs, as the signal ED1, the signal EA after
delaying the same by one clock and in synchronism with the delayed clock
CKD. This signal ED1 is supplied to the D-type flipflop F202 and the
exclusive OR gate EX201. The D-type flipflop F202 outputs, as the signal
ED2, the signal ED1 after delaying the same by one clock and in
synchronism with the delayed clock CKD. This signal ED2 is supplied to
the exclusive OR gate EX201. The exclusive OR gate EX201 executes the
exclusive OR logical operation between the signals ED1 and ED2, to
detect the edge where the level of the EFM signal changes, and to
generate the edge detection signal EG.

Referring to Fig. 3, there is shown a .circuit diagram of the pattern
width detection circuit 104. The shown pattern width detection circuit
104 includes a pattern width detector 41 receiving the edge detection
signal EG and the clock CK to measure a time interval between each pair
of continuous edge detection signals EG, by use of the clock CK, so as to
determine the pattern width of the EFM signal E, and to generate a
pattern width signal W, and a decoder 42 receiving the pattern width
signal W to decode a difference between the réceived pattern width signal
W and a predetermined pattern width, and to generate a disk deceleration --
signal RW or a disk acceleration signal FF.

Now, an opcration of the patter:n width detection circuit 104 will be -
described. The pattern width detector 41. measures the time interval |
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3 by patterns having the width (or duration) of three tines to eleven tines
of the clock period T (nanely, 3T to 11T). This information recording is
performed.in units of one frame which is conposed of 588 bits, nanely,

588T, and an information recording region or section is so configured that
two or nore maxi mum pattern wi dths of 11T never continue. On the other
hand, a synchronous signal pattern for a_fgame synchronism(called a
"synchronous pattern” hereinafter) is defined by a high | evel having a

duration (nag@Eieend t@aigfof_léohmlﬂ cagecdabtivh siphale BEG, by 'conatiag

duration (nanely, w f 11T or a low |l evel having a duration of 11T and
a succeedi nothei glock <K, ahdvéutputs ther misasured fvaldd Wafhtheytimehinterval roonous

pattern s dgei Seeéjodisr izwo Iigrrét ifgll'J %g]"sculn;atﬁimngp atl%neera;] velocity of the disk
rotation, a clock having the period T/N (where N is integer) can be used
in place of the clock CK. The decoder 42 calcu.l'lat-es, from the measured
value W, the pattern width corresponding to the measured value W, and
also caiculates a difference between the calculated pattern width and the
predetermined pattem width which corresponds to a predetermined
normal rotation linear velocity. If the difference is positive, since the
rotational velocity is too high, the decoder 42 generates the disk
deceleration Si'gnal RW. Alternatively, if the difference is negative, sinéc
the rotational velocity is too low, the decoder 42 generates the disk
acceleration signal FF. ' ,
Here, consider a disk rotation starting time, or a draw-in operation
for example at the time of a track jump in which the position of a pickup
is moved at random. If only the maximum pattetn width of 11T in the
read-out signal from the disk is measured as mentioned above, the
precision for drawing to the predetermined rotation linear velocity
becomes 1/11. In other words, the change rate of the disk linear velocity
becomes 9.09%. This becomes a cause for lowering the access speed and
the draw-in time in for example the track jump.
In order to improve the above mentioned disédvantage, there is a
method for increasing the frequency of the disk rotation linear velocity
detecting clock to N times, as mentioned above. In this case, however, an e
operation margin in the rdtational}velocity detection circuit becomes
small for the rcason explained hereinafter, and therefore, it becormes -
difficult to be applied to a four-time speed reproduction or an eight-time _ .
-
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wi dths (or durations), and is recorded at every 588T. Thus, it is possible
to adjust the rotational velocity of the disk by detecting the two
cont i nuous maxi mum pattern wi dths as the synchronous pattern, and
calculating a difference between the detected nmaxi mum pattern width and a
maxi mum pattern width 11T corresponding to a normal rotation |inear

vel ocity. For exanple, if the detected I mum pattern width is larger than
11T, nanely, if it is discrimnated that the disk rotation |inear velocity
i s slower tispaed reproguation wthich are inove anajorina CD-RAM deampact-digkal CR

T The det cevadoply TmRmOBE fepratusiasI Sevice BTGt G AQY Yaing SEHBRAS K1 11 14
nor mal 1 ot adeagranhe ST Sof B dBrbiiel, Ml 3effidubrioh SFRPbneR s | Ne
expected to be further elevated in future. . '

" At present, the conventional reference clock frequency for CD is
4.3218 MHz (clock period T = 1/4.3218 MHz) as mentioned
hereinbefore. If N=2 is realized in order to double the detection
precision, the detection clock frequency becomes 8.6436 MHz. In this
device, if the reproduction speed is made to eight times, a required
detection clock frequency bécomes 69.1488MHz, and therefore, a circuit
design becomes difficult.

Referring to Fig. 4, there is shown a block diagram of a second
prior art disk rotational velocity controlling circuit, which is JP-A-59-
172180, (an English abstract of JP-A-59-172180 is available fcom the
Japanese Patent Office, and the content of the English abstract of
JP-A-59-172180 is incorporated by reference in its entirety into this
application) (Prior Art Reference 3). As shown in Fig. 4, the second
prior art disk rotational velocity controlling circuit is different from the
first prior art disk rotational velocity controlling circuit, mainly in that,
in place of the pattern width detection circuit 104, there is provided a
shift register 206 receiving the edge detection signal EG and performing
a shift operation in response 10 a clock CK for the velocity detection.

The number of stages in this shift register 206 is set to be larger
than the number of reference clocks CK which should be generated in a
synchronous signal generating period when the linear velocity -of the
recording track of the disk is normal, ’and the linear velocity is detected in -
accordance with the output content of the respective stages of the shift -
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generated to decelerate the disk rotational velocity. If the detected

maxi mum pattern width is equal to 11T, nanmely, if it is discrimnated that
the disk rotation linear velocity is at the normal rotation |inear

vel ocity, 4 the control signal CRis generated to maintain the disk
rotational velocity as it is. The signal reproduction circuit 101 converts
the read-out signal AR into a digital signal to generate and output the EFM
signal E to the edge detection circuit 802. The clock generator 8 generates
the clock Ceegister 206. In this example, since the clock CK for the velocity

detection is made to T/2, and since the pattern width of the synchronous
signal to be detected is 11T x 2 =22T, the number of stages required in
this shift register 206.at the normal velocity is 44 (=22T +T/2).
Therefore, by adding three stages as a detection toleration in the case that
the disk rotation linear velocity is slower than the normal Qelocity, this
shift register 206 is set to have 47 stages. In Fig. 4, 23 stages at a right
side of a central position "X" in the shift register 206 are numbered “1"
to “23" in ordet towards a right end stage, and 24 stages at a left side are
numbered "-1" to “~24" in order towards a left end stage.

The edge detection s_ignal EG has the pattern width of T/2. In the
case of the normal velocity, the synchronous signal pattern width is 22T,
and in the shift register 206, the stages having an non-inverted output of
1" includes the stages “22", “~1" and "-23", and the other stages have an
non-inverted output of "0". If the linear velacity elevates so that the
synchronous signal pattern width becomes 21T, the shift register 206
changes to the effect that the stages "21", "-1" and "-22" have an
non-inverted output of "1" and the other stagés have an non-inverted
output of “0". To the contrary, if the linear velocity lowers so that the
synchronous signal pattern width becomes 23T, the shift register 206
changes to the effect that the stages "23", "-1" and "-24" have an
non-inverted output of “1" and the other stages have an non-inverted
output of “0".

- The output content of the respective stages of the shift register 206 -
is detected by a combinational circuit composed of a combination of
known AND circuits and OR citcuitsi. and whether the linear velocity is -
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having the period T, and supplies the clock CK to the edge detection
circuit 102 and the pattern width detection circuit 104. The edge detection
circuit 102 detects the edge which is the level transition of the EFM
signal E, in synchronismwth the clock CK received, and -generates and

out puts the edge detection signal EGto the pattern width detection circuit
104. The pattern width detection circuit 404 responds to the edge detection
signal EG to detect the pattern width and to generate the disk rotation '

control si gngoweR drofasteicthdn e aenial valooity, is detetited oficthe! basis iofrther t he
di sk velocity maintaining, on the basis of the difference between the
det ect ed patiesult ofitherdedectioni T. Referring to Fig. 2, there is shown a
circuit diagram gfy the edge detectign GLESu vaRZy Wkiroifidy S8 "
mentioned above, has a high detection precision, but becomes large in
circuit scale. Namely, the synchronous signal pattern width of the
read-out signal from the BEFM recording disk is 22T (=11T x 2) as
mentioned above, and the minimum required stage number of the shift .
register storing the edge pattern in synchronism with the reference clock
(T) becomes 22+ a.. Therefore, when the velocity detecting clock signal
frequency is 2N as in this example, the minimum required stage number
becomes 44+ o.. In addition, in order to detect all the contents of the .
stages of the shift register, the velocity detecting logic circuit becomes
large in circuit scale,

In brief, since the first prior art disk rotdtional velocity céntrolling
circuit as mentioned above uses only 11T which is a maximum pattern
width value of the signal read out from the disk, the first prior art disk -
rotational velocity controlling circuit is disadvantageous in that the
velocity detecting precision is low, and the access speed in the track jump
or the like becomes low and the draw-in time becomes long.

In order to improve the just above mentioned problem, there is -
considered the method for elevating the frequency of the disk rotation
linear velocity detecting clock to integer times of the reference clock
frequency.. However, this method reduces the operation margin of the
disk rotational §clocity detecting circuit. Furthermore, it is difficult to --
apply this method to the four-time speéd réproc_luction or the eight-time
speed reproduction which are now major in a CD-ROM (compact-disk
read-only-memory) reproducing device which are now being spread as a

-
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' I
anplifier A201 receiving and anmplifying the EFM signal E to generate an
anplified signal EA, a cascaded inverters 1201 and |1202 receiving the clock
CK to generate a del ayed cl ock CKD having a predetermnm ned delay fromthe
clock CK, a D-type flipflop F201 receiving the signal EA and controlled by
the del ayed clock CKD to output a signal EDL which is delayed fromthe
signal EA by one clock, another D-type flLiLpflop F202 receiving the signal
EDL and controlled by the del ayed cl ock D to out put a signal ED2 which is

del ayed fromt heg& ?nal D;miy Qne Clto?léhd ?él)rgé Eﬁlg peﬁ\gﬁitcfx EX201

receiving th
expected to be further elevated in future.

On the other hand, since the second prior art disk rotational
velocity controlling circuit as mentioned above is constructed to store the
edge pattern in synchronism with the rotation linear velocity detecting
clock, which is adapted to the synchronous signal pattern width 22T of the
read-out signal from the EFM recording disk, the minimum required
stage number -of the shift register is large. In addition, the scale of the
velocity detecting logic circuit for detecting all the contents of the stages
of the shift register, becomes large, and therefore, the circuit scale

becomes large.

Summary of the Invention

Accordingly, it is an object of the present invention to provide a
disk rotational velocity controlling circuit which has overcome the above
mentjoned defect of the conventional one. | '

Another object of the present invention is to provide a disk |
rotational velocity controlling circuit having an elevated detection
precision of the rotational velocity and a small circuit scale.

The above and other objects of the present invention are achieved in
accordance with the present invention by a disk rotational chocity
controlling circuit for controlling a rotational velocity of a recording

~ medium disk in which digital information in a predetermined signal
format is recorded in 2 constant linear velocity type, and comprising a
signal reproduction means receiving a read-out signal read out from said
disk for converting said read-out signal into a reproduced s1gnal of said
predetermined signal format, characterized in that an edge detection
circuit comprises a rising cdge detecting means receiving said reproduced -
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5 generates an exclusive OR signal between the signals ED1 and ED2, as the
edge detection signal. Now, an operation of this edge detection circuit 102
"will be déscribed. If the EFMsignal E is supplied to the buffer anplifier
A201, the buffer amplifier A201 outputs the anplified EFM signal EA. The
D-type flipflop F201 outputs, as the signal ED1, the signal EA after

del ayi ng the same by one clock and in_sy {1}(: hronismw th the del ayed cl ock
CKD. This signal ED1 is supplied to t he type flipflop F202 and the

excl us! ve O 9o Adotin i diihiedgt iRl egiadicet sigtal toperchstcsa gnal

ED2, the sign ED1 after del ayin he sane one clock and in synchronism

with the delrming edgedetedtion S‘xgnal, sanglrmfalﬁﬁg adgesbpqzﬂﬁn@lmms receiving
said reproduced signal for detecting a falling edge of said reproduced

signal, independently of said rising edge, to generate a falling edge
detection signal, and a synchréndus pattern detection circuit includes a
first pattern width detector receiving said rising edge detection signal for
measuring an interval between each pair of continuous rising edge
detection signals to compare cach measured rising edge interval with a
normal synchronous pattern width so as to generate first and second
rotational signals, a second pattern width detector receiving said falling
edge detection signal for méasuring an interval between cach pair of
continuous falling edge detection signals to compare each measured
falling edge interval with said normal syﬁchronous pattern width so as to
generate third and fourth rotational signals, and a detection result
synthesis circuit for synthesizing the first and third rotation signals to
generate a positive rotation signal and for synthesizing the second and
fourth rotation signals to generate a negative rotation signal. |

The above and other objects, features and advantages of the present
invention will be apparent from the following description of preferred
embodiments of the invention with reference to the accompanying

drawings,

Brief Description of the Drawings

Fig. 1 is a block diagram of the first prior art disk rotational
velocity controlling circuit; '

Fig. 2 is a circuit diagram of the edge detection circuit u§éd in the
first prior art disk rotational velocity controlling circuit shown in Fig. 1;
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t he exclusive OR gate EX201. The exclusive OR gate EX201 executes the

excl usive OR | ogi cal operation between the signals ED1 and ED2, to detect
the edge where the | evel of the EFM signal changes, and to generate the
edge detéection signal EG Referring to Fig. 3, there is shown a circuit

di agram of the pattern width detection circuit 104. The shown pattern w dth
detection circuit 104 includes a pattecniwidth detector 41 receiving the
edge detection signal EG and the clock CK to neasure a time interval

between each pai IFigf Tt cirowit didgran aifeihei pattexhowidth @€tectipnueircuit t he
clock CK, so as to determne the pattern width of the EFM signal E, and to

generate a pasadin thiedfivsts ipgivrl anty diskdrotatiotdowelocity controlliggt mcpat tern
wi dth signal Wto.degode a difference between the received pattern wi dth
si gnal shown in Fig. 1;
Fig. 4 is a black diagram of the second prior art disk rotational
velocity controlling circuit; o
Fig. 5 is a block diagram of a first embodiment of the disk
rotational velocity countrolling circnit in accordance with the present
invention;
Fig. 6 is a circuit diagram of the edge detection circuit used in the
disk rotational velocity controlling circuit shown in Fig. 5;
Fig. 7 is a timing chart illustrating one example of the operation of
the first embodiment of the disk rotational velocity controlling circuit in
accordance with the present invention, at the time of 2 normal operation,;
Fig. 8 is a circuit diagram of the pattern width detector used in the
disk rotational velocity controlling circuit shown in Fig. 5;
Fig. 9 is a circuit diagram of the counter used in the pattern width
detector shown in Fig, 8; |
Fig. 10 is a circuit diagram of the decoder used in the pattern width
detector shown in Fig. 8;
Fig. 11 is a timing chart illustrating one example of the operation
of the first embodiment of the disk rotational velocity controlling circuit
in accordance with the present invention, at the time of a normal
operation;
Fig. 12 is a timing chart illustrating one example of the operation -~
of the first embodiment of the disk rotational velocity controlling-.circuit
in accordance with the present invex;tion, when the rotational velocity is
faster than the normal rotational velocity;

I
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~Wand a predetermined pattern width, and to generate a di sk decel eration
signal RWor a disk acceleration signal FF. Now, an operation of the
pattern w.dth detection circuit 104 will be described. The pattern w dth
detector 41 neasures the tinme interval 6 between each pair of continuous
edge detection signals EG by counti ng the clock CK, and outputs the
nmeasured value Wof the tine interval ojég he decoder 42. Here, for _
calcul ation of the linear velocity of The& disk rotation, a clock having the

period T/N (wher g 1% it A fffihg cHak Afuskafiflg one example of the operation
of the first embodimenc of the disk rotational velocity controlling circuit
in accordance with the present invention, when the rotational velocity is
slower than the normal rotational velocity;

Fig. 14 is a circuit diagram of the edge detection circuit used in a
second embodiment of the disk rotational velocity controlling circuit in
accordance with the present invention; |

Fig. 15 is a circuit diagram of the counter used in a third
embodiment of the disk rotational velocity controlling circuit in
accordance with the present invention; '

Fig. 16 is a circuit diagram of the dccoder used in the third
embodiment of the disk rotational veloclty controlling circuit in
acéordance with the present invention;

Fig. 17 is a circuit diagram of the counter used in a fourth
embodiment of the disk rotational velocity controlling circuit in
accordance with the present invention; and

Fig. 18 is a circuit diagram of the decoder used in the fourth
embodiment of the disk rotational velocity controlling circuit in
accordance with the present invention. |

Description of the Preferred embodiments
Referring to Fig. 5, there is shown a block diagram of a first
embodiment of the disk rotational velocity controlling. circuit in
accordance with the present invention. In Fig. S, elements similar to
those shown in Fig. 1 are given the same Reference Numerals and Signs.
The shown first embodiment of the disk rotational _(rélocity
controlling circuit comprises, in addition to the disk 10 and the clock

- generator 8 similar to those of the prior art circuit shown in Fig. 1, a -
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in place of the clock CK. The decoder 42 cal cul ates, fromthe nmeasured
value W' the pattern width corresponding to the neasured value W and al so
cal cul ates a difference between the cal cul ated pattern width and the
predetern1ned pattern width which corresponds to a predeterm ned norna
rotation linear velocity. If the difference is positive, -since the
rotational velocity is too high, the deddder 42 generates the disk
deceleration signal RW Alternatively, if the difference is negative, since

h i K
the rotati O%aaeiezﬁbaucﬁén tGRuiow fé&ezﬁgquﬁanﬂ ggmaﬁﬁmm AR

acceleratio I gnal” FF. Here, consider a disk rotation starting tinme, or a
drawin operreadmtfmmmmm,ttotﬁmmmﬁ digitalsignal stas o generate he
position of a |ckup aned at random If _only the HBX|H¥R&pattern wi dt h
of 11 T in anhﬁ E, an edge detection circuit 1 recelvmg the EFM signal E

and the clock CK to detect, in synchronism with the clock CK, an edge of

the EFM signal E, which is a transition 1o a high level or a low level of

the EFM signal E, and to generate a rising edge detection signal REG and

a falling edge detection signal FEG, and a synchronous pattern width

detection circuit 13 receiving the rising edge detection signal REG, the

falling edge detection sighal FEG and the clock CK, for measuring an

interval between each two continuous rising edge detection signals REG

‘and an interval between each two continuous fall edge detection signals
FEG, and to compare respective maximum pattern widths with the
synchronous pattern width 22T corresponding to the normal disk rotation
linear velocity, S0 as to generate a positive rotation signal FF when the
measured maximum pattern width is larger than 22T and a negative
rotation signal RW when the measured maximum pattern width is smaller
than 22T. _ |

The shown first embodiment of the disk rotational velocity
controlling circuit further comprises a peak/bottomn hold circuit 5 for
latching and holding the positive rotation signal FF and the negative
rotation signal RW for a constant peak sampling period TS to output a
corresponding positive motor drive signal MDF and a corresponding
negative motor drive signal MDR, an output circuit 12 receiving the
positive motor drive signal MDF and the negative motor drive signal -
MDR, for outputting a motor drive output signal MD, a PLL (phase lock
loop) circuit 9 receiving a pit clock PC supplied from the signal
reproduction 11 to self-lock in synchronism with the pit clock PC and to
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read-out signal fromthe disk is neasured as nmentioned above, the precision
for drawing to the predeternmined rotation Iinear velocity beconmes 1/11. In
ot her words, the change rate of the disk linear velocity becones 9.09%

Thi s becones a cause for lowering the access speed and the drawin tine in
for exanple the track junp. In order to inprove the above nenti oned

di sadvantage, there is a nethod for Lqﬁiqgsing the frequency.of the disk
rotation linear velocity detecting clo to Ntimes, as nentioned above. In

this case, 4R .a Pt OBIRCR! bfghdlBP@LrK' E‘oﬁ’@@péﬂﬁl Q921 TV ehOftdnie

detection clrcuit becomes small” for the reason expl al ned héreinafter, and
t heref ore, gencoatiomwirowif 7i reckiving the mpplookdsngnahm andwhs wlodk

reproduct] %Tgx%] %rll.lglt%hée;érate a frame signal FCK, and a frequency-division
circuit 6 receiving and dividing the frame sxgnal FCK by a predetérmined
frequency dividing ratio N to generate the peak samphng period TS.

The synchronous pattern width detection circuit 13 includes a rising
edge pattern width detector 2 for measuring the interval between each.
pair of continuous rising edge detection signals REG by counting the
clock CK, and for comparing 2 maximum pattern width of the measured
intervals, with the Synchronous' pattern width 22T corresponding to the
normal rotation linear velocity, so as to generate a positive rotation signal
RFF when the measured maximum pattern width is larger than 22T and a
negative rotation signal RRW when the measured maximum pattern width
is smaller than 22T, a falling edge pattern width dctectoi 3 for measuring
the interval between each pair of continuous falling edge detection signals
FEG by counting the clock CK, and for comparing a maximum pﬁttem
width of the measured intervals, with the synchronous pattern width 22T
cbrresponding to the normal rotation linear velocity, so as to generate a
positive rotation signal FFF when the measured maximum pattern width
is larger than 22T and a negative rotation signal FRW when the measured
maximum pattern width is smaller than 22T, and a detection result
synthesis circuit 4 for synthesizing the positive rotation signals RFF and
FFF to generate the positive rotation signal FF and also synthesizing the
negative rotation signals RRW and FRW to generate the positive rotation -
signal RW. - ) "

The output circuit 12 includes }nveners 121 and 122 receiving the

-

i

positive motor drive signal MDF and the negative motor drive signal
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7 speed reproduction which are now major in a CD ROM (conpact-di sk
read-onl y-nmenory) reproducing device which are now being spread as a
recotdi ng, medium for a conputer, and to a reproduction speed which is
expected to be further elevated in future. At present, the conventional
reference clock frequency for CDis 4.3218 Mz (clock period T = 1/4.3218
MHz) as nentioned hereinbefore. If N=2 i.sjgealized in order to double the
detection precision, the detection clock frequency becones 8.6436 MHz. In

thi s devi ceMDR,t teapeetivelyyd PochameddMOS rtratsistor Mghthavingsa seuremui r ed

- connected o a positive power supply voltage, a gate connected to an
output of the inverter 121 so as to rc'ceive an inverted signal of the
positive motor drive signal MDF, and an N-channel MOS transistor M22
having a drain connected to a drain of the P-channel MOS transistor M21
and an output terminal TO, a source connected to a ground potential, and
a gate connected to an outpixt of the inverter 122 so as to receive an
inverted signal of the negative motor drive signal MDR,

Now, an operation of the shown embodiment will be descnbed with
reference to Fig. 5. In the following description, for convenience of
description, it is assumed that the period of the clock CK for the rotation
linear velocity detection is set to be a half of the period of the pit clock
PC, namely, (1/2)T.

Firstly, similarly to the prior art example, the control is executed to
maintain a predetermined linear velocity by calculating the current
rotation linear velocity on the basis of the synchronous pattern which is
included in the read-out signal AR read out from the disk 10 (in which
digital information is rccofdcdh the EFM format and in the CLV type)
and which has the width {11T+11T} obtained by multiplying the width T
of the pit clock included in the read-out sigual AR, by {11+11}. For this
purpose, a timing signal, namely, the synchronous pattern, is extracted
from the EFM signal outputted from the signal reproduction circuit 11,
and the linear velocity of the disk 10 is controlled to be maintained at a
constant by _usixig the synchronous pattern. This synchronous patterh can --
detected when the linear velocity is in a predetermined range of variation.
In other words, when the variation Bf the linear velocity is in"a capture
range of the PLL circuit 9, it is possible to precisely control the rotation
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detection clock frequeney becones 69.1488MHz, and therefore, a circuit
desi gn becones difficult. Referring to Fig. 4, there is shown a bl ock
di agram of a second prior :art disk rotational velocity controlling circuit,

whi ch is JP-A-59- 172180, (an English abstract of JP-A-59-172180 is

avail abl e fromthe Japanese Patent Office, and the content of the English

abstract of JP-A-59-172180 is incorpetdiled by reference inits entir
into this application), (Priqr Art Reference 3). As Sh&\é\qﬂ in Fig. 4,
second pri oPYmeans ok the syRelapaous pagem: Howeven whenythe: variation of ghe

rminly ot et VlpeRY iU Al eBPRie GnBe A8 B HAL firihe o o
| s provided e3aft1b ! ar' thei thi8 'of SRt Rk \difidrdthfoR 0Cal’s Hafdd A hct b8t

per form ng

random, it becomes impossible to detect the synchronous pattern so that
the rotation control becomes impaossible.

