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BACKGROUND OF THE _TNVENTTION

Field of the Tnvention

The preéent invention relates to a reproducing apparatus for reproducing
information from a disc-type recording medium and, fqrther, to a rptation
servo circuit to be mounted on a reproducing apparatus.
Description of the Related Art

Systems using disc-type recording media, such as optical discs or
magneto-optic discs, are widespread.';lh such systems, data is modulated in
accordance with EFM (eight-fourteen modulation), which is a kind of run length
‘limited code on PCM (pulse code modulation) data. |
Said modulated data is recorded on discs.

For the disc rotating operation, a CLV (constant linear velocity) system
is-adopfed.

For CLV rotation servo, an EFM signal gead‘from the disc is usually _
supplied to a PLL (phase locked loop) circuit to generate a clock, which is
compared with a reference clock obtaingd.by means of crystal to thereby obtain
rotation error information. The rotation error information thus obtained is
fed back to a spindle motor for rofating the disc, whereby a rotating
condition in which the linear velocity is constant is attained. In the

present specification, a servo circuit of such a construction will be referred




(pul se code nodul ation) data. Said nodul ated data is recorded on discs. For
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adopted. For CLV rotation servo, an EFM signal read fromthe disc is
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thereby obtain rotation error information. The rotation erro

thus obt aigyegs iaSpRd sPAFK ci i@t 8pi ndl e nmotor for rotating the er eby
a rotating condition in which the |inear velocity is constant is at t ai ned.
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be referred to as a "PLL servo circuit he PLL servo circuit to
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extracted. To lock the PLL circuit, a rough servo control for dragging the
extracted EFM signal into the capture range of the PLL circuit.is required
when starting up the spindle motor. That is, in a disc reproducing apparafus,
when starting the spindle rotation, ‘a rotation servo control of a
predetermined number of revolutions is usually first.pérformeq'by a rough
servo_circuit. When the PLL circuit is locked, the CLV servo operation is
switched from the rough servo circuit to the PLL servo circuit.

Fig. 1 shows the construction of a CLV servo system in a disc reproducing
apparatus.

Numeral 51 indicates'a disc, and numeral 52 indicates a spindle motor.

" Numeral 53 indicates an optical.head for reading data from the disc 51. The
data read by the optical he;d 53 is output through aﬁ RF amplifier 54 as an
EFM signal.

Though not shown, the reproduction system circuit performs EFM
demodulation, error éorrection processing, etc. on the EFM-signal to thereby
obtain a reproduction signal of audio data, etc.

In the CLV servo'system, the EFM signal is supplied to a PLL servo
circuit 55 and a roughlservo circuit 60. |

As-stated above, the PLL servo circuit 55 supplies the EFM signal tb the
PLL circuit to reproduce a clock, which is compared with a feferenbe clock

obtained by means of crystal, thereby obtaining rotation error information (a



spindl e*notor. That is, in a disc reproduci ng apparatus,
spindle rotation, a rotation servo contra of a predeterm
revol uti onsromtieuphbse fseret spendloECedPby a rough servo circuit. \Wen the
PLL circuit is | ocked, the CLV servo operation is switched fromthe rough
Servo circuit tTThd Inetd?hhns;ﬂrawe gBrve WiknalFEQLV-P Bhousplieé twmat rafctworaddér a
CLV servo systemin a disc reproduci ng apparatus. Nuneral 51 indicates a
di sc, and nypmyuats B8.i ndi cates a spindle notor. 2

PLL circuit, a rough servo control for dragging the extraﬁ1 %g L,ced
into the capture range of the PLL circuit is required Wnen Mﬂ“ ii

The rough servo circuit 60 detects a maximum or minimum inversion pattern
included in the EFM signal, and obtains rotﬁfion.error information (a rotation
speed servo signal ECLV-S) for causing this pattérn to have a p;oper inversion
interval or inversion frequency. This rotation speed servo signal ECLV-S is
supplied to the S-terminal of a switching circuit 56 and, further, to the
other adder circuit 58. |

Ai first, the S-terminal of the switching circuit 58 is selected, so that
the rotation speed servo signal ECLV-S is supplied to a motor driver 57. The
motor driver 57 supplies the spindle motor 52 with driving'electric power in
accordance with the rotafion speed servo signal ECLV-S.

In the PLL servo circuit 55, in which the PLL circuit is locked during
the rough servo period, a lock detection signal "Lock™ is output in response
to the locking of the PLL circuit and supplied to the switching circuit 56.
Upon receiving the lock detection signal "Lock", the P-terminal of the
switching circuit 56 is connected and, from this onwafd, a signal obtained by
adding.together the rotation phase servo signal ECLV-P and the rotation speed
servo signal ECLV-S is supplied to the motor driver 57, whereby a CLV servo
by the operation of the PLL servo circuit 55 is executed.

The rough servo circuit 60 1n;ludes an inversion interval measurement
section 61, a peak hold.circuit 62, a bottom hold circuit 63 and a magnitude

comparator 64, and generates the rotation speed servo signal ECLV-S by the
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phase servo signal ECLV-P is supplied to one of two adder circuits 58.

components havingi an inversion interval of 3T - 11T with respect to a
reference clock T (T = 1/4.3218 MHz). |

At the forward end of one frame of EFM signal, two consecutive patterns
héving an inversion interval of 11T, which is the maximum inversion interval,
are encoded. In Fig. 2, which shows the construction of one frame of EFM
signal, the foremost 24 bits of one frame, formed of 588 bits, constitutes
a sync pattern, which is a fixed pattern of 11T, 11T and 2T, as shown in Fig.
2.

Next to the sync pattern, sub code data, main data consisting of audio
data or the like, and parity, each item in 14 bits, are arranged as shbwn in
the drawing. Further, 3;bit margin bits are arranged between the 14-bit data
items.

There exist 33 symbols (1 symbol = 14 bits) as the-main data in one
frame; in the case, fbr example, of audio data, 6 sampling sections are
provided with respect to the left and right channels. |

Since 588 bits cbrrequnds to 6 sampling sections, the frequency (RF
clock) of one frame is 7.35 KHz. The above-mentioned 4.3218 MHz corresponds
to the clock of each bit, that is, it is a value of 7.35 KHz X 588.

The rough servo circuit 60 performs rough servo by measuring, for

example, the pattern width as the maximum inversion interval 11T seen in the

sync pattern.

t her eby obtaining rotation
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The rough servo circui't 60 detects a nmaxi mumor mni miminversion pattern

i ncluded in-the EFM signal, and obtains rotation error ThisfSh¢hnas Jaced _
rotation speed servo signal ECLV-S) for causing this pat \ ‘L _
K ervo

proper inversion interval or inversion frgquency. This r _
signal ECLV-S is supplied to the S- terminal of a switching circuit 56 and,
further, to the other adder circuit 58. At first, the S-termipal of the . -
swi t chi ng ci r cuilloveer, ssigsp cdesel, issa rogaibilhty thatagpoiivepion WHeUYRlsanaer
ECLV-S is supplied to a notor driver 57. The notor driver 57 supplies the
spi ndl e not amaB2l\il ik detegked) deete rilewpowmethe rdigecor ddachbikg t Bhangeis also
rotati on speed servo signal ECLV-S. In the PLL servo circuit 55, in which
the PLL cir qurovides &cfunetichuby mhic¢hsucioeghoreens dapercapcbe ganagdkediet ecti on
signal "Lock" is output in response to the locking of the PLL circuit and
supplied to the mwhe hough sérveutiirchft 6bpahe IBFMeiighaly stpyd ibddle iasbotcasured
signal "Lock", the P-terminal of the switching circuit 56 is connected and,
fromthis tigge its inversion interval by the inversion interval measuring section 61.

The reference clock for the measurement is 1/T.

The inversion interval measured is supplied to the peak hold circuit 62,
and the value of an inversion intervaliwhich is maximum at an inte;val of, for
example, RF clock (7.35 KHz) / 2, is held.

The output of the peak hold circuit 62 is further supplied to the bottom
hold circuit 63, and the value of an inversion interval which is minimum at.-'
a longer interval of, for examplé, RF clock (5.35 KHz) / 16, is held. The
output of the bottom hold circuit 63 is the minimum of the maximum inversion
interval values output from the peak hold circuit 62. That is, even if
inversion intervals of 11T or more are generated due to flaws on the disc or
the like, they will be cancelled, énd an inversion interval value in fhe
correct 11T pattern will be output from the bottom hold circuit 63.

