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SPECIFICATION .: ··_? ·::-.~_r>~~>~~.rr:r ....................... ·.·:.-.. ··_.· 

Title of the Invention 

DISK ROTATIONAL VELOCITY CONTROLLING CIRCUIT 

·-
Background of the Invention 

Field of the invention 

The present· invention relates ro 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 (co~pact dick), of a CL V .(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) fonnat, 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 J apane~e 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 

J apanesc patent applications, (the content of which is incorpo.~ated by 

reference in its entirety into this application) (Prior Art Reference 2). 

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

priox art disk rotation~ velocity controlling circuit. This shown first 

------
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prior art disk ·rotational velocity controlling circuit comprises a_ disk 10 

such as a CD in whi~ digital information is recorded in an EFM (eight­

to-founeen Modulation) format and in the CL V 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 BFM signal, in synchronism with the clock ~ and for generating 

an edge detection signal EG, and a pattern width detection circuit 104 

receiving the edge detection signal BG and the clock CK for calculating 

the width of the synchronous pattern from the edge detection signal EG 

and generating a disk rotation control signal CR. 
I . 

Now, an operation of the prior art disk rotational velocity 

controlling circuit will be described with reference to Fig. L In order to 

elevate a recording density, the digital disk "typified by the CD adopts the 

CL V 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, tlie 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 ca.uied 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 

predetennined constant velocity. 

In a CD modulatit>n system, ~e 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 = l / 4.3218 MHz. Information is recorded 
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by patterns having the width (or duration) of three times to eleven times 

of the clock period T (namely. 3T to 11 T). 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 11 T never continue. On the 

. . 
other band, 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 llT and a succeeding low level having a 

duration (namely, width) of 11 T or a low level having a duratiQn of 11 T 

and a succeeding high level having a duration of 11T. Namely. the 

synchronous pattern is defined as two continuous maximum pattern 

wid~ (or durations), and is recorded at every 588T. Thus, it is possible 

to adjust the rotational velocity of the disk by detecting the two 
I 

continuous maximum pattern widths as the synchronous pattern, and 

calculating a difference between the detected maximum pattern width and 

a maximum pattern width 11 T corresponding to a normal rotation linear 

velocity. For example, if the detected maximum pattern width is larger 

than 11 T, 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 'Yelocity. On the 

other hand, if the detected maximum pattern width is shorter than 11 T, 

namely, if it is discriminated that the disk rotation linear velocity 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 l~T. namely, if it is discriminated that 

the disk rotation linear velocity is at the normal rotation linear velacity, 
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the control signal CR is 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 102. The clock generator 8 generate5 the clock CK 

having the period T, and supplies the clock CK to the edge detection 

circuit I 02 and the pattetn 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 
~d outputs the edge detection signal EG to the pattern width detection 

circuit 104. The pattern width detection circuit l 04 responds to the edge 

detectio~ 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 between 

the detected pattern width and 1 lT. 

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 A20l 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 an~ 

controlled by the delayed clock· CKD to output a signal EDI which is 

delayed from the signal EA by one clock, another D-type flipflop F202 

receiving the signal ED I and· controlled by the delayed clock CKD to 
output a signal ED2 which is delayed from the signal ED 1 by one clock, 

I ' 

and an exclusive OR gate BX201 receiving the signals EDI &id ED2 to 
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generates an exclusive OR signal between the signals ED I and ED2, as the 

edge detection signal. 

Now, ail operation of this edge detection circuit 102 _will be 

describe.cl. If the EFM signal B i.s supplied to the buffer amplifiei· A201,, 

the buffer amplifier A201 outputs the amplified EFM signal EA. The 

D-type flipflop F201 outputs, as the signal EDl, the signal EA after 

delaying the same by one clock and in synchronism with the delayed clock 

CKD. This signal EDl is supplied to the D-type flipflop F202 ai1d the 

exclusive OR gate EX201. The D-type flipflop F202 outputs, as ~e signal 

BD2, the signal ED 1 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 BX20l. The exclusive OR gate EX201 executes the 

exclusive OR logical operation between the signals EDl 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 pattem 

width detection circuit 104. The shown patt_em 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 EO, by use of the clock CK, so as to 

determine the patr.ern width of the EFM signal E. and to generate a 

pattern width signal W, and a decoder 42 receiving the pattetn 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 sig~ FF. 

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

described. The pattern width detector 41. measures the time interval 
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between each pair of continuous edge d~tection signals EG9 by counting 

the clock CK, and outputs the measured value W of tbe time intenral to 

the decoder 42. Here, for calculation of the linear velocity of the disk 

rotation, a clock having the period TIN (where N is integer) can be used . .. . . . 
in place of the clock CK. ~e decoder 42 calculates, from the measured 

value W, the pattern width corresponding to the measured value W, and 

also calculates a difference between the ca1cuJated pattern width_ and the 

predetermined pattern width which corresponds to a predetermined 

normal rotation linear velocity. If the difference is positive, since the 

rotational velQcity 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 EF. 
Herc, consider a disk rotation st.arting time, or a draw-in operation 

for example at the time of a track jump in which the position of a pickµp 

is moved at random. If only the maximUDl pattern width of 11 T 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 th~ disk rotation linear velocity 

detecting clock to N tbnes, as mentioned above ... In this case, however, an 

operation margin in the rotational. velocity detection circuit becomes 
.z 

small for the reason explained hereinafter, and therefore. it becomes 

difficult to be applied to a four-time speed reproduction or an eight-time 
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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 nequency for CD is 

4.3218MHz (clock period T = l/4.3218MHz} as mentioned 

hereinbefore. If N.-2 is realized in order to double the detection 

precision, the detection clock frequency ~ecomes 8.6436 MHz. · In this 

device, if the reproduction speed is made to eight tiltles, 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 controlling 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 perfonning 

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 

This Sheet Has Been Replaced 
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register 206. In this example. since the clock CK for the velocity 

detection is made to Tl2. and since the pattern width of the synchronous 

signal to be detected is 11 T x 2 = 22T, the number of stages required· in 

this shift register 206. at the normal velocity is 44 (=22T+ T 12). 