In order to overcome this problem, the shown embodiment utilizes
the fact that when an interval of the inversion of the signal (namely, a
period from a rising edge to a falling edge, or a period from a falling
edge to a rising edge) is maximum, the.signal having the maximum
inversion interval is the synchronous pattern. In other words, the edge

a track jump, in which the position of the pickup device is moved at

ety

t he

ferent

t,
there
EG and

detection circuit 1 of the shown embodiment detects the edge, namely, .
- level transition of the EFM signal which is the maximum inversion

interval signal, similarly to the prior art example. Howecver, the edge
detection circuit 1 of the shown embodiment further detects the rising
edge and the falling edge, separatcly from each other, and the detected
rising odge and the detected falling edge are supplied to the two pattern
width detectors 2 and 3, respectively, so that the maximum rising edge
interval of the pattern width 22T and the maximum falling edge interval
of the pattern width 22T are detected.

The signal reproduction circuit 11 converts the read-out signal AR
into a digital signal to generate the EFM signal E to the edge detection
circuit 1, and also extracts the pit clock signall PC of the period T to
supply the pit clock signal PC to the PLL circuit 9. The clock generator
8 generates the clock CK having the period T/2 and supplies the clock CK
to the edge detection circuit 1, the pat;ern width detectors 2 .a'nd 3, and the
frame generation circuit 7. The edge detection circuit 1 detects the rising
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a shift operation in response to a clock CK for the velocity detection. The
nunber of.stages in this shift register 206 is set to be larger than the
nunmber of reference clocks CK which should be generated in a synchronous
signal generating period when the linear velocity of the recording track of
the disk is normal, and the linear velgcity is detected in accordance with
the output content of the respective's% ges of the shift regi ster 206.

S o R o o R LB g i R
's 1T X 2= G6dy CR 3o luHREAe the HshYS 2dfE WetecRn'slgnal REG and he falling
' edge detection sigizal FEG to the pattern width detectors 2 and 3,
respectively.

The pattern width detector 2 measures the interval between each
pair of contimuous rising edge detection signals REG by counting the
clock CK, and compares the maximum interval of the measured intervals,
namely, the péttem width of the maximum pattern width signal, with the
synchronous pattern width 22T comesponding to the normal rotation
linear velocity. As the result of this comparison, if the maximum pattern
width is larger than 22T, since the disk rotates at a velocity slower than
the normal rotation linear velocity, the pattern width detector 2 generates
the positive rotation signal RFF for disk acceleration. To the contrary, if
the maximum pattern width is smaller than 22T, since the disk rotates at a
velocity faster than the normal rotation linear velocity, the pattern width
detector 2 generates the negative rotation signal RRW for the disk
deceleration. Similarly, the pattern width detector 3 measures the
interval of the continuous fajling edge detection signals FEG and
selecti\}ely generates either the positive rotation signal FFF or the
negative rotation signal FRW.

The detection result synthesis circuit 4 synthesizes the respective
detection results outputted from the pattern width detectors 2 and 3.
Since both of the positive rotation signal RFF outputted from the pattern
width detector 2 and the positive rotation signal FFF outputted from the -
pattern width detector 3 are a signal for accelerating the rotation of the

- disk 10, the detection result synthésis circuit 4 synthesizes-both the

positive rotation signals RFF and FFF to generate the positive rotation
—_ T
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this shift register 206 at the normnal

velocity is 44 (=22T [err] T /2).

Therefore,, by adding three stages as a detection toleration in the case
k rotation linear velocity is slower than the normal velocity,

egister 206 is set to have 47 stages. In Fig. 4, 23 stages at a
right side of a central position "X' in the shift register 206 are nunber ed

that the dIS
this shift r

"1 " to "23" in order towards a right 1end stage and 24 stages at a left
side are nunbgre - 24" order to a.left end stage. The edge
detection si é@h&mﬁlypahed;ﬁmmwssﬁﬁ Riatis, Cinvuich SITRRCERES nor o

vel ocity, th
reglster 206
stages '

out put of "0

(e hEBR St sbals RN s PR, (e dihle b hoahc' 1

IO(&FI n%q) 7, and the other stages have an non-inverted
Pt i'near velocity elevates so that the

At the time of starting the disk rotation, or at the track jump, the
pattern widths of both the pasitive and negative maximum pattern width
signals become greatly different from each other, and the appearance
frequency of these maximum pattern witths changes. Under this
circumstance, the peak/bottom hold circuit 5 latches and holds the positive
rotation signal FF and the negative rotation signal RW for the constant
peak sampling period TS, to output the corresponding positive and
negative motor drive signals MDF and MDR, respectively. The Iength of
the peak sampling period TS, is set by frequency-dividing the frame
signal FCK supplied from the frame generation circuit 7, to 1/N, by
action of the frequcncy division circuit 6. .Sin'ce the synchrbnoué pattern
exists repeatedly at Jeast at every one frame, namely, at every 588T, the
positive and negative maximum pattern width signals necessarily exists
during the peak sampling period TS obtained by frequency-dividing the
frame signal FCK to 1/N.

The frame generation circuit 7 responds to the pit clock PCLK
supplied from the PLL circuit 9 or the clock CK supplied from the clock
generation circuit 8, to generate the frame signal FCK indicative of one
frame. _

In addition, the peak/bottom hold circuit 5§ extracts, from the
maximum pattern width signals detected during the peak sampling
periods, the maximum pattern width signal having a minimum -pattern
width during a bottom period which is longer than the peak sampling
period. This is to eliminate a signal of a large pattern width generated
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synchronous signal pattern wi dth becomes 21T, the shift register 206
changes to the effect that the stages "21", "-1" and "-22" have an
non-inverted output of "1" and the other stages have an non-inverted out put
of "0". To the contrary, if the linear velocity |lowers so that the
synchronous signal pattern wi dth becomes 23T, the shift register 206
changes to the effect that.the stages 2@3*, "-1" and "-24" have an
non-inverted output of "1" and the .other stages have an non-inverted out put

of "0". Thedwmttpud sesatchhonothe idisk ok ctherehy Jo BUBIBIZE BB SAIONEOUS i St er
206 is detegted.b conbi national circyit.composed of a conbination of
known AND ?‘Xogﬁﬁe ml’ﬁé"’mam r the linear velocity is
_ The output circuit 12 responds to the motor drive signals MDF and
MDR supplied from the peak/bottom hold circuit 5, to output the motor
drive output signal MD so as to drive a spindle motor (not shown) for
rotating the disk 10. |

Next, the shown embodiment will be described in detail.

Referring to Fig. 6, there is a circuit diagram of the edge detection
circuit 1. The edge detection circuit 1 shown in Fig. 6 includes a buffer
amplifier A11 receiving and amplifying the EFM signal E to generate an
amplified signal EA, a cascaded inverters 111 and 112 receiving the clock
CK to generate an inverted delayed clock CKB and a non-inverted further
delayed clock CKD, reSpectiveiy, a D-type flipflop F11 receiving the
signal EA and controlled by the inverted delayed clock CKB, to output a
signal ED1 delayed from the signal EA by one clock and an inverted
signal ED1 of the signal ED1, another D-type flipflop F12 receiving the
signal ED? and controlled by the non-inverted further dclayed clock
CKD, to output a signal ED2 delayed from the signal ED1 by one clock
and an inverted signal ED2 of the signal ED2, an AND gate G11
receiving the signals ED1 and ED2 to gencrate the rising e'dge detection
signal REG constituted of a logical AND between the signals ED1
and_é—_m, and another AND gate G12 receiving the signals ED1 and ED2
to generate the falling edge detection signal FEG constituted of a logical
AND between the signals ED1 and ED2. | -

Now, an operation of this edge detection circuit 1 will be described.

If the EFM signal E is supplied to the buffer amplifier A1, the buffer
amplifier A11 outputs the amplified EFM signal EA. The D-type flipflop
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9 slower or faster than the normal velocity, is detected on the basis of
the result of the detection. The second prior art disk rotational velocity
controlling circuit as nentioned above, has a high detection precision, but
becones large in circuit scale. Nanely, the synchronous signal pattern

w dth of the read-out signal fromthe EFMrecording disk is 22T (= 11T x 2).
as mentioned above, and the m nimum regp red stage nunber of the shift

regi ster storing the edge pattern in synchronismwth the reference clock

(T) becones B utputd B SERAFEDINAR #t$ fuvéied Gignal OTCWhich st aklayeana!
from the signal EA by one clock and in synchronism with the delayed
clock CKB. These signals ED1 and ED1 are supplied to the D-type
flipflop F12 and the AND gates G11 énd G12. The D-type ﬂipﬂop- F12
outputs the signal ED2 and its inverted signal EE. which are delayed
from the signal ED1 by one clock and in synchronism with the delayed
dock CKD in opposits phase to the delayed clock CKB, and thetefore,
which are actually delayed from the signal ED1 by a half of the period of
the clock (namely, T/4). The signals ED2 and ED2 are supplied to the
AND gates Gi1 and G12.

The AND gate G11 receives the signals ED1 and ED2 to cxecute a
logical AND operation between the Signals ED1 and-E-—Dz, thereby to
detect a rizfing edge, namely, a rising level transition, of the EFM signal,
and to generate the rising edge detection signal REG having the width
which is a half of the period of the clock (namely, T/4). The AND gate
G12 receives the signals ED1 and ED2 to execute a logical AND
operation between the signals ED1 and ED2, thereby to detect a falling
edge, namely, a falling level transition, of the EFM signal, and to
generate the falling edge detection signal FEG having the width which is a
half of the period of the clock (namely, T/4).

Referring to Fig. 7, there is shown a timing chart illustrating one
example of the apcration waveform corresponding to one frame in a first
case that the disk rotates at a normal lincar velocity. As shown in Fig. 7,
the EFM signal E is generated in the form of a combination of the high
level having the width 11T and the low level having the width 11T. The
signal ED1 is generated at the falling edge of a first clock appea;ring' after
the EFM signal E has risen, and the signal ED2 is generated at the rising
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frequency is 2N as in this exanple, the mnimumrequired stage nunber
becomes 44 + a. In addition, in order to detect all the contents of the
stages of ‘the shift register, the velocity detecting logic circuit becones
large in circuit scale. In brief, since the first prior art disk rotational .
velocity controlling circuit as nentioned above uses only 11T which is a
HHX|nun1pattern w dth val ue of the signap +ead out fromthe disk, the first
prior art disk rotational velocity controllln ircuit is dlsadvantageous

in that the edgeoof aysedondclock appearing after estgnal basgisem. sPbed in
I or dor ¢ b REBRDREKY 4§ BO0SFERd0Dave agﬂéﬂeﬁm‘” g A e RENES SER Sfer o
the method fgp s%ﬁXf‘hﬂlgaﬁé‘ ‘ieﬁﬂﬁ%ﬁ&% il Ay S8 of thé'sigit ED2, and

the signal FEG is generated to have the v.vidth starting at the falling edge

of the signal ED1 and terminating at the falling edge of the signal ED2.

The pattern width detectors 2 and 3 have the same construction, and
therefore, the construction of only the pattern width detector 2 will be
described with reference to Fig. 8, which is a circuit diagram of the
pattern width detector 2 vsed in the disk rotational velocity controlling
circuit shown in Fig. 5.

The pattemn width detector 2 as shown in Fig. 8 comprises a counter
21 reset in response to the rising edge detection signal REG and counting
the clock CK to output a count value nR, and a pair of decoders 22 and 23
coupled to the.counter 21 and generating the signal RRW and the signal

~ RFF when the count value reaches "43" and 44", respectively. The
counter 21 is configured to count up to a value of 22x2 + .

Incidentally, in the preceding and succeeding descriptions, the
pattern width detector 3 can be understood by changing the Reference
'Numerals to numbers on the order of 30 and also changing the signals
REG, RRW and RFF to FEG, FRW and FFF, respectively and the count
value 1R to the count value oF, as shown by parenthesized Reference
Numerals and Signs in Fig. 8.

As mentioned above, the counter 21 can count up to the value of
22x2+q, for the putpose of determining the synchronous pattern -
width 22T by counting the clock CK having the period of T/2.- There,
+ o is a tolerance or margin for énsu:ing to be able to detect the
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linear velocity detecting clock to integer times of the reference clock

frequency. However,

rotational

this nethod reduces the operation margin of the disk
velocity detecting circuit. Furthernore, it is difficult to

apply this method to the four-tine speed reproduction or the eight-tine
speed reproduction which are now major in a CD ROM (conpact - di sk '
read- onl y-menory) reproduci ng devi ce whi2éh=are now being spread as a

recordi ng medium for a conputer,,..and.tp a reproducti speed ichis
xpect ed t o SIBCREPRART. TATLSrE: wadith which, . lareer than 25T when fhe disk

rotation linear velocity is slower than the normal linear velocity

Now, an operation of the pattern width detector 2 will be described.
The counter 21 is reset in response to the rising edge detection signal
REG and thereafter starts to count the clock CK. The counter 21 is reset
again in response to the next rising edge detection signal REG, but just
before the counter 21 is reset, the count value nR of the counter 21 is
supplied to the decoders 22 and 23. The decoder 22 generates the
negative rotation signal RRW when the received count value nR reaches
43 (=22%2~1) or less. Similarly, the decoder 23 generates the
positive rotation signal RFF when the received count value nR reaches 44
(=22x2) or more. | _

Referring to Fig. 9, there is shown a circuit diagram of the counter
21. The shown counter 21 comprises six cascaded stages of D-type
flipflops F20 to F25 connected as shown, and an exclusive OR circuit
EX21 receiving a Q output of each of the flipflops F20 and F25, aﬁd
having an output connected to a D input of the flipflop F20.

The counter 21 constitutes a maximum length sequence code
generator generating a maximum length sequence random number and
baving a period of (2%-1). In the shown example, since the counter 21
is constituted of six stages of flipflops F20 to F25 (n=6), the counter 21
can count to 63. The flipflops F20 to F25 constitutes the shift register,
and the count value is incremen'tcd in response to each clock CK and is
reset in response to the edge detection signal REG. As mentioned above,
the D input of the flipflop F20 is supplied with the output of the exclusive
OR circuit EX21. With this arrangct:nent, since a binary sequexice is fed

10
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On the other hand, since the second prior art disk rotational velocity
controlling circuit as nentioned above is constructed to store the edge
pattern in synchronismw th the rotation linear velocity detecting clock
whi th is*adapted to the synchronous signal pattern width 22T of the
read-out signal fromthe EFM recordi ng di sk, the m ninumrequired stage
nunber of the shift register is |large~ s addition, the scale of the

vel ocity detecting logic circuit for detecting all the contents of the
stages of thback the colnter 21 generates:8 raadem muamben withctherperiad of (03¢ t
scal e becones large, Summary of the Invention Accordingly, it is an object
of the preseAfd; Q§QDF@%5% iCOMNRAS: ot i onal vel ocity controlling

circuit which haspak@hiliFe MCHARAY Shart of Fig. 7, the count values nR and nF

change at random, however, for convenience of description, after it is
reset, the count value nR changes as 0 (zero), ¢ » =, 22, « » «, 43, and
changes as 0 (zero), * « » again after it is reset. After it is reset, the count
value nF changes as an arbitrary number "X", ¢ « o, X422, 0 (zero), = ¢ =,
21, and changes as "X", » ¢ « again after it is reset. This arbitrary number
"X" will be described hereinafter. |

First, if the rising edge detection signal REG of the high level is
supplied, the count value nR of the counter 21 is resct, and the counter 21
counts the clock CK to increment the count value uatil the next rising
edge detection signal REG is supplied. Similarly, the count value nF of
the counter 31 is reset in response to the falling edge detection signal
FEG, and the counter 31 counts the clock CK to increment the count

~ value until the next falling edge detection signal.FEG is supplied. Since
the example shown in Fig. 7 shows the normal linear velocity, the count
value nR increments to 43, and thereafter, is reset to 0 (zero). Since the
count value nl.{‘at this time is brought to 0 (zera) because of the reset
input, the count value “43" of the synchronous pattern width actually
indicates the pattern width of 44, namely, the normal linear velocity.
Similarly, the count value nF of "44" actually indicates the pattern width
of 45, namely, a velocity slower than the normal linear velocity.

Referring to Fig. 10 showing a circuit diagram of the decoders 22, -
23,32 and 33 and the detection result synthesis circuit 4, the decoder 22
includes two three-input AND circuits G221 and G222, and a two-input
NAND circuit G223 receiving an output of the AND circuits G221 and
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mentioned defect of the conventional one. Another object of the present
invention is to provide a disk rotational velocity controlling circuit

havi ig an el evated detection precision of the rotational velocity and a
smal |l circuit scale. The above and ot her objects of the present invention
are achieved in accordance with the present invention by a disk rotational
velocity controlling circuit for contgglling a rotational velocity of a
recordi ng mediumdi sk in which digital information in a predeterm ned

si gnal fornaf22x Meodessier 23 irmsodesatwo Ithreesinput ANDt gircyits G281dand
conprising a signal reproduction neans receiving a read-out signal read out
from said di@R3%.0and gniwetinpyt NAND «arcuit 0233 geariving araoptpioali€be si gnal

of sald predpl il Tt GI8F anltGIH. THE UG48S 53 Hchilies o HreePue
AND circuits G321 and G322, and a two-inpat NAND circuit G323
receiving an out;;ut of the AND circuits Gazl_ and G322. The decoder 33
includes two threc-input AND circuits G331 and G332, and a two-input
NAND circuit G333 receiving an output of the AND circuits G331 and
(3332.‘

The detection result synthesis circuit 4 includes a NAND circuit
G41 receiving the signals RRW and FRW outputted from the NAND
circuit G223 and the NAND circuit G323, respectively, to execute a
NAND logic operation 50 as to gencrate the signal RW, and 'another
NAND circuit G42 receiving the signals RFF and FFF outputted from the
NAND circuit G233 and the NAND circuit G333, respectively, to execute
a NAND logic operation so as to generate the signal FF. _

The AND circuits G221 and G222 of the decoder 22 are connected
to receive outputs QBO, Q1 and QB2, and Q3, Q4 and QBs of the flipflops
F20 to F25, as shown in Fig. 10, in order to decode “43", namely, a 44th
condition of the counter 21. The AND circuits G231 and G232 of the
decoder 23 are connected to receive outputs Qo0, QB1 and Qz2, and QB3,
Q4 and Q5 of the flipflops F20 to F25, as shown in Fig. 10, in order to
decode "44", namely, a 45th condition of the counter 21.

" With this arrangement, only when all the inputs of the AND circuits

- G221 and G222 are at a high level, namely, only when the counter 21 -
assumes the 44th condition, each of the AND circuits G221 and G222
outputs a high level, so that the NAND gate G223 outputs the negative
rotation signal RRW of the low level, Similariy, only when all the inputs
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circuit conprises a rising edge detecting nmeans receiving said reproduced
signal for detecting a rising edge of said reproduced signal to generate a
ri sing edge detection signal, and a falling edge detecting neans receiving
sai‘d reproduced signal for detecting a falling edge of said reproduced
signal, independently of said rising edge, to generate a falling edge
detection signal, and a synchronous .paig ern detection circuit includes a

for meaour ?L@[‘f&dmi&gﬁhg@ﬁce'@& 8% & ahizbdvehdsmely: Srlgwbage

detection S'&%%M& 5P FRdfes e SR Lo, GRS HIAND tiths azafe a
and G232 outputs a high level, so that the NAND gate (G233 outputs the
positive rotation signal FRW of the low level.

Similarly, the AND circuits G321 and G322 of the decoder 32 are
connected to receive outputs QBO, Q1 and QB2, and Q3, Q4 and QBS of
the flipflops F20 to F25, and the AND circuits G331 and G332 of the
decoder 33 are connected to receive outputs Q0, QB1 and Qz, and QB3,
Q4 and Qs of the flipflops F20 to F25, as shown in Fig. 10. Only when all
the inputs of the decoder 32 are at a high level, the decoder 32 outputs the
negative rotation signal FRW of the low level. Only when all the inputs
of the decoder 33 are at a high level, the decoder 33 outputs the positive
rotation signal FFF of the low level. '

With the above mentioned operation, the rising edge maximum
pattern width and the falling edge maximum pattern width are measured,
decoded and detected, separately from each other. Therefore, it is
necessary to synthesize the detected rising edge maximum pattern width
and the detected falling edge maximum pattern width.

For this purpose, the detection result synthesis circuit 4 generates
the negative rotation signal RW by synthesizing the signals RRW and
FRW indicative of the detection of the respective 44th conditions of the
counters 21 and 31 (count value 43). Furthermore, the detection result
synthesis circuit 4 generates the positve rotation signal FF by
synihesizing the signals RFF and FFF indicative of the detection of the -
respective 45th conditions of the counters 21 and 31 (count value 44).
Namely, the NAND circuit G41 receives the signals RRW and FRW and

generates the negative rotation signal RW of the high level if at least one
e ——
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nor mal synchronous pattern width so as to generate first and second
rotational signals, a second pattern width detector receiving said falling
edge detection signal for measuring an interval between each pair of
continuous falling edge detection signals to conpare each neasured falling
edge interval with said normnal synchr§QPQ§ pattern width so as to generate
third and fourth rotational signals,” dfd a detection result synthesis
circuit for synthesizing the first and third rotation si?nals to generate a

posi tive roofithesignals RRWand FRW it attheongleved. SSiouilariyther B

oo o a0l e do0hah ol B 5 B Sl e SO

apparent 1 Ol GRbAPYe S B b il e g o b e WGRANTRER g e
FFF is at the low level.

Here, the arbitrary number "X" of nF in Fig. 7 is in the rahgc_ from
a minimum value corrésponding to the minimum number 3T in the EFM
format to a maximum value corresponding to the maximum number 10T
in the EFM format, namely, in the range between the minimaum value 5
(=3x2-1) and the maximum value 19 (=10X2-1). Therefore,
even if the maximum value "X+ 22" becomes equal to 41, ueither the
decoder 32 nor 33 can generate the detection signal, so that neither the
signal FRW nor FFF is generated.
Now, referring to Fig. 11, there is shown a timing chart illustrating

a second case of the operation waveform corresponding to one franic, in
the first embodiment of the disk rotational velocity controlling circuit in
accordance with the present invention when the disk rotates at a normal
linear velocity. In this second case, the EFM signal E is generated in the
form of a combination of the low level having the width 11T and the high
level having the width 11T, which is opposite in phase to that of the first
case shown in Fig. 7. Therefore, the falling edge is detected at the first
place, and the falling edgé detection signal FEG is geperated. In response
to this falling edge detection signal FEG, the counter 31 is reset to start
the counting from "0" and to output the count value nF. On the other
hand, at this iime, the counter 21 increments the count value R as the
arbitrary number "X", "X+1", ¢ « « to continue to count up until the
counter 21 is reset by the rising .cdge:' detection signal REG. However,
since the "X" is in the range of 5 to 19, neither the signal RRW nor RFF

This Sheet Has Been Replaced
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—"dr awi ngs. Brief Description of the Drawings Fig. 1 is a block di agram of
the first prior art disk rotational velocity controlling circuit; Fig. 2 1is
a circuit diagramof the edge detection circuit used in the first prior art
di sk rotational velocity controlling circuit shown in Fig. 1; 12 Fig. 3
is a circuit diagramof the pattern width detection circuit used in the
first prior art disk rotational vel oei 28 eontrolling circuit

is generated. Therefore, in this case, the control is carried out on the
basis of the signals FRW and FFE.

Next, referring to Fig. 12, there is shown a timing chart illustrating
one example of the operation waveform corresponding to one frame, in
the first embodiment of the disk rotational velocity controlling circuit in
accordance with the present invention, when the disk rotational velocity is
faster than the nommal rotation linear velocity. In this example, the EFM
signal E is generated in the fonn of a combination of the high level
having the width 11T and the low level having the width 10.5T.
Therefofe, sxmxlat to the first case shown in Fig. 7, the rising edge is
detected at the first place, and the rising edge detection signal REG is
generated so that the countér 21 is reset to count up the count value nR
from 0 (zero). However, at the same time as the count value nR reaches
43, the rising edge detection signal REG is generafed to reset the counter
21. Therefore, neither the decoder 22 nor 23 changes its output, so that
either the signal RRW or RFF does not change. Namely, either the szgnal
RW or FF does not change.