The inversion interval value output-from the bottom hold circuit 63 is
supplied to the magnitude comparator 64. The magnitude comparator 64 is also
supplied wifh an inversion interval value as an 11T pattern serving as a
reference, that is, an inversion interval value of 11T pattern in the EFM
signal, extracted 1# the condition of normal ﬂumber of revolut?ons, and this
value is.compared with the inversion interval value output from the bottom

hold circuit 63.



onward, a signal obtained by adding together the rotatlon hase servo

signal ECLV-P and the rotation speed servo signal ECLV-1is; ‘Gdthe .
notor driver 57, whereby a CLV servo by the operation of

circuit 55 is executed The rough servo cigcuit 60 |nclu

I nterval neasurenent section 61, a peak hold circuit 62, a botton1ho|d
circuit 63 and a magnitude conparator 64, and generates the rotation speed
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3 signal ECLV-S.

However, the rough servo circuit 60 as described above has a problem in
that it leads to 5 large circuit size, resulting in a high cost. Further, it
involves a large power consumption.

As described above, to prevent a malfunction caused by the generation of
an inversion interval of beyond 11T, attributable to flews or dirt on the
disc, it is necessary to execute alprocess'in which maximum inversion interval
values are peak-held in a certain time width and in which what is-obtained.by
bottom holding the minimum of the peak-held values in a still larger time
width is employed as an inversion pattern of the proper maximum interval, with
the result that it is rather difficult to attain a reduction in circuit size.
SUMMARY OF THE TNVENTTON

In view of the above problem, it is an object of the présent invention
to make it possible to attain a marked reduction in the size of the rough
servo circuit.

‘To solve the above problem, the present invention provides a reproducing
apparatus including:

a spindle motor for rotating a disc;

a data detector.for extrécting a run length limited_code recorded on the
disc; B

a reference inversion velue generafor for generating a reference

inversion value based on the generation pattern of the run length limited code



1/4.3218 MHz). At the forward end of one frane of the EFM signal, two

consecutive-patterns having an inversion interval of 441+—4w#4#¥44;44n¥—4
maxi mum'i nversion interval, are encoded. In Fig. 2 which shows the

construction of one frame of of EFM signat, the forenpdhisShee ¢ :
frame, fornmed of 588 bits, constitutes a sync pattern, \Atl i ” d -
pattern of 11T, 11T and 2T, as shown in Fig. 2. Next to rn

sub code dategorded mndelteadisrsi sting of audio data or the like, and parity,
each itemin 14 bits, are arranged as shown in the drawi ng. Further, 3-bit
margi n bits ar eaareaanpedrbiinealue detebdebifor ditactingnthe Thar dneedisdon 33 lue
synbols (1 synbol = 14 bits). as the main data in one frane; in the case,
for exanpl eof Ghheariii Qeskthalinf tedrgplde NG tosuted ofidm athe Putavdetedtow;t h respect
to the left and right channels. Since 588 bits corresponds to 6 sanpling

sections, the fpequfeutéiRFréd Qdabading the reference inversion value from the

reference inversion value generator with the mean inversion value from the
mean inversion value detector; and

a controller for controlling the spindle motor in accordance with the
comparison result of the comparator.

In accordcnce with the present invention, there is further provided a
reproducing apparatus including:

a spindle motor for rotating a disc;

a data detector for extracting a run length limited code recorded on the
disc;

a reference inversion value generator for generating a 'reference
inversion value based on the generation pattern of the run length limited code
recorded on the disc;

a mean inversion value detector for detecting the mean inversion value
of the run length limited code extracted from the data detector;

a first comparator for comparing the reference inversion value from the
reference inversion value gencrator with the mean inversion value from the
mean inversion value detector;

a second comparator for extracting a clock froﬁ the run length limited
code extracted from the data detector and for comparing the extracted clock

with a predetermined reference clock;



one frame is 7.35 KHz. The above-nentioned 4. 3218 M+~ corresponds to the

clock of each bit, that is, it is a value of 7.35 KHz xT “” ‘md
servo circuit 60 perforns rough servo by neasuring, for

pattern width as the nmaxi numinversion ingerval ‘| |IT see
pattern. However, since there is a possibility that an |nterval Iarger t han
11T is detected due to flaws on the disc or the |ike, thegﬁkis al so
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rough servo servo circuit 60, the EFM signal supplied is first neasured for
its inversi dienak @pviie Bgsishef jthectapari SPR TSV H] OfethSuf ity SWeBTHRTE1. The
reference clock for the measurenment is 1/T.. The inversion interval neasured
is supplied to thaeqoagkratetipncperygi siepal gangratow foR|egaersting aj Fatatkqnpgervo

i nterval which is maxinumat an interval of, for exanple, RF clock (7.35
KHz) /2, is fighal on_the basis of the comparison result of the second comparator; and

a controller for controlling the supply of the rotation servo signal from
the first rotation servo signal generator and of the rotation servo signal
from the second rotation servo signal generator.

Further, the present invention provides a rotation servo circuit
including:

a data detector for extracting an input ruh length limited code;

a reference inversion value generator for generating a reference
inversion value based on the generation pattern of the input run length
limited code;

a mean inversion value detector for detecting the mean inversion value
of the run length limited code extracted from the data detector;

a comparator for comparing the reference inversion value from the
reference inversion value generatof with the mean inversion value from the
mean inversion value detector; and

a rotation drive signal generator for generating a rotation drive signal
on the basis of the comparison result of the comparator.

In accordance with the present invention; there is further provided a
rotation servo circuit including:

a data detector for extracting an input run length limited code;

a reference inversion value generator for generating a reference



The out put of the peak hold circuit 62 is further supplied to tﬁé bott om

hold circuit: 63, and the value of an inversion interval Thiphe B ¢
a longer interval of,” for exanple, RF clock (7.35 KHz) / I ﬂ e
out put of the bottomhold circuit 63 is the mninum of t

I nversion interval values output fromthe peak hold circuit 62. That is,
even if inversion intervals of 11T or nore are generated due to flaws on

the disc orjfResidnka1dd@Dasli! bn PeheC 20f& ak B6h pABELAN of NYRY Sindlt | AlneMéAkth
value in the correct I IT pattern will be output fromthe bottom hold

circuit 63.;i[heed RY¥gEsion interval value output fromthe bottom hold
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circuit 63 }s sﬁppl?ed to the magni tude conparator 64. The magnitude

conpar ator 64 i§ ﬁkl?oln%gpﬂoinegal\ﬁ\flet H'etectéi‘ for detecting the mean inversion value

of the run length limited code extracted from tﬁe data detector;

a first comparator for comparing the reference inversion val&e from the
reference inversion value generator with the mean inversion value from the
mean inversion value detector;

a second cbmparator for extracting a clock from the run ;ength ltmited
code extracted from the data detector and for comparing the extracted clock
with a predetermined reference clock;

a first rotation d;ive signal generator for generating a rotatién drive
signal on the basis of the combarison result of the first comparator; and

a second rotation drive signal generator for generating a rotation drive
signal on the basis of the compariéon result of the second comparator.

By obtaining the mean value of the inversion intervals of a run length

- limited code extracted from a disc, it is possible to obtain a mean inversion

value which is very resistant to the influence of flaws, stains or the like

on the disc. Further, it is actually possible for the circuit for calculating
the mean inversion value to be simply formed by a divider.

Further, the mean inversion value obtained from the run length limited
code extracted from the disc is compared with the proper mean inversion value,
that is, the mean inversion value in the EFM signal extracted in the condition
of normal number of rotations and used as the target inversion value, whereby

rotation error information can be obtained.

at



an inversion interval value as an 11T pattem serving as_aﬂLeLeLenee——{—h&t—
is, an inversion interval value of | |IT pattern in the EFM S|gnal
extracted in the condition of nornmal nunber of revol uti ®hjgShe tdue
is conpared with the inversion interval vaDue output fro | d
circuit 63. The poI ari ty and absol ute val ue obt ai ned thr I son
pr ocessi ng, g1t prety RiA G , s used as a rotatlon speed .
servo signal ECLV-S Fbmever the rough servo circuit 60 as descri bed above
has a problemipidhatid l!)ﬁﬁﬂsdita%rﬁn kREWiRg Cd e6Went Bdra®, rdt@En 580l Biulf gh
cost. Further, 1t involves a |l arge power consunption. As described above,
to prevent goiahfHRGELPYHIERUSEr4bhs! epfth o bt hrb\é?{} @Rl er val
of beyond 1% attri but arhbﬁelht%g ﬁ}x &ﬁl rtﬁtgngﬁ% d‘ﬁqo (|§s n%cessary
to execute a pr S | e nt er

peak-held in a Pfft % .llQ é""hiﬁ% g‘t ﬁh gé%g]v\g E%%@uﬁeSng al ne%leb %ngln
hol ding the 9}421”}%969ded on an optical disc;

"Fig. 3 is a block diagram showing a rotation servo circuit according to
the present invention and an optical disc apparatus equipped with the rotation
servo c;rcuitf

Fig. 4 is a table showing patterns of EFM data and numbers of inversions
corresponding to the patterns; and

Fig. 5 is a diagram showing a rough servo circuit according to a second
embodiment of the present invention.