TherefOIC, by adding ·three stages as a detection t0ieration in the case that 

the dislc 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 "X1
' in the .shift register 206 are nwnbered "1 '' 

to '"23" in order towards a right end stage, and 24 stages at a left side are 

numbered 11
- l" 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 nonnal 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 "2211
, "-l 11 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 21 T, the shift register 206 

changes to the effect that the stages ''21 ''. "-1 .. and 11-22'' 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 "t ··-1" and "-24" have an 

non·inverted output of '' 1" and the other stages have an non-inverted 

output of ''O". 

· The output content of the respective stages of the shift register 206 

is detected by a- combinational circ~t composed of a combination of 
:; 

known AND circuits and OR circuits, and whether the linear 'V'elocity is 
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slower or faster than the normal velocity, is detected on the ba.Sis of the· 

result of the detection. 

The second prior art disk rotational velocity conttolling circuit as 

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

circuit scale. Namely, the synchronous signai-patteni width of the 

read-out 'Signal from the EFM recording disk is 22T (= 11 T x 2) as 

mentioned above. and the minimum required stage number of the shift . 

register storing the edge pattem 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 + a. In addition. in order to detect all the contents of the . 

stages of the shift register, the velocity detecting logic circuit l?eoomes 

large in circuit scale. 
I 

In brief, since the fust prior art disk rotational velocity controlling 

circuit as mentioned above uses only 11 T 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 velociey 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 s:I'~ reproc:tuction or. the eight-time 
: 

speed reproductlon which are now major in a CD-ROM (conipa.ct-disk . 

read-only-memory) reproducing device which are now being spread as a 
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recording medium for a computer, and to a reproduction $peed which is 

expected to be further elevated in future. 

On the other hand, since the second prior an disk rotational 

velocity controlling circuit as mentioned above is constmcted 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 cont.cnts of the st.ages 

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 wh!ch 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 miall circuit scale. 

The above arid other objects of the present invention are achieved in 

accordance with the present invention by a disk rotational velocity 

controlling circuit for cont.rolling a rotational velocity of a 1ecording 
' 

medium disk in which digital information in a predetermined signal 

fonnat 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 sign~ into a reproduced sig11al of said 

predetermined signal format, characterized in that an edge detection 

circuit comprises a rising edge detecting means receiving said reproduced 

i11i1iii1i1iilillf 



- i1· .. 

signal for detecting a rising edge of said reproduced signal to generate a 

rising edge detection sign~ and a falling edge detecting means receiving 

said reproduced signal for detecting a falling edge of said reproduced 

signal, inde~dently of said .rising edge. to generate a falling edge 

detection signal, and a synchronous pa~ detection circuit includes a 

fitst pattern width detector receiving said rising edge detection ~ignal for 

measuring an interval between each pair of continuous rising edge 

detection signals to compare each measu.red rising edge inteIYal with a 

nonnal synchronous pattem 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 d;etection signals to compare each measured 

falling edge interval with said no.rmal synchroµous 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 Drawirigs 

Fig. 1 is a block diagram of the first prior art disk rotational 

velocity conttolling 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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Fig. 3 · is a circuit diagram of the pattern width detecti~n circuit 

used in the first prior art disk :rotatiobal velocity controlling circuit 

shown in Fig. 1; 

Fig. 4 is a block diagram of the second prior art disk ~tational 
... 

·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. S; 

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 invention1 at the time of a nomial 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 f.ttst embodime~t of the disk ~otationai velocity controlling. circuit 
, 

in accordance with the present invention, when· the rotational ·velocity is 

faster than the normal rotational velocity; 

11m111m~1ilmr 



- 13 -

Fig. 13 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 

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 die decoder used in the third 

embodiment of the disk rotational velocity controlling circuit in 

accordance with the present invention; 

Pig. 17 is a circuit diagram of Pie 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 che fourth 

embodiment of the disk rotational velocity controlling circuit in 

accordance with the present invention. 

Description of the Preferred embodiments 

Rcfening 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 ~ig. 1 are ·given the same Reference Numerals and. Signs. 

The shown first embodimen' of the disk rotational velocity 

controlling circuit comprisest in addition to the disk 10 and the clock 

. generator 8 similar to those of the prior art circuit shown in Fig. IJ a 
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signal reproduction circui~ 11 receiving an analog read-out circuit AR 

l'ead out ft'om the .disk 10, to convert into a digital signal so as to generate 

an EFM signal E, an edge detection circuit 1 receiving the EFM· signal E 

and the clock CK to detect, in synchronism with the clock CK. an edge of ... 
the EPM 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 detect.ion signal REG and 

a falling edge detection signal PEG, and a synchronous pattem width 

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

falling edge detection signal FEO 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 conespondin$ 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 pe~ottom 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 

conesponding positive motor ~l'ive 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 

MOR, for outputting a motor drive output signal MD. a PLL (phase lock 

loop) circuit 9 receiving a pit cl~ck PC supplied from tli:e signal 

reproduction 11 to self-lock in synchronism with the pit clock PC and ro 
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generate a pit clock signal PCLK corresponding to IT. a frame 

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 
... 

frequency dividing ratio N to generate the peak sampling period TS. 

The synchronous pattern width detection circuit 13 includes a rising 

edge pattem 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 vel~ity, 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 meas~ intervals, with rhe synchronous pattern width 22T 

corresponding to the nonnal 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 patt~m width is sm~r 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 

signalRW. 

The output circuit 12 includes inverters 121 and 122 receiving the 

positive motor drive signal MDF and the negative motor drive signal 

• 



- 16 -

MDR, respectively, a P-channel MOS tt:ansistor M21 having a .source 

connected to a positive pow~r supply voltage, a gate connected to an 

output of the inverter 121 so as to receive 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 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. S. 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, (ln.)T. 

P-m;tly, shnilarly co the prior an 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 ont from the disk 1 O (in which 

digital infonnation is recorded.in the EFM fonnat and in the CLV type) 

and which has the width {llT+llT} 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 BFM signal o~tputted from the signal reproduction circuit 11, 

and the linear velocity 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 i~ a predetermined range of variation. 
~ 

ln other words, when the variation of the linear velocity is in-a capture 

range of the PLL cirouit 9. it is possible to precisely control the rotation 
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by means of the synchronous pattern. However, when the variation of the 

linear velocity is out of the capture range of the PLL circuit 9, for 

example, at the time of stalting 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 impossib~. 