Incidentally, this condition similarlf occurs in the case that the
EFM signal E is opposite in phase to the above case, namely when the
EFM signal E is generated in the form of 2 combination of the low level
having the width 11T and the high level having the width 10.5T, and in
another case tha; the EFM signal E is geuerated in the form of a
combination of the high level having the width 10T and the low level
having the width 10T, which are shorter that those of the above case. In -
‘other words, when the synchronous pattern is shorter than 22T, either the
signal RW or FF does not change, :

/



/~/7 . . '
shown in:Fig. 1; Fig. 4 is a block diagramof the second prior art disk
rotational velocity controlling circuit; Fig. 5is a block diagramof a
first enbodi nent of the djsk rotational velocity controlling circuit in
aceordance with the present invention; Fig. 6 is a circuit diagramof the
edge deteEtion circuit used in the disk,otational velocity controlling
circuit s rng chart illustrating one exanple

f th r at i f the first enbodi t t di tati I | oci t
O e P O b gl T8, 53, Wil Endhh sl Redf
gfat thn g; ”Els egﬁfﬁﬁfgé] onk'skantple DfInE 'orp%ﬂﬂondméﬁ?h%oﬁggp&ﬁihgrﬁ Jhgith
frame, in the first embodiment of the disk rotational velocity controlling

\ circuit in accordance with the present invention, when the rotational

nown in Fig. 5, Fig. 7 is a f]

‘ velocity is slowcr than the normal rotational velocity. In this example,

\ the EFM signal E is generated in the form of a combination of the high
Jevel having the width 11T and the low level having the width 11.5T.
‘\ Therefore, similar to the ﬁmt case shown in Fig. 7, the rising edge is
\ detected at the first place, and the rsing edge detection signal REG is
. generated so that the counter 21 is reset to count up the count value nR
\from O (zero). When the count value oR reaches 43, the decoder 22
generates the negative rotation signal RRW, so that the signal RW is
zbrought to the high levci._ Since the rising edge detection signal REG is
?Ot gencrated at this time, the counter 21 counting up in response to the
tlock CK has not yet been reset, and therefore, increments the count value
ﬁR to "44". In response to this count value nR of "44", the decoder 23
l%xings the positive rotation signal RFF of the low level, so that the
positive rotation signal FF is brought to the high level.

:- Incidentally, this condition similarly occurs in the case that the
E\FM signal E is opposite in phase to the above case, namely when the
EifM signal E is generated in the form of a combination of the low level
having the width 11T and the high level having the width 12T, and in
another case that the EFM signal E is generated in the form of a
combination of the high level having the width 12T and the low level
having the width 12T, which are longer that those of the above case. | In
other words, when the synchronous pattern is longer than 22T, both the
signals RW aund FF are resultantly brovght to the high level, since either

-
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di sk. rotational velocity controlling circuit shown in Fig. 5, Fig. 9is a
circuit diagramof the counter used +rm3¢ ke pattern width detector shown in
Fig. 8 Fig. 10 is a circuit diagramof the decoder used in,the pattern

wi dt h detthetsignal HBRW iar ¥FE changes depentlently npanywikich: psathe phasgof at i ng one
exanple of the operation of the first enbodi nent of the disk rotational

vel oci t y the SyRCIIQnoys Paterm. POsIiYe O5 NREMNE-wi t h the present invention, at

e I " AL R0 0 BBl P 2 b sy WAZ! |19, e
(L0 LY G598 e 6t GEnARW SPBRREH WG RSEN horisk! | on. when
rotates at the normal lincar velocity. When both the negative rotatio;x '
signal RW and thc'positiva rotation signal FF are maintained at the low
level, the disk rotates at a velocity higher than the normal linear velocity.
On the other hand, when both the negative rotation signal RW and the
positive rotation signal FF are brought to the high level, the disk rotates
ata veldcity Jower than the normal linear velocity.
The ncgative rotation signal RW and the positive rotation signal FF
are supplied to the peak/bottom hold circuit 5, so that the peak/bottom
hold circuit 5 performs .a peak/bottom processing for the negative
rotatibn signal RW and the positive rotation signal FF, to generate the
motor drive signal MDF or MDR to the output circuit 12.
When the disk rotates at the normal linear velocity, the positiv
rotation signal FF is maintained at the low level, and the motor drive
signal MDF is maintained at the low level. In the output circuit 12,
therefore, the inverter 112 receiving the motor drive signal MDF of th]
.m level, outputs a high level, so that the PMOS transistor M21 is
maintaingd in an off condition. On the other hand, since the negativia
rotation signal RW is at the high level, the motor drive signal MDR i'F
also brought to the high level. The inverter I22 receiving the motor drive
signal MDF of the high level, outputs a low level, so that the NMOS
transistor M22 is maintained in an off condition. As a result, the output
signal MD is in a high impedance }condition, or at an intermediat?
This Sheet Has Been Replaced
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faster than the normal rotational velocity; 13 Fig. 13 is a timng chart
il lustrati ng one exanpl e of the operation of the first embodi ment of the
di sk rotatidnal velocity controlling3ircuit in accordance with the present

i nvention, when_the rotatlonal dielomty#s&ower t hgn_t he nor.nmal
rotati onal patensigl \so the,spindle spotog;for !ﬂ*e%&ﬁalﬂét'é%t i on

circuit used in a se ond enbodi nent of the di. sk rotational velocity
cont rol | i n§o&H0A ¥eIQCIY. cor dance with the present invention:

When the disk rotates at a velocity higher than the normal linear
velocity, the positive rotation signal FF is maintained at the low level, and
therefore, the motor drive signal MDF is maintained at the low level.
The inverter 112 receiving the motor drive signal MDF of the low level,
outputs a high level, so that the PMOS frapsistor M21 is maintained in an
off condition. On the other hand, since the negative rotation signal RW is
also maintained at the low level, the motor drive signal MDR | is
maintained at the low level. The inverter 122 receiving the motor drive
signal MDF of the low level, outputs a high level, so that the NM@S
transistor M22 is brought into an on condition. As a result the ouq?ut

~ signal MDis brought to the ground potential or a negative potential which

i is the same as the potential of the source of the NMOS transistor M22, jso
that the rotational velocity of the spindle motor is decelerated.

. When the disk rotates at a velocity lower than the normal l'méar

velocity, the positive rotation signal FF is brought to the high level, and

therefare, the motor drive signal MDF is brought to the high level, The

inverter 112 receiving the motor drive signal MDF of the high levFl

outputs a low level, so that the PMOS transistor M21 is brought into an pn

condition. On the other hand, since the negative rotation signal RW is
also brought to the high level, the motor drive signal MDR is brought ito
the high level. The inverter 122 receiving the motor drive signal MDF bf
the high Ievel, outputs a low level, so that the NMOS transistor M22'i is
brought into an off condition. As a result, the output signal MD 18
brought to the positive potential which is the same as the potential of +e

[ —
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Fig. 15 is a circuit diagram of the counter used in a third enbodi ment of
the disk rotational velocity controlling circuit in accordance with the
present invention;, Fig. 16 is a cw-clﬂt- di agram of the decoder used in the

third enbodi ment of | sk ro naI vel ' lergyit in
accor dancéom‘ml ﬁbeé’rﬁg%wﬂapﬁ\? ‘Pﬂbato‘% %?Wﬂéé@%%!g‘ﬁgm of the
counter useq | ourt h rrent of the disk rotational velocity
control li (,IH ce with the present invention; and Fig. 18

sk rotat éniﬁ’%@cﬁ%ﬂ B B B S e pr ccent
i nventi on.. detect the synchronous pattern read out from the disk, not as the pulses :
| of 11T+11T, but as one signal having the width of 22T, it is possible to
more precisely detect the linear velocity of the disk rotation.

For example, when the signal pattern width 9T is read out as ]‘.ZT
because of the scratch or the like on the disk, it was detected as the
maximum pattern width in the prior art example, but in the shoiwn
cmbodiment configured to detect the rising edge interval and the falling
cdgé interval independently of each other, if the pattern width is épot
greater than 10T, the rising edge interval and the falling edge interval|do
not reach 22T, the signal pattern width 9T erroneously read out as 1!-2’1‘
because of the scratch or the like on the disk, is never detected as :?he
maximum pattern width. In other words, the maximum pattern width
detection is hardly to be influenced by an accidental pattern width chan';gc

| caused by the scratch or the like on the disk.

Furthermore, when the internal clock frequency is elevated jin
order to improve the detection precision, it is possible to enlarge tipe
operation margin in an internal circuit. In addition, even when necessa"xy
p1t clocks cannot be obtained from the EFM signal at the disk starting
time or at the track jump, it is possible to maintain the linear velocity pf
the disk rotation at the normal linear velocity.

Moreover, with the elevated velocity detection precision, it 1s
possible to narrow the draw-in range, For example, the draw-in range
can be improved to +2.25% of the normal linear velacity from 34.5% <E)f
the normal linear velocity which was adopted in the ptior art example.
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Description of the Preferred enbodi nents Referring to Fig. 5, there is
shown a bl ock diagramof a first enbodi ment of the disk rotational velocity
controlling circuit in accordance WI"'t B3the present invention. In Fig. 5,

Nuror al 5 and S At SrRd B, dededeich iecRlith Y ¥Ge S aRBy pl )
ook gunes SRCRy S BEIDYES, & if Pﬁ@@“ﬁ?ﬁ?ﬁ%ﬁ?&%‘%ﬁﬁmﬁ% R
1, a 14to the normal linear velocity, and therefore, to elevate the access speed to

the disk. Specifically, when the pickup movement is one third of a full

movement range, namely, at a one-third stroke, the access speed was

400 ms in the prior art example, but can be shortened to 100 ms in the

shown embodiment. | |

‘Still further, since a load on the PLL circuit can be reduced, ev i if
the clock frequency is the same as the prior art, the precision can [be

elevated, and therefore, the operation margin can be increased.

The invention has thus been shown and described with reference to
the specific embodiment. However, it should be noted that the present
invention is in no way limited to the details of the specific embodiment as
described above but changes and modifications may be made withiﬁ the
spirit of the present invention. It is 2 matter of course that, for example,
the present invention can be applied to not only the CD blayer, but also
other information reproducing apparatus by changing the decode number
‘of the counter in accordance with the difference in parameters such as the
synchronous pattern width,

Here, the frequency “f" of the clock CK for driving the counter
used to detect the maximum width of the- synchronous pattern and the -
decode value "N" can be freely changed if the following relation 18
fulfilled in the case of detecting the linear velocity of the disk rotation:

(1/f) x N = 22T

where T is the period of the pit clock,

Now, an edge detection circuit ‘IA. which is incorporated in a
second embodiment of the disk rotational velocity controlling circuit in

-
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signal reproduction circuit 11 receiving an anal og read-out circuit AR read
out fromthe disk 10, to convert into a digital signal so as to generate an
EFM si gnal E, an edge detection circuit,1 receiving the EFMsignal E and
the clock CK to detect, in synchronismwith the clock CK an edge of the

EFM signal E, -whi ' Lid ' I : f the
ErM o1 onal Eecifatfs SR the BREht fibehflof, BIWhe ER4EHDE With SpfargEl o

fal ling edggjgletsciyhich 14 angrciliFdiagiam of theedgedetectiont tircnitl AL hin

detection cirCuit 13 receiving the Tisikng edge detection signal REG the
falling edgFiglel4;aélements comespanding to thoseshown Fig. & are gives thersame
i nt erwal between each two continuous rising edge detgetjon signals REG.and
an’ i nt er val Referenwe Numerals, cand i sxplasation | thezeef dEﬂgc.I9¢ cemiftgdafor FEG
and to conpgiﬁplrjggapg&tli&%ersrgéggg&n pattern widths with the
" As seen from comparison between Figs. 6 and 14, the edge
detection circuit 1A is different from the edge detection circuit 1A, in
that the buffer amplifier All is omitted so that the EFM signal E is
supplied directly to the D-type flipflop F11, and the AND circuits G11 and
G12 are replaced by a NOR circuit G13 receiving the signals ED1 and
ED2 of the flipflops F11 and F12 to generate the rising edge detection
signal REG constituted of a logical NOR between the signals ED1 and
ED2, and another NOR circuit G14 receiving the output signals ED1 and
ET)E of the flipflops F11 and F12 to generate the falling edge detection
| signé.l FEG constituted of a logical NOR between the signals ED1
and ED2. |
The second embodiment of the disk rotational velocity controlling

"ci_rcuit in accordance with the present invention is the same as the first

e:ﬂbodimént of the disk rotational velocity controlling circunit in
accordance with the present invention, excluding the edge detection
circuit 1A.

" Now, an operation of the edge detection circuit 1A will be
described. If the EFM signal E is supplied to the D-type fiipflop F11, the
D-type flipflop F11 ontputs the signal ED1 and its inverted signal ED1,
-which are delayed from the signal EA by one clock and in synchronism
with the delayed clock CKB. These signals ED1 and ED1 are supplied to
the D-type flipflop F12 and the NOR gates G13 and G14. The D-type

—_—
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synchronous pattern wi dth 22T corresponding to the nor nal

i near vel

positive r

constant p

di sk rotation

ocity, so as to generate a positive rotation signal FF when the
measured nmaxi num pattern width is larger than 22T and a negative rotation
si gnal RWwhen the neasured maxi num pgattern width is smaller than 22T. The

Furtnor  coflipTlep 1A quBiRe bt FigAah ST e 8 ivertit REphY EESE wllicd By

circuit
di ng the

ondi ng posI t1ve notor

St B AL ) Mo o B ¢

drive sign d . 'sj@tap atfhef thdOR, an
Wﬁbﬁmgﬁ?ﬁg%@m%r dri \I/Eemrs:bg%ih-PoDF and the

output cir

negative nBtAbAdbEtestistt (namely, T/4). The signals ED2 and ED2 are

supplied to the NOR gates G13 and G14. The NOR gates G13 executes a
logical NOR operation between the signals ED1 and ED2, to detect a
rising edge of the EFM signal E and to generate the rising edge detection
signal REG. The NOR gate G4 cxecutes a logical NOR operation
between the signals ED1 andED2, to detect a falling edge of the EFM
signal E and to generate the falling edge detection signal FEG.

The edge detection circuit 1A is advantageous over the edge

_detection circuit 1, because the number of required transistors ean be

Teduced in comparison with the edge detection circuit 1.
Now, a counter 21A and decoders 22A, 23A, 32A and 33A, which

- are included in-each of pattern width detectors 2A and 3A incorporated in

a third embodiment of the disk rotational velocity controlling circuit in

" accordance with the present invention, will be described with reference to

Figs. 15 and 16. Fig. 15 is a circuit diagram of the counter 21A, which
represents.ft_:r both the counter 21A of the pattern width detector 2A and
the counter 31A of the pattern width detector 3A, and Fig. 16 is a circuit

diagram of the decoders 22A, 23A, 32A and 33A. In Figs. 15 and 16,

elements corresponding to those shown Figs. 9 and 10 are given the same
Reference Numerals, and explanation thereof will be omitted for
simplification of description. : .

As seen from comparison between Figs. 15 and 16 and Figs. 9 and
10, the pattern width detector 2A is different from the pattern width
detector 2, in that the counter 21A (31A) is constituted of a ring counter
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MDR, for outputting a notor drive out pﬁt signal MD, a PLL (phase |ock | oop)
ci rcui t 9 receiving a pit clock PC supplied fromthe signal reproduction 11
to self-lock in synchronismwth the _pls%_rcl ock PC and to 15 generate a

pit clock signal PCLK corresponding to , a frane at|
recei ving tdmnposcdzldoﬂ( 24-3tage amf_tnme& censisgag &E&[ @;@ﬁer ate a

the Srane. SrasRANSd B e, forsh A abBr L B ﬁ%&héﬁ%ﬁﬂ@f PERT it

gener ate thee QWWWaG output signal Q19 of the flipflop F19 in
the counter 21A and a Q output signal Q20 of the flipflop F20 in the
counter 21A to output a NAND logic as the negative rotation signal RRW,
the decoder 23A is constituted of a NAND circuit receiving a2 Q output
signal Q20 of the flipflop F20-and a Q output signal Q21 of the flipflop

. F21 in the counter 21A to output a NAND logic as the positive rotation
signal RFF, the decoder 32A is constituted of a NAND circuit receiving a
"0 output signal Q19 of the flipflop F19 in the counter 31A and a Q
output signal Q20 of the flipflop F20 in the counter 31A to output a
NAND logic as the negative rotation signal FRW, the decoder 23A is
constituted of 2 NAND circuit receiving a Q output signal Q20 of the
‘flipflop F20 and a Q output signal Q21 of the flipflop F21 in the counter
"31A to output 2 NAND logic as the positive rotation signal FFF.
. More specifically, the counter 21A is constituted of a ring counter
consisting of flipflops F1 to F24 which are cascadéd in such a manner that
-a-Q output of the first stage flipflop F1 is connected to a D input of the
‘second stage flipflop F2, a Q output of the second stage flipflop F2 is
connected to a D input of the third stage flipflop F3, and so om, and a Q
output of the final stage flipflop F24 is connected to a D input of the first
‘stage flipflop F1. All the flipflops F1 to F24 are reset by the rising edge
detection signal REG (or the falling edge detection signal FEG in the
counter 31A) and are driven by the clock CK to perform a shift
operation. ‘ .

Now, an operation will be described. Each of the flipflops Fi to

‘F24 included in the counter 21A transfers data to a next stage flipflop in

_—
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The synchronous pattern width detection circuit 13 includes a rising edge
pattern width detector 2 for neasuring the interval between each pair of

cont1 nuous rising edge detection si gn'<";1I3s7 REG by counting the clock CK, and
for conparing a maxi mum pattern width 'of the neasured interyals, with the

synchr onoustheaorder in wespanse 20 each ol ngth%mmﬁwomattomq i near
e St S B o8 RS b Ak D% S kb, B o o,
sionel RV ulchet 20 ATAR TRV BRAARE W dh? 21 Kot pBIe T,
ol ock Ok, aesppfise THhE bRIck CK 4lF 16'3he hbfospofige 10 e rising bdgg na 1 he
interval s, @étebtibhsignalREG) o Thepsfole; the Woltier 21A operates substantially
similarly to the counter of the first embodiment. However, since the
‘output condition of the count value is different from the counter of the
first embodiment, the decoders 22A and 23A for generating the positive
'aﬁd négitive rotation signals on the basis of the different output condition
of the counter, are different in construction from those in the first
‘embodiment. o
Similarly to the first embodiment, the decoders 22A and 23A
-decode and detect the count value "43" and "44" of the counter 21A,
5re£pecﬁvely, which corresponds 1o the 44th condition and the 45th
‘. :condition of the comnter 21A, respectively. In the 44th condition of the
. ‘counter 21A, namely, when the count value is "43" counted from "0"
—_ (zero), both the Q output signal Q19 of the flipflop F19 and the Q
-output signal Q20 of the flipflop }20. are at the high level. Since this
) :coﬁdition'cann_o_t exist in the count values other than "43", the decoder
:22A is constituted of the NAND circuit receiving the O output signal
" "QI9 of the flipflop F19 and the Q output signal Q20 of the flipflap F20.
_Similarly, the decoder 23A is constituted of the NAND circuit receiving
the Q output signal Q20 of the flipflop F20 and the Q output signal Q21
of the flipflop F21, both of which assume the high level when the counter
. 21A assumes the count value "44". _
AS scen from the above, the pattern width detector 2A is
charaterized in that, although the number of circuit elements included in

e
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corresponding to the normal rotation linear velocity, so as to generate a
positive rotation signal FFF when the neasured maxi mnum pattern width is

| arger than 22T and a negative rotat|%§ si gnal FRWwhen the neasured

maxi mumpattern width is smaller than 2T, and a detection result_synthesis

circuit 4 fhe conntdicincraases,ithe apclstacture ofcthatcommtes igrdmp lerndion ther 1o
generate the positive rotation signal and al s t hesi he. negative
rotation siathetdandythe nwmber of Mﬂa@g Sf"tm tdﬁdtﬁrﬁal RW
The output Cir U|t 12 j{ncludes inverters I21 and | 22 receiving the positive
not or- -dri veEr6AgH and the negative notor drive signal

- Now, a counter 21B and decoders 22B, 23B, 32B and 33B, which

- are included in each of pattern width detectors 2B and 3B incorporated in

a fourth embodiment of the disk rotational velocity controlling circuit in

.accordance with the preéent invention, will be described with reference to

- Figs.-17 and 18. Fig. 17 is.a circuit diagram of the counter 21B, which

“represents for both the counter 21B of the pattern width detector 2B and

‘the-counter 31B of the pattern width detector 3B, and Fig. 18 is a circuit

" diagram (_)f the decoders 22B,23B, 32B and 33B. In Figs. 17 and 18,

elements corresponding to those shown Figs. 9 and 10 are given the same
‘Reference Numerals, and explanation thereof will be omitted for

simplification of descnpnon
As seen from compatison between Figs. 17 and 18 and Figs. 9 and
10, the pattern width detector 2B is different from the pattern width
* detector 2, in that the counter 21B (31B) is constituted of a synchronous
bmary counter composed of 6 flipflops F31 to F36 connected as shown
and configred to be reset by.the rising edge detection signal REG. and
1o count ap "63" in response to the clock CK, and in that the decoder 22B
is constituted of a pair of AND gates receiving respective Q output signals
Q6, Q4, Q2, and Q1 of the flipflops F36, F34, F32 and F31, and respective
-_Q~ output signals 65 and _Q_B' of the flipflops F35 and F33, for the
purpose of decoding and detecting the binary number "101011"
cdrresponding to the count value “43", and a NAND: circuit receiving an
output of these AND gates to generate the negative rofation signal RRW,
and the decoder 23B is constituted of a pair of AND gates feceiving
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16 '"MDR, respectively, a P-channel MOS transistor M1 .having a sourc

connect ed
out put of

to a positive power supply voltage, a gate connected to -
sthe inverter 121 so as tv 3%ceive an inverted signal of t

B ar ar Xeco”é’és%éeg{,év RS Figrals @2&&&@2&@&%&@%2‘? l%fﬂ‘%
#%W @%ﬁér I ngggﬁ?lo regteftl\}g %lm%rggée :

out put ter
comnect ed

signal of g4 peg vpalrr%grthgr utgoﬁ of dechEing hiadvdeterting the binaxy

shown enbodi NNt ~w bé “descri'b

th reference to Fig. 5. In the

fol l ow ng mﬂflmrl(mf' worcesponding te ths count value "44", and a N

circuit receiving an output of these AND gates to gencrate the positive
rotation signal RFF. The decoder 32B is constituted similarly to the
decoder 22B, and the decoder 33B is constituted similarly to the decoder

23B.
Since an operation of the counter 21B (31B) and the decoders 22B,

.23B; 32B and 33B are apparent.to persons skilled in the art from the

-~respective circuit constructs, explanation thereof will be omitted.

As seen from the above, the disk rotational velocity controlling

‘circnit in accordance with the present invention is so constructed that the

édge detection circuit comprises the rising edge detector and the falling

.edge detector, and the synchronous pattem detection circuit including a

first pattern width detector for measuring an interval between each pair
of continuous rising edge detection signals to generate a rising edge

‘pattern width signal, and to compare the rising edge pattern width signal

with a normal synchronous pattern width so as to generate first and
seoond rélational signals; a second pattern width detector for measuring

'an interval between each pair of continuous falling edge detection signals

to generate a falling edge pattern width signal, and to compare the falling

. edge patiern width signal with a normal synchronous pattern width so as
" “to geénerate third and Tourth rotational signals, and a detection result

synthesis circuit for synthesizing the first and third rotation signals to

- generatc a positive rotation signal and for sjrnthcsizing the second and

fourth rotation signals to generate a negative rotation signal.
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description, it is assuned that the period of the clock CK for the rotation
|l inear velocity detection is set to be a half of the period of the pit
clock.PC, nanely, (1/2)T. Firstly, skgilarly to the prior art exanple, the

SRS R LRGeSy
 yncht onoseliah S Uik Sigh b REURIIRA o ek Itk Y40t o o
il 1 pl yi n e e R e ol
AR, by {11iihesr vElncityhofstheudisketationt i mi ng signal, nanely, the synchr.enous
pattérn, is extracted fromthe EFM signal oqutputted fromthe signal
reproduction ciJraddition, since the detection precision of the disk rotation linear

velocity is improved, it is possible to shorten the draw-in time of drawing

to the normal linear velocity, and therefore, to elevate the access speed to

the disk.

Furthermore, whether or not the disk rotation linear velocity is

-equal to, or slower or higher than the normal linear velocity, is

discriminated. Therefore, it is possible to enlarge the detection range of
.- . disk rotation linear velocity.

"

~ ) - ’—’*—’,__________
is Sheet Has Been Replaced

"



and the linear velocity of the disk 10 is controlled to be maintained at a
const.ant by using the synchronous pattern. This synchronous pattern can
detected when the linear velocity is- i4l a predeterm ned range of variation.
In other words, when the variation of the linear velocity is in a capture
range of tGQ&AIMSE circuit 9, it is possible to precisely control the.

tati 17 f t ' { t . h
OO LT R ey SRR, iy B Ut A
circuit 9, fatimadmblociff 6f'% retBrdihgShi¥diniy didk #hSwhiehadigital or at a
random access or

- information in a predetermined signal format is recorded in a constant

- linear velocity type. and comprising a signal reproductioq means
receiving a read-out signal read out from said disk for converting said
read-out signal into, a reproduced signal of said predetermined signal
format, characterized in that an edge detection circuit comprises a rising
edge detecting means receiving said reproduced signal for detecting a
rising edge of said reproduced signal to generate a rising edge detection
dgnﬂ, and a falling edge detecting means receiving said reproduced
-signal for detecting a falling edge of said reproduced signal,
independently of said rising edge, to generate a falling edge detection
signal, and a synchronous pattem detection circuit includes a first pattern
width detector receiving said rising edge detection signal for measﬁxing
Ian interval between each pair of continuous rising edge detection signals
to compare cach mecasured rising edge interval with a normal
synchronous pattern width 50 a5 to. generate first and second rotational
signals, a~second patters width detector receiving said falling edge

. detection” signal for measuring an interval between cach pair of
..coqtinugus falling edge detection signals to compare each measured
. falling: edge interval with said normal synchronous pattern width so as to
_ generate third and fourth rotational signals, and a detection result
 synthesis circuit for synthesizing the first and third rotation signals to
gcne.raté a positive rotation signal and fér synthesizing the second and
fourth rotation signals to gencrate a negative rotation signal. .