DETATLED DESCRTPTTON OF THE PREFERRED EMBODTMENTS

A reproducing appératus and rotation servo circuits constituting
embodiments of the present invention will now be described with reference to
Figs. 3 - 5.

Fig. 3 is a block_diagram showing a CLV servo system of the reproducing
apparatus of an embodiment of the present invention and a rotation serﬁo
circuit included in the CLV servo systenm.

Numeral 1 indicates g disc; numeral 2 indicates a spindle motor; and
numeral 3 indicates an optical head for reading data from the gisc 1.

The data read by the optical head 3 is output through an RF amplifier 4 as

an EFM signal.

In the CLV system, the EFM signal is supplied to a PLL servo circuit 10



t he peak-held values in a still larger tine width is enployed as an
I nversion pattern of the proper maxi numinterval, Wi ttrThe result that is
is rather difficult to attain a reduction in circuit Sjr%i?
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| NVENTION I n view of the above problem ijjis an object @
I nvention to nake it possible to attain a nmarked reducti\ ‘Bmuﬁ ' of
the rough seryo cir%uit. To solv%Pthe above problem the I nvention
provi des a PEpPoERHEINEEYBpEHEELY %% cl udi ng: rotating means for rotating a

di sc-type recordin um data extracting neans for, extracti aru
length Iimited E%&ge?@&ow&a S culy 815di'“@'é-'%?Tipse‘gP%]céFoﬁ'\‘?ﬁj£ t8d? d’?r? drpuftoree
I nversi on val ue generating nmeans for generating a reference_inversion val ue
repr esent at FERFOGRCE 2 | \PEK si BHCPr 4 abMPRESR (FALE o3 TeIETENFE CUOF é’&?@?’d‘ed by
limted d
$mted co grystal to thereby obtain a rotation phase error information (a rotation phase

servo signal ECLV-P). The rotation phase servo signal ECLV-P is supplied to
one of the terminals of an adder 25.

The rough servo circuit 20 detects a me;n inversion value with respect
to the EFM signal, and compares this mean inversion value with a target
inversion value, which is the mean inversion value to be obtained with respect
to an EFM signal extracted in the condition of normal.number of revolutions,
whereby rotation speed error information (a rotation speed servo signal
ECLV—S) is obtained. This rotation speed servo signal ECLV-S is supplied to
the S-terminal of a switching circuit 5 and, at the same time, supplied to the
other terminal of the addef 25.

At the start up of the spindle motor 2, the S-terminal of the sWitching
circuit 5 is selected, so that the rotation speed servo signal ECLV-S is
supplied to the motor driver 6. The motor driver 6 supplies electric power
for driving to the spindle motor 2 ih accordance with the-rotation speed servo
signal ECLV-S.

During the'rough servo described above, in the PLL servo circuit 10, the
PLL circuit is locked and, in responsé to the locking of the PLL cirquit, a
lock detection signal Lock is'output and supplied to the switching circuit 5.

The switching circuit 5 connects the P+S terminal upon being supplied with the

lock detection signal Lock. From this onward, the rotation phase servo signal
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of the run length Iimted code extracted fromsaid data 1Lk [IEY

conpari son nmeans for conparing the referen@e inversion value fromsaid
ref erence i nversion val ue generating nmeans with the average inversion val ue

from sai d aygvgeadd ¢Ré SfoRBt ol bfeedei@Gbi iGgnAP ICEV-Fade GAPHIIRE tARE roRbr
controlling said rotating nmeans in accordance with the conparison result of
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further provided a reproducing 5

In the PLL servo circuit 10, an edge detection circuit 11 is first

recorded on said inversion on said disc-type recording muegk! ced
I nversion val ue detecting neans for detecting the averagj”l

provided to perform edge detection on the EFMlsignal. The output of the edge
detection circuit 11 is supplied to the PLL circuit, which is composed of a
phase comparator 12, a low-pass filter 13 gnd a 'VCO {voltage control
oscillator) 14. Thus, in this PLL circuit, a channel clock component is
reproduced from the output of the edge detection circuit 11.

The channel clock, which is the output‘o? the VCO 14, is 1/N-divided by
a divider 15 and input to a phaée/frequency comparator 18.

Numeral 16 indicates a refergnce clock generator based on crystal. A
reference clock from this réference clock generator 16 is 1/N-divided by a
divider 17 and input to the phase and frequency comparator 18. |

When thé PLL circuit, which is formed by the phase comparator 12, the
low-pass filter 13 and the VCO 14, is in the locked state, rotation error
information is obtained by comparing the channel clock and the reference clock
by the phase and frequency comparator 18. The output of the phase and
frequency comparato; 18 undergoes phase compensation at a bhase compensation
circuit 19 and is supplied to one of the terminals of an adder circuit 25 as
the rotation speed servo signal ECLV-P.

With the locking of the PLL circuit, a lock detection signal Lock is
output to:the switghing circuit 5 from the phase and frequency comparator 18,
whereby, in the switching circuit 5,_the P+S terminal is connected; As a

result, the rotation phase servo signal ECLV-P is supblied to the motor driver



recorded on said disc-type recording nmedium reference in
generating neans for generating a referentd® inversion vaI
of an inversion probability pattern of the run length limted code recorded.
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for detecting the average inversion value of the run length limted code

extracted from gai;qd dal pLeXifAGt! ﬂgtmasai'éckeﬁ'Jnﬁtttﬁomaﬁé%”cff%ﬁﬂﬁ 16%4tarts
conparing the reférence inversion value fromsaid.reference inversion val ue

generating £y %W[ ohf! &Rer nEggrée%o d&‘f‘éﬁﬁ! 2. t‘ﬁﬂ!: Ert%”bﬁaéc‘é GVeEE96. That

i-nver si on va edti ng ns an enerati ng a I rst rotation servo
[
signal on the Qﬁglr%ugf step\?o %9%%5:'2%09&%60181}1% E:Ontrol -such that the rotation of the

apparatus including: rotating means for rotating a disc- AL ToleTge| Yiaced
medi um data extracting neans for extracting a run |engt ﬁﬁ Eﬂﬁ

spindle motor 2 can drag the EFM signal into the capture range of the PLL
circuit.
As shown in Fig. 3, the rough servo circuit 20 is comphsed of a divider
21, an F/V (frequency/voltage).converter 22, a target voltage generating
section 23 and a comparator 24.
. The operation of this rough servo circuit 20 will now be dg§cribed.
First, Fig. 4 shows 256 EFM words (ih 14 bits) that are EFM-encoded in
correspondence with the original 8—bit data of 0 - FF (Hexa decimal data) .
That is, the diagram is an EFM conversion table.
| These EFM-words are uséd as pulse inversion signals of the so-called NRZI
(non refurn to zero inversion ) system.
Thus, in each EFM word, the position of "1" represents the position of pulse
inversion.
Together with the EFM words, Fig. 4 shows the number of pulse inversions
of each of them (that is, the number of times that "1" appears therein).
The 256 EFM words are selected from among 214 patterns possible in 14
bits so as to correspond to 8-bit data.. In particular, there are selected
those patterns which satisfy the requirement that two or more "0"s should come
between “"1"s and that, of the inversion intervals (intervals between "1"s),

the minimum should be 3T and the maximum 11T.



second conparison nmeans for extracting a clock fromthe run length [imted
code extracted fromsaid data extracting neans, conparing the extracted
clock with a predeterm ned reference clock, and generating a second
rotation servo signal on the basis of thel4onparison result; and control
nmeans for controlling the supply of the first rotation servo signal and the

second rotati oByselussiTyPng! tieO HFe wbRisalorN@igeaNSin Rerhé1Css €HE nRhESEYs
i nvention provides a rotation servo circuit including: data extractlng

means for epiveagilonBlimA wdHaUt tHel Bol18REH rhduTics G eCAAGInd T er ence i nversion
val ue generating neans forgenerating a reference inversion val ue

representati ve 1 AfhbeR V6 EhPRoPAORIBE il IavePaidner n OF gthe input run | ength
limted code; average inversion value &etectlng nmeans for detecting the

aver age | nver iR Y & phiGobbd! viBNY el Bldng codgg extracted from said

data extracting nean

The number of EFM words with 3 inversions: 120

The number of EFM words with 4 inversions: 70

The number of EFM words with 5 inversions: 6

From the above, the mean number of inversions in a word is obtained as
follows:

(4x1+56x2+120x3+70x4+6x5)/ 256

= 786/256 = 3.07 ....... (1) |

Thus, approximateiy 3 is the mean valué.

As e;plained with reference to Fig. 2, the EFM frame includes a sync
pattern of 11T + 11T + 2T (that is, three inversions) and 3-bit margin bits
arranged between the 14-bit EFM words.

Assuming that the EFM-encoded data is a random number, and -that the
inversion generating ratio in each margin bit is 1/2, the mean number of
inversions in one EFM frame is obtained as follows:

(786/256) x 33 + (1/2) x 34 + 3

w 121.32 [times]

In the above equation (2), "33" is the number of words of the 14-bit data
included in one frame; "34" is the number of 3-bit margin-bit words; and "gn
is the number of inversions in the sync pattern (See Fig. 2).