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. ~ 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. H~wever, the edge 

detection circwt 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 signai 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 :;ignal 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 
f 

to the edge detection circuit l, the pattern width detectors 2 and 3, and the 

frame generation circuit 7. The edge detection circuit l detects the rising 



- 18 -

edge and the falling edge of the EFM signal B in synchronism With the 

clock CK t9 generate the rising edge detection signal REG and he falling 

edge detection signal FEG to the pattern width detectors 2 and 3, 

respectil'ely. 

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 maiinl.um interval of the measured intervals, 

namely, the pattem width of the maximum pattern width signal, ~th the 

synchronous pattern width 22T coaesponding 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 pattem width detector 2 g~erates 

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 nonnal 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 FR.W. 

The detection result synthesis circ~t 4 synthesizes the respective 

detection results outputted from the pattern width detectors 2 and 3. 

Since both of che positive rotati~n 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 
;· 

dislc 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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signal FF. Similarly. the detection result synthesis circuit 4 synthesizes 

bOtb the negative rotation signals RRW and FRW to generate the negative 

rotation signal RW. 

At the time of starting the disk rotatiOn, or at the track jump, the 

pattem widths of both the positive and n:egative maximum pattern Width 
signals become greatly different from each other, and the appearance 

frequency of these maximum pattern witiths changes. Under this 

circumstance, the peak/bottom hold circuit 5 latches and bolds 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 MDP 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 l/N. by 

action of the frequency division circuit 6. . sillcc the synchr~nous pattern 

exists repeatedly at least at every one frame, 1111I1ely, 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 S extracts, from the 

ruaximum pattern width signals detected during the peak sampling 

periods, the maximum pattern width, signal having a minimum ·pattern 
6 

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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due to a scratch on the disk" 10, thereby to .minimize an enoneous 

derection of the maxbnum 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 circuit diagram of the edge detection 

circuit 1. The edge detection circuit 1 shown in Fig .. 6 includes a buffer 

amplifier A 11 receiving and amplifying the EFM signal E to gen~rate an 

amplified signal EA, a cascaded inverters Ill and 112 receiving the clock 

CK to generate an inverted delayed clock CKB and a non-inverted further 

delayed clock CKD, respectively~ a D-type flipflop Fll receiving the 

signal EA and controlled by llie inverted delayed clock CKB. to output a 

signal ED 1 delayed from the signal BA by one clock and an inverted -signal EDl of the signal ED1, another D-type flipflop F12 receiving the 

signal EDl and controlled by the non-inverted further delayed clock 

CKD, to output a signal BD2 delayed from the signal ED 1 by one clock -and an inverted signal BD2 of the signal ED2, an AND gate Gl 1 . 
receiving the signals EDl and ED2 to generate the rising edge detection 

signal REG constituted of a logical AND between the signals EDI 

andED2, and another AND gate Gl2 receiving the signals EDt and·ED2 

to generate the falling edge detection signal FEG _constituted of a logical ·-AND between the signals EDt and ED2. 

-Now. an operation of this edge ~tection circuit 1-will·be described. 
i 

If the EFM signal Eis supplied to the buffer amplifier All, tile buffer 

amplifier Al I outputs the amplified EFM signal EA. The D-type flipflop 
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Fll outputs the signal EDl ind its inverted signal ED I, which are delayed 

from the signal BA by one clock and in synchronism with the delayed 

cloclc CKB. These signals ED1 and BD1 are supplied to the D-type 

flip.flop F12 and the AND gates 011 and G12. The D-type flipflop F12 

outputs the signal ED2 and its inverted signal ED2, which are delayed 

from the sipal EDl 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 the signal EDl by a half of the period of - . 
the clock (namely .. T/4). The signals ED2. and ED2 are supplied to the 

AND gates Gi 1 and 012.. 

The AND gate 011 receives the signals EDl and ED2 to execute a -logical AND operation between the signals ED 1 and ED2, thereby to 

detect a rising edge,. namely, a rising level transition, of the EFM signal, 
I 

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 -012 receives the signals BO! and ED2 to execute a logical AND 
-operation between the signals ED 1 and ED2, thereby to d~tect a falling 

edge, namely, ·a falling level transition, of the EFM signal, and to 

generate the falling edge detection signal PEG having the width whioh 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 wavefonn eotresponding to one frame in a first 

case that the disk rotates at a normal linear velocity. As shown in Fig. 7, 

the EFM signal B is generated .in the form of a combination of the high 

level having the width 11 T and the lQw level having the width 11 T. The . . 
signal ED1 is generated at the falling edge of a first clock appearing after 

the BFM signal B has risen, and the signal BD2 is. generated at the rising 
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edge of a second clock appearing after the EFM.signal E has risen. The 

signal REG is generated to have the width starting at the rising edge of 

the signal ED1 and terminating at the rlsing edge of the signal ED2, and 

the signal FBG is generated to ·have the wid~ starting at the falling edge 

of the signal ED1 and tenninating 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, wh~ch is a circuit diagram. of the 

pattern width detector 2 used in the disk rotational velocity controlling 

circuit shown in Fig. 5. 

The pattcm 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 "44u, respectively. The 

counter 21 is configured to count up to a value· of 22 x 2 + a. 

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, :p&W and FFF, respectively and the count 

value nR to the count .value nF, as .shown by parenthesized Reference 

Numerals and Signs in Fig. 8. 
As mentioned above, the counter 21 can count up to the value of 

22 x 2 + a, for the purpose of determining the synchronous pattern 

width 22T by counting the clock c~- having the period of T/2. · There. 

+ a is a tolerance or margin for ensuring to be able to detect the 
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synchronous pattern width which is larger than 22T when the disk 

rotation linear velocity is slower than the nonnal 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 oountec 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 x 2 - 1) or less. Similarly, the decoder 23 generates the 

positive rotation signal RFF when the received count value nR reaches 44 

(= 22 x 2) 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 0-type 

flipflops F2.o to F2S connected as shown, and an exclusive OR circuit . 
BX21 receiving a Q output of each of the flipflops Fio and F2s. 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 c2n - 1). In the shown example, since the COWlter 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 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 the output of the exclusive 

OR circuit EX21. With this arrangement, since a binary sequen:ce is fed 
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backt the counter 21 generates a random number with the period of '163 .. t 

and also functions as a synchronous counter. 