* c L M H] *

This Sheet Has Been R

o T



L]

a track junp, in which the position of the pickup device is noved at

random it’ beconmes inpossible to detect the synchronous pattern so that the
rofati'on control becomes inpossible. Jn_order to overcone th| S problem the
shown enbodi ment utilizes the fact’ that when an inter aI I nver si on
of the si@oal Andiskirptationabaelagityr eants %@Q@n@% g edge, or a

Phe. nesi mm ?nf exeiih sk BrapaRerT | ”@ﬁ?*#s#%a@aéﬁ% ﬁﬁfﬁ B vords.
ooty 1 SH0ES cpEpuf %#%#ﬁﬁéw S SR e Ll R el o 2r %1 on
el Sheting i hirval debieaiessh i of wmitiuyduwising elgocge
detection signals to generate a first pattern width signal, and a first
- comparing means receiving said first pattern width signal, for comparing
said first pattern width signal with 2 normal synchronous pattemn width
corresponding to a normal Linear velocity of said disk, said first
-comparing means generating said first rotational signal when said first
C - pattern width signal is larger than said normal synchronous pattern width,
and said second rotational signal when said first pattern width signal is n0t -
larger than said normal synchronous pattern width;
wherein said second pattern width detector includes a second

patter width measuring means receiving said falling edge detection signal
for measuring an interval between each pair of continuous falling ccige
detecﬁon signals to generate a second pattern width signal, and a second-
comparing means receiving said second pattern width signal, for
comparing each second pattern width signal with said normal synchronous
pattern ;evidth. said second comparing means generating said th;rd
rotational signal when said second pattern width signal is larger than sald
normal synchronous pattern width, and said fourth rotational signat when
_ said second pattern width signal is not larger than said normal
synchronous pattern width; and | |
. wherein said detection result synthesis circuit receives said first,
second, third and fourth rotational signals, and synthesizes said first and
third rotation signals to generate said positive rotation signal alnd

TR ORI
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edge and the falling edge, separately fromeach other, and the detected
ri sing edge and the detected falling edge are supplied to the two pattern
w dth detiectors 2 and 3, respectivelyg so that the maxi mumrising edge
interval of the pattern width 22T and the maxi mum falling edge interval of

the pat t ersynthetipe® 2qidisecand eaud fouftheratatjonl sigmalodacgenerate rsaidt 11
convérts the read-out si gnal AR into a digital signal to generate the EFM

Si gnal E megaHve soweion:sigaal, 8Adcircuit 1, and also extracts the pit clock
cl fcuit 5 °§héﬁ&tﬁ€{°§&x>§ﬁ£@%f“8p'gﬁné?ﬁt b5 the ol ook Ok havi ng the period
i dt B det o6t or & BEAELOLRE BNG Sircift RREF widl heftiog Shid, pbeivg P2t ° "
det ecti on ratdtion signdlcand (said NiegativeNfotation signal far a predetermined
* constant peak sampling period, to output the held positive rotation signal
and the held negative rotation signal as a2 motor drive signal; and
an output circuit receiving said motor drive signal to oufput a

motor drive output signal.

3. A disk rotational velocity controlling circuit claimed in Claim 1,
wherein said edge detection circuit comprising:
. a buffer amplifier receiving said reproduced signal for outputting
C o an amphﬁed reproduced signal;
S a first inverter receiving a clock signal to generate an inverted

a second inverter receiving said inverted clock signal to generate a
non-i:nv_erted clock signal;

a first flipflop having a data input connected to receive said
amplificd Teproduced signal and a clock input comnected to receive said
inv_med clock signal, for generating a first non-inverted output signal and
'g first inverted output signal;

- a second flipflop having a data input connected to receive said first

- non-inverted out;_)ili signal and a clock input connected to receive said

non-inverted clock signal, for generating a second non-inverted output
signal and a second inverted output signal; - —

A
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18 edge and the falling edge of the EFM signal E in synchronismwth the
clock CK to generate the rising edge detection signal REG and he falling
edge -detection signal FEG to the pattggrn width detectors 2 and 3,

respectively. The pattern width detector 2 neasures the interval between

each pair of comfinstiAND circuif redeiving saick fisst ronpinyerted-outputsignal ng ¢ he
cl ock CK, and conpares the maxi numinteryal of the.neasured .intervals,
inverted d &

namel y, thanga3ad second: HEtRR ; pERY: BFUFAAHDE S JSHIE GBS ¢ he
detection signal; and

a second AND circuit receiving said first inverted output signal and
said second non-inverted output signal, for generating said falling edge

detection signal.

¢

"4. A disk rotational velocity controlling circuit claimed in Claim 1,
wherein said edge detection circuit comprising:
a first inverter receiving a clock signal to generate an inverted
‘clock signal; '
| " a second inverter receiving said inverted clock signal to generate a
nion-inverted clock signal; |
a first flipflop having a data input cohnected to receive éaid
reproduced signal and a clock input connected to receive said invel;'tcd
clock signal, for generating a first non-inverted output signal and a first
inverted output signal; |
a second flipflop having a data input connected to receive said first
non-inverted output signal and a clock input connected to receive said
non-inveffed clock signal, for generating a second non-inverted output
signal and a second inverted output signal; '
_ a first NOR circuit receiving said first inverted output signal and
said second non-inverted output signal, for generating said rising edge
* detection signal; and |
2 second NOR circuit receiving said first non-inverted output signal
and said second inverted output signal, for generating said falling edge

detection signal.
R ) AR R
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synchronous pattern wi dth 22T corresponding to the normal rotation |inear
velocity. As the result of this conparison, if the maximumpattern wdth is
| arger than 22T, since the disk rotatd®s—-at a velocity slower than the
normal- rotation linear velocity, the pattern w dfﬁli det ept .2 enerat es the
posi tive r§t at i Ardisk gotationalv m@&m&fﬁtﬂ amfaﬁe ary if t he

Vel 501 Ty T ast orwhAEHD SRR ﬁ&a' aiter St meppR oAy o phstf fsaqi ' i dth
ggtcgfte?;t? eneratﬁeegrqteg& &g%étﬁgﬁgt%éﬁjﬁe%g Bic:iltsolgﬁgY fﬁggs{:ﬁggﬂ&ge I nt erval
Gener ot os. Bl KRR e e B B e e ol i | on
signal FRVjgnal, and said second partern width measuring means is constituted of a

‘second counter reset by said falling edge detection signal and counting

gaid clock siénal, s0 as to output a second count value as said second

pattern width signal;
wherein said first comparing means comprises a first decoder
receiving said first count value to generate said first rotational signal
when said first count value is consistent with a first reference value
corresponding to said normal synchronons pattern width and a second
decoder receiving said first count value to generate said second rotational
signal when said first count value.is consistent with a second reference
'value larger than said first reference value by one; and
T wherein said second éompaxing means comptises a third decoder
receiving said second count value to generate said third rotational signal
- ~when said second count value is consistent with said first reference value
and a thnd decoder receiving-said second count value to generate saJ.d
second rotational signal when said second count value is consistent with

.said second reference value.

6. A disk rotational velocity controlling circuit claimed in Claim 5,

| wherein said first counter is constituted of first to (N)th flipflops
reset by said rising edge detection signal and cascaded to transfer a data
signal to a next stage within said first to (N)th flipflops in response to said

clock, and an exclusive OR circuit receiving an output of each of said first

) IIIjI i
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The detection result synthesis'circuit 4 synthesizes the respective
detection results outputted fromthe pattern width detectors 2 and 3. Since
bot h-of the positive rotation signal4§RF outputted fromthe pattern w dth

detector 2 and the positive rotation_ signal FFF out utteg%Lron1 he pattern -
wi dth det SipAopang eaid N)gr Slipflops aad baking am guip &WEP Lo di sk 10,

torat | on SRBHlALsaiuRt Bipken, wia ) tn (v 2hiADps HpvRfk f ¥ 4R850 16" S,
FF. Sim | 3N odiplit Bk 384’ £8eddait bloud)8f Reghibut biy which 98 sRRREE S
to correspand to said first and second reference values, respectively, N
-being a positive integer;
' ..where_in said first decoder is constituted of a first logic circuit
connected to said first group of N output bits to generate said first
" rotational signal when all bits included in said first group of N output bits
-assume a predetermined logical level, and said second decoder is
_ constituted of a second logic circuit connected to said second group of N
' outbut bits to generate said second rotational signal when all bits included
- in said second group of N output bits assume said predetermined logical
‘level;

wherein said second counter is constituted of first to (N)th flipflops
reset by said falling edge detection signal and cascaded to transfer a data
signal to a next stage within said first to (N)th flipflops in response to said
clock, and an exclusive OR circuit receiving an output of each of said first
- flipflop and said (N)th flipflops and having an output connected to a data
! input of said first flipflop, said first to (N)th flipflops having a thixd
' group of N output bits and a fourth group of N output bits, which are
selected to correspond to said first and second reference values,
respectively; | .
~ whezein said third decoder is constituted of a third logic circuit
connected to said third group of N output bits to generate said third
rotational signal when all bits included in said third group of N output
bits assume said predetermined logical level, and said fourth decoder is

canstituted of a fourth logic circuit connected to said fourth group of N
i
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both the negative rotation signals RRWand FRWto generate the negative
rotation signal RW At the tine of s%arting the disk rotation, or at the
track junp, the pattern wi dths of Do f the positive and negative maxi mum

pattern w dth sjgnals becqne L f; e r W3k d the
appear ancé’q‘tpgébgﬁ% M%@% @rﬂ%&dﬁﬁéﬁ%ﬁgegﬁ%ﬁgr this
circunsta i Ep&a gk@ it adsunte Salde ctittnineddoeic] positive
ro#ation gﬁg”h‘%ﬁf anmbﬁ;ﬂggtl et%rlgsfﬁ I on siﬂgr:l | RwWfor theg?:onst ant
peak sanpljege]. period TS, to output the corresponding positive and negative

nmotor drive signals MDF and MDR, respectively. The length of the peak
sanpling period TS, is set by frequency-dividing the frame signal FCK

ST ed 1 oM Qi Sotational velociey controling chtcuit clsimed Hh Claim 5,
wherein said first counter is constituted of first to (M)th flipflops
reset by said rising edge detection signal and cascaded to transfer a data
signal to a next stage within said first to (M)th flipflops in response to
said clock, an output of said (M)th flipflop being connected to an input of
sald first flipflops: . @
wherein said first decoder is constituted of a first logic ciréuit
comnected to an inverted output of a (i)th flipflop of said first to (M)th
flipflops and a non-inverted output of a (i-+1)th flipflop to generate s‘md
first rotational signal when both said inverted output of said (ith flipflop
"and.- said ‘non-inverted output of said (i+1)th flipflop assume a
predetermined logical level, where "i" is an integer substantially
corrcspoi:ding to said first reference value, and 1<i<M, said second
.decoder is constituted of a second logic circuit connected to an inverted
-oufput of'_—said (i-_l-l)th flipflop and a non-inverted output of a (i+2)';h
'ﬂipzﬂop to"generate said second rotational s:gnal when both said invem'f;d
- output of said (i+1)th flipflop and said nop-inverted output of said (i+2)i;h
flipflop assume said predetermined logical level;
wherein said second counter is constituted of fizst to (M)th Hipflog
réset by said falling edge detection signai and cascaded to transfer a data
signal to a.next stage within said first to (M)th flipflops in respounse t%)
said clock, an output of said (M)th flipflop being connected to an input of
said first flipflops; ' : I |

T
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action of the frequency division circuit 6. Since the synchronous pattern
exi-sts repeatedly at |east at every one frarre nanely, at every 588T, the
posi ti ve and negative maxi num pattern W8ith si gnal s necessarily exists

Si gnal L?:lﬁ P o wRERE A XA Bl e Oisled HF 3L DR 0RS f *o.“t: ol ook
PCLK Bivertdd O

cl ocksggﬁe% ci r(tﬁt 8, toegguet%za?ie (%)E?f?*)ﬂﬁé %ﬁgﬁﬂ*—%ﬁ %cat [ \?e of
one frame. flipfiopsahdennontinvared /dmpitcof Aqi-+1)th flipflopbte gbnerns said om t he

maxi num pattern width signals detected during the peak sanpl i ng peri ods,

the maxi muthipdrotational smgml;ndxealbom\sanbmemedlonlpupaf satdn(i)th ﬂlpflOp
and said non-inverted output of said (i+1)th flipflop assume said
predetermined logical level, and said fourth decoder is constituted of a
fourth logic circuit connected to an inverted output of said (i+1)th
flipflop and a non-inverted output of a (i+2)th flipflop to generate said
fourth rotational signal when both said inverted output of said (i+1)th
~ flipflop and said non-inverted output of said (i+2)th flipflop assume said
. predetermined logical level,

-----
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wi dth during a bottom period which is |onger than the peak sanpling period.
This is to elimnate a signal of a |arge pattern wi dth generated 20 due
to a scratch on the disk 10, thereby [ggim nim ze an erroneous detection of
the maxi num pattern width signal. The output circuit 12 responds to the
not or drive si gnal PISKOROTATIONALs VEROCEDY CONTROILINGCIRCWITom hol d circuit
5, to output the notor drive output signal MD-so as to drive a spindle

not or (notAEWFTfor rotating the disk 10.

n a disk rotational velocity cotrolling circuit, an edge detection circuit 1
comprises a rising edge detector and a fallmg edge detector for detecting a rising e(igc
and a falling edge of an EFM signal E. A Wnchronous pattern detection circuit 13
includes a detector 2 for measuring an interval between each pair of continuous rising
edge detection signals REG to compare each measured rising edge interval with a normai
synchronous patters width 5o as to generate first and second rotationat signals RFF and
RRW, a detector 3 for measuring an interval between each pair of contimous falling
edge detection signals FEG to compare each measured falling edge interval with the
normal synchronous pattern width so as to generate third and fourth rotational signals
FFF and FRW, and a detection result synthesis circuit 4 for synthesizing the first and
third rotation signals RFF and FEF to genérate a positive rotation signal FF and for
synthesizing the second and fourth rotation signals RRW and FRW to generate a
negativé rotation signal RW,

Fig. 5

e
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Next, the shown enmbodi ment will be described in detail. Referring to Fig.
6,_there is a circuit diagramof thelédfe detection.circuit 1. The edge
detection circuit 1 shown in Fig. 6 includes a buffer anplifier All

recej ving |1 b e signal- E to generate an anplified signal
EA a caséwiafﬁvem@)ﬁﬁﬁrl 12 receiving-the clock CK to generate an
I nverted del ayed cl ock CKB and a non-inverted further delayed cl ock CKD,
respectivel y,~"a pe fli-pODISKF11l receiving the signal EA and controll ed
by the inverte < | ock CKB, to output a signal EDl del ayed fromthe
signal EA by i gnd an inverted signal EDl of the signal ED1,

anot her D-typg fl | op F12 receiving the signal ED1 and controlled hy the

non-inverted f\rther gel ayed cl ock D, to output a signal ED2 del ayed from
ort 1Ok CI162 : %4

Z /

: E €
SIGNAL  |—™1  EDGE FG PATTERN WIDTH| .o

REPRODUCTION| sl DETECTION| /o DETECTION

CLOGK cK
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Fig.2 PRIOR ART
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D Q "+Em D Q E0e
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ED2 of the signal ED2,- an AND gate Gl1 receiving the
REG

and an inverted signal

signal s ED1 ang_Erlgz’t_u_e_mia;e_me ri sing edge detection signal

consti'tuted of a Fogical AND between the signals EDL andED2, and anot her

AND gat e-Gl2 re ggﬂegqastgggngpg&al s ED1 and ED2 to generate the falling edge
AND bet ween the signals ED1

detection signa ﬂmﬂ d of a Iogéfé
and ED2. Now, an mmu hi s edge ction circuit 1 wll be
| f th l]“g is supplied to the buffer a ier All, the
EA. %type

descri hed.
buffer anplifier All out puts the anplified EFM signal
fllpflop : B
- . _0%
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——————
21 F11 outputs the signal ED 1 and its inverted signal ED 1, which are
del ayed fromthe signal EA by one clock and in synchronismwth the del ayed
clock CKB. These signals ED1 and ED1l are supplied to the D-type flipflop
F12°and the AND gates Gl1 and Gl2. The D-type flipflop F12 outputs the
signal ED2 and its inverted signal ED2 wlch are gnal
ED1 by one cl ock and in synchroni smwpr{ he del ayed cl ock CKD i n opposite
phase to the del ayed clock CKB, apgd therefore, whi chh@s@etamn@h ﬁ:lau,tgi ayed

fronrthe signal EDL by a half of nkod of the cl /4). The
signals ED2 and EDB Y e supplied tolthe AND gates Gl

AND gate
Gl1 receives the,_sggmus—- “TTED TS SRRt e a
| 35| 5 :
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thereby to detect a

| ogi cal AND operation between the signals ED1 andEDZ,
rising edge, nanely, arising level transition, of the EFMsignal, and to
REG having the width which is a

gener-ate the rising edge detection signal

hal f of the period of the clock (nanely, T/4). The AND gate G 12 receives

the signals ED1 and ED2 to execute a | ogical AND operation between the

signals EDL and ED2, thereby to detect a a?iéing edge, nanely, a falling

| evel txansition, of the EFM signal.,, and to generate the falling edge

detection signal FEG having the width which is a half of the period of the
there is shown. a timng chart

clock (namely, T/4). Referring to Fig. 7,
illustrating one exanple of the operation waveform corresponding to one

frame in a first case that the disk rotates at a nornmal linear velocity. As

shown inm Fig. 7,
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E is generated in the formof a conbination of the high

t he EFM si gnal
having the width 11T. The

having the wdth 11T and the | ow | evel

| evel
signal’ EDl*is generated at the falling edge of a first clock appearing
E has risen, and the signal ED2 is generated at the
E has

after the EFM signal

rising_ 22sedge of a second clock appearing after the EFM signal
risen. The signal REGis generated to havg ige width starting at the rising
edge of, the signal EDl and term nating at the ri sing edge of the signal

ED2, and the signal FEGis generated to have the width starting at the
falllng edge :
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of the signal EDl and term nating at the falling edge of the signal ED2.
The pattern width detectors 2 and 3 have the sane construction, and _

t herefore, the construction of only the patterm width detector 2 will be
described with reference to Fig. 8 which is a circuit diagramof the
pattern width detector 2 used in the disk rotational velocity controlling
circurt shown in Fig. 5. The pattern w @flédetector 2 as shown in Fig. 8
conprises a counter 21 reset in response to the rising edge detection

si gnat REG and counting the clock CK to output a count value nR and a pair
of decoders 22 and 23 coupled to the counter 21 and generating t he signal
RRWand the signal RFF when the count val ue reaches "43" and "44"
respectively. The counter 21 is configured to count up to a val ue of 22 x 2

+ [err]. I:?£7,£;

2 (3) PATTERN WIDTH
. DETECTOR

21(31)
cK
_ cK
| COUNTER
O -{R
REG o
(FEG) - ;i> ARINF)

.-_ W . ! '

W | 22(32) 23(33)
| - \ DECODER DECODER /
T mw o e

(FRW) (FFF)

—_—_—
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Incidentally, in the preceding and succeedi ng descriptions, the pattern
w dth detector 3 can be understood by changing the Reference Nunerals to
nunbers on-the order of 30 ard al so changing-the signals REG RRWand RFF
to FEG FRWand FFF, respectively and the count value nR to the count val ue
nF, as shown by parenthesized Reference Nunerals and Signs in Fig. 8 As
the counter 21 can couny/up to the value of 22 x 2+ [err],
for the purpose of determ ping the synchronous pattern w dth 22T by

counting the clock CK havijng the perirod df T/2. There, + [err] is a
suring teebe aljle to detect the

nment i. oned above,

tol erance or margin for e
i
- -~ . o IO
. \_ Y
. A o
N
i o8
3 f o
""-\ <INs]
1
Q O
)
o3
o g | —0
“'”\\ S Ig o
i
o o
b
oS
x ! od
“—\ CIo -
' . o
a o
e
= { —4)é§
“*\\ o o |
. - : (o o
- : o) (&
: - -0 &
B - Q- [ —0
N o
c o
, -0 \J° & #
Ke)) - e . LB O
Iy L |

é. —
oot .
S g ﬁ This Sheet Has Been R

W



23 synchronous pattern width which is larger than 22T when the di sk
rotation linear velocity is slower than the normal |inear velocity Now, an
operation of the pattern width detector 2 will be described. The counter 21
is reset in response to the rising edge detection signal REG and thereafter
starts to count the clock CK. The counter 21 is reset again in response to
the next rising edge detection signal R36 but just before the counter 21
s reset, the count value nR of the counter. 21 is supplied to the decoders
22 amd 23. THE defodgy™ 27 génerates e negative Fofagion signal RRWWHen
the recei ved @oun} v n (:%g X 2 - 1) qr less. Simlarly,
t he decoder ! '
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positive rotation signal RFF when the received count value nR reaches 44
(=22x2) or nore. Referring to Fig. 9, there is shown a circuit diagram of
the counter 21. The shown counter 21 conprises six cascaded stages of
D-type flipflops F20 to F25 connected as shown, and an exclusive OR circuit
EX21 receiving a Q output of each of the flipflops F20 and F25, and havi ng
an output connected to a D input of the fdipflop F20. The counter 21
constitutes a maxi mrum | ength sequence code generator generating a maxi mum
| engt h sequence random nunber and having a period of (2[err] - 1). In the
shown exanpl e, since the counter 21 is constituted of six stages of
flipfleps F20 to 5 (n=6), the counter 21 can count to 63. The flipflops

F20 to F25 constitutes the shift register,
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and the count value is increnmented in response to each clock CK and is
REG As nentioned above, the

reset in response to the edge detection signal
D input of *the flipflop F20-i s supplied with the output of the exelusive OR
24

circuit EX21. Wth this arrangenent, since a‘binary sequence is fed
back, the counter 21 generates a random nunber with the period of "63", and
raning to the timng chart of

al so functions as a synchronous counter. RgjMfen
Fig. 7- the count values nR and nF change at random however, for

conveni ence of description, after it is
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reset, the count value nR changes as 0 (zero), [err], 22, [err], 43, and
changes-as 0 (zero), [err] again after it is reset. After it is reset, the
count ‘val ué nF changes as an arbitrary nunber "X', [err], X+22, 0
(zero),[err], 21, and changes as "X", again after it is-reset. This
arbitrary nunber "X" will be described hereinafter. First, if the rising
edge détection signal REG of the high level is supplied, the count value nR

of the_.counter 21 is reset, and the count®Bk/IXBL counts the clock CK to

i ncrenment the count value until the next rising edge detection signal REG
I's supplied. Simlarly, the count value nF of the counter 31 is reset in
response to the falling edge detection signal FEG and the counter 31
counts the clock CK to increnment the count value until the next falling

edge detection signal FEGis supplied. Since
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t he exanple shown in Fig. 7 shows the normal |inear velocity, the count

value nR increnents to 43, and thereafter, is reset to O (zero). Since the

count “'value nR at this tine is brought-to 0 (zero) because of the reset

i nput, the count value "43" of the synchronous pattern width actually

indicates the pattern width of 44, nanely, the normal |inear velocity.