It céh be concluded from the above that the mean frequency of the EFM
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conpari son nmeans for conparing the reference inversion value fromsaid
reference inversion val ue generating neans with the average inversion val ue
from said average inversion value detecting neans; and rotation drive
signal generating neans for generating a 1®tation drive signal on the basis
of the conparison results of said conparison neans. In accordance with the
present invention, there is further provided a rotation servo circuit

i ncl udi ng: aéFHde§§%acting means for extracting an input run length linited

code; reference inversion value generating neans for. generating a reference
i nver si on 6 (121.32 x 7.35 [KHz]) / 2 = 445.85 [KHz]

This mean frequency of EFM signal is a substantially reliable value in
a system in which the PCM audio data constituting the object of EFM modulation
is scrambled with M-series data, that is, a system in which the EFM-encoded
data is a random number.

It is substantially a proper value althéugh in some cases it more or less
lacks reliability as the mean frequency of an EFM sign#l since in_én ordinary
CD-DA (an optical disc audio uses), the-EFM—modulated PCM audio data is not
a perfect random number.

.When. for example, a division of 1/4096 is effected on an EFM signal
having such a mean frequenc&,

(445.85 x 103)/4096. = 108;85 [ﬁz]

.Thus; an output frequency of 108.85 [Hz] is expected.
In the rough servo circuit 20 of Fig. 3, assuming that n = 4096 with
_respect to the divider 21 for 1/n division, an output frequency of 108.85 Hz
is expected as the output of the divider 21 when the spindle motor 2 is in the
normal speed condition.

The output frequenc& of this divider 21 is converted to a voltage value
by the F/V (frequgncy to voltage) qonverter 22 and supplied to the comparator
24, .

Then, from the target voltage generating section 23, a target voltage
value is supplied to the qoéparator 24.. The target voltage value is a voltage

"value corresponding to the frequency of 108.85 Hz.

_—
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val ue representative of an inversion probability pattern of the input run
l ength |imted code; average inversion value detecting nmeans for detecting
t he average inversion value of the run length limted code extracted from
‘'sai d data extracting neans; first conpari 46n neans.for conparing the
reference inversion value fromsaid reference inversion val ue generating

ot ect i ng means THTd- SoAF EPRETO Her reotaeTan Al Hital Ao Rt R

From the r URVIGGRTSRPFAdecH AOACReaR RERIGH Ao T SARRal BXveeated AEoRaiRs:

Gener at i g AL%edondROFH | CATESbr VR 8Fbr Aot Lioto (hBCTATEET TAIASEOrRIPTRaRE

result. By obtaining the nean value of the inversion intervals of a run_ -

l ength |imi seetion 23, which corresponds to the proper mean frequency of the EFM signal,
are compared with each other; .That is, the output of the comparator 24 is
rotation error information.

This information is supplied to the S-terminal of the switching circuit,
and to the motor driver 6, whereby rough servo control is effected on the
spindle motor 2.

As described above, the rough servo circuit 20 of this embodiment has a
very simple circuit configuration, ohly consisting'of the divider 20, the F/V
converter 22, the target voltage generating section 23 and the comparator 24.
Thus, a remarkable reduction in size circuit is attained as compéred to the
.conventional rough servo circuits;

Further, since the mean frequency of an EFM sigﬁal is detected, it is
possiblé to realize a highly reliable system which is resistant to the
influence of an illegal signal pattern due to flaws, stains, etc. on the disc.

As to the division ratio n of the divider 21, it is.not restr@cted to
4096 but any other suitable value can be set as such. That is, any value can
be set as the division ratio n as long as it helps to stabilize the division
output to such a degree as to allow it to be kept well within the capture
range of the PLL system.

Fig. 5 shows another embodiment of the rough sérvo circuit 20.

In this case, the rough servo circuit éo is composed of a divider 21, a

.//—
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code extracted froma disc, it is possible to obtain a mean inversion val ue
which is very resistant to the influence of flaws, stains or the |like on ..
the disc. Further, it is actually possible for the circuit for cal cul ating
the mean inversion value to be sinply forkkd by a divider. Further, the

nmean i nversion val ue obtained fromthe run length linted code extracted

fromthe diggeeds f?%&f%é%?&ihgeswt@&? rosNBf al BIY&reS R f¥adutfcy Ldvmbalkih
t he nmean |nver5|on val ue 1 n the M signal extracted in the condition o

nor mal nunty ?Qtatlons and used as the target inversion value, whereby
rotation error I ntormati on can be obtai ned. BRI EF DESCRI PTI ON OF THE

DRAW NGS Fi g. &np@igagbgﬁme%a%e oA b0y SBEIGHA 008 ! BACLIHRL 5710

circuit and an'0 I'SC aratus e wth the rotation servo

CLipul L Fidivider 51 o AUATFEREY J16a b 8 o i b P U1 o e

phase and frequency comparing section 26. As the target value{ a target
frequency_(108.85 Hz) is.supplied from the target frequency gener;tiné section
25 to the phase and_frequency comparing section 26.

Then, the phase and frequency comparing section 26 compares these input
values with each other on frequency level, and outputs error inforﬁation, that
is, a rotation speed servo signal ECLV-S. |

The above construction also provides the same effect.

While the above embodiments have been described with reference to cases
in which an EFM signal is used, the present invention is also applicable to

any other modulation system as long as it performs data recording by means of

a run length limited code. .

’_—_____-__4———-
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recorded on an optical disc; Fig. 3 is a block diagram showi ng a rotation
servo circui't according to the present invention and an optical disc
apparatus equi pped with the rotation servo circuit; Fig. 4 is a table
showi ng patterns of EFM data and nunbersigf inversions corresponding to the
patterns; and Fig. 5 is a diagramshow ng a rough servo ciTcuit—aceording

to a secon%&bﬁg%@ gl he present invention. DETAI LEﬁmﬁmn/’m
THE PREFERR A reproduci ng apparatus and ro Wﬁm
circuits consti f.Ut knl%prodl]cmg apparatus comprising:

rotating means for Fotating a disc-type recording medium;

data extracting means for extracting a run length limited code recorded
on said disc-type recording medium;

reference 1nversion value generating means for generating a referénce
inversion value based on the generation pattern of the run 1¢ngth limited code
recorded on said disc—typ? recording medium;

mean inversion value detecting means for detecting the mean inversion
value of the run length limited code extracted from said data extracting
means;

comparison means for comparing the reference inversion value from said
reference inversion value gene;ating'means with the mean inversion value from
said mean inversion value detecting means; and

control means for contrblling sa;d rotating means-in accordance with the
comparison result of said comparison means.

2. A reproducing apparatus according to Claim 1, wherein the reference
inversibn value'generated by said reference inversion value genergting means
is a voltage value.

3. A reproducing apparatus acpording to Claim 1, wherein the reference
inversion value generated by said reference inversion value generating means
is a frequency value.

4. A reproducing apparatus comprising:

rotating means for rotating a disc-type recording medium;
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. . . . . \\h
enbodi ments of the present invention will now be described with reference

to Figs. 3-5. Fig. 3 is a block diagramshow ng a CLV serjﬂmﬁ m:lwr
reproduci ng apparatus of an enbodi nent of the present inv E”mm",
rotation servo circuit included in the servo system Nurreral

I ndicates a disc; nuneral 2 indicates a spihdle notor and nuneral 3

i ndi cat es an optatakxtweedidigneareadongxticicaifg enrunhtendith cliniteheodtarecaordead
by the optical head 3 is output through an RF anplifier 4 as an EFM si gnal .
In the CLV gysdsam disketygeMredoging mediumppl i ed to a PLL servo circuit 10 and
a rough servo circuit 20. In the PLL servo circuit 10, which will be

described in detafdrehies einvaféion, vilie EEidratyigaheins fowpuwentmtanPld referance
to reproduce a clock which is conpared with a reference

inversion value based on the generation pattern of the run length limited code
recorded on said disc-type rgcording ﬁedium;

mean inversion valﬁé detecting means for'detecting the mean inversion
value of the run length limited code extracted from said data extracting
means;

first comparison means for comparing the réference inversion value from
said reference inversion value generating means with the mean inveréion value
from said mean inversion value detecting means;

second comparison means for extracting a clock from the run length
limited code extracted from said aata extracting means and for comparing the
extracted clock with a predetermined reference clock;

firét rotation servo signal generating means for génerating a rotation
servo signal on the basis of the comparison result of said first comparison
means;

second rotation servo signal generating means for generating a rotation
servo signal on the basis of the comparison result of said second comparison
-means; and

control means.for controlling the supply of the rotation sefvo signal
from said first rotation servo signal generating means and of the rotation

servo signal from said second rotation servo signal generating means.