Returning to the timing chart of Fig. 7, the count values nR and nF 

change at random, however. for convenience of description, after it "is 

reset, the count value fill 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", • • •, X+22, 0 (zero).•••, 

21, and changes as ''X", •••again after it is rc$ct. 11lis 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 counter 31 is reset in response to the falling edge detection signal 

FEG t and the counter 31 counts the· clock CK to increment the count 

value until the next falling edge detection signal .PEG is supplied. Since 

the example shown in Fig. 7 shows the nonnal linear velocity, the count . 
value nR increments to 43, and thereafter. is reset too· (zero). Since the 

count value nR . at this time is brought to ~ (zero) because of the reset 

input, the count value .. 43" of the synchronoµs 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, rtamely, 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 re5ul~ 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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G222. The decoder 23 includes two three-input AND circuits 0231 and 

0232, and a two-input NAND circuit 0233 receiving an output of the 

AND circuits 0231and0232. The decoder 32 includes two three-input 

AND circuits 0321 and 03229 and a two-input NAND cirCuit 0323 
, . 

receiving an output of the AND circuits 0321 and 0322. The decoder 33 

includes two three-input AND circuits G33 l and 0:332, and a two .. input 

NANO circuit 0333 receiving an output of the AND circuits G331 and 

0332. 

The detection result synthesis circuit 4 includes a NAND circuit 

G41 receiving the signals RRW and FRW outputted from the NAND 

circuit 0223 and the NAND circuit 0323, :respectively. to execute a 

NAND logic operation so as to generate the signal RW, and another 

NAND circuit 042 receiving the signals RFF and FFF outputted from the 

NAND circuit 0233 and the NAND circuit 0333, respectively, to execute 

a NAND logic 9peration so as to generate the signal FF. 

The AND circuits G221 and G222 of .the decoder 22 are connected 

to receive outputs QBo, Ql and QB2, and Q3, Q4 and QBs of the filpflops 

F20 to F25, as shown in Fig. 10, in order to decode "431
', namely, a 44th 

condition of the counter 21. The AND circuits G23 l and 0232 of the 

decoder 23 are connected to receive outputs QO, QBl and Q2, and QB3, 

Q4 and Qs of the flipflops Fl~ to F2S, as shown in Fig. 10. in order to 

d~ 1144", namely, a 4Sth condition of the counter 21. 

· With this mangemcnt, only when an the :inputs of the AND circuits 

G221 and 0222 are at a high level, namely, only when the counter 21 

assumes the 44th condition, each ofrthe AND circuits G221 and 0222 

outputs a high level, so that the NA.ND gate 0223 outputs the negadve 

rotation signal RRW of the low level. Similarly, only when all the inputs 
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of the AND circuits G23 l and 0232 are at a high level, namely, only when 

the counter 21 assumes &:be 45tb condition, each of the AND circuits 0231 

and G2g2 outputs a high level, so that the NAND gate G233 outputs the 

positive rotation signal FR.W of the low level. 

Similarly, the AND circuits 0321 and G322 of. the decoder 32 are 

connected to receive outpu~ QBO, QI and QB2, and Q3, Q4 and QBs of 

the flipflops F20 to F2s. and the AND circuits G331 and G332 of the. 

decoder 33 are connected to receive outputs Qo, QB l and Qi, and QB3, 

Q4 and Qs of the flipfiops Flo 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 decodet 33 are at a high level, the decoder 33 outputs the positive 

rotation signal FFF of the low level. 

With tbe above mentioned ope.ration, 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 pattem width 

and the detected falling edge maximum pattem 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 circu~t 4 generates the positive rotation signal ~ by 

synthesizing the signals RFF and FFF indicative of the detection of the 
• respective 45th conditions of the ~o~ters 21 and 31 (count value 44) . 

.; 

Namely, the NANO circuit 041 receives the signals RRW and FRW and 

generates the negative rotation signal RW of the high level if at least one 
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of the signals RRW and FRW is at the low level. Similarly. the NAND 

circuit 042 receives the signals RFF and PFF and gene.rates the positive 

rotation signal FF of the high level if at least one of the signals RFF and 

FFF is at the low level. 

Here, the arbitrary number .. X" of nF in Fig. 7 is in the range_ from 

a minimum value corresponding to the minimUJll number 3T in the EFM 

format to a maximum value corresponding to the maximum number lOT 

in the BFM format, namely, in the range between the minimum value 5 
. . 

(= 3 x 2-1) and the maximum value 1.9 (= 10 x 2-1). Therefore, 

even if the maximum value 11X + 22" becomes equal to 41, neither 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 coxresponding 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 nonnal 

linear velocity. In this second case, the EFM signal E i& generated in the 

fonn of a combination of the low level having the width 11 T 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~ falling edge detection signal PEG. the counter 31 is reset to start 

the counting from 110'1 and to output the ~ount value nF. On the other 

hand, at this time, the counter 21 increments the count value nR as the 

arbitrary number "X", "X+l'', • • • ~o ·continue to count up until the 

counter 21 is reset by the rising .ed~· detection signal REO. However, 

since the "X'' is in the range of 5 to 19, neither the signal RRW nor RFF 
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is generated Therefore. in this easel the control is carried out o.n the 

basis of the signals FRW and FPF. · 

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 nOtmal rotation linear velocity. In this example. the Fa1 

signal E is generated in the form of a combination of the high level 

having the width llT and the low level having the width 10.ST. 

Therefore, similar to the first case shown in Fig. 7 ~ the rising edge is 

detected at the fitst place, and the rising edge detection signal REG is 

generated so that the count.er 21 is reset to count µp 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 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 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 llT and the high level having the width 10.ST, and in 

another case that the BFM signal E is generated in the form of a 

combination of the high level having the width IOT and the low level 

having the width lOT1 which are shorter that those of the above cas~. Iil 

other words, when the synchronous pa~ is shorter than 22T ~ either the 

signal RW or FF does not change. · 

• 
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Furthermore, referring to Fig. 13, there is shown a timing chart 

illustratin~ one example of ~e operation waveform corresp~ding to one 

frame. in the first embodiment of the disk rotational velocity controlling 

\ cil'cuit in acconlance with the present invention, when the rotational 

; \l'elocity is sl:ower than the nonnal rotational velocity. In this example, 

\. the BFM signal B i& generated in the form of a combination of the high 

\ level bavinS the widlh 11 T and the low level having the width 11.ST. 