Simlarly, the count value nF of "44" actually indicates the pattern width
mal |inear velocity. Referring

of 45, _nanely, a velocity slower than thep gy
10 showing a circuit diagramof the decoders 22, 23, 32 and 33 and

to Fig.

the detection result synthesis circuit 4, the decoder 22 includes two
three-+nput AND circuits &R21 and (222, and a two-input NAND circuit Q23
receiving an output of the AND circuits &21 and
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25 &22. The decoder 23 includes two three-input AND circuits &31 and
&32, and a two-input NAND circuit &33 receiving an output of the AND
circuits &31 and 232. The decoder 32 includes two thré&e-input AND
circuits G321 and G322, and a two-input NAND circuit G323 receiving an
output of the AND circuits G321 and G322. The decoder 33 includes two
three=input AND circuits G331 and G332 g a two-input NAND circuit G333
recei ving an output of the AND ci rcwtsl%g & and &332. The detection result
synthHesis circuit 4 includes a NAND circuit )
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(A1 receiving the signals RRWand FRWout putted fromthe NAND circuit &23
and the NAND circuit G323, respectively, to execute a NAND | ogi c operation
so as“to-+generate the signal RW and another NAND €ircuit G42 receiving the
signals RFF and FFF outputted fromthe NAND circuit G233 and the NAND
circuit G333, respectively, to execute a NAND | ogic operation so as to
generate the signal FF. The AND circuits (21 and &22 of the decoder 22
are copnected to receive outputs QBO, g& and B2, and @3, 4 and B5 of the
flipflops F20 to F25, as shown in Fig; 78% in order to decode "43", nanel y,
21. The AND circuits &31 and (32 of the

a 44th condition of the counter
decode+ 23 are comnected to receive outputs Q, Bl and @2, and B3, 4 and

@@ of the flipflops F20 to F25, as shown in Fig. 10, in order to
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decode
arrang
at-a h
condi t

that the NAND gate (223 outputs the negative rotation signa
REPLACEMENT SHEET 26 of the

nanel y,

| evel

.~Simlarly,

"44" , nanely,
ement ,
|ghxleve
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N-lans

a 45th condition of the counter

only when al
nanel y,

21. Wth this

the inputs of the AND circuits &21 and (222 are

only when al
AND circuits &31 and (32 are at a hi gh Is¢uel ,

the inputs

only when the ceunter 21 assunmes the 44th
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the counter 21 assunes the 45th condition, each of the AND circuits Q31

and (32 outputs a high level, so that the NAND gate (33 outputs the

posi tfrve ywotation signral FRWof the low level. Simlarly, the AND circuits

@321 land G322 of the decoder 32 are connected to receive outputs B0, QL

and B2, and B, 4 and B5 of the flipflops F20 to F25, -and the AND

circuits G331 and G332 of the decoder 33 ajr'qe connected to receive outputs

Q, Bl and @, and B3, 4 and b of the 4lg§flops F20 to F25, as shown in

Fig. 10. Only when all the inputs of the decoder 32 are at a high |evel,

t he decoder 32 outputs the negative rotation signal FRWof the |ow | evel.
hi gh |, evel , the decoder

Only when all the .d-nputs of the decoder 33 are at a
33 outputs the positive rotation signal FFF of the | ow I%el.
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(702 Mes
Wt h the aboyepnentioned-denation, the rising edge nmaxi mumpattern w dth

and. the fallli mym|pattern width are rreas,ttr,e,dwwd.epode“dman@ D
det ect et, s argé&é féé dadh other. Therefore, it SSEry to o
synt hesi ze [t He Vadti di Mg edge maxi num patterﬁl ang: t hie- det‘ect 1o i
falling ed niw dth. For this purpose/thecﬁet ecti.pn %esult
synthesis cjrcuit 4 generatesg the negat% ve rotati on A gnatisF i W8, o

synt hesi zin %11 N of it ke . det: egt i o 2ok ehe; cazed T
respective 44th conditions of t e count ers and 31 (count val ue 43).
Furthernore, the detection result synthesis circuit 4 genetatgs 't_,hexm!g_[g}jy, ,,,,,

positive rpiRd bPhé [AVSNtiGR Py synthesizing the si gnal s REFE-ai
i ndicative of the detection of the respective 45th conditions~of the

counters 21 arPISK ROTATIONAL ABLOCITY CONTROLLING CIRCUIT

Background of the Invention
Field of the invention
. The present invention relates to a circuit for controlling a rotational
velocity of a disk, and more specifically to a disk rotational velocity
controlling circuit for controlling a rotational velocity of a disksuch as a
CD (compact dick), of a CLV (constant linear velocity) type.

Description of related art

Prior art disk rotational velocity controlling circuits of this type
have been used to constitute a velocity controlling circuit in a signal
reproducing apparatus for a recording medium such as a CD, in which
information is recorded in a PCM (pulse code modulation) format, as a
reproducing velocity controlling device disclosed in Japanese Patent
Application Pre-examination Publication No. JP-A-61-126665, (an
English abstract of JP-A-61-126665 is available from the Japanese Patent
Office, and the content of the English abstract of JP-A61-126665 is
incorporated by reference in its entirety into this application) (Prior Art
Reference 1) or in Japanese Patent Application Pre-examination
Publication No. JP-A-58-056258 or U.S. Patent 4,532,561 claiming
Conventional Priorities based on JP-A-58-056258 and three other
Japanese patent applications, (the content of which is incorporated by -
reference in its entirety into this application) (Prior Art Reference 2).

Referring to Fig. 1, there is shown a block diagram of the first

prior art disk rotational velocity controlling circuit. This shown first



Nanely, the NAND circuit (41 receives the signalgs

s [pan Efffrand gener ates
the negative rotation signal RWof the high | gv '.I_éf'@eas.t—ore 27 of

the signals RRWand FRWis at the low level. d 'Iarlé, t he NAND circuit
42 recei ves the signals RFF and FFF and generfatles 1GhBO¥J89Ti e |r ot ation
signal FF of the high level if at I|east one of| the signals RFH gnd FFF is
at the low level. Here, the arbitrary funber " “of nFinFg. Aisinthe

range f r oofia R YBtAiFokl VSRR cBRoRiAf fsik ¢ "
such as a CD in which digital information is recorded in an EFM (eight-

QD

to-fourteen Modulation) format and in the CLV type, ~a signal
reproduction circuit 101 receiving an analog signal AR read out from the
disk 10 by a pickup device (not shown), for converting the analog _signal
into a digital signal to generate an EFM signal E, a clock generator 8 for
generating a clock CK, an edge detection circuit 102 receiving the EFM
signal E and the clock CK for detecting an edge which is a level transition
of the EFM signal, in synchronism with the clock CK, and for generating
an edge detection signal EG, and a pattern width detection circuit 104
receiving the edge detection signal EG and the clock CK for calculating
the width of the synchronous pattern from the edge detection signal EG
and generating a disk rotation contr01 signal CR.

Now, an operation of the prior art dilsk rotational \}elocity :
controlling circuit will be described with reference to Fig. 1. In order to
elevate a recording density, the digital disk typified by the CD adopts the
CLV type in which the linear velocity is maintained at constant regardless
of which of an inner periphery and an outer periphery the signal is
recorded in. Therefore., the rotational velocity of the disk must be
changed in accordance with a reading position in a radial direction of the
disk. For this purpose, a control is carried out to calculate a current
linear velocity from a synchronous signal pulse included in the signal AR -
read out from the disk 10, and to maintain the linear velocity at a
predetermined constant velocity.

In a CD modulation system, the frequency of the clock CK for
giving the reference for the detection of the velocity is 4.3218 MHz, and
therefore, a clock period T = 1/4.3218 MHz. Information is recorded



' | REPLAGERIENT LnicfT |
format .to a maxi mum val ue correspondi ng to ‘the papmHa-rtrber -1PTl in the
EFM format, namely, in the range between the m hi fumvalue 5 (5 3 X 2 - 1)
and the naxi num val ue 19 (=10 x 2 - 1). Therefprg, 18 40V 1997 Xi mum
val ue "X+ 22" becones equal to 41, neither the Hetoder 32 nor 33 can
generate the detection signal, so that peither fhe signal FRWnort FFF is
generated. Now, referring to Fig. 11, tfiere is : rt

illustrati f | : r ' one
fram, in LRON AR ARG vAG RRCHARIRS) OF Fhe AR R PRIRI ndy DI
circuit irbﬁﬂf@bﬁiﬁl@?eﬁbﬂhrt 98T td N19N! i PhisvidormAtiofl ’cokdiras 5 at a
normal |inear velocity. In this sécond case, the EFMsignal E is generated
in the forperformedombunitsicfioné frivae! whidteyecohgposed of 588 bits, Admelpd t he
hi gh

588T, and an information recording region or section is so configured
that two or more maximum pattern widths of 11T never continue. On the
other hand, a synchronous signal pattern for a frame synchronism (called
a "synchronous pattern” hereinafter) is defined by a high level having a
duration (namely, width) of 11T and a succeeding low level having a
duration (namely, width) of 11T or a low level having a duration of 11T
and a succeeding high level having a duration of 11T. Namely, the
synchronoﬁs pattern is defined as two continuous maximum pattern
widths (or durations), and is recorded at every 588T. Thus, it is possible
to adjust the rotational velocity of the disk by detecting the two
continuous maximum pattern widths as the synchronous pattern, and
calculating a difference between the detected maximum pattern width and
a maximum pattern width 11T corresponding to a normal rotation linear
yelocity. For example, if the detected maximum pattern width is larger
than 11T, namely, if it is discriminated that the disk rotation linear
velocity is slower than the normal rotation linear velocity, the control
signal CR is generated to accelerate the disk rotational velocity. On the
other hand, if the detected maximum pattern width is shorter than 11T,
namely, if it is discriminated that the disk rotation linear veloéity is faster -
than the normal rotation linear velocity, the control signal CR is
generated to decelerate the disk rotational velocity. If the detected
maximum pattern width is equal to 11T, namely, if it is discriminated that

the disk rotation linear velocity is at the normal rotation linear velocity,



REPLACEMENT SHEET
l-evel having the width 11T, which is opposite |n[phase to that}of the first

case shown in Fig. 7. Therefore, the falling efige i Wmd At { t he first
pl ace, and the falling edge detection signal FEG|is generated.||lph response

to this falling edge detection signal FEG the C buAt-eF—3 35 +espt to start
the counting from"0" and to output the count Yyalue nF. On the ofher hand,
at this time, the counter 21 increment4 the coumr—varme RIS The arbitrary
nunber " X'the'eoritrel Sighal CR i8QEnetated o Aftiftaiitherdisk robatiGeVélocty 1S
reset by the rising edge detection signal REG However, since the "X" is in
the range g¥fit3sto 19, neither the signal RRWnor RFF

The signal reproduction circuit 101 converts the read-out Signal AR
into a digital signal to generate and output the EFM signal E to the edge
detection circuit 102. The clock generator 8 generates the clock CK
having the period T, and supplies the clock CK to the edge detection
circuit 102 and the pattern width detection circuit 104. The edge
detection circuit 102 detects the edge which is the level transition of the
EFM signal E, in synchronism with the clock CK received, and generates
and outpufs the edge detection signal EG to the pattern width detection
circuit 104. The pattern width detection circuit 104 responds to the edge
detection signal EG, to detect the pattern width and to generate the.disk
rotation control signal CR for the disk acceleration, the disk deceleration
or the disk velocity maintaining, on the basis of the difference betxlvveen
the detected pattern width and 11T. |

Referring to Fig. 2, there is shown a circuit diagram of the edge
detection circuit 102. This edge detection circuit 102 includes a buffer
amplifier A201 receiving and amplifying the EFM signal E to generate an
amplified signal EA, a cascaded inverters 1201 and 1202 receiving the
clock CK to generate a delayed clock CKD having a predetermined delay
from the clock CK, a D-type flipflop F201 receiving the signal EA and
controlled by the delayed clock CKD to output a signal ED1 which is —
delayed from the signal EA by one clock, another D-type flipflop F202 |
receiving the signal ED1 and controlled by the delayed clock CKD to
output a signal ED2 which is delayed from the signal ED1 by one clock,
and an exclusive OR gate EX201 receiving the signals ED1 and ED2 to



'h, —
28 is generated. Therefore, in this case, the or\%f,r'\'!l\cﬁ%mgaﬁﬁgdlout on the

reis

shown a timing chart illustrating one exanpl e ¢f [t hE9dWAY 49970n | wavef orm
corresponding to one franme, in the first enbodijmgnt of the disk yjotational

basis of the signals FRWand FFF. Next, referrinj to Fig. 12, th

vel ocity
t he di sk
vel ocity.
conbi nat i

controlling circuit in accordance with the present TTvepti on,
rotational velocity is faster than thée-aormal rotation {inear

when

O%éhetrﬁie% AraxehRivé OR Gidh4l Betwech the sagﬁsrsemm arid B2, f4y theof a

of the high level having the width 1

T and the | ow |l evel having

the width éﬂkéﬂeteﬂiﬁ@hés’ignﬂ. simlar to the first case shown in Fig. -7, the

rising edge 1s detected at the first place,

signal REG is Now, an operation of this edge detection circuit 102 will be

described. If the EFM signal E is supplied to the buffer amplifier A201,
the buffer amplifier A201 outputs the amplified EFM signal EA. The
D-type flipflop F201 outputs, as the signal ED1, the signal EA after

- delaying the same by one clock and in s}rnchronism with the delayed clock

CKD. This signal ED1 is supplied to the D-type flipflop F202 and the
exclusive OR gate EX201. The D-type flipflop 202 outputs, as-the signal
ED2, the signal ED1 after delaying the same by one clock and in
synchronism with the delayed clock CKD. This signal ED2 is supplied to
the exclusive OR gate EX201. The exclusive OR gate EX201 executes the
exclusive OR logical operation between the signals ED1 and ED2, to
detect the ecfge where the level of the EFM signal changes, and to
generate the edge detection signallEG.

Referring to Fig. 3, there is shown a circuit diagram of the pattern
width detection circuit 104. The shown pattern width detection circuit
104 includes a pattern .width detector 41 receiving the edge detection
signal EG and the clock CK to measure a time interval between each pair
of continuous edge detection signals EG, by use of the clock CK, so as to
determine the pattern width of the EFM signal E, and to generate a
pattern width signal W, and a decoder 42 receiving the pattern width
signal W to decode a difference between the received pattern width signal
W and a predetermined pattern width, and to generate a disk deceleration
signal RW or a disk acceleration signal FF.

. Now, an operation of the pattern width detection circuit 104 will be

described. The pattern width detector 41 measures the time interval

and the rising edge detection



{ Red LACLI,’;EM

generg_kt ed so that the counter 21 is reset to coyn e count“ vgl ue nR

fromO (zero). However, at the sane tine as the c un nedches 43
"G BHE

the rising edge detection signal REG is generated o nt er
Therefore, neither the decoder 22 nor 23 changes] i Ls.oui-put—so t elther
the signal RRWor RFF does not change. Nanely, e ther t he 5|gnal W or FF
does not change. Incidentally, this cond®tion si ety—0oTTUrS 1N the case

that the BeMveefindictEphir PROAtINRIOUR s detertiore sigmale EGs fyoemmtmgwhen
the EFM signal  E is ggnerated in the formof a conbination of the |ow | evel

havi ng t hehgiclobk ICK, andl baepiisgthel measured vabne W of thé: time Suteryvad ton

another case that the EFM signal E is generated in the formof a

conbi nat i ¢theddeddderzh Heve] fomcalaplationvefithe loeaselogity ofithedisk
rotation, a clock having the period T/N (where N is integer) can be used
in place of the clock CK. The decoder 42 calculates, from the measured
value W, the pattern width corresponding to the measured value W, and
also calculates a difference between the calculated pattern width and the
predetermined pattern width which corresponds to a predetermined
normal rotation linear velocity. If the difference is positive, since the
rotational velocity is too high, the decoder 42 generates the disk
deceleration signal RW. Alternatively, if the difference is negative, since
the rotational velocity is too low, the decoder 42 generates the disk
acceleration signal FF. |

Here, consider a disk rotation starting time, or a draw-in operation
for example at the time of a track jump in which the position of a pickup
is moved at random. If only the maximum pattern width of 11T in the
read-out signal from the disk is measured as mentioned above, the
precision for drawing to the predetermined rotation linear velocity
becomes 1/11. In other words, the change rate of the disk linear velocity
becomes 9.09%. This becomes a cause for lowering the access speed and
the draw-in time in for example the track jump.

In order to improve the above mentioned disadvantage, there is a | -
method for increasing the frequency of the disk rotation linear velocity |
detecting clock to N times, as mentioned above. In this case, however, an
operation margin in the rotational velocity detection circuit becomes
small for the reason explained hereinafter, and therefore, it becomes

difficult to be applied to a four-time speed reproduction or an eight-time



having the width 10T, which are shorter that tho eRB‘fiﬁCﬁetabOW‘;tcga.,e. I n
ot her ‘words, when the synchronous pattern is shofter than 22T, e!t her the
signal RWor FF does not change. REPLACEMENT  $HEET) @ NAVOWIOOT 29
Furthernore, referring to Fig. 13, there is sho timng chart
Il lustrating one exanple of the operation wavefofm tp one

frame, in the first enbodi ment of the d7sk rotatfonal velocity conjrolling

speed reproduction which are now major in a CD-ROM (compact-disk

read-only-memory) reproducing device which are now being' spread as a
recording medium for a computer, and to a reproduction speed which is
expected to be further elevated in future.

At present, the conventional reference clock frequency for CD is
4.3218 MHz (clock period T = 1/4.3218 MHz) as mentioned
hereinbefore. If N=2 is realized in order to double the detection
precision, the detection clock frequency becomes 8.6436 MHz. In this
device, if the reproduction speed is made to eight times, a-required
detection clock frequency becomes 69.1488MHz, and therefore, a circuit
design becomes difficult. _

Referring to Fig. 4, there is shown a block diagram of a second
prior art disk rotational velocity controlhng circuit, which is JP-A-59-
172180, (an English abstract of' JP-A-59-172180 is available from the
Japanese Patent Office, and the content of the English abstract of
JP-A-59-172180 is incorporated by reference in its entirety into this
application) (Prior Art Reference 3). As shown in Fig. 4, the second
prior art disk rotational velocity controlling circuit is different from the
first prior art disk rotational velocity controlling circuit, mainly in that,
in place of the pattern width detection circuit 104, there is provided a
shift register 206 receiving the edge detection signal EG and performing
a shift operation in response to a clock CK for the velocity detection. =

The number of stages in this shift register 206 is set to be larger
than the number of reference clocks CK which should be generated in a
synchronous signal generating period when the linear velocity of the
recording track of the disk is normal, and the linear velocity is detected in

accordance with the output content of the respective stages of the shift
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circuit in accordance with the present invention, jwiien the rotati pngl
vel ocify Is slower than the normal rotational vel C:ty19|ND\f?99q ekappl e,
the EFM signal E is generated in the formof a cofbjfnation o the_h gh
| evel having the width 11T and the | ow | evel havi g Hr—15 _
Therefore, simlar to the first case shgwn in Figy 7, the rising edge is
detected at the first place, and the ri $ ng edge derection signal REG i s

d : t | e t u t nR
Prom o (zackste, 2067, BT cample, SSiice! e Ytk TR Ror O WIRLIR 17 s
the negat-i detettibat isomadedAT/RRNA Sinéd dhe tpatterh IRRIthRYY tise E?ﬁb‘ﬁfﬁné@s the

high I evel. Since the rising edge detection signal REGis nol generated at

this time,sighal towe detetteddynt 1Tx 2= 22T] dxpananbep ofstage ¢8qiitedain not
yet been reset, and therefore, increnents the count .val ue
this shift register 206 at the normal velocity is 44 (=22T+ T/2).

Therefore, by adding three stages as a detection toleration in the case that

the disk rotation linear velocity is slower than the normal velocity, this
shift register 206 is set to have 47 stages. In Fig. 4, 23 stages at a right
side of a central position "X" in the shift register 206 are numbered "1"
to "23" in order towards a right end stage, and 24 stages at a left side are
numbered "-1" to "-24" in order towards a left end stage. |
The edge detection signal EG has the pattern width of T/2. In the
case of the normal velocity, the synchronous signal pattern width is 22T,
and in the shift register 206, the stages having an non-inverted output of
"1" includes the stages "22", "-1" and "-23", and the other stages have an
non-inverted output of "0". If the linear velocity elevates so that the
synchronous signal pattern width becomes 21T, the shift register 206
changes to the effect that the stages "21", "-1" and "-22" have an
non-inverted output of "1" and the other stages have an non-inverted
output of "0". To the contrary, if the linear velocity lowers so that the
synchronous signal pattern width becomes 23T, the shift register 206
changes to the effect that the stages "23", "-1" and "-24" have an
non-inverted output of "1" and the other stages have an non-inverted -
output of "0". | |
The output content of the respective stages of the shift register 206
is detected by a combinational circuit composed of a combination of

known AND circuits and OR circuits, and whether the linear velocity is
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NR to "44". In response to this count value nR o
brings the positive rotation signal RFF of the | ¢wjl eygl \fw7ha he
positive rotation signal FF is brought to the hidghjlevel. 1ncidefptdlly,
this condition simlarly occurs in the case that |t
opposite in phase to the above case, %rrel y whenithe EFM signal E {s
generated in the formof a conbinationZof the | oW TEvVeE avl Ng € W dth
LLT and t haolidifiol Fstbr Euth e iSihIVEIOEIHY, i3MtbtbEted o tHE AGE diftie ¢ he
EFM signal E is generated in the formof a“combination of the high Ievel
havi ng t heregutit &f theTdetedtione | ow | evel having the width 12T, which are
| onger that those of the above case. In other words, when the synchr onous
pattern is | ondgEhetsegond2priobatrt disle retational VM/UEW eéntrotling cird¢wintdsy
brought to the high | evel, since either

mentioned above, has a high detection precision, but becomes large in

circuit scale. Namely, the synchronous signal pattern width of the
read-out signal from the EFM recording disk is 22T (=11T x 2) as
mentioned above, and the minimum required stage number of the shift
register storing the edge pattern in synchronism with the reference clock
(T) becomes 22 + o.. Therefore, when the velocity detecting clock signal
frequency is 2N as in this example, the minimum required stage number
‘becomes 44+ 0. In addiﬁon, in order to detect all the contents of the
stages of the shift register, the velocity detecting logic circuit becomes
large in circuit scale. |

In brief, since the first prior art disk 'rotational'i velocity controlling
circuit as mentioned above uses only 11T which is a maximum pattern
width value of the signal read out from the disk, the first prior art disk
rotational velocity controlling circuit iS disadvantageous in that the
velocity detecting precision is low, and the access speed in the track jump
or the like becomes low and the draw-in time becomes long.

In order to improve the just above mentioned problem, there is
considered the method for elevating the frequency of the disk rotation
linear velocity detecting clock to integer times of the reference clock
frequency. However, this method reduces the operation margin of the
disk rotational velocity detecting circuit. Furthermore, it is difficult to
apply this method to the four-time speed reproduction or the eight-time
speed reproduction which are now major in a CD-ROM (compact-disk

read-only-memory) reproducing device which are now being spread as a



30 the signal FRWor FFF changes dependently uanE@FﬁA@ﬁ-ﬁfth%éf’bhhse of the
synchronous pattern, positive or negative. As s¢e i€ abovef it can

be discrimnated as follows: Wen only the negtlvel)?m\;wz ngaI RWis
brought to the high level, the disk rotates at th¢ n I"I'neat yelocity.
When both the negative rotatlon signal RwWand t ke i pn si gnal
FF are maintained at the low |evel, th® disk rofates at a velocity higher

than the ?eéming{,@ggguﬁg&%tébmﬁﬁtérb%n@ Rl Achagat i ve

rotation Srgnha
expected to be further elevated in future.

On the other hand, since the second prior art disk Fotational
velocity controlling circuit as mentioned above is constructed to store the
edge pattern in synchronism with the rotation linear. velocity detecting
clock, which is adapted to the synchronous signal pattern width 22T of the
read-out signal from the EFM recording disk, the minimum required
stage number of the shift register is large. In addition, the scale of the
velocity detecting logic circuit for detecting all the contents of the stages
of the shift register, becomes large, and therefore, the circuit scale

becomes large.

Summary of the Invention

Accordingly, it is an object of the present invention to provide a
- disk rotational velocity controlling circuit which has overcome the above
mentioned defect of the conventional one.

Another object of the present invention is to provide a disk
rotational velocity controlling circuit having an elevated detection
precision of the rotational velocity and a small circuit scale.

The above and other objects of the present invention are achieved in
accordance with the present invention by a disk rotational velocity
controlling circuit for controlling a rotational velocity of a recording
medium disk in which digital information in a predetermined signal
format is recorded in a constant linear velocity type, and comprising a
signal reproduction means receiving a read-out signal read out from said
disk for converting said read-out signal into a reproduced signal of said
predetermined signal format, characterized in that an edge detection

circuit comprises a rising edge detecting means receiving said reproduced
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positive rotation signal FF are brought to the high PLOSEMEY Q_‘_&ﬁgk rot at es
at a velocity lower than the normal |inear velocijyl The negativef rptation
signal RWand the positive rotation signal FF are|shpdi9 80Vt 997he
peak/ bottom hold circuit 5, so that the peak/bottpnihold circuit
a peak/ bottom processing for the negat¥ve rotatiop signal RWVan
positive rotation signal FF, to generaktle the notot—deive signal
to the out FoC lbtect L f Rl gk @ﬁcéd‘ﬁigiﬁ’l%' eNE1REE a
vel ocity, St? eaggésllcﬁef\?e&%(ﬁ gﬁ%ﬁ%%ﬁ%ﬁfﬁ ‘lgs ﬁg?nt al ned at th% l ow | evel ,
and the nyighgtdse detction ManalsandifAlia ¢ HBgedting hRdadls: receivil
out put ci rcui? 12$€t herefore,” the i nvertergldel(%recei Vi ng t.he not or (ﬁjl% ve
si gnal MDisaid repeotiaved esighal dot plétectingi gifalking! edge ofhsaidt repredused
transistor M1 is

signal, independently of said rising edge, to generate a falling edge

detection signal, and a synchronous pattern detection circuit includes a
first pattern width detector receiving said rising edge detection signal for
measuring an interval between each pair of continuous rising edge
detection signals to compare each measured rising edge interval with a
normal synchronous pattern width so as to generate first and second
rotational signals, a second pattern width detector receiving said falling
edge detection signal for measuring an interval between each pair of
continuous falling edge detection signals to compare each measured
falling edge interval with said normal synchronous pattern width so as to
generate third and fourth rotational signals, and a detection resﬁlt
synthesis circuit for synthesizing the first and third rotation signals to
generate a positive rotation signal and for synthesizing the second and
fourth rotation signals to generate a negative rotation signal.