5. A reproducing apparatus according to Claim 4, further comprising:

_~_—~—~—T*"”"-
Bthwed

|
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clock obtained by a crystal to thereby obtain a rotation phase error
i nformation'(a rotation phase servo signal ECLV-P). The rotation phase
servo signal ECLV-P is supplied to one of the terminals of lmuuj Ilﬂlllmm
rough servo circuit 20 detects a nean i n2@rsion value wth!f o h el
EFM si gnal , and conpares this nean inversion value with a target inversion
val ue, which is the nean inversion value to be obt ai ned with respect to an
EFM si gnal ext 24816@n; Peanfief Yo AdiineoFogsthe dhagrofet onustree ofgnabvisiont sajds,
whereby rotation speed error information (a rotation speed servo signal
ECLV-S) i s TdBEhitedatiophpervoos benedneessatingenesans singhhe HOtet Bri seswpplénad t o
the S-termnal of a switching circuit 5 and, at the sane tine, supplied to
the. ot her tidPRiStdR srcophaosabion SFvotisnile gstemating nednsthandspi ndl e notor 2,
the S-terminal of the switching circuit 5 is selected, so that the rotation
speed servo si gelectdon\ne@ns Sosuggllectithgt thel hetatdémsethd ¥egnal. froResdmat Oirst
driver 6 supplied electric power for driving to the spindle notor 2

rotation servo signal generating means and the added rotation servo signal

from said addition means.

6. A reproducing apparafus accofding to Claim 5, wherein, for normal
rotation, said control means controls said selection means.so as to cause it
to select the rotation servo signal from said addition means and, for rough
servo, said control means controls'said selection means so as to cause it to
select the rotation servo signal from said first rotation servo signal
generating means.

7. A reproducing apparatus according to Claim 4, wherein the reference
inversion value generated by said reference inversion signal generating:means
is a voltage value.

8. A reproducing apparatus according to Claim 4, wherein the reference

inversion value generated by said reference inversion signal generating means

is a freqﬁency value.
9. A rotation servo circuit comprising:
data extracting means for extracting an input run length limited code;
reference inversion value generating means for generating a reference
inversion value based on the generation pattern of the input run length

limited code;

- mean inversion value detecting means for detecting the mean inversion
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I n accordance with the rotation speed servo signal ECLV-S—Durin
servo described above, in the PLL servo circuit 10

t
| ocked and, in response to the |ocking of the PLL ci rcwtjj}l!"HHM!“H IH””HP
si gnal Lock i's output and supplied to theisw tching circui
switching circuit 5 connects the P+S term nal upon being suppl [ ed w th' tHe
| ock detection signal Lock. Fromthis tinme onward, the rotation phase servo
si gnal ECLW#ugndft the manalenaths hinided egode svgnatedzdi[m SaifedaimpErieartine
the notor driver 6, whereby a CLV servo by the PLL Servo circuit 10 is
executed. Imeanse PLL servo circuit 10, an edge detection circuit ‘11 is
first provided to 8

comparison means for comparing the reference inversion value from said
reference inversion value generating means with'the mean inversion value from
said mean inversion value detecting means; and

rotation drive signal generating means for generating a rotation drive
signal on the basis of the comparison results of said comparison means.

10. A rotation servo circuit according to Claim 9, wherein the reference
inversion value generated by said reference inversion signal generating means
is a voltage value.

11. A rotation servo circuit according to Claim.'9, wherein the
reference inversion value ggnerated by said reference inversion signal
generating means is a frequency value.

12. A rotation servo circuit comprising:

data extracting means for extracting an input run length limited code;

reference inversion value generating means for generating a reference
inversion value based on the generation pattern of the input run length
limited code;

mean inversion value detecting means for detecting the mean inversion
value of the run length limited code extracted from said data extracting
means;

first comparison means for comparing the reference inversion value from

said reference inversion value generating means with the mean inversion value

from said mean inversion value detecting means;
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d
perform edge detection on the EFM signal. The output of iﬂ edge ‘det ecti on

circuit 11 irs supplied to the PLL circuit, which is conp ﬁﬂlﬂﬁl%’mﬂﬂm
g )
pr

conparator 12, a lowpass filter 13 and a VCO (voltage ¢
14. Thus, in this PLL circuit, a channel %4 ock conponent is reproduced from
the output of the edge detection circuit 11. The channel clock, which is

the output of the VW 14, is supplied as another input, to th hase
conparator 12 afftf°8 58°'T/aﬁlliﬂnvi"'§8'bs b’g’raeﬂﬂﬁcaglg ﬁcgﬂﬁkigrﬁﬂt %P‘g Qun-” length
phase/frequency conparator 18. Nuneral 16 indicates a ref grence cl ock
gener at or bhdHded fode gxprached fromgaldcdata eAtEagting Jipeps;and for FURALLRgG Koy
generator 16 is 1/N-divided by a divider 17 and input to the phase and
frequency cerpactebrelaek wipled prrdefgnmined geferencthicdPris formed by the phase
conparator 12, the low pass filter 13 and the VCO 14, is in the | ocked
state, rotationfistorotation reervosigralppengratingnpeansnpen isaperafing Bartiation
clock and the reference clock by the phase and

servo signal on the basis of the comparison result of said first comparison

means; and

second rotation servo signal generating means for generating a rotation
servo signal on the basis of the comparison result of said second comparison
means.

13. A reproducing apparatus according to Claim 12, furthér comprising:

addition means for adding together the rotation servo signal from said
first rotation serVo.signal generating means and the rotation servo signél
from said second rotation servo signal generating means; and

selection means for selecting the rotation servo sigﬁal from said first
fotation ser#o signal generating means and the added rotation servo signal .
from said addition means.

14. A rotation servo circuit according to Claim 12, wherein the
reference inversion value generated by said reference inversion signal
generating means is a voltage value.

15. A rotation. servo circuit according to Claim 12, wherein the
reference inversion value generated by said reference inversion -signal
generating means is a frequency value.

16. A reproducing apparatus comprising:

motor for rotating a disc-type recording medium;
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frequency conparator 18. The output of the phase and frequency—conparat-or——m—

18 under goes phase conpensation at a phase conpensation circ |
supplied to one of the ternminals of an adder circuit 25 as t Hmﬁ Hﬂ!&”‘m"m,
speed servo signal ECLV-P. Wth the | ocki2a3 of the PLL circui s a
detection signal Lock is output to the switching circuit 5 fromthe phase
and frequency conparator 18, whereby, in the switching circuit 5, the P+S
termnal is condett extrantorm fopeatractike arnmatangbh dﬁas@ds@@ol‘@%m oEGRd P
is supplied to the notor driver 6, and a CLV servo by the operation of the
PLL servo cidisatitypd @Gecerddrngonedéan; Until the PLL circuit is thus | ocked and
the PLL servo circuit 10 starts to function, the rough servo circui't 20

functions to effgaier&tof Sorvgeneitaaling Sa rtedfereneagingersiaon cvaloei bak@ par fthbe ns
control such that the rotation of the spindle notor 2 can drag the EFM

si gnal i ntogbheratdgt patterange thé ruhelenkth ainiuedtcoddsrezboded bm shid.diSc-type
rough servo circuit 20 is conposed of a divider 21, an

recording medium; :

detector for detecting the mean inversion value of the run lenéth limited
code extracted from said data extractor;

comparator for comparing the reference inversion value from said
generator with the mean inversion value from said detector; and

controller for controlling said rotating means in accordance with the
comparison result of said comparator.

17. A reproducing apparatus comprising:

motor for rotating a disc-type recording medium;

extractér for extracting a run length limited code recorded on said
diéc—type recording medium;

generator means for generating a reference inversion value based on the
generation pattern of the run iength limited code recorded on-éaid disc-type
recording medium;

detector for detecting the mean inversion value of the run length limited
code extracted from said extractor;

first comparator for comparing the reference inversion value from said
generator with the mean inversion value from said mean inversion value
detecto?; |

second comparatof for extracting a clock from the run length limited code

-
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FN (frequency/vol tage) converter 22, a target voltage Ing section 23

and a conparator 24. The operation of this rough servo ¢j [ n“l“““ow
be described. First, Fig. 4 shows 256 EFMwords (in 14 al“m“m“m“
EFM encoded in correspondence with the orpginal 8-bit data of 6 -FF (I—*Iexa
decimal data). That is, diagramis an EFM conversion table. These EFM words

d h i ' ' -
ero i nver SHOARI R, Sh Rt MR Feclng JRaR0 A8, O ERRrIBR Ot FHReL

represent Sc{ohci Q{Ja;i tai Sr%d‘é{e:%‘{hesf _refer%nce clock;

first rotation servo signal generator for generating a rotation servo
signal on the basis of the comparison result 6f said first comparator;

second rotation servo signal generator for generating a rotation servo
signal on the basis of the comparison result of said second comparator means;
and

conéroller for controlling the supply of the rotation servo signal from
'said first rotation servo signal generator and of the rotation servo signal
from said second rotatiqn servo signal generator.