\ 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 0 (zero). When the count value nR reaches 43, the decoder 22 
I , 

,generates the negative ~otation 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 tim'c, the counter 21 counting up in response to the 
I 
~lock CK has not yet been reset, and therefore, increments the count value 

· tiR to n44•'. In response to this count value xiR of ''44", the decoder 23 
' 
things the positive rotation signal RFF of the low level, so that the 
! 

p!ositive rotation signal FF is brought to the high level 

· Incidentally, this condition similarly occurs in the case that the 

B~ signal E is opposite in phase to the above case, namely when the 

~ signal E is generated in the fonn of a combination ·Of the low level 

having the width llT and the high level having the width 12T, and in 

another case that the BFM 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 pattem ~s longer than 22T, both the 

signals RW and FF are resultantly brought to the. high level. since either 
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the signal FRW or FFF changes dependently upon which i.s the phase Qf 

the synchronous pattern, positive or negative. 

As seen from the above, it can be discriminated as follows: When 

only the negative rotation $ignal RW is brought to the high level, the dislc 

rotates at the nonnal linear velocity. When both the n~gative rotatiop 

signal RW and the positive. rotation signal FF are maintained at rhe low 

level, the disk rotates at a velocity ~r than the normal linear velocity. 

On the othet hand, when both the negative rotation signal RW and the 

positive. rotation signal FF are brought to the high level, the disk rotatels 

at a velocity lower than the normal linear Yelocity. I 
The negative rotation signal RW and the positive rotation signal Ff 

are s~pplied to the peaklbottom hold circuit 5, so that the peak/bottof 

hold circuit 5 performs .a peak/bottom processing for the negativj 

rotatibn signal RW and the positive rotation signal FF, to generate , 

motor drive signal MDF or MDR to the output circuit 12. . 

When lhe disk rotates at the nmmal linear velocity, the positivf 

rotation. signal FF is .maintained at the low level, and the motor drivf. 

signal MDF is maintained at the low level. In the output circuit 1~, 
i 

therefore. the inverter Il2 receiving the motor drive signal MDF of~ 

. low level, outputs a high level, so that the PMOS transistor M2 I ip 
maintain~ in an off condition. On the other han<t since the negativr 

rotation signal RW is at the high level. the motor drive signal MOR ir 
also brought to the high level. The inverter.122 receiving the motor drivf 

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 outpJ 

signal MD is in a high impedance ; condition, or at an intenncdiatt 
I . 
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potential, so that the spindle motor for driving the disk maintains its 

rotational velocity. 

When the disk rotates at a velocity higher than the normal linear 
velocity. the positive rotation signal FF is maintained at the low level, ~ 

therefore, the '.PlOtor drive signal MDF is maintained at the low level. 
The inverter 112 receiving the motor drive signal MDF of the low level, 

outputs a ~gh leve1, so that the PMOS transistor Mll is maintained in an 

off condition. On the other band, since the negative rotation signal RW is 

also maintained at the low level, the motor drive ~ignal MDR j is 

maintained at the low level. The invener 122 receiving the motor d1ve 

signal MDF of the low level,. outputs a high level, so that the NM~S 

transi~tor M22 is brought into an on condition. As a· ~esult, the ou~ut 
signal MD is brought to the ground potential or a negative potential which 

is the same as the potential of the source of die NMOS transistor M22, so 

that the rotational velocity of the spindle motor is decelerated. ' 
l 

• When the disk rotates at a velocity lower than the normal lin~ 
l 

velocity, the positive rotation signal FF is brought to the high le\rel, and 
l 

therefore, cbe motor drive signal MDF is brought to the high level. The 
! 

inverter 112 receiving the motor drive signal MDF of the high lev~, 

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 

che high level. The inverter 122 receiving the motor drive signal MDF <,f 
the high level, outputs a low level, so that the NMOS transistor M22!is 

I 

brought into an off condition. As a result, the output signal MD ·is 

brought to the positive potential whi~ is Ibo same as Ibo potenlilll of t 
--_L-

·~ 14lii.Thi il 
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soutce of the PMOS ttansistor M21. so that the rotatimial velocity of the 

spindle motor is accelerated. 

As seen from the above, since the shown embodiment is configured 

to detect. the synchronous pattern read out from the disk. not as the pulses 

of llT+llT, 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 l2T 
l 

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 . sh~wn 
embodiment configured to detect rhe rising edge interval and the falljng 

. . 

edge interval independently of each other, if the pattern width is ~ot 
greater than IOT, the rising edge interval and the falling edge interval\do 

. . I 
not reach 22Tt the signal pattem width 9T erroneously read out as 12T 

because of the scratch or the like on the dis~, is never detected as riie 

maximum pattem width. In other words, the maximum pattern wi4th 

detection is hardly to be influenced by an accidental pattern width ch~e 

caused by the scratch or the like on the disk. 

Furthermore, when the internal clock frequency is elevated iin 
! 
i 

order to improve the detection precision. it is possible to enlarge tpe 

operation margin in an intemal circuit. In addition, even when necessary 

pit clocks cannot be obtained from the EFM signal at the disk starting 

tim.C? 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 js 

possible to· narrow the draw-in range~ For example, the draw-in range . : 

can be improved to ±2.25% of the normal linea{ velocity from +4.5% C,f 

the nonnal linear velocity which was adopted in the prior art example. 
' I 

'I 
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Iu addition, sjnce the detecti.on precision of the disk rotation llilear 

velocity Js improved, it is possible to &borten the draw-in time of drawing 
to the nonnal 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 stroke1 tbe access speed was 
400 ms in the prior art example, but can be shortened to· 100 ms in the 
shown embodiment. 