The above and other objects, features and advantages of the present
invention will be apparent from the following description of preferred
embodiments of the invention with reference to the accompanying

drawings.

Brief Description of the Drawings

Fig. 1 is a block diagram of the first prior art disk rotational
velocity controlling circuit;

Fig. 2 is a circuit diagram of the edge detection circuit used in the

first prior art disk rotational velocity controlling circuit shown in Fig. 1;
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mai ntained in an off condition. On the other hand, [SijNCE Tire~fregathVd
rotation signal RWis at the high | evel, the notor {drfi v i MDRR its al so
SRR
N

brought to the high level. The inverter |22 receivi|n rfve
signal MDF of the high level, outputs a |ow level, |s 5
transistor M22 is nmaintained in an off .gondition. %s a result, the optput

signal MDis in a high inpedance condi tl' on, or at an rmternedate—J 31

potential . so Rl 4NR SRIPAE dBpPAnd BF b’ Bafterd RFidth S de I Clituit S
rotational vel oci?'y.
used in the first prior art disk rotational velocity controlling circuit

U

shown in Fig. 1;

Fig. 4 is a block diagram of the second prior art disk rotational
velocity controlling circuit;

Fig. 5 is a block diagram of a first embodiment of the disk
rotational velocity controlling circuit in accordance with the present
invention;

Fig. 6 is a circuit diagram of the edge detection circuit used in the
disk rotational velocity controlling circuit shown in Fig. 5;

Fig. 7 is a timing chart illustrating one example of the operation of
the first embodiment of the disk rotational velocity controlling circuit in
accordance with the present invention, at the time of a normal operation;

Flg 8 is a circuit diagram of the pattern width detector used in the
disk rotational velocity controlling circuit shown in Fig. 5; |

Fig. 9 is a circuit diagram of the counter used in the pattern width
detector shown in Fig. 8;

Fig. 10 is a circuit diagram of the decoder used in the pattern width
detector shown in Fig. 8;

Fig. 11 is a timing chart illustrating one example of the operation
of the first embodiment of the disk rotational velocity controlling circuit
in -accordance with the present invention, at the time of a normal "
operation;

Fig. 12 is a timing chart illustrating one example of the operation
of the first embodiment of the disk rotational velocity controlling circuit
in accordance with the present invention, when the rotational velocity is

faster than the normal rotational velocity;



When the disk rotates at a velocity higher than th be”rLﬁﬁFMEmBé#EET/e ocity,
the positive rotation signal FF is maintained at theflow I evel,
therefore, the notor drive signal M is maintainefd at jihgolyorgyevell The

inverter |12 receiving the notor drive signal MF f} the Iow evel|, Joutputs
a high level, so that the PIVDStransistci M21 is I oflf
condition. On the other hand, since the I?Iegative rjotati on si gnal RWJi s al so

mai ntai ned at e 11BVid @VQinin gh&lmtm&lsﬁralu 6hened of the! at
the low |l evel. The Inverter 122 receiving t not or drive signa I\/DFof t he

low | evel ,ofothep fiirst 8mtbditimentadt ﬂwd&ﬂa@tdnm%lbmx/sgatmllﬁ@z cireuly ought
into an on condition. As a result, the output signal I s brought to the
ground potiana¢eordance withathiespresemgrinvehtiohi evhers thé eotational sveloeifyoisent i al
of the source of the NMOS transistor M2, so

slower than the normal rotational veloc1ty,

Fig. 14 is a circuit diagram of the edge detection circuit used in a
second embodiment of the disk rotational velocity controlling circuit in
accordance with the present invention;

Fig. 15 is a circuit diagram of the counter used in a third
embodiment of the disk rotational velocity controlling circuit in
accordance with the present invention;

Fig. 16 is a circuit diagram of the decoder used in the third
embodiment of the disk rotational velocity controlling circuit in
accordance with the present invention;

Fig. 17 is a circuit diagram of the counter used in a fourth
embodiment of the disk rotational velocity controlling circuit in
accordance with the present invention; and

Fig. 18 is a circuit diagram of the decoder used in the fourth
embodiment of the disk rotational velocity controlling circuit in

accordance with the present invention.

Description of the Preferred embodiments
Referring to Fig. 5, there is shown a block diagram of a first
embodiment of the disk rotational velocity controlling circuit in
accordance with the present invention. In Fig. 5, elements similar to
those shown in Fig. 1 are given the same Reference Numerals and Signé.
The shown first embodiment of the disk rotational velocity
controlling circuit comprises, in addition to the disk 10 and the clock

generator 8 similar to those of the prior art circuit shown in Fig. 1, a
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t-hat the rotational velocity of the spindl e motor |s, .decsl’araléd n the
disk rotates at a velocity lower than the normal ||npar velocity, kh
positive rotation signal FF is brought to the highflpvdl9 NOVd199Rerefor e,
the notor drive signal MDF is brought to the high | eypel. The inverffer 112
receiving the notor drive signal NDF o{ t he high Ievel, outputs a |l
| evel , so that the PMOS transistor ve1l4 s brought Lnto an _on conditijon. On
the other diafd]l repRsduétién NEsddit VEL fretaiving an gitallofR\Wead-eht eifoudtighR to
the high level, the notor drive signal MDRis brought to the high |evel.
The i nver tread! G2t freaeithé disk 16, wiconvert into 3 digital Mi¥nalf so he tigeneratee! ,
outputs a low level, so that the NMOS transistor M2 is brogﬁgt Jinto an off
condi ti on.anAERM sigmial E,tdre edge pdetestignatirauit il srecedinigt theoEFIM signal Eve
‘potential which is the sane as the potential of the

and the clock CK to detect, in synchronism with the clock CK, an edge of

the EFM signal E, which is a transition to a high level or a low level of
the EFM signal E, and to generate a rising edge detection signal REG and
a falling edge detection signal FEG, and a synchronous pattern width
detection circuit 13 receiving the rising edge detection signal REG, the
falling edge detection signal FEG and the clock CK, for measuring an
interval between each two continuous rising edge detection signals REG
and an interval between each two continuous fall edge detection signals
FEG, and to compare respective maximum pattern widths with the
synchronous pattern width 22T corresponding to the normal disk rotation
linear velocity, so as to generate a positive rotation signal FF when the
measured maximum pattern width is larger than 22T and a negative
rotation signal RW when the measured maximum pattern width is smaller
than 22T.

The shown first embodiment of the disk rotational velocity
controlling circuit further comprises a peak/bottom hold circuit 5 for
latching and holding the positive rotation signal FF and the negative
rotation signal RW for a constant peak sampling period TS to output a
corresponding positive motor drive signal MDF and a corresponding —
negative motor drive signal MDR, an output circuit 12 receiving the |
positive motor drive signal MDF and the negative motor drive signal
MDR, for outputting a motor drive output signal MD, a PLL (phase lock
loop) circuit 9 receiving a pit clock PC supplied from the signal

reproduction 11 to self-lock in synchronism with the pit clock PC and to



32 source of the PMOS transi stor M1, so that the O%Egt-ﬁ%ﬂ\gﬁmv«gﬁgglty of
the spindle notor is accelerated. As seen fromthe| apove, since tHe |shown

embodi ment is configured to detect the synchronous| ppt qer goyegg7 ot [from

the disk, not as the pulses of 11T+11T, but as onef sf gnal having tlhg width
of 22T, it is possible to nore preC|seI detect t ' y {of the
di sk rotation. For exanple, when the sl%nal patterjn width 9T is readq out as

12T becausgedrakBeasSpittdbck’ siffal | FEIR tBerdSpdnding W8S 198t aCifpanis the

- generation circuit 7 receiving the pit clock signal PCLK and the clock

—

signal CLK to generate a frame signal FCK, and a frequency-division
circuit 6 receiving and dividing the frame signal FCK by a predetermined
ffequency dividing ratio N to generate the peak sampling period TS.

The synchronous pattern width detection circuit 13 includes a rising
edge pattern width detector 2 for measuring the interval between each
pair of continuous rising edge detection signals REG by counting the
clock CK, and for comparing a maximum pattern width of the measured
intervals, with the synchronous pattern width 22T corresponding to the
normal rotation linear velocity, so as to generate a positive rotation signal
RFF when the measured maximum pattern width is larger than 22T and a
negative rotation signal RRW when the measured maximum pattern width
is smaller than 22T, a falling edge pattern width detector 3 for measuring
the interval between each pair of continuous falling edge detection signals
FEG by counting the clock CK, and for comparing a maximum pattern
width of the measured intervals, with the synchronous pattern width 22T
corresponding to the normal rotation linear velocity, so as to generate a
positive rotation signal FFF when the measured maximum pattern width
is larger than 22T and a negative rotation signal FRW when the measured
maximum pattern width is smaller than 22T, and a detection result
synthesis circuit 4 for synthesizing the positive rotation signals RFF and -
FFF to generate the positive rotation signal FF and also synthesizing the |
negative rotation signals RRW and FRW to generate the positive rotation
signal RW.

The output circuit 12 includes inverters 121 and 122 receiving the

positive motor drive signal MDF and the negative motor drive signal
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naxi mum pattern width in the prior art exanple, butfi odi ment

conflgured to detect the rising edge interval and t_”ne h@g §S9 nk er val
i ndependently of each other, if the pattern width i hot 9g t th

the rising edge interval and t he falling edge inter}a hi 2PT,
the signal pattern width 9T erroneously read out asj12T because of th
scratch or the like on the dISk |s ndber detected ern

dt h. %ﬁ? tepe be
Ymnf}uencedp%]?Rgn a Qét pgl pat ern 3 aaglgggtgguse @?vitr%elé‘;‘%(?lg%keho
the Iike %ﬁﬁ&t@d% a ngbkﬂﬁfé*ﬁid%ve%ﬁw O)h‘i/dltﬁg%! Nl gtk OCdne@BHeRS Yanl S
c n preC|S|on

el evated in order to inprove thie dete It I's possible to

enl arge t heutprar of ithe iRveitsr if21a8oi a¢ abnpdceive can tinveftedddigmalnofethen when
necessary

positive motor drive signal MDF, and an N-channel MOS transistor M22

having a drain connected to a drain of the P-channel MOS transistor M21
and an output terminal TO, a source connected to a ground potential, and
a gaté connected to an output of the inverter 122 so as to receive an
inverted signal of the negative motor drive signal MDR.

| Now, an operation of the shown embodiment will be described with
reference to Fig. 5. In the following description, for convenience of
description, it is assumed that the period of the clock CK for the rotation
linear velocity detection is set to be a half of the period of the pit clock
PC, namely, (1/2)T.

Firstly,’similarly to the prior art example, the control is executed to
maintain a predetermined linear velocity by calculating the current
rotation linear velocity on the basis of the synchronous pattern which is
included in the read-out signal AR read out from the disk 10 (in which
digital information is recorded in the EFM format and in the CLV type)
and which has the width {11T+11T} obtained by multiplying the width T
of the pit clock included in the read-out signal AR, by {11+11}. For this
purpose, a timing signal, namely, the synchronous pattern, is extracted
from the EFM signal outputted from the signal reproductioh circuit 11, ="
and the linear veloéity of the disk 10 is controlled to be maintained at a
constant by using the synchronous pattern. This synchronous pattern can
detected when the linear velocity is in a predetermined range of variation.
In other words, when the variation of the linear velocity is in a capture

range of the PLL circuit 9, it is possible to precisely control the rotation



pit cl ocks cannot be obtained fromthe EFM si gnal atﬁ!tha(‘dn,@sm%ﬁﬁgfl g tine
or at the track jump, it is possible to maintain theptinrear—wetosrty] of the
disk rotation at the normal |inear velocity. Mreole \Q’Ahb t he_el pvat ed
vel ocity detection precision, it is possible to na'r3w1t r 897 n nge.
For exanple, the drawin range can be inproved to P.Ro% of the nor

linear velocity from4.5% of the normall7linear velpcity whi ch was adopt ed
in the pri e ti si on
of the ai S FBRARTERHR: unphrotioud pAREHL. ' BoweVels W

linear velocity is out of the capture range of the PLL circuit 9, for
example, at the time of starting the disk rotation, or at a random access or
a track jump, in which the position of the pickup device is moved at
random, it becomes impossible to detect the synchronous pattern so that
the rotation control becomes impossible.

In order to overcome this problem, the shown embodiment utilizes
the fact that when an interval of the inversion of the signal (namely, a
period from a rising edge to a falling edge, or a period from=a falling
edge to a rising edge) is maximum, the signal having the maximum
inversion interval is the synchronous pattern. In other words, the edge
detection circuit 1 of the shown embodiment detects the edge, namely,
level transition of the EFM signal which is the maximum inversion
interval signal, similarly to the prior art example. However, the edge
detection circuit 1 of the shown embodiment further detects the rising
edge and the falling edge, separately from each other, and the detected
rising edge and the detected falling edge are supplied to the two pattern
width detectors 2 and 3, respectively, so that the maximum rising edge
interval of the pattern width 22T and the maximum falling edge interval
of the pattern width 22T are detected.

The signal reproduction circuit 11 converts the read-out signal AR
into a digital signal to generate the EFM signal E to the edge detection
circuit 1, and also extracts the pit clock signal PC of the period T to
supply the pit clock signal PC to the PLL circuit 9. The clock generator
8 generates the clock CK having the period T/2 and supplies the clock CK
to the edge detection circu_it 1, the pattei'n width detectors 2 and 3, and the

frame generation circuit 7. The edge detection circuit 1 detects the rising
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velocity is inproved, it is possible to shorten the |dr -n_tine of dfaw ng
to the normal |inear velocity, and therefore, to el gvdte the access:speed
to the disk. Specifically, when the pickup novenent {i 4 oh® NOV 99%f {alf ul |
novenent range, nanely, at a one-third stroke, the dcqess speed was|400 ns
in the prior art exanple, but can be si;g)rtened to 1¢0Ons 1 n the shown ¢
enbodi ment. Still further, since a |load on the PLL & | L e ,
even i f theigd ahll thecfillingyedgse dfethRAEFMssighal B iR'syachrohiien RYRRI eon can
be el evated,” and thereforé€, the operation nmargin can be increased. The
i nventi on dleskt@Kstd generdietheatisingesdge Hetbctidnhsipniad RiAGeand Henfaldipeci fi ¢
embodi ment. However, it should be noted that the present invention is in no
way |imtetlge ddtectionaisignalf KEG $pethie ipatternoavidéht detectors 2 and 3,

respectively.

The pattern width detector 2 measures the interval between each
pair of continuous rising edge detection signals REG by counting the
clock CK, and compares the maximum interval of the measured intervals,
namely, the pattern width of the maximum pattern width signal, with the
synchronous pattern width 22T corresponding to the normétlz—-rotation
linear velocity. As the result of this comparisdn, if the maximum pattern
width is larger than 22T, since the disk rotates at a veldcity slower than
the normal rotation linear velocity, the pattern width detector 2 generates
the positive rotation signal RFF for disk acceleration. To the contrary, if
the maximum pattern width is snilaller than 22T, since the disk rotates at a
velocity faster than the normal rotation linear velocity, the pattern width
detector 2 generates the negative rotation signal RRW for the disk
deceleration. Similarly, the pattern width detector 3 measures the
interval of the continuous falling edge detection signals FEG, and
selectively generates either the positive rotation signal FFF or the
negative rotation signal FRW.

The detection result synthesis circuit 4 synthesizes the respective
detection results outputted from the pattern width detectors 2 and 3. —
Since both of the pbsitive rotation signal RFF outputted from the pattern
width detector 2 and the positive rotation signal FFF outputted from the
pattern width detector 3 are a signal for accelerating the rotation of the
disk 10, the detection result synthesis circuit 4 synthesizes both the

positive rotation signals RFF and FFF to generate the positive rotation
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rotation signal RW.

At the time of starting the disk rotation, or at the track jump, the
pattern widths of both the positive and negative maximum pattern width
signals become greatly different from each other, and the appearance
frequency of these maximum pattern widths changes. Under this
circumstance, the peak/bottom hold circuit 5 latches and holds the. positive
rotation signal FF and the negative rotation signal RW for the-constant
peak sampling périod TS, to output the corresponding positive and
negative motor drive signals MDF and MDR, respectively. The length of
the peak sampling period TS, is set by frequency-dividing the frame
signal FCK supplied from the frame generation circuit 7, to 1/N, by
action of the frequency divi;ion circuit 6. Since the synchronous pattern
exists repeatedly at least at every one frame, namely, at every 588T, the
positive and negative maximum pattern width signals necessarily exists
during the peak sampling period TS obtained by frequency-dividing the
frame signal FCK to 1/N. |

The frame generation circuit 7 responds to the pit clock PCLK
supplied from the PLL circuit 9 or the clock CK supplied from the clock
generation circuit 8, to generate the frame signal FCK indicative of one
frame. ' '

In addition, the peak/bottom hold circuit 5 extracts, from the
maximum pattern width signals detected during the peak sampling
periods, the maximum pattern width signal having a minimum pattern
width during a bottom period which is longer than the peak sampling

period. This is to eliminate a signal of a large pattern width generated
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Now, an edge detection circuit 1A, which is incorpgr
enmbodi ment of the disk rotational vel oci ty controllj circuit in 34
accordance with the present invention, will be des f i be&%@“ W8t erlerjce to
Fig. 14, which is a circuit diagram of t he edge detledtion circuit 3A1 In
Fig. 14, elements corresponding to those shown Fig.l 6 are given the dame
Reference Nurmer al s, and expl anati on t héPeof will b d-For
il4rml Ih fi cadu@rtoofa desathPbhothe Afiskeq0, fthefelsp Mita mhifilni?e! waeBrfoousd and

t he edge
detection of the maximum pattern width signal.

The output circuit 12 responds to the motor drive signals MDF and
MDR supplied from the peak/bottom hold circuit 5, to output the motor
drive output signal MD so as to drive a spindle motor (not shown) for
' | rotating the disk 10.
Next, the shown embodiment will be described in detail.
Referring to Fig. 6, there is a circuif diagram of the edge detection
. circuit 1. The edge detection circuit 1 shown in Fig. 6 includes-a buffer
amplifier A11 receiving and amplifying the EFM signal E to generate an
. amplified signal EA, a cascaded inverters I11 and I12 receiving the clock
CK to generate an inverted delayed clock CKB and a non-inverted further
delayed elock CKD, respectively, a D-type flipflop F11 receiving the
signal EA and controlled by the inverted delayed clock CKB, to output a
signal ED1 delayed from the signal EA by one clock and an inverted
signal ED1 of the signal ED1, another D-type flipflop F12 receiving the
signal ED1 and controlled by the non-inverted further delayed clock
CKD, to output a signal ED2 delayed from the signal ED1 by one clock
and an inverted signal ED2 of the signal ED2, an AND gate G11
receiving the signals ED1 and ED2 to generate the rising edge detection
signal REG constituted of a logical AND between the signals ED1
and]ﬂ, and another AND gate G12 receiving the signals ED1 and ED2
to generate the falling edge detection signal FEG constituted of a logical
AND between the signals ED1 and ED2.
Now, an operation of this edge detection circuit 1 will be described.
If the EFM signal E is supplied to the buffer amplifier A11, the buffer
amplifier A11 outputs the amplified EFM signal EA. The D-type flipflop
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supplied directly to the D-type flipflop F11, and tihg AND circuits 1 and
Gl2 are replaced by a NOR circuit GL13 receiving th ghars ED1 and BD2 of
the flipflops F11 and F12 to generate the rising edge_det lon.si | REG
constituted of a |logical NOR between tBk signals ED1 and ED2, and anot her
NOR ci rcui 4. recejving t u S| a I.pf{ ops
Fi1 and. Fa3t§ GugRRSEhY sTEhA Erft 4Rt 3heORed sheth R iR pRE RIS 2
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the disk r

present i nveRki @KBS "Mest?8Exidlst BP 1’ kh@!ED1 are supplied to the D-type

flipflop F12 and the AND gates G11 and G12. The D-type flipflop F12
outputs the signal ED2 and its inverted signal EEZ, which are delayed
from the signal ED1 by one clock and in ‘synchronism with the delayed
clock CKD in opposite phase to the delayed clock CKB, and therefore,
which are actually delayed from thé signal ED1 by a half of the period of
the clock (namely, T/4). The signals ED2 and ED2 are supplied to the
AND gates G11 and G12. | -
The AND gate G11 receives the signals ED1 and ]ﬁ to execute a
logical AND operation between the signals ED1 and ]5_2, theréby to
detect a rising edge, namely, a rising level transition, of the EFM signal,
and to generate the rising edge detection signal REG having the width
which is a half of the period of the clock (namely, T/4). The AND gate
G12 receives the signals ED1 and ED2 to execute a logical AND

operation between the signals ED1 and ED2, thereby to detect a falling
edge, namely, a falling level transition, of the EFM signal, and to

generate the falling edge detection signal FEG having the width which is a
half of the period of the clock (namely, T/4).

Referring to Fig. 7, there is shown a timing chart illustrating one

~ example of the operation waveform corresponding to one frame in a first

case that the disk rotates at a normal linear velocity. As shown in Fig. 7,
the EFM signal E is generated in the form of a combination of the high
level having the width 11T and the low level having the width 11T. The
signal ED1 is generated at the falling edge of a first clock appearing after
the EFM signal E has risen, and the signal ED2 is generated at the rising
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enbodi ment of the disk rotational velocity controllijn circuit in
accordance with the present invention, excluding thd ddg¢gded¢ayeepn jcilr cuit
1A. Now, an operation of the edge det ection circuit |14 will be descdifed.
If the EFMsignal E is supplied to the D-type flipfllopFI,—the D typ

flipflop F11 outputs the signal EDl and its inverteq signal EDlI,_ which are
del ayed fromthe signal EA by one cloc® and in synchronismw th the del ayed
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signal REG is generated to have the width starting at the rising edge of

the signal ED1 and terminating at the rising edge of the signal ED2, and
the signal FEG is generated to have the width starting at the falling edge
- of the signal ED1 and terminating at the falling edge of the signal .ED2.
The pattern width detectors 2 and 3 have the same construction, and
therefore, the construction of only the pattern width detector 2 will be
described with reference to Fig. 8, which is a circuit diagram of the
- pattern width detector 2 used in the disk rotational velocity controlling
j circuit shown in Fig. 5. |
The pattern width detector 2 as shown in Fig. 8 comprises a counter
21 reset in response to the rising edge detection signal REG and counting
the clock CK to output a count value nR, and a pair of decoders 22 and 23
coupled to the counter 21 and generating the signal RRW and the signal
RFF when the count value reaches "43" and "44", respectively. The
counter 21 is configured to count up to a value of 22 X2 +q.
Incidentally, in the preceding and succeeding descriptions, the
pattern width detector 3 can be understood by changing the Reference
Numerals to numbers on the order of 30 and also changing the signals
REG, RRW and RFF to FEG, FRW and FFF, respectively and the count
value nR to the count value nF, as shown by parenthes1zed Reference
Numerals and Slgns in Fig. 8. - -
As mentioned above, the counter 21 can count up to the value of
22x2 + o, for the purpose of determining the synchronous pattern
width 22T by counting the clock CK having the period of T/2. There,

+ o is a tolerance or margin for ensuring to be able to detect the
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Now, an operation of the pattern width detector 2 will be described.

The counter 21 is reset in response to the rising edge detection signal
REG and thereafter starts to count the clock CK. The counter 21 is reset
again in response to the next rising edge detection signal REG, but just
before the counter 21 is reset, the count value nR of the counter 21 is
supplied to the decoders 22 and 23. The decoder 22 generates the
negative rotation signal RRW when the received count value nR reaches
43 (=22%x2-1) or less. Similarly, the decoder 23 generates the
positive rotation signal RFF when the received count value nR reaches 44
- (=22 x2) or more. |

Referring to Fig. 9, there is shown a circuit diagram of the counter
21. The shown counter 21 comprises six cascaded stages lof D-type
flipflops F20 to F25 connected as shown, and an exclusive OR circuit
EX21 receiving a Q output of each of the flipflops F20 and F25, and
having an output connected to a D input of the flipflop F20.