18. A rotation servo circuit comprising:

extractor for extractiﬁé an input run length limited code;

generatof for generating a reference inversion value based on the
generatioﬁ pattern of the input run length limited code;

dete;tor for detecting the mean inversion value of the run length limited
code extracted from said extractor;

first comparator for comparing the reference inversion value from said
reference inversion value generating means with the mean inyersion.value from
sald detector; ”

second comparator for extracting a clock from the run length limited code
extracted from said extractor and for comparing the extracted clock with a
predetermined refefence clock;

first rotation éervo signal generator for generating a rotation servo

signal on the basis of the comparison result of said first comparator means;

[
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i nversion. Together with the EFMwords, Fig. 4 shows the nunber—of pulse
I nversions of each of them (that is, the nunber of tines
therein). The 256 EFM words are sel ected from anong 214 l" “EWE'E
in 14 bits so as to correspond to 8-bit @t a. In partlcu ar s¢ ere are*
sel ected those patterns which satisfy the requirenent that two or nore "O's
shoul d cone between "1 "s and that, of the inversion intervals (intervals
bet ween " 183 see¢pd EpPAtigm S840l sighal FEnarator HOTnERNeraHineL 7. TERtiPh $EFYYi ng-
the EFMwords of Fig. 4 in ternms of the nunber of inversion.in a word, the
fol | owi ng sEsnalton Hireebagisaehébe corrarisorbeesudt ofFAidoregandyvconparately dkegndn:
4 The nunber of EFMwords with 2 inversion: 56 The nunber of EFM words
with 3 inversi bh: Anlgation servo circuit comprising:
extractor for extracting an input run length limited code;
generator for generating a reference inversion value based on the
generation pattern of the input run length limited code;
detector for detecting.the mean'inversion value of the run length limited
code extracted from said extractor;
comparator for comparing the reference inversion value from said
generator with the mean inversion value from said mean inversion Value
detector; and

rotation drive signal generator for generating a rotation drive signal

on the basis of the comparison results of said comparator.

-
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The nunber of EFM words with 4 inversion: 70 The nunber of EFM words with
5 inversion: 6 Fromthe above, the nean nunber of inversions in a word is
obtained as follows: (4 x 1 + 56 x 2 + %20 x 3+ 70x 4+ 6 x 5)/256 =
786/256 3 o7 ... (1) Thus, approxrnately 3 is the average

val ue. 'a' EbYon2ruk e MALBAEOFNRUNdeS a sync
pattern Of ﬁ % Eﬁ o}\ﬁiﬁeﬁﬁbﬁﬁﬁﬂmiﬁd ApbARAYESJI N bits
arranged bﬁgﬂﬁéﬁ g E §gﬂreggthQ@ t he EFM encoded dat a

is a rando E |nversron generatrng ratio. in each margin

bit is 1/2, the average nunber of i nversions in one EFM frane i's obtai ned
as fol | ows: -

ABSTRACT OF THE DISCLOSURE

Disclosed are a rotation servo circuit and a reproducing apparatus
equipped therewith. In the rotation servo circuit, the mean value of the
generation pattern of a run length code recordéd on a recording medium is
calculated in advance and, on the basis of the mean value thus obtained, a
reference rotation voltage is generated, so that a rotation in accordance with

" the reference rotation voltage is effected whenever a reference number of

revolutions is deviated from.

Figure 3
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(786/256) x 33 + (1/2) x 34 + 3 = 121.32 [tines] ....... (2) In the
above equation (2), "33" is the nunber of words of the 14-bit data incl uded
in one frame; "34" is the nunber of 3-bit margin-bit words; and "3" is the
nunber of inversions in the sync pattern (See Fig. 2.). It can be concl uded
fromthe above that the average frequencyjgk-the EFM signal is: (121.32 x
7.35 [KHX]) / 2 = 445.85 [KHz} This average frequency of EFM S|gnal s a

substantial ly rellable value in a 10
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systemin which the PCM audi o data constituting the object of EFM

nodul ation i's scranbled with Mseries data, that is, a systemin which the
EFM encoded data is a random nunmber. It is substantially a proper although
in some cases it nore or less lacks reliability as the average frequency of
an EFM signal since in an ordinary CD-DAZX/n optical disc audio uses), the
EFM nodul ated PCM audi o data is not a perfect random nunber. When, for
exanple, a division of 1/4096 is effected on an EFM si gnal having such an
aver age frequency, (455.85 x 103)1409

| 6_= %% §§ ] Thus, an out put '
frequency of 108.85 [Hz] is . rou servo circuit 20 of Fig.

3, assunming that n = 4096 w 21 for 1/n division,
an out put frequency of 108.8% Hz E e, out put of the d| vi der
21 when the spindle nmotor 2 i|s i he {nor mat speed condi ti on.
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The out put frequency of this divider 21 is converted to a voltage val ue by
the FN (freguency to voltage) converter 22 and supplied to the conparator
24. Then, fromthe target voltage generating section 23, a target voltage
value is supplied to the conparator 24. The target voltage value is a

vol tage val ue corresponding to the frequedé$y of 108.85 Hz. Thus, in the
conparator 24, the voltage value fromthe FN converter 22, which
corresponds to the nean frequency of the EFM signal extracted fromthe disc
1, and the target voltage fromthe target voltage generating section 23,
whi ch corresponds to the proper nmean frequeficy of the EFM signal, Jare
conpared with each other. That is, t¥& QUTIP§T of the conparator 24 is
rotation error information. This info i 0 (b4 supplied to the Sjterm nal
of the switching circuit, and to fthe not ¢ t ver .6, whereby rough servo
control is effected on the spin “degscri bed above, the rough

servo circuit 20 of this enbodi t hasé& -
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sinple circuit configuration, only consisting of the divider 20, the FN
converter 22, the target voltage generating section 23 and the conparat or
24. Thus, a remarkable reduction in circuit size is attained as conpared to
t he conventional rough servo circuits. Further, since the nmean frequency, of
an EFM signal is detected, it is possibletf{® realize a highly reliable
systemwhich is resistant to the influence of an illegal signal pattern due
to flaws, stains, etc. on the disc.ng theadi vision ratio n of the
divider 21, it is not restricted to 4OL ut%ghy ot her suitable value can
be set as such. That is, any value can be set as the division ratio n as

long as it helps to stabilize the division output to such a degree as to
al | ow -