. l 
Still further, since a load on the PU. circuit can be reduced, evl 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 within ·the 
spirit of the present invention. It is a matter of course. that, for exam.pie, 
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'1 can be freely changed if the following relation is 

fulfilled in the case of dececting 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 lA, which is incorporated in a 

second embodiment of the disk rotational. velocity controlling circuit in 
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acci>xdance with the present invention, will be described with reference to 

Fig.· 14. ~hich is a circuit diagram of the edge detection circuit lA. In . 
Fif. 14,-elements coaesponding to those shown Fig. 6 are given the same 

Reference Numerals, and explanation thereof will be olJlitted for · · 

simplification o_f _description. - . 

·As se.en from comparison between Figs. 6 and 14, the edge 

detection circuit lA is different from the edge detectian circuit lAt in 

.that the buffer amplifier Al 1 is omitted so that the EFM signal E is 

supplied directly to the D-type fliptlop F11. and the AND circuits GU and 

G12 are replaced by a NOR circuit Gt3 receiving the signals EDt and 

'ED2 of the fliptlops Fll and F12 to generate the rising edge detection -signal REG constituted of a logical NOR between the signals ED 1 and 
. . 
lID2, and another NOR circuit GJ4 receiving the output signals BDt and --
ED~ of the flipflops Fl 1 and Fl2 to generate the falling edge detection 

signal FEG constituted of a logical NOR between the signals EDI -
andBD2. 

The second ·em~odiment of the disk rotational velocity controlling . . 

·c~uit in accor~ce with· the present ·invention is the. same as the first 

embodiment of the disk rotational velocity controlling circuit in .... 
accordance with the present invention, ~eluding the edge detection 

circuit IA. 

· Now, an operation of the edge detection circuit IA will be 

des~bed. If the EFM signal E is supplied to the D-typc flipflop Fl 1, the 
... . .._ .... 

D-type tlipflop FI 1 outputs the signal EDI and its inverted signal EDl, 

··Which are delayed from the signal EA by one clock and in synchronism -with the delayed clock CKB. These signals ED1 and BDt are supplied to 

the D·type flipflop Ft2 and the NOR gates G13 and 014. The D-type 
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flipflop F12 outputs the signal ED2 and its inverted signal ED2, which are 
. . 

·syiictifomzed with the delayed clock CKD in opp05ite phase to the delayed 

clock ~KB, and which are delayed from the ·signal EDl by a half of the 

:period of the clock (namely, T/4). The signals BD2 and ED2 are 

supplied to the NOR gates Gl3 and G14. 1be NOR gates Gt3 executes a 

logical NOR operation between the signals ED 1 and ED2. to detect a 

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

sign8l. REG. The NOR gate Gl4 executes a logical NOR operation 

betwe~ the signals EDt andED2. to detect a falling edge of the EFM 

signal E and to generate the falling edge detection signal FEG. 

The edge detection circuit lA is advancageous over the edge 
, .. 

.. detection circui~ 1. because the n\llllber of requited transistor& can be 

Yc:duced in comparison with the edge detection cil"cuit 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 Clilhodiment of the disk rotational velocity controlling CircUit in 
. : 

accordance with the present inven~ will be described with reference to 

_Figs. 15 and 16. Fig. 15 is a circuit diagram of tQe counter 21A, which 
-

represents__f~ both the counter 21A of the pattern width detector 2A and 

the counter 3 lA of the pa~ width detector 3A, and Fig. 16 is a circuit 

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

clement5 co.1IC&ponding to those shown Figs. 9 and 10 are given the same 

Reference Num~r~s,_ -~d ~xplanation thereof will be omitted for 

simplification of description. 

As seen from oomparlson between Figs. 15 and 16 and Figs. 9 and 

10, the pattem 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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~psed of a 24-stage sblft register consisting of flip.flops F1 to F24 

casca~ in the form of a riQg, and in that tho 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 filpflop F20 in the 

counter 21A to output a NAND logic as the negative.rotation signal RRW. 

the decoder 23A is constintted of a NAND ·circuit receiving a Q output .. 
signal Q20 of the flipflop F20 -and a Q c,utput signal Q21 of the flipflop 

f'21inthecounter21A to oueput a NAND logic as the positive rot.ation 

signal RFF, the decoder 32A is oonstitut.ed of a NAND circuit receiving a 

·"'ij output signal Q19 of the flip.flop F19 in the counter 3IA and a Q 

output signal Q20 of the tlipflop F20 in the counter 3 lA to output a 

NAND logic as the negative rotation signal FRW, the decoder 23A is 

constituted of a NANO circuit receiving a Q output signal Q20 of the 

"flipflop F20 and a Q output sisnaJ. 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 ring counter 

consisting of :tlipflops F~ to F24 which arc cas~ded .in .such a manner that 

·a.9 output of the first stage flipflop Ft is connected to a D input of the 

·second stage fliptlop F2. a Q output of the second stage flipflop F2 is 

c0nnectec!t"to a D input of the third stage flipflop P3, and so on, ~ a Q 

output of the final stage flipflop P24 is co~ to a D input of the first 
' 
stage flipflop Fl. All the flipfiops Fl to F24 are reset by the rising edge 

deteetion signal REO (or the falling edge detection signal FBG in the 

counter 3 lAJ arid are- driven by the clock CK to perform a shift 

operation. 

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

:p24 included in the count.er 21A transfers data t.o a next stage flipflop in 
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the order in response to each clock and with a delay coaesponding to one 

clock.- The period ·of the ·counter 21A is 24x 2, and therefore, the 

counter 2IA can count .to 47. Therefore, the count.er 21A counts ap in 

response to the clock CK. -and is reset in response tO the rising edge . 

detection signal REG. Therefore, the counter 21A oper~tes 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 n~gaiive rotation· signals on the basis of the different output condition 

Qf the count.er.· are different in construction from those in. the first 

·embodiment. 