The counter 21 constitutes a maximum length sequence code
generator generating a maximum length sequence random number and
having a period of (2"-1). In the shown example, since the counter 21
is constituted of six stages of flipflops F20 to F25 (n=6), the counter 21
can- count to 63. The flipflops F20 to F25 constitutes the shift register, o
and the count valué is incremented in response to each clock CK and is
reset in response to the edge detection signal REG. As mentioned above,
the D input of the flipflop F20 is supplied with tl‘le output of the exclusive
OR circuit EX21. With this arrangement, since a binary sequence is fed
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detection circuit 1A is advantageous over the edgg detectron CTrcyify 1,
because the nunber of required transistors can be redu1:§ mpﬁé(?”rp rijson
with the edge detection circuit 1. Now, a counter {21A and decoder$ 22A,

23A, 32A and 33A, which are included in each of patt : cfors 2A
and 3A incorporated in a third enbodi méfht of the disk rotational ve ocity
controlli | 'thel doul OpEac1aRedVh iAntiBf ROBFISEH with flo 3e
descri bedq%'t ’t?lgf%?lielﬁggggoéFl gs. 15 ang 16. Fig. 15 1s a circuit diagram
of the COLHﬁ(Féls%lfhndi‘fdrﬁ;rh§&Byﬁéﬁfﬁrﬁ)ﬁs)mlh%‘ﬁ the counter 21A of the
pattern wi dth detector 2A and”the counter 31A of the pattern wi dth detector
3A, and Fig. l1@Returhing tethé tithagg ehaef of Fig dEctivecoumi?valued AR 3unl ald 33A.
In Figs. 15 and 16, , ) o o
change at random, however, for convenience of description, after it is

reset, the count value nR changes as 0 (zero), ® * ¢, 22, » ¢ ¢ 43, and
changes as 0 (zero), * * * again after it is reset. After it is reset, the count
value nF changes as an arbitrary number "X", « * ¢, X422, 0 (zero), * ¢ »,
21, and changes as "X", ¢ ¢ * again after it is reset. This arbitrary number
"X" will be described hereinafter.

First, if the rising edge detection signal REG of the high level is
supplied, the count value nR of the counter 21 is reset, and the counter 21
counts the clock CK to increment the count value until the next rising
edge detection signal REG is supplied. Similarly, the count value nF of
the couinter 31 1is reset in response to the falling edge detection signal
FEG, and the counter 31 counts the clock CK to increment the count
value until the next falling edge detection signal FEG is supplied. Since
the example shown in Fig. 7 shows the normal linear velocity, the count
value nR increments to 43, and thereafter, is reset to 0 (zero). Since the
count value nR at this time is brought to 0 (zero) because of the reset
input, the count value "43" of the synchronous pattern width actually
indicates the pattern width of 44, namely, the normal linear velocity.
Similarly, the count value nF of "44" actually indicates the pattern width -
of 45, namely, a velocity slower than the normal linear velocity.

Referring to Fig. 10 showing a circuit diagram of the decoders 22,
23, 32 and 33 and the detection result synthesis circuit 4, the decoder 22
includes two three-input AND circuits G221 and G222, and a two-input
NAND circuit G223 receiving an output of the AND circuits G221 and
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sinmplification of description. As seen from conparj spon between Figs.[ 15 and
16 and Figs. 9 and 10, the pattern width detector 2A i 49dNOVepgnt {f rjom t he
pattern width detector 2, in that the counter 21A{(3J1A) is constitiufed of a
ring counter 36 conposed of a 24-8bage shift r gi ster consrstimg jof
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22A is constitute
G232, and a two-input NAND circuit G233 receiving an output of the

AND circuits G231 and G232. The decoder 32 includes two threé-input
AND circuits G321 and G322, and a two-input NAND circuit G323
receiving an output of the AND circuits G321 and G322. The decoder 33
includes two three-input AND circuits G331 and G332, and a two-input
NAND circuit G333 receiving an output of the AND circuits G331 and
G332. | |

The detection result synthesis circuit 4 includes a NAND circuit
G41 receiving the signals RRW and FRW outputted from the NAND
circuit G223 and the NAND circuit G323, respectively, to execute a
NAND logic dperation so as to generate the signal RW, and another
NAND circuit G42 receiving the signals RFF and FFF outputted from the
NAND circuit G233 and the NAND circuit G333, respectively, to execute
a NAND logic operation so as to generate the signal FF.

The AND circuits G221 and G222 of the decoder 22 are connected
to receive outputs QB0, Q1 and QB2, and Q3, Q4 and QBs5 of the flipflops
F20 to F25, as shown in Fig. 10, in order to decode "43", namely, a 44th
condition of the counter 21. The AND circuits G231 and G232 of the
decoder 23 are connected to receive outputs Q0, QB1 '.and Q2, and QB3,
Q4 and Q5 of the flipflops F20 to F25, as shown in Fig. 10 in order to
decode "44", namely, a 45th condition of the counter 21. -

With this arrangement, only when all the inputs of the AND circuits
G221 and G222 are at a high level, namely, only when the counter 21
assumes the 44th condition, each of the AND circuits G221 and G222
outputs a high level, so that the NAND gate G223 outputs the negative
rotation signal RRW of the low level. Similarly, only when all the inputs
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positive rotation signal FRW of the low level.

Similarly, the AND circuits G321 and G322 of the decoder 32 are
connected to receive outputs QB0, Q1 and QB2, and Q3, Q4 and QB5 of
the flipflops F20 to F25, and the AND circuits G331 and G332 of the
decoder 33 are connected to receive outputs QO, QB1 and Q2, and QB3,
Q4 and Qs of the flipflops F20 to F25, as shown in Fig. 10. Only when all
the inputs of the decoder 32 are at é high level, the decoder 32 outputs the
negative rotation signal FRW of the low level. Only when all the inputs
of the decoder 33 are at a high level, the decoder 33 outputs the positive
rotation signal FFF of the low level.

With the above nilentioned operation, the rising edge maximum
pattern width and the falling edge maximum pattern width are measured,
decoded and detected, separately from each other. Therefore, it is
necessary to synthesize the detected rising edge maximum pattern width
and the detected falling edge maximum pattern width.

For this purpose, the detection result synthesis circuit 4 generates
the negative rotation signal RW by synthesizing the signals RRW and
FRW indicative of the detection of the respective 44th conditions of the
counters 21 and 31 (count value 43). Furthermore, the detection result
synthesis circuit 4 generates the positive rotation signal FF by
synthesizing the signals RFF and FFF indicative of the detection of the
respective 45th conditions of the counters 21 and 31 (count value 44).
Namely, the NAND circuit G41 receives the signals RRW and FRW and

generates the negative rotation signal RW of the high level if at least one



31A to output a NAND logic as the positive rotation]|s
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Here, the arbitrary number "X" of nF in Fig. 7 is in the range from
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a minimum value corresponding to the minimum number 3T in the EFM
~ format to a maximum value corresponding to the maximum number 10T
in the EFM format, namely, in the range between the minimum value 5
(=3x2-1) and the maximum value 19 (=10 X 2-1). Therefore,
even if the maximum value "X+ 22" becomes equal to 41, neither the
decoder 32 nor 33 can g'eﬁerate the detection signal, so that neither the
signal FRW nor FFF is generated.
Now, referring to Fig. 11, there is shown a timing chart illustrating
. a second case 6f the operation waveform corresponding to one frame, in
the first embodiment of the disk rotational velocity controlling circuit in
accordance with the present invention when the disk rotates at a normal
linear velocity. In this second case, the EFM signal E is generated in the
form of a combination of the low level having the width 11T and the high
level having the width 11'T, which is opposite in phase to that of the first
case shown in Fig. 7. Therefore, the falling edge is detected at the first
place, and the falling edge detection signal FEG is generated. In response
to this falling edge detection signal FEG, the counter 31 is reset to start
the counting from '.'0" and to output the count value nF. On the other
hand, at this time, the counter 21 increments the count value nR as the
arbitrary number "X", "X+1", ¢ ¢ to continue to count up until the
counter 21 is reset by the rising edge detection signal REG. However,

since the "X" is in the range of 5 to 19, neither the signal RRW nor RFF
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with a delay corresponding to one clock. The peri.ofl pf 1hNQBOWI7er | 21LA i s
24 x 2, and therefore, the counter 21A can count tp #7. Therefore,| the
counter 21A counts up in response to the clock CK }Jand is reset In response
to the rising edge detection signal RES8 Thereforetl ounter 21A

operates ybslaNbidd | YTherefore, in this case, the control is carried out on the
basis of the signals FRW and FFF.
Next, referring to Fig. 12, there is shown a timing chart illustrating

one example of the operation waveform corresponding to one frame, in
the first embodiment of the disk rotational velocity' controlling circuit in

- accordance with the present invention, when the disk rotational velocity is
faster than the normal rotation linear velocity. In this example, the EFM
signal E is generated in the form of a combination of the high level
having the width 11T and the low level having the width 10.5T.
Therefore, similar to the first case shown in Fig. 7, the rising edge is
detected at the first place, and the rising edge detection signal REG is
generated so that the counter 21 is reset.to count up the count value nR
from O (zero). However, at the same time as the count value nR reaches
43, the rising edge detection signal REG' is generated to reset the counter
21. Therefore, neither the decoder 22 nor 23 changes its output, so that
either the signal RRW or RFF does not change. Namely, either the signal
RW or FF does not change.

Incidentally, this condition similarly occurs in the case that the
EFM signal E is opposité in phase to the above case, namely when the
EFM signal E is generated in the form of a combination of the low level
having the width 11T and the high level having the width 10.5T, and in
another case that the EFM signal E is generated in the form of a
combination of the high level having the width 10T and the low level
having the width 10T, which are shorter that those of the above case. In
other words, when the synchronous pattern is shorter than 22T, either the

signal RW or FF does not change.
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enbodi nent, the decoders 22A and 23A for generatinp [ heqgRpvt o9 and
negative rotation signals on the basis of the differpent output condiftion of
the counter, are different in construction from thpseTmthe—f++st
embodiment. Simlarly to the first ent®inent, the _decoders 22A and |23A
decode and det SRt t43Figane3," fdereols showapantishing Bhart
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circuit in accordance with the present invention, when the rotational

velocity is slower than the normal rotational velocity. In this example,
the EFM signal E is generated in the form of a combination of the high
level having the width 11T and the low level having the width 11.5T.
Therefore, similar to the first case shown in Fig. 7, the rising edge is -
detected at the first place, and the rising edge detection sighal REG is
generated so that the counter 21 is reset to count up the count value nR
from O (zero). When the count value nR reaches 43, the decoder 22
generates the negative rotation signal RRW, so that the signal RW is
brought to the high level. Since the rising edge detection signal REG is
not generated at this time, the counter 21 counting up in response to the
clock CK has not yet been reset, and therefore, increments the count value
nR to "44". In response to this count value nR of "44", the decoder 23
brings the positive rotation signal RFF of the low llevel, so that the
positive rotation signal FF is brought to the high level.

Incidentally, this condition similarly occurs in the case that the
EFM signal E is opposite in phase to the above case, namely when the
EFM signal E is generated in the form of a combination of the low level
having the width 11T and the high level having the width 12T, and in
another case that the EFM signal E is generated in the form of a
combination of the high level having the width 12T and the low level
having the width 12T, which are longer that those of the above case. In
other words, when the synchronous pattern is longer than 22T, both the

signals RW and FF are resultantly brought to the high level, since either
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candi tion cannot exist in the count val ues other th f tac
is constituted of the NAND circuit receiving the
flipflop F19 and the Q output signal QO of the flj
the decoder 23A is constituted of the NAND circuit
signal QO of the fli pflop F20 and the 89 out put si

F21, both g gm0
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As seen from the above, it can be discriminated as follows: - When

only the negative rotation signal RW is brought to the high level, the disk

rotates at the normal linear velocity. When both the negative rotation
signal RW and the positive rotation signal FF are maintained at the low
level, the disk rotates at a velocity higher than the normal linear velocity.
On the other hand, when both the negative rotation signal RW and the
positive rotation signal FF are brought to the high level, the disk rotates
at a velocity lower than the normal linear velocity.

The negative rotation signal RW and the positive rotation signal FF
are supplied to the peak/bottom hold circuit 5, so that the peak/bottom
hold circuit 5 performs a peak/bottom processing for ‘the negative
rotation signal RW and the positive rotation signal FF, t(; generate the
motor drive signal MDF or MDR to the output circuit 12.

When the disk rotates at the normal linear velocity, the positive
rotation signal FF is maintained at the low level, and the motor drive
signal MDF is maintained at the low level. In the output circuit 12,
therefore, the inverter 112 receiving the motor drive signal MDF of the
low level, outputs a high level, so that the PMOS transistor M21 is
maintained in an off condition. On the other hand, since the negative
rotation signal RW is at the high level, tﬁe motor drive sighal MDR is
also brought to the high level. The inverter 122 receiving the motor drive
signal MDF of the high level, outputs a low level, so that the NMOS
transistor M22 is maintained in an off condition. As a result, the output

signal MD is in a high impedance condition, or at an intermediate



38 the counter increases, the architecture of the cau%%PéACWE@T n%ﬂﬁé,T and on
the other hand, the nunber of circuit elenents inclpyded in the decodef is
greatly reduced. Now, a counter 21B and decoders 228, { 238 NeR¥B9pd B3B,
whi ch are included in each of pattern wi dth detectofs|2B and 3B
incorporated in a fourth enbodi ment of the disk rot gt romat—vetoctt
controlling circuit in accordance wi 8h the present |nvention, will b
described w f E?@c | : drivinglthd dlisk Ghafataingiggr am
of the co tieér?lt{ZdiB?be |chﬂr9ee||;S esceunetlzn?tgriL ﬂb(?;rth thegcounter 21B of the
pattern Wiﬂjtatidﬁhpvbm’ci%B, and-the counter 31B of the pattern w dth detector
3B, and Fig. 18 is a circuit '
When the disk rotates at a velocity higher than the normal linear

velocity, the positive rotation signal FF is maintained at the low level, and
therefore, the motor drive signal MDF is maintained at the low level.
The inverter I12 receiving the motor drive signal MDF of the low level,
outputs a high level, so that the PMOS transistor M21 is maintained in an
off condition. On the other hand, since the negative rotation signal RW is
also maintained at the low level, the motor drive signal MDR is
maintained at the low level. The inverter 122 receiving the motor drive
signal MDF of the low level, outputs a high level, so that the NMOS
transistor M22 is brought into- an on condition. As a result, the output
signal MD is brought to the ground potential or a negative potential which
is the same as the potential of the source of the NMOS transistor M22, so
that the rotational velocity of the spindle motor is deéelerated.

When the disk rotates at a velocity lower than the normal linear
velocity, the positive rotation signal FF is brought to the high level, and
therefore, the motor drive signal MDF is brought to the high level. The
inverter 112 receiving the motor drive signal MDF of the high level,
outputs a low level, so that the PMOS transistor M21 is brought into an on
condition. On the other hand, since the negative rotation signal RW is
al_so brought to the high level, the motor drive signal MDR is brought to
the high level. The inverter 122 receiving the motor drive signal MDF of
the high level, outputs a low level, so that the NMOS transistor M22 is
brought into an off condition. As a result, the output signal MD is

brought to the positive potential which is the same as the potential of the
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to detect the synchronous pattern read out from the disk, not as the pulses
of 11T+11T, but as one signal having the width of 22T, it is possible to
more precisely detect the linear velocity of the disk rotation.

For example, when the signal pattern width 9T is read out as 12T
because of the scratch or the like on the disk, it was detected as the
maximum pattern width in the prior art example, but in the shown
-embodiment configured to detect the rising edge interval and the falling
edge interval independently of each other, if the pattern width is not

B, 4, @, andA@kegh frbfh thé BbbPESsiNge. thEXhows énftstingdnt RNebrfRgarsd | ve

greater than 10T, the rising edge interval and the falling edge interval do .

not reach 22T, the signal pattern width 9T erroneously read out as 12T
because of the scratch or the like on the disk, is never detected as the
maximum pattern width. In other words, the maximum pattern width
detection is hardly to be influenced by an accidental pattern width change
caused by the scratch or the like on the disk.

Furthermore, when the internal clock frequency is elevated in
order to improve the detection precision, it is possible to enlarge the
operation margin in an internal circuit. In addition, even when necessary
pit clocks cannot be obtained from the EFM signal at the disk starting
time or at the track jump, it is possible to maintain the linear velocity of
the disk rotation at the normal linear velocity.

Moreover, with the elevated velocity detection precision, it is
possible to narrow the draw-in range. For example, the draw-in range
can be improved to £2.25% of the normal linear velocity from +4.5% of

the normal linear velocity which was adopted in the prior art example.
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Q output signals & and @B of the flipflops F35 and |F:
decodi ng and detecting the binary nunber "101011" corﬂesponding to {h
count value "43", and a NAND circuit receiving an oyt gut 19fNGW&Y AND| gat es
to generate the negative rotation signal RRW and theldecoder 23B i $
constituted of a pair of AND gates receiving 39 nfespectrve Q outpu
signals @, 4 and B of the fli pflops3f536, F34 and {E33, .and respective Q
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pur pose of decodi hg an ctingt ary
velocity is improved, it is possible to shorten the draw-in time of drawing

to the normal linear velocity, and therefore, to elevate the access speed to
the disk. Specifically, when the pickup movement is one third of a full
movement range, namely, at a one-third stroke, the access speed was
400 ms in the prior art example, but can be shortened to 100 ms in the
shown embodiment.

Still further, since a load on the PLL circuit can be reduced, even if
the clock frequency is the same as the prior art, the precision can be
elevated, and therefore, the operation margin cen be increased.

The invention has thus been shown and described with reference to
the specific embodiment. However, it should be noted that the present
invention is in no way limited.to the details of the specific embodiment as
described above but changes and modifications may be made within the
spirit of the present invention. It is a matter of course that, for example,
the present invention can be applied to not only the CD player, but also
other information reproducing apparatus by changing the decode number
of the counter in accordance with the difference in parameters such as the
synchronous pattern width.

Here, the frequency "f" of the clock CK for driving the counter
-used to detect the maximum width of the synchronous pattern and the
decode value "N" can be freely changed if the following relation is
fulfilled in the case of detecting the linear velocity of the disk rotation:

(1/f) x N = 22T

where T is the period of the pit clock.

Now, an edge detection circuit 1A, which is incorporated in a

second embodiment of the disk rotational velocity controlling circuit in
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101100" corresponding to the count value "44" —and-—a NAND-6{
receiving an output of these AND gates to generate {he positive rot
RFF. The decoder 32B is constituted simlarl o] l%élqyewaer 2P B,
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and the decoder 33B is constituted simlarly to thejdecoder 23B. Sihck an

operation of the counter 21B (31B) and the decoders}22B, 23B, 32B and
are apparent to persons skllled in tBé art fromthe

33B
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t he di sk rotationa control

OCI Ing circult 1n accordance wth t

present i rpignijig nwhfct? 9s ﬁoaﬁbﬁﬁcdﬁérhﬂﬂbftthé exfige deRiction eircaiit ¢t In
conprises the ri'sing edge detector and the falling edge detector, and

synchr onolBigpau @lemeatecoirespondiig to thedeushowgndig. 6 are glven‘the same

Reference Numerals, and explanation thereof will be omitted for
simplification of description. _

As seen from éomparison between Figs. 6 and 14, the edge
detection circuit 1A is different from the edge detection circuit 1A, in
that the buffer amplifier A11 is omitted so that the EFM signal E is
supplied directly to the D-type flipflop F11, and the AND circuits. G11 and
G12 are replaced by a NOR circuit G13 receiving the signals ED1 and
ED2 of the flipflops F11 and F12 to generate the rising edge detection
signal REG constituted of a logical NOR between the signals ED1 and
ED2, and another NOR circuit G14 receiving the output signals ED1 and
ED2 of the flipflops F11 and F12 to generate the falling edge detection
signal FEG constituted of a logical NOR between the signals ED1
and ED2. '

The second embodiment of the disk rotational velocity controlling
circuit in accordance with the present invention is the same as the first
embodiment of the disk rotational velocity controlling circuit in
accordance with the present invention, excluding the edge detection
circuit 1A.

Now, an operation of the edge detection circuit 1A will be
described. If the EFM signal E is supplied to the D-type flipflop F11, the
D-type flipflop Fi1 outputs the signal ED1 and its inverted signal ED1 ,
which are delayed from the signal EA by one clock and in synchronism
with the delayed clock CKB. These signals ED1 and ED1 are supplied to
the D-type flipflop F12 and the NOR gates G13 and G14. The D-type

t he



first pattern width detector for neasuring an intervaiREBMG%HTeﬁdéﬁpr' i r of
continuous rising edge detection signals to generatg 4 rising edge pattern
wi dth signal, and to conpare the rising edge patter% i 044 q@hwt

=

normal synchronous pattern width so as to generate fifst an second
rotational signals, a second pattern wi dth detector |f
I nterval betvveen each pair of continuogs falling edge det ection signa s to
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period of the clock (namely, T/4). The signals ED2 and ED2 are

supplied to the NOR gates G13 and G14. The NOR gates G13 executes a
‘logical NOR operation between the signals ED1 and ED2, to detect a

rising edge of the EFM signal E and to generate the rising edge detection

signal REG. The NOR gate G14 executes a logical NOR operation

between the signals ED1 andE_DZ, to detect a falling edge of the EFM
~ signal E and to generate the falling edge detection signal FEG.

The edge detection circuit 1A is advantageous over the edge
detection circuit 1, because the number of required transistors can be
reduced in comparison with the edge detection circuit 1.

Now, a counter 21A and decoders 22A, 23A, 32A and 33A, which
are included in each of pattern width detectors 2A and 3A incorporated in
a third embodiment of the disk rotational velocity controlling circuit in
accordance with thé present invention, will be described with reference to
Figs. 15 and 16. Fig. 15 is a circuit diagram of the counter 21A, which
represents for both the counter 21A of the pattern width detector 2A and
the counter 31A of the pattern width detector 3A, and Fig. 16 is a circuit
diagram of the decoders 22A, 23A, 32A and 33A. In Figst 15 and 16,
elements corresponding to those shown Figs. 9 and 10 are given the same
Reference Numerals, and explanation thereof will be omitted for
simplification of description.

As seen from comparison between Figs. 15 and 16 and Figs. 9 and
10, the pattern width detector 2A is .different from the pattern width

detector 2, in that the counter 21A (31A) is constituted of a ring counter



40 Wth this arrangenent, since it is possible to deje
pattern read out fromthe disk, not as the pulses of} 11T+11T, but as
signal having the width of 22T, it is possible to nofel prigcNey p9pet
I'inear velocity of the disk rotation. In addition, sfnce the detecti
precision of the disk rotation linear_velocity is inpro
to shorten the drawin tine of dramﬁﬁ§5to t he nornal I|near vel ocity,
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theref ore, cépdsedadf of RA-KageSshiTPeegistér thasitilg of flipflops F1 to F24
cascaded in the form of a ring, and in that the decoder 22A is constituted
of a NAND circuit receiving a Q output signal Q19 of the flipflop-F19 in
the counter 21A and a Q output signal Q20 of the flipflop F20 in the
counter 21A to output a NAND logic as the negative rotation signal RRW,
the decoder 23A is constituted of a NAND circuit receiving a Q output
signal Q20 of the flipflop F20 and a Q output signal Q21 of the flipflop
F21 in the counter 21A to output a NAND logic as the positive rotation
signal RFF, the decoder 32A is constituted of a NAND circuit receiving a
Q output signal Q19 of the flipflop F19 in the counter 31A and a Q
output signal Q20 of the flipflop F20 in the counter 31A to output a
NAND logic as the negative rotation signal FRW, the decoder 23A is
constituted of a NAND circuit receiving a _(5 output signal @ of the
flipflop F20 and a Q output signal Q21 of the flipflop F21 in the counter
31A to output a NAND logic as the positive rotation signal FFF.

More specifically, the counter 21A is constituted of a ﬂng counter
consisting of flipflops F1 to F24 which are cascaded in such a manner that
a Q output of the first stage flipflop F1 is connected to a D input of the
second stage flipflop F2, a Q output of the second stage flipflop F2 is
connected to a D input of the third stage flipflop F3, and so on, and a Q
output of the final staige flipflop F24 is connected to a D input of the first
stage flipflop F1. All the flipflops F1 to F24 are reset by the rising edge
detection signal REG (or the falling edge detection signal FEG in the
counter 31A) and are driven by the clock CK to perform a shift
operation.

Now, an operation will be described. Each of the flipflops F1 to
F24 included in the counter 21A transfers data to a next stage flipflop in
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Furthernore, whether or not the disk rotation |inear REPLACEMBNT SHERIUE! to,
or. sl ower or higher than the normal |inear velocity, i ' 1t ed.
Therefore, it is possible to enlarge the detection ngz 8@ gi a@)rctetlpn
i near vel ocity. 41 d ains: 1. A disk rotational{ v P p)}' ntfrgl I'i ng
circuit for controlling a rotational velocity of ajr ' dium qdi sk in
which digital information in a predeter®Yned signalf format is recordgd in a

const ant

the order in response to each clock and with a delay corresponding to ohe
clock. The period of the counter 21A is 24 x 2, and therefore, the -
counter 21A can count to 47. Therefore, the counter 21A counts up in
response to the clock CK, and is reset in response to the rising edge
detection signal REG. Therefore, the counter 21A operates substantially
similarly to the counter of the first embodiment. However, since the
output condition of the count value is different from the counter of the

first embodiment, the decoders 22A and 23A for generating the positive

and negative rotation signals on the basis of the different output condition

of the counter, are different in construction from those in the first
embodiment.