DATA EFM DATA r#wm DATA EFM DATA mg

° 01001000100000 3 20 00000000100000 1 a0 01001000100100 4 50 1001000100010 &
t 10000100000000 2 21 10000100001G00 3 a1 10000100100100 4 &1 10000100100010 &
2 10010000100000 3 22 00001000100000 2 az 10010000100100 4 62 10010000100010 &
E] 10001000100000 3 23 00100100100000 3 a3 10001000100100 4 o3 10001000100010 &
] 01000100000000 2 24 01000100001000 3 4 1000100100100 4 0 0100010010000 4
H 00000100019000 2 23 00000100001000 2 as 00000000100100 2 es 000000001000t0 2
] 00010000100000 2 - 26 ©1000000100000 2 a8 00010000100100 3 ee 01000000100100 3
7 00100100000000 2 27 0010190001000 3 a7 0100100100100 ¢ [1] 0010010010000 4
] 01001001000000 3 28 01001001001000 4 as 01001001000100 4 [ 010010010000%0 4
* 10000001000000 2 29 10000001001000 3 . 10000001000500 3 [ 10000001000010 3
A 10010001000000 3 2A 1001000001000 4 a 10010001000100 & oA 10010001000012 4
B 10001001000000 3 28 10901001001000 ¢ 1B 10001001000100 4 [1} 10001001000010 @
1 01000001000000 2 iid 1000031004002 3 4C 0100€001000100 k) [ 1] 0100000100000 3
D 00000001000000 1 20 0000001001000 2 1] ©00000091200100 2 13 00000001000010 2
E 00010001000000 2 2E 00010001001000 3 «E 90010001300100 8 [13 0001000t00001> 3
F 00100001000000 2 2F 30100001001000 3 oF 00100071090100 3 oF 00100001000010 3
10 10000000100000 2 30 00000100000000 1 so 10000000100300 3 70 10000000100010 3
" 10000010000000 2 2 10000010001000 3 s1 10000010000100 4 121 10000010000010 3
12 10010010000000  § 32 10010010001600 4 s2 10010010000100 4 72 10010010000010 4
3 00100000100000 2 EE 10000100010000 3 53 0010000010010 1 73 00100000100010 3
14 210090120%0002 2 34 01000010001000 .I 54 01000010000100 a T4 01000010000010 3
15 00037210000002 1 35 00000010001000 2 ss 00000010000100 » 75 00040010000G10 2
re 00010010000300 2 sy 00010210031000 3 56 ©0010010000100 ] 78 00310019030010 3
17 00103010000000 2 a7 00100010001000 3 s? 00100050000100 3 12 00100010000010 3
113 01001000010000 3 as 01001000001000 3 58 01001000000100 3 . 0100100000010 3
19 10000000010000 2 EL 10000000001000 2 s9 10000000000100 2 10 00001001001000 3
1A 10010000010000 3 JA 10010000001000 3 SA 19010000000500 3 TA 100100000009210 3
18 10001000010000 3 3B 10001000001000 3 [1 10001000000100 3 7B $00010000000t0 3
1c 01000000010000 2 sc 1000000001000 2 sc ©1000000000100 2 7C 01000000000010 2
10 00001000010000 2 D J0001000001000 2 50 00001000000100 2 0 0000100000001 2
1€ 00010000010000 2 3E 0001D0D0001000 2 L1 00010000000100 2 7E 00010000000010 2
1 00100000010000 2 3F 0100000001000 2 sF 0010000000000 2 7F 0010000000001 2
OATA EFM DATA m DAYA EFM DATA m DATA EFM DATA I’:’VE% DATA EFM DATA rﬁm’%
s0 03001000100008 & Ao 0001000100601 8 co 01000100100000 3 Eo 21700100002010 3
1] 10000100100001 & At 1000010000100) 4 c1 10000100010001 & E1 0000100000010 2
a2 1000000100001 . & A2 01000100010000 3 ca 10010010010000 4 E2 10000300010010 3
a3 1000100010000 4 A3 00000100100001 3 c3 00001000100100 3 E3 00100100000070 3
se 01000100100001 4 Aa 01000100001001 4 c4 01000100010001 & Ea 01000100010010 4
as 0000000010000Y 2 AS 00000100001001 3 cs 00000100010001 3 Es 000001000100%0 3
(1] 0010000100001 3 Ae ©100000010000% 3 ce 00010010010000 3 Es 01000000100010 3
[1] 00100100100001 4 A? 0010010000100t 4 c? 00100100010001 4 (34 00100100010010 4
an 1001001000001 4 As 0100160001007 5 cs 00001001000001 3 €8 10000100000010 3
(1] 10000001000001 3 A9 10000001001001 & ce 10000100000001 3 . e 10000100000160 3
A 10010001000001 4 AN 1001000100001  § cA 00001001000000 3 EA 0000100100100% 4
8 10001001000001 & AB  * 1000100100100% & ce 0001001000000 2 €0 00001001000010 3
sc 0100000100a001 3 AC ©01000001001001 ¢ cc 0100010000000 3 €c 01000100000100 3
(1] 00000001000001 2 AD 00000001001001 3 co ©00000100000001 2 E0 00000100006100 2
[13 0010001000001 3 AE ©00010001001001 4 13 00000010010000 2 €E  00010000100010 3
113 00100001000001 3 AF 0010000100100 4 . GF 0010020000000t 3 EF 00100100000100 3
%0 1600000010000 3 BO 00000100100000 2 oo 90000100100100 3 fo 000001001000%0 3
7] 10000010000001 3 Bt _  10000010001001 4 01 10000010010001 4 F1 _ 10000010010010 &
2 1001001000000 4 -} 10010010001001 & 02 1001001001000t S f2 10010010010010 &
9 00100000100001 3 .1} 00100100010000 3 [-H 10000100100000 8 fa 00001000100010 3
[ ©1000010000001 3 L1 0100001000100t 4 04 ©1000010010001 & Fa 01000050010010 4
»” ©0000010000001 ~ 2 Bs 0000001000100% 3 os 0000001001000% 3 Fs 60000010010010 3
(1] 0010010000001 3 Bs 0001001000100% 4 Ds 0001001001000t 4 Fe ¢0010010010010 4
(1 0100010000001 3 [ 1 00100010001001 4 o7 00100010010001 4 (1] 0100010010010 4
(1] 01001000000001 3 [ 1] 01001000001001 ¢ oe 01001000010001 4 Fs 01001000010010 &
[ 10000010010000 3 o 1000000000100t 3 oo 10000000070001 3 Fe 10000000010010 23
(13 10010000000001 3 9A 1001000000100 & oA 10010000010001 4 FA ° 10010000010010 4
(1] 10001000000001 3 [1] 10001000001001 & [ 1] 1000100004000 4 Fo 100010000100t0 4
L1 0100001G010000 3 sc ©0100000000100% 3 oec 01000000010001 . 3 FC 01000000010010 3
"0 00001000000001 2 (1] 00001000001001 3 oo 00001000010601 3 FO co001000010010 3
113 0001000000000 2 BE 0001000000100 8 pE 00010000010001 3 FE 0000000010010 3
oF 00100010010000 3 aF 00100000001001 3 oF 00100000010061 3 FF 00100000010010 3



it to be kept well wthih the capture range of the PLL system Fig. 5 shows
anot her enboddi ment of the rough servo circuit 20. In this case, the rough
servo circuit 20 is conposed of the divider 21, a target frequency
generating section 27 and a phase and frequency conparing section 26. In
this enbodi nent, the average frequency obsgsned from an EFM si gnal by the
divider 21 is not converted to a voltage value but is directly supplied to
t he phase and frequency conparing section 26. As the target value, a target
frequency (108.85 Hz) is supplied fromthe target frequency generating
section 27 to the phase and frequency conparing section 26. Then, the phase
and frequency conparing section 26 conpares these input values with each
other on a frequency |level, and outputs error information, that is, a
rotation speed servo signal ECLV-S. The above construction al so provides

t he same effect.
FIG. DS
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Generation Pattems and Reproducing Apparatus Equupped with the Rotation Control
Circuit. '
BACKGROUND OF THE INVENTION

Field of the Invention

The present invention relates to a reproducing apparatus for. reproducing
information from a disc-type recording medium and, further, to a rotation servo circuit
to be mounted on a reproducing apparatus.

Description of the Related Art _

Systems using disc-type recording media, such as optical discs or magneto-
optic discs, are widespread. In such systems, data is modulated in accordance with
EFM (eight-fourteen modulation), which is a kind of run length limited code on PCM
(puise code modulation) data.

Said modulated data is recorded on discs.

For the disc rotating operation, a CLV (constant linear velocity) system is
adopted.

For CLV rotation servo, an EFM signal read from the disc is usually supplied to
a PLL (phase locked loop) circuit to generate a clock, which is compared with a
reference clock obtained by means of a crystal to thereby obtain rotation error
information. The rotation error information thus obtained is fed back to a spindle motor
for rotating the disc, whereby a rotating condition in which the linear velocity is constant
is attained. In the present specification, a servo circuit of such a construction will be
referred to as a "PLL servo circuit". |

For the PLL servo circuit to function, it is necessary to secure a condition in
which the PLL circuit is locked and in which clocks are correctly extracted. To lock the
PLL circuit, a rough servo control for dragging the extracted EFM signal into the
capture range of the PLL circuit is required when starting up the spindie motor. That
is, in a disc reproducing apparatus, when starting the spindle rotation, a rotation servo
control of a predetermined number of revolutions is usually first performed by a rough
servo circuit. When the PLL circuit is locked, the CLV servo operation is switched from
the rough servo cireuit to the PLL servo circuit.

Fig. 1 shows the construction of a- CLV servo system in a disc reproducing
apparatus.

Numeral 51 indicates a disc, and numeral 52 indicates a spindle motor.
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I nversion val ue representative of an inversion probability pattern of the
run length limted code recorded on said diso-type recording nediuny

aver age inversion value detecting neans for detecting the average inversion
value of the run length limted code extyacted fromsaid data extracting
means; conparison neans for conparing tﬁé reference inversion value from

s a: dr ;af er emmagianss irRjicates/ar o;mcelamadffbﬁ reeduﬁgam& fronh thel disc Bl/gTﬁ?éJ@ath fﬂélsléH sion
val ue from sajd aver vers va ans; and control neans
for controlw{li'&@i ﬂﬂ%@f’ gf W "gﬁ?taﬁ anfFMsignali son

result of said Cﬂﬁ’ﬁl@\'h’bﬂﬁhoﬂiﬁﬁm‘ereﬁroductrﬁn%%éﬁ%lfﬁérﬁﬁﬁé‘EFMﬂ%n%‘diﬂHtﬂh”9 to
Claim 1, wherein the reference inversion value generated by said reference

i nversi on VAT CAERHIM PIOcESHRG fIC- i an the RITM signal fo tfereby obtain a reproduction

signal of audio data, etc. _

In the CLV servo system, the EFM signal is supplied to a PLL servo circuit 55
and a rough servo circuit 60. _

As stated above, the PLL servo circuit 55 supplies the EFM signal to the PLL
circuit to reproduce a clock, which is compared with a reference clock obtained by
means of crystal, thereby obtaining rotation error information (a rotation phase servo

~ signal ECLV-P),

The rotation phase servo s1gnal ECLV-P is supplied to one of two adder circuits
58.

The rough servo circuit 60 detects a maximum or minimum inversion pattern
included in the EFM signal, and obtains rotation error information (a rotation speed
servo signal ECLV-S) for causing this pattern to have a proper inversion interval or
inversion frequency. This rotation speed servo signal ECLV-S is supplied to the S-
terminal of a switching circuit 56 and, further, to the other adder circuit 58.

At first, the S-terminal of the switching circuit 58 is selected, so that the rotation
speed servo signal ECLV-S is supplied to a motor driver 57. The motor driver 57
supplies the spindle motor 52 with driving electric power in accordance with the rotation
speed servo signal ECLV-S.

In the PLL servo circuit 55, in which the PLL circuit is locked during the rough
servo period, a lock detection signal "Lock" is output in response to the locking of the
PLL circuit and supplied to the switching circuit 56. Upon receiving the lock detection
signal "Lock", the P-terminal of the switching circuit 56 is connected and, from this time
onward, a signal obtained by adding together the rotation phase servo signal ECLV-P
and the rotation speed servo signal ECLV-S is supplied to the motor driver 57, whereby
a CLV servo by the operation of the PLL servo circuit 55 is executed.

The rough servo circuit 60 includes an inversion interval measurement section
61, a peak hold circuit 62, a bottom hold circuit 63 and a magnitude comparator 64,
and generates the rotation speed servo signal ECLV-S by the féllowing operation.

In an optical disc or a magneto-optic apparatus, an EFM signal extracted inl a
condition of the normal number of revolutions is composed of 9 kinds of componehts

- having an inversion interval of 3T - 11T with respect to a reference clock T (T =
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3. - A reproducing apparatus according to Caim1l, wherein the reference

I nversion val ue generated by said reference inversion val ue generating
nmeans is a frequency val ue. 4. A reproduci ng apparatus conpri sing:

rotating neans for rotating a disc-type éecordi ng nmedi um data extracting

means for extracting a run length 1imte .
recordi ng nmeédi3at8 MHz)13 reference inversion val ue generating nmeans for

gener ating 2 © of 8t BBl Sl Voo o SFoT Gial f ool e hihmns

having an inversion interval of 11T, which is the maximum inversion interval, are
encoded. In Fig. 2 which shows the construction of one frame of of EFM signal, the

foremost 24 bits of one frame, formed of 588 bits, constitutes a sync pattern, which is

a fixed pattern of 11T, 11T and 2T, as shown in Fig. 2.

Next to the sync pattern, sub code data, main data consisting of audio data or
the like, and parity, each item in 14 bits, are arranged as shown in the drawing.
Further, 3-bit margin bits are arranged between the 14-bit data items.

There exist 33 symbols (1 symbol = 14 bits) as the main data in one frame; in
the case, for example, of audio data, 6 sampling sections are provided with respéct to
the left and right channels. -

Since 588 bits corresponds to 6 sampling sections, the frequency (RF clock) of
one frame is 7.35 KHz. The above-mentioned 4.3218 MHz corresponds to the clock
of each bit, that is, it is a value of 7.35 KHz x 588.

The rough servo circuit 60 performs rough servo by measuring, for example, the
pattern width as the maximum inversion interval 11T seen in the sync pattern.

However, since there is a possibility that an interval larger than 11T is detected
due to flaws on the disc or the like, there is also provided a function '

by which such erroneous data can be cancelled.

In the rough servo servo circuit 60, the EFM signal supplied is first
measured for its inversion interval by the inversion interval measuring section 61. The
reference clock for the measurement is 1/T.

The inversion interval measured is supplied to the peak hold circuit 62, and the
value of an inversion interval which is maximurh at an interval of, for example, RF clock
(7.35 KHz) /2, is held.

The output of the peak hold circuit 62 is further supplied to the bottom hold
circuit 63, and the value of an inversion interval which is minimum at a longer interval
of, for example, RF clock (7.35 KHz) /16, is heid. The output of the boftom hold circuit
63 is the minimum of the maximum inversion interval values output from the peak hold
“circuit 62. That is, even if inversion intervals of 11T or more are generated due to
flaws on the disc or the like, they will be cancelled, and an inversion interval value in
the correct 11T pattern will be output from the bottom hold circuit 63.

The inversion interval value output from the bottom hold circuit 63 is supplied
to the magnitude comparator 64. The magnitude comparator 64 is also supplied with

- -

Date: =6 N

code recorded on said disc-type
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length- limted code recorded on said disc-type recordi ng nedi uny average

i nversion val ue detecting neans for detecting the average inversion val ue
of .the run length imted code extracted fromsaid data extracting neans;
first conparison neans for conparing the reference inversion value from
said reference inversion value generating nmeans with the average inversion

val ue fromzmirdeicl Rbstvalniiie adan' #1 TIpatieinesdriing 4808 efefdtitedCN ¥, idlP @
first rotation servo SL\?a?al ‘?ﬂb’t he basi s- of _the congtgl son result; second
conpar i son iEEFEN ifervalyglug of h attarp ikthe B eiggal gxtractadinhe canditien ebde
extract ed frighaPRirfibéioéfreealtiche] BRE tHIS Y8ie i€ 85MParel Wvith e AMdraith GitevhPCK
with a predeterm ned reference cl ock, and generating a second rotation

K
servo si gnaf@lusoytpdt fon the Bettom Boldsirsyit 83on resul t:  and

The polarity and absolute value obtained through the comparison processing,
“that is, the error information, is used as a rotation speed servo signal ECLV-S.

However, the rough servo circuit 60 as described above has a problem in that
it leads to a large circuit size, resulting in a high cost. Further, it involves a large power
consumption.

As described above, to prevent a malfunction caused by the generation of an
inversion interval of beyond 11T, attributable to flaws or dirt on the disc, it is necessary
to execute a process in which the maximum inversion interval values are peak-held in
a certain time width and in which what is obtained by bottom holding the minimum of
the peak-held values in a still larger time width
is employed as an inversion pattern of the proper maximum interval, with the
result that is is rather difficult to attain a reduction in circuit size.

SUMMARY OF THE INVENTION
In view of the above problem, it is an object of the present invention to make

it possible to attain a marked reduction in the size of the rough servo circuit.

To solve the above problem, the present invention provides a reproducing
apparatus including:

rotating means for rotating a disc-type recording medium;

data extracting means for extracting a run length limited code recorded on said
disc-type recording medium;

reference inversion value generating means for generating a reference inversion
value representative of an inversion probability pattern of the run length limited code
recorded on said inversion on said disc-type recording medium;

average inversion value detecting means for detecting the average inversion
value of the run length limited code extracted from said data extracting means; *

comparison means for comparing the reference inversion vaiue from said
reference inversion value generating means with the average inversion value from said
average inversion value detecting means; and

control means for controlling said rotating means in accordance with the
comparison result of said comparison means.

In accordance with the present invention, there is further provided a reproducing

This is the replacement sheet
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control neans for controlling the supply of the first rotation servo signal
and the second rotation servo signal to the rotating neans. 5. A
reproduci ng apparatus according.to Claim4, wherein the control neans
further conprises: addition neans for adding together the first rotation
servo signal and the second rotation ser¥o si gnal to output a conbined
rotation sespsarstudbiudigld sel ection nmeans for selecting the first rotation

servo signal and the conbined rotation servo signal fromsaid addition
means. 6. A r'ofating eeans foppiating a disetynereserding edivm 5, wherein, for

normal rotation, gfaiestrsQnGrdandar Sxtiaeiiig é?hlfn |§ﬁ§tﬂ liﬁﬂle&‘é&%é;&c%%%nss%ié‘s to

cause it to select the rofTation servo signa rom sal d additl on neanhs and,
for rough sdisetypedaserdingipediimheans controls said sel ection neans so as to

cause it to sel egharbR ihidreibh 9Hius §erEtatidBindibAgBreritflg hirélerclifehidh S€rve

si gnal generating neans. _
value representative of an inversion probability pattemn of the run length limited code

recorded on said disc-type recording medium;

average inversion value detecting means for detecting the average inversion
value of the run length limited code extracted from said daia extracting means;

first comparison means for comparing the reference inversion value from said
reference inversion value generating means with the average inversion value from said
average inversion value detecting means and generating a first rotation servo signal
on the basis of the comparison result;

second comparison means for extracting a clock from the run length limited
code extracted from said data extracting means, comparing the extracted clock with a
predetermined reference clock, and generating a second rotation servo signal on the
basis of the comparison resuilt; and

control means for controlling the supply of the first rotation servo signal and the
secor_wd rotation servo signal to the rotating means.

Further, the present invention provides a rotation servo circuit including:

data extracting means for extracting an input run length limited code;

reference inversion value generating means