Similarly to the· first embodiment, the decoders 22A and 23A 

·dec9de and detect the count value "43'' and ''44" of the counter 21A, 

;re&pectively, which corresponds ·to the 44th condition and the 4Sth 

;condition of the counter 21A, respectively. In the 44tb condition of the 

· ·counter 21A. namely. when the count value is ''43" counted from "O" 

-_(zero), both. the Q output signal QI9 of the flipflop Fl9 and the Q 

. output signal Q20 of the flipflop F20. are at the high level. Since this 

- :~diti~-cann~~ cxi.$t in the count values other than "43". the decoder 

~22A is con&~ of the NAND circuit receiving the Q ou1pUt signal 

· ... Ql~ of the :flipflop Fl9 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 Q2o of the flipflop F2o and the Q output signal Q21 

of th~ flipflop ·Fli, ·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 

1iifiii1ii1lli1f 
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the counter increases, the architecture of the counter is simple, and on the 

otta-.-hand, the ·number of circuit ele111:ents included in the decoder is 
. -

greatly :ceduced. 
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 foUflh embodiment of tlie 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 

')-epiesents for both the counter 21B of the pattern width detector 2B and 

·the·counter 31B of the pattenrwidth detector 3B, and Fig. 18 is a circuit 

. diagxam ~f the ~oders 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. 
• .. I • 

As seen from ~ompatjson between Figs. 17 and 18 and Figs. 9 and 

1 O; the patte.ril width detector 2B is different fr~m the pattern width 

detector 2, in that the counter 21B (3 lB) is constimted of a synchronous . 
binary counter composed of 6 flipflops F3 l 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 Ql of the flipflops F36, F34, F32 and F'31, and respective 
..,..... . ---- .---. 
:Q_. output signals Qs· and Q3 of the flipflops F3s and F33, for the 

. . . . . . ,. __ _ 

p~ose of decoding and detecting the binary number "101011 11 

corresponding to the count value 1143 11
, and a NANO-circuit receiving an 

output of thes~ 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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respective Q output signals Q6, Q4 and Q3 of the tliptlops F36. F34 and 

F33, a.iid respective Q output signals QS, Qi and Qt of the fliptlops 

F35, Fl~ aJid F31, for the purpose of decoding and detecting the binary 

·number "101100" corresponding to the count value 1144", 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 22.B, and the decoder 33B is constituted similarly to the decoder 

23B. 

Since an operation of the counter 21B (3 lB) and the decoders 22B, 

.23B; _32B and 33B are at'Parent.to persons skilled in the art from the 

·:1espectil'c circuit comtmcta, explauatioil thCICOf will be omitted. 

As. seen from the above, the disk rotadonal velocity controlling 

·circuit in accordance with the present invention is so constructed that the 

edge detection circuit comprises the rising edge detector and the fa]Ung 

. edge detector. and the synchronous pattern detection circuit including a 

first pattern width detector for measuring an intei:val benveen each pair 

of C_?ntinuous rising cdg~ 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 

-i sce_on~ r«ati~ signab; a second pattcin width detector: for measuring 

:~ i~ betw~ each_~ab: ~f continuous falling edge detection signals 

to generate a falling ~ge pattern width signal, and to co~pare the falling 

ed~ pattem w~!}l signal with a normal synchronous pattcm width so as 

· -to generate tliird- 8.tuC-fonrth rotational signals. and a detection result 

synthesis circuit for synthesb.ing the fust 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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With this arrangement, since it is possible to ~ the synchronous 

pa1tepi, read out from the disk. not as the pulses of 11T+11 T, but as one 

si~ ~ving the width of 22T, it is possible to more ptecisely 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 notm.al linear velocity, and therefore, to elevate the access speed to 

the disk. 

Furthermore, whether or not the disk rotation linear veloclUt is 

-eq~al to, or slower or hiaher ·than the ·normal linear velocity, is 

discriminated. Therefotc, it is possible to enlarge .the detection range of 

. disk J.'_Otation linear·velocity. 

-· .. 

iiiiM1~r 
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· Claims: 

1. -A disk rotational- velocity controlling circuit for controlling a 

rotationa.l velocity of a iecording 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 

fonnat, characterized .in that an edge detection c1tcuit comprises a rising 

edge detecting means receiving said rep.roduced signal for detecting a 

rising edge of said reproduced signal to generate a. rising edge det:ection 

signal, and a falling edge detecting means receiving said reproduced 

. signal for detecting a falling edge of said reproduced signal, 

ip~endently of said rising edge. to generate a falling edge detection 

signal, and a synchronous ~ detection circuit includes a. first pattern 
I 

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 

sy~chronous pattern width so as to. generate first and second rotational 

signals, a-second pattern \Vidth detec~r receivmg said falling edge 

.. detection-signal for measuring an interval between each pair of 

.. continuous falliug edge detection signals to compare each measured . . 
. fal.Ung edge interval with said nomial synchronou~ pa~ width so as to 

.. gen_erate third and fourth rotational signals, and a detection resµlt 

syxithesis circuit· for synthesizing the first and third rotation signals to 

generate a positive rotation signal and for synthesizing the second and 

fourth rota~on signals to generate a negative rotation signal. 

1111111111111111111 1111111 1111 
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2. A disk rotational velocity controlling circuit claimed in Claim I, 

.llL'herein said first pattern width detector includes a first pattern . 
width m~uring means receiving said rising edge detection signal for 

measuring an interval be~een each pair of continuous rising edge 

detection signals to generate a first pattern width signal, and a first 

comparing means receiving said first pattem width signal, for comparing 

said first pattcm width signal with a normal synchronous pattetn 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 th~ said normal synchronous pattern width, 

and said second rotational signal when said first pattern width signal is l).ot 

larger than said normal synchronous pattem width; 

wherein said second pattern -widlh detector includes a second 

pattern width measuring means receiving said falling edge det.ecdon si~ 
! 

for measuring an interval between each pair· of continuous falling e4ge 

detection signals to generate ·a second .pattern width signal, and a ~d · 

comparine means receiving said second pattem width signals ror 
comparing each second pattern width signal with said normal synchronO,us 

. . 

pattern width, said second comparing ·means generating said tltj.rd 
i 

rotational Signal when said second pattern width signal is larger than ~ 
i 

normal syncbronons pau;em width, and said fQuttb rotadonal signal when 

said second pattern width signal is not larger than said nomial 

s~nous pattern width; and 

- . · · wherein said ·deteCiion iesult synthesis circuit receives said first, 

second, third and fourth rotational signals, and synthesizes said first and 

third r~tation signals to gep.erate said positive rotation Signal akd 

• 

I lllllll llllll lllll lllll II llll 
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synthesizes said second a.ad founh rotation signals to generate said 

negative ~tation··signal, and 

further comprising: 

a pea1clbottom hold circuit latching and holding said ~itive 

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 sigllal; 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 b~ffer 'amplifier receiving said reproduced signal for outputting 

an· amplified reproduced signal; 

a first inverter receiving a clock signal to generate an inverted 

clock~ 

a second inverter :receiving said inverted clocle signal to genetate a 
non-~verted clock signal; 

a fitst flipflop having a data input connected to receive said 
amplificdfcproducc:d signal and a .clock input connected to :receive said 

inverted clock signal, for generating a first non-inverted QUtput signal and 
·a first inv.~ output signal; 