Similarly to the first embodiment, the decoders 22A and 23A
decode and detect the couﬁt value "43" and "44" of the counter 21A,
respectively, which ’corresponds to the 44th condition and the 45th
condition of the counter 21A, respectively. In the 44th condition of the
counter 21A, namely, when the count value is "43" counted from "0"
(zero), both the 6 output signal _QE of the flipflop F19 and the Q
output signal Q20 of the flipflop F20 are at the high level. Since this
condition cannot exist in the count values other than "43", the decoder
22A is constituted of the NAND circuit receiving the Q output signal
Q19 of the flipflop F19 and the Q output signal Q20-of the flipflop F20.
Similarly, the decoder 23A is constituted of the NAND circuit receiving
the Q output signal. Q20 of the flipflop F20 and the Q output signal Q21
of the flipflop F21, both of which assume the high level when the counter
21A assumes the count value "44".

As seen from the above, the pattern width detector 2A is

characterized in that, although the number of circuit elements included in
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li near velocity type, and conprising a signal repr¢dyet+or—aBans—Cei vi ng
a read-out signal read out fromsaid disk for converfing said readjout
signal into a reproduced signal of said predeterm ned s %ﬂﬁﬂ’ﬁﬁﬂn& ,
characterized in that an edge detection circuit cofpiises a rising}efige
detecting neans receiving said reproduced signal for detecting a risfng
edge of said reproduced S|gnal to gen8rate a risin gna

d a fallgyage (?ﬁgﬁ QH@E
ggt egt [ ﬁg a fa rqﬁége of sali é%e?o uc%gﬂg?gbﬂ?fe%ﬁ% ng’e%l? y oFﬁ sai d
rising edgsther chaiedetié uanbat | dMeiretde elithents ﬁibl&tl@dain th8 décsdeic iy onous

pattern detection circuit includes a first pattern width detector receiving

sai d risi ngreadlyerethiced.i on signal for neasuring an interval bet ween each

pair of continuous rising edge detection signals
Now, a counter 21B and decoders 22B, 23B, 32B and 33B, which

are included in each of pattern width detectors 2B and 3B incorporated in

a fourth embodiment of the disk rotational velocity controlling circuit in
accordance with the present invention, will be described with reference to
Figs. 17 and 18. Fig. 17 is a circuit diagram of the counter 21B, which
represents for both the counter 21B of the pattern width detector 2B and
the counter 31B of the pattern width detector 3B, and Fig. 18 is a circuit
- diagram of the decoders 22B, 23B, 32B and 33B. In Figs. 17 and 18,
elements corresponding to those shown Figs. 9 and 10 are given the same
Reference Numerals, and explanation thereof will be omitted for
simplification of description. _
As seen from comparison between Figs. 17 and 18 and Figs. 9 and _.
10, the pattern width detector 2B is different from the pattern width
detector 2, in that the counter 21B (31B) is constituted of a synchronous
binary counter composed of 6 flipflops F31 to F36 connected as shown
and configured to be reset by the rising edge detection signal REG and
to count up "63" in response to the clock CK, and in that the decoder 22B
is constituted of a pair of AND gates receiving respective Q output signals
Q6, Q4, Q2, and Q1 of the flipflops F36, F34, F32 and F31, and respective
Q output signals Q5 and Q3 of the flipflops F35 and F.33, for the
purpose of decoding and detecting the binary number "10101 I
corresponding to the count value "43", and a NAND circuit receiving an
output of these AND gates to generate the negative rotation signal RRW,
and the decoder 23B- is constituted of a pair of AND gates receiving
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to conpare each nmeasured rising edge interval wt nous
pattern width so as to generate first and second fof ati onal signgl s, a
second pattern width detector receiving said falljng 48NOVel@Ztifor| si gnal
for measuring an interval between each pair of contj nuous falling gdge

detection signals to conpare each neasured falling edge rntervar_wijth said
normal synchronous pattern width so as320 generatie—third and fourth

Cynthesi 21 ePERAVE, LDl Fgfials W, Q8 id RITLF AL TP FaboFaaand

rotation sFaBahndnespectivenQ)emit pUﬂ@1$MS s@sondzanad Qr tdf tleé flipflops gnal s

to generate a negative rotation Signa
F35, F32 and F31, for the purpose of decoding and detecting the binary

number "101100" corresponding to the count value "44", and a NAND

circuit receiving an output of these AND gates to generate the positive
rotation signal RFF. The decoder 32B is constituted similarly to the
decoder 22B, and the decoder 33B is constituted similarly to the decoder
23B. .

Since an operation of the counter 21B (31B) and the decoders 22B,
23B, 32B and 33B are apparent to persons skilled in the art from the
respective circuit constructs, explanation thereof will be omitted.

As seen from the ab-ove the disk rotational velocity controlling
circuit in accordance with the present mventlon is so constructed that the
edge detection circuit comprises the nsmg edge detector and the falhng
edge detector, and the synchronous pattern detection circuit including a
first pattern width detector for measuring an interval between each pair
of continuous rising edge detection signals to generate a rising edge
pattern width signal, and to compare the rising edge pattern width signal
with a normal synchron'ous pattern width so as to generate first and
second rotational signals, a second pattern width detector for measuring
an interval between each pair of continuous falling edge detection signals
to generate a falling edge pattern width signal, and to comparé the falling
edge pattern width signal with a normal synchronous pattern width so as
to generate third and fourth rotational signals, and a detection result
synthesis circuit for synthesizing the first and third rotation signals to
generate a positive rotation signal and for synthesizing the second and

fourth rotation signals to generate a negative rotation signal.
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mhereln said first pattern width detector includes g first eatt;rr Wi dt h
f

measuri ng means receiving said rising edge detectijon sﬂ&hﬁo mgaquri ng
an interval between each pair of continuous rising edge detectionjsijgnals
to generate a first pattern width signal, and a fijst conparing nearls
receiving said first pattern wdth sighal, for co pattern

width signal iy z{}fénsgéfgegf Qﬁﬁe,'énp t @sfs'ibréﬂt@;t&e&aﬂfé@gﬁémﬁud& a

normal |inear vel oc sal I'Tst conparing nmeans generating
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than said norna synchronous pattern width
signal having the width of 22T, it is poss1b1e to more precisely detect the

linear velocity of the disk rotation.

In addition, since the detection precision of the disk rotation linear
velocity is improved, it is possible to shorten the draw-in time of drawing
to the normal linear velocity, and therefore, to elevate the access speed to
the disk.

Furthermore, whether or not the disk rotation linear velocity is
equal to, or slower or higher than the normal linear velocity, is
discriminated. Therefore, it is possible to enlarge the detection range of

disk rotation linear velocity.



and said second rotational signal when said first pa tﬁgm_mtggmsé_ @i}ﬂ" S
not |larger than said normal synchronous pattern w dth; | ﬁe:ond
pattern wi dth detector includes a second pattern w dfh|{neasuri ng neans
receiving said falling edge detection signal for meapuli ik NOV 992r vial
between each pair of continuous falling edge detectipnlsignals to genefrate
a second pattern width signal, and a sezﬁond conmparing neans receiving jsaid
second patCHiﬁlﬁWi dth signal, for conparing each secowe~patternwidih dignal
with said nornal synchronous pattern width, said second conparing nmeans
gener ating] sai dAt @igkdl fotheibnabaveldicifalcomtpollin Cif@seNEbP RontfolliMglt
signal is larger than said normal synchronous pattern width, and said
fourth rotritativalalsivedetityhof wirdcoeding pridiamn disk Hinsiwhidh i digieal
| arger than said nornal _ o _
information in a predetermined signal format is recorded in a constant

linear velocity type, and comprising a signal reproduction means
receiving a read-out signal read out from said disk for converting said
read-out signal into a reproduced signal of said pfedetermined signal
format, characterized in that an edge detection circuit comprises a rising
edge detecﬁng means receiving said reproduced signal for detecting a
rising edge of said reproduced 'signal to generate a rising edge detection
signal, and a falling edge detecting means receiving said reproduced
signal for detecting a falling edge of said reproduced signal,
independently of said rising edge, to g_eneraté a falling edge detection
signal, and a synchronous pattern detection circuit includes a; first pattern
width detector receiving said rising edge detection signal for measuring
an interval between each pair of continuous rising edge detection signals
to compare each measured rising edge interval with a normal
synchronous pattern width so as to generate first and second rotational
signals, a second pattefn width detector receiving said falling edge
detection signal for measuring an interval between each pair of
continuous falling edge detection signals to compare each measured
falling edge interval with said normal synchronous pattern width so as to
generate third and fourth rotational signals, and a detection result
synthesis circuit for synthesizing the first and third rotation signals to
generate a positive rotation signal and for synthesizing the second and

fourth rotation signals to generate a negative rotation signal.

-
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synchronous pattern width; and wherein said detect]i gi"TeSUIT"Synrhegi s
circuit receives said first, second, third and fourt
and synthesizes said first and third rotation signal
positive rotation signal and 43 synt hesi zes saild ls«
rotation signals to generate said negative rotatign signal, and furtther
conprising: a peak/bottom hold circui#2] at chi ng armd—hotdrmg—Sard—posi ti ve

2. A disk rotational velocity controlling circuit claimed in Claim 1,

wherein said first pattern width detector includes a first pattern
width measuring means receiving said rising edge detection Eighal for
measuring an interval between each pair of continuous rising edge
detection signals to generate a first pattern width signal, and a first
comparing means receiving said first pattern width signal, for comparing
said first pattern width signal with a normal synchronous pattern width
corresponding to a normal linear velocity of said disk, said first -
comparing means generating said first rotational signal when said first
pattern width signal is larger than said normal synchronous pattern width,
and said second rotational signal when said first pattern width signal is not
larger than said normal synchronous pattern width;

wherein said second pattern Width detector includes a second
pattern width measuring means receiviﬁg said falling edge detection signal
for measuring an interval between each pair of continuous falling edge
detection signals to generate a second pattern width signal, and a second
comparing means receiving said second pattern width signal, for
comparing each second pattern width signal with said normal synchronous
pattern width, said second comparing means generating said third
rotational signal when said second pattern width signal is larger than said
normal synchronous pattern width, and said fourth rotational signal when
said second pattern width signal is not larger than séid normal
synchronous pattern width; and

wherein said detection result synthesis circuit receives said first,
second, third and fourth rotational signals, and synthesizes said first and

third rotation signals to generate said positive rotation signal and

—_—
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rotatiqn signal and said negative rotation signal a-predet-erm ped

Ul
constant peak sanpling period, to output the held Dpstéi\@nig% at | op signal
and the held negative rotation signal as a notor[d{iv N 7 aphdf an
output circuit receiving said notor drive signal |to.output a potpr]drive

out put signal. 3. A disk rotational velocity cepntrolling circui{E cl ai nred
5+ a—Bufer

in Caiml, wherein said edge detecti éﬁ c: rf(;uit CORPF-+SHRes e &
anpl i fier s j UARY RBR! rot8tioRUS A 1) e fsaf
rrergroducedggliqginéaé??&a |§s%@(?5nﬂ\}iejrter recfe}?w ng a c]g ck si gngé 0 generate an
inverted chegitifé @oRitiorRsip@dNandnverter receiving said inverted clock
signal to generate a

further comprising:

a peak/bottom hold circuit latching and holding said positive
rotation signal and said negative rotation signal for a predetermined
constant peak sampling period, to output the held positive rotation signal
-and the held negative rotation signal as a motor drive signal; and

an output circuit receiving said motor drive signal to output a

motor drive output signal.

3. A disk rotational velocity controlling circuit claimed in Claim 1,
wherein said edge detection circuit comprising: | |

a buffer amplifier receiving said reproduced signal for outputting
an amplified reproduced signal;

a first inverter receiving a clock signal to generate an inverted
clock signal;

a second inverter receiving said inverted clock signal to generate a
non-inverted clock signal;

a first flipflop having a data input connected to receive said
amplified reproduced signal and a clock input connected to receive said
inverted clock signal, for generating a first non-inverted output signal and
a first inverted output signal; |

a second ﬂipﬂop hav'ing a data input connected to receive said first
non-inverted output signal and a clock input connected to receive said
non-inverted clock signal; for generating a second non-inverted output

signal and a second inverted output signal;

LTS
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non-inverted clock signal; a first fli pflop havi ng Rﬂ%.ﬁ% cted

ta receive said anplified reproduced signal and a El pck i nput conZFc ed to
P

receive said inverted clock signal, for generatingfalfilf®&NOVo®W97nvierk ed
out put signal and a first inverted output signal; p kecond flipfl avi ng
a data input connected to receive said first non-iphverted output Signal and
a clock input connected to receive sd4dd non-inverted_clock siagpal. flor

generating a segnds TONT WAL LeOUVRNE i@ st Hh-Mratal SutBUe's a0 Ut PUL

si gnal ;

and said second inverted output signal, for generating said rising edge
detection signal; and -

a second AND circuit receiving said first inverted output signal and
said second non-inverted output signal, for generating said falling edge

detection signal.

4. A disk rotational velocity controlling circuit claimed in Claim 1,
wherein said edge detection circuit comprising:

a first inverter receiving a clock signal to generate an inverted
clock signal; | |

a second inverter receiving said inverted clock signal to generate a
non-inverted clock signal; | o

a first flipflop having a data input connect'ed to receive said
reproduced signal and a clock input connected to receive said inverted
clock signal, for generating a first non-inverted output signal and a first
inverted output signal;

a second flipflop having a data input connected to receive said first
non-inverted output signal and a clock input connected to receive said
non-inverted clock signal, for generating a second non-inverted output
signal and a second inverted output signal;

a first NOR circuit receiving said first inverted outpuf signal and
said second non-inverted output signal, for generating said rising edge
detection signal; and

a second NOR circuit receiving said first non-inverted output signal
and said second inverted output signal, for generating said falling edge

detection signal.

-
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44 a first AND circuit receiving said first non-inyerted—output—si gnal and

sai d second inverted output signal, for generatinggls i;g@\?% lge
, 997,

detection signal; and a second AND circuit receiyYing nyerted
out put si gnal and sai d second non-inverted out puf dignal ._for genhefating
said falling edge detection signal. 4. A di sk fotational velocit)

controlling circuit clainmed in C ai m$, wherein h circuit
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signal to genergh@rein said-first pattern width measuring means is constituted of a
first counter reset by said rising edge detection signal and counting a
clock signal, so as to output a first count value as said first pattern width
signal, and said second pattern width measuring means is constituted of a
second counter reset by said falling edge detection signal and counting
said clock signal, so as to output a second count value as said second
: pattem.width signal;

wherein said first comparing means comprises a first decoder
receiving said first count value to generate said first rotational signal
when said first count value is consistent with a first reference value
corresponding to said normal synchronous pattern width and a second
decoder receiving said first count value to generate said second rotational
signal when said first count value is consistent with a second reference

value larger than said first reference value by one; and
wherein said second comparing means comprises a third decoder
receiving said second count value to generate said third rotational signal
when said second count value is consistent with said first reference value
and a third decoder receiving said second count value to generate said
second rotational signal when said second count value is consistent with

said second reference value.

6. A disk rotational velocity controlling circuit claimed in Claim 5,
wherein said first counter is constituted of first to (N)th flipflops

reset by said rising edge detection signal and cascaded to transfer a data

signal to a next stage within said first to (N)th flipflops in response to said

clock, and an exclusive OR circuit receiving an output of each of said first

RER O R



non-inverted clock signal; a first flipflop havilnGEBLACEMENT SHRETC dnnect ed
tq recéive said reproduced signal and a clock idpyT connected 1o feceive
said inverted c¢lock signal, for generating a fifst n?P-ﬂqugtjpd olyit put
signal and a first inverted output signal; a sedorld i'pflop hayi

I nput connected to receive said first non-inver tjet=eut-ptit—stgrrat
cl ock i nput connected to receive sai d 4%on-i nvertled cl ock si gnal ,
ener at i ngy; ' i t ' out put
o anar: oV PARE R AR e EL B O i e T B e NP el B
sai d secopgpteof isBME Firsdflopflep! saidofisdt. tof V) thetipfispsbavinigda first peoapge
detection signal; and

of N output bits and a second group of N output bits, which are selected

to correspond to said first and second reference values, respectively, N
~ being a positive integer;
wherein said first decoder is constituted of a first logic circuit
connected to said first group of N oiltput bits to generate said first
rotational signal when all bits. included in said first group of N output bits
assume a predetermined logical level, and said second decoder is
constituted of a second logic circuit connected to said second group of N
output bits to generate said second rotational signal when all bits included
in said second group of N output bits assume said predetermined logical
level; _
wherein said second counter is constituted of first to (N)th ﬂ'ipﬂo;;s
reset by said falling edge detection signal and cascaded to transfer a data
signal to a next stage within said first to (N)th flipflops in response to said
clock, and an exclusive OR circuit receiving an output of each of said first
flipflop and said (N)th flipflops and having an output connected to a data
input of said first flipflop, said first to (N)th flipflops having a third
group of N output bits and a fourth group of N output bits, which are
~ selected to correspond to said first and second reference values,
respectively; '
wherein said third decoder is constituted of a third logic circuit
connected to said third group of N output bits to generate said third
rotational signal when all bits included in said third group of N output
bits assume said predetermined logical level, and said fourth decoder is

constituted of a fourth logic circuit connected to said fourth group of N
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a second NOR circuit receiving said first non-inv
sai d second inverted output signal, for generatin
detection signal. 45 5. - A disk rotational ve
claimed in Claim2, wherein said first pattern w
constituted of a first counter reset by said risi
and counting a clock signal, so as to ot put a fi

Br %PMQF.MEM S'QEJTa.. and
) $aid falling efg
o¢i th9 NOM 19971 i hg| circuit
it h measuring nmepng is

g edge detection kignal

D

st count _value aslsaid

first pattgsbubiiltdss saHatate Vala TBLAtn°FoiaROnAR Sighal Wheh RIS YhbRtadErans

is constit

in said fourth group of N output bits assume said predetermined logical

level.

7. A disk rotational velocity controlling circuit claimed in Claim 5,

wherein said first counter is constituted of first to (M)th flipflops
reset by said ﬁsing edge detection signal and cascaded to transfer a data
signal to a next stage within said first to (M)th flipflops in response to
said clock, an output of said (M)th flipflop being connected to an input Qf
said first flipflops;

wherein said first decoder is constituted of a first logic circuit
connected to an inverted output of a (i)th ﬂipﬂop of said first to (M)th
flipflops and a non-inverted output of a (i+1)th flipflop to generate said
first rotational signal when both said inverted output of said (i)th flipflop
and said non-inverted output of said (i+1)th flipflop assume a
predetermined logical level, where "i" is an integer substantially
corresponding to said first reference value, and 1<i<M, said second
decoder is constituted of a second logic circuit connected to an inverted
output of said (i+1)th flipflop and a non-inverted output of a (i+2)th
flipflop to generate said second rotational signal when both said inverted
output of said (i+1)th flipflop and said non-inverted output of said (i+2)th
flipflop assume said predetermined logical level; |

wherein said second counter is constituted of first to (M)th flipflops
reset by said falling edge detection signal and cascaded to transfer a data
signal to a next stagé within said first to (M)th flipflops in response to
said clock, an output of said (M)th flipflop being connected to an input of
said first flipflops;
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second _counter reset by said falling edge detecti En I ng
said ¢l ock signal, so as to output a second count écand
pattern width signal; wherein said first conparin 5
decoder receiving said first count value to gener Dt
signal when said first count value is consistent wwth a TIrst rerergnce
val ue corresponding to said nornal s‘kznchronous patiern wdth and a fecond

decoder ecel Vivpherahddit’ Blir§ Woddt! e chisGRNBHADE o Bhitd RARIcHELR! | Onal

si gnal when sai t count value 1s consistent wth a sec erence

val ue | ar ainricde 81 h finVErelSORIRNCE ¥alinh Hipfop:ofsaldifiesets ()

second conpari ng neans conprises hird decod cei ving said second

count val fiipflopeardad aopaivdriéd dutpaeof an @ 19tteflpflop to genérate said
third rotational signal when both said inverted output of said (i)th flipflop

h first
at i onal

and said non-inverted output of said (i+1)th flipflop assume said
predetermined logical level, and said fourth decoder is constituted of a
fourth logic circuit connected to an inverted output of said (i+1)th |
flipflop and a non-inverted output of a (i+2)th flipflop to generate said
fourth rotational signal when both said inverted output of said (i+1)th
flipflop and said non-inverted output of said (i+2)th flipflop assume said

predetermined logical level.
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when said second count value is consistent with said

and-axthird decoder receiving said second count val ue
second rotational signal when said second count val ue
sai d second reference val ue. 6. A di sk rotational vg
circuit clained in daim5, wherein said first countef
first to (NJth flipflops reset by said t+#%t ng edge de

ded f dat ' | t st f tt
(R th 11ipf1 ops. i nSRROIATIONAL & Bl AN IO NG Cudllrci 1 cui 1 ©
recei ving ﬁg’ﬂﬁ\&‘ft of each of said first -

In a disk rotational velocity controlling circuit, an edge detection circuit 1

comprises a rising edge detector and a falling edge detector for detecting a rising edge'
and a falling edge of an EFM signal E. A synchronous pattern detection circuit 13
includes a detector 2 for measuring an interval between each pair of continuous rising
edge detection signals REG to compare each measured rising edge interval with a normal
synchronous pattern width so as to generate first and second rotational signals RFF and
RRW, a detector 3 for measuring an interval between each pair of continuous falling
edge detection signals FEG to compare each measured falling edge interval with the
normall synchronous pattern width so as to generate third and fourth rotational signals
FFF and FRW, and a detection result synthesis circuit 4 for synthesizing the first and
third i'dtét;on signals RFF and FFF to generate a positive rotation signal FF and for
synthesizing the second and fourth rotation signals RRW and FRW to generate a
negative rotation signai RW.

Fig. 5



REPLACEMVENT SHEET 46 flipflop and said (N)th flipflops and havi ng an out put
connected to a data input of said first flipflop, said I b o t EET
flipflops having a first group of N output bits and a spcQi ‘
output bits, which are selected to correspond to said f{rkt and second

ref erence val ues, respectively, N being a positive intepef; Mh&NOM 992ai d
first decoder is constituted of a first logic circuit cpnpected to said
first group of N output bits to generlﬁ% said first rothtional signal wheh
al | bitsn;c:.cl ud in said first group of N output bits hssune_a

predet er nf- ég,l gi cPRKIR AR Faid second decoder is constituted of a

second |l ogic™circuit connected to said second group of N
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wherein said third decoder is constituted of a third |ogiT xrrTort )
connected to said third group of N output bits to generatje P§a1d"fﬁﬁﬁduHcL«
“rotational signal when all bits included in said third gjoyp of N outp
bits assune said predeterm ned |ogical level, and said fg J
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7. A disk rotational velocity controlling circuit clained in Caims5,

wherein said first counter is constituted of first to ( BP
by said rising edge detection signal and cascaded to trangl
to a next stage within said first to (Mth flipflops injrg¢sponse to sa
clock, an output of said (Mth flipflop being connected|tp &9 NOw f
first flipflops; wherein said flrst coder is constituted of a flrs | fo
circuit connected to an inverted ou{put of a (i)th flipflop OFr Sarg—dHst
to (Mth flipflops and a non-inverted output of a (i+1) flipflop to

generate said first rotational signal when both said inverted output of
said (i)th flipflop and said non-inverted output of said (i+l)th flipflop

assune a predeterm ned logical level, where "i" is an integer substantially
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corresponding to said first reference value, and 1<i<M said second decoder

is constituted of a second logic circuit connected to
said (i+1)th flipflop and a non-inverted output of a (|
generate said second rotational signal when both said
said (i+l)th flipflop and said non-inverted output of

assune said predeterm ned |ogical |evel; wherein said
constituted of first to (Mth flipflgpg reset by said
detection signal and cascaded to transfer a data signa
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48 wherein said third decoder is constituted of a third logic circuit
connected to an inverted output of a (i)th flipflop of said first to (Mth
flipflops and a non-inverted output of a (i+1)th flipfl —-Sal
third rotational signal when both said inverted output joftcEEAGEMENYt SHEET -
flipflop and said non-inverted output of said (i+l)th fflifpflop assume—said
predeterm ned | ogical level, and said fourth decoder i$ ¢onpgi Wf a
fourth logic circuit connected to an i 6¥Erted output o i;aid I +1

flipflop and a non-inverted output of a (i+2)th flipfl ppto—gere+ateshid
fourth rotational signal when both said inverted outpug of said (i+l)th

Fig.8

2 (3) PATTERN WIDTH

DETECTOR
21(31)
CK
O— CK
COUNTER
O R
REG ;
(FEG) nR(NF)
Y Y Y
22(32) 23(33)
\ DECODER ‘| DECODER /
RRW RFF
(FRW) (FFF)




i pf'l op and said non-inverted output of said.(i+2)th flipflop assune .said
predeterm ned | ogical |evel. REPLACEMENT SHEET
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