· a second flipflop ha\ring a data input connected to receive said first 
., a "'-•"" 

.. · 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; ----------

11\1111! 11~~ 111!1 llllJ II 1,1 
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a first AND circuit receiving said first non~inverted output signal 

and .Said second inverted output signal, for generating said rising edge 

detcaion 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 circ1lit claimed in Oa.iµi 1, 

where.in said edge detection ·circuit comprising: 

a ~t inv~rter receiving a clock signal to generate an invel-'ted 

. clock signal; 

a second inverter receiving said inverted clock signal to generate a 

~-inverted clock signal; 

a first flipflop having a data input connected to receive said 

reproduced signal and a clock input connected to receive said inverted 
. I 

• I 

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 r,st 
non~inverted output signal and a clock input connected to receive said 

non-inveffed clock sign4(, for generating a second non·inverted oucput 
. . 

. 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 -· -
a second NOR circuit receiving said first non-invett.ed output si~ 

and s~ second inverted output signal, for generating s~d falling ed~e 
deteCtion signal. · 

111111111111111111111111111111 
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5. A disk rot.ational velocity controlling circuit claimed in Claim 2, 
. . 

· whe!&in said first pattern width measuring means is constituted of a 

first counter reset by said rising edge det.ection 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 i& constituted of a 

second counter ~et by said faJ1ing edge detection signal and counting 

said clock signal, so as to output a second count value as said second 

pattern width signal; 

wherein said fust comparing means comprises a first decoder 

receiving said first co~t valoe to generate said first rotational signal 

when said first count value is consistent with a first reference value 

co:rr~ponding to said normal synchronous pattern wi~ 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 .s~d second comparing :means comprises a third decoder 

recei$g said second count value to generate said third rotational signal 

·· ·when said second count value is consisteiit with said first reference value 

and a thiid 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 chcuit claimed in Claim S, 
. . 

wherein said first counter is constituted of first to (N)th fliptl~ps 

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

11111111111111 11111 1111111 1111 
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flipflop and said (N)th flipflops and having an output conn~cted to a data 

input-:ef ~ first flipflop, s8.id first to (N)th flipflops having a first group 

of N output bits and a second group'·of N output bits1 which are selected 

to COII'espond to said first and second reference values, respectively, N 

being a positive .integer; 

· wherein said first decoder is oonstituted of a first logic circuit 

connected to said fint. 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 connec~ 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 predetennincd logical 

.level; 

wherein said second counter is constituted of first ~ (N)1h flipflQPs 

reset by said_ falling edge detection signal and cascaded to transfer a data 

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

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

- flipflop and said (N)th flipflop~ 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 8.re 
scl~d to correspond to said first and second reference values, 

respectively; 

wherein said third decoder is constituted of a third logic ci.rcqit 
., . . . - .. ,. __ _ 

connected to said third group of N output bits to generate said third 

rotation_al signal when all biu included in said tlllni group of N outp'1t 

bits assume said predetermined logical level; and said ~ourth decoder +s 
constituted of a fourth logic circuit connected to said fourth group of N 

\ \11\11\ \\\I\\ Ill\\ \\1\1 \\ \ti\ 
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output bits to genetate said fourth rotational signal when all bits included 

.in saj!l fontth group of N ouq,ut bit8 assume said· predetermined logical 

level. ·. 

7. A disk rotati011al velocity co.ntiolliDg citeuit claimed in Claim s. 
wherein said first counter is constituted of first to (M)th flipflops 

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

signal to a next stage within said first to (M)th tlipflops in response to 

·said clock, an output of said {M)th tlipfiop being connected to an input of 
' .. 

: .said first fliptl~ps; 

whetein sai4 first decoder is constituted of a first logic cir~uit 

connected to an inverted output of a (i)th flipflop of said first to ~th 

fliptlops and a non-in\'erted output of a (i+ l)th flipflop to generate Jud 
i 

.first rotational signal when both said inverted output of said (i)th flipf\op 

·~and- said non.inverted ou4>ut of said {i+l)th flipflop assume a 

predetermined logical level, where "i '' is an integ~r substantially 

corresponding to said first reference value, and IS!SM, said second 

.. decoder .is constjtuted of a second logic ·circuit connected to an inverted 

-output o:f-said (i+l)th flipflop and a non.inverted output of a (i+2)'.th 
. . . . i 
fli~fiop t<f generate said second rotational signal when both said invert¥ 

:. output of said (i+ l)th· flipflop and said non-inverted outpUt of said (i+2)~ . ' 

flipflop assum~ said predetennined logical Ievel; 

wherein said second counter is constituted of fiat to (M)th oipflof 
.reset by said falliiig edge detection signal iUld cascaded to transfer a data 

signal to a. next stage within said first to (M)th flipflops in respouse tp 
said clock, an output of said (M)th flipflop bcmg connected to an input ~:f 

said first flipflops; ~----------· 

l \11\111 \\11\11111\ 11111 \\ \II\ 
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wherein said third decoder is constituted of a third logic circuit 

connected to an inverted output of a (i)tb flipflop of said ftrst ~ (M)th 

tlipflops and a non.inverted output ·of a (i+l)th flipflop to generate said 

third rotational signal when both said inverted output of said {i)th flipflop - . 

~ said non-inverted output of said (i+ l)tb. flipflop assume said 

pred~d logical level, and· said fourth decoder is constituted of a 

fourth logic circuit connected to an inverted output of said (i+l)th 

flipflop and a nqn-invened output of a (i+2)th flipfiop to generate said 

fourth rotational signal when both said inverted output of said (i+l)th . . 
flipfloP and said non.inverted output of said (i+2)th 'flipflop assume said 

· predetennined logical level. · 

...... 

·-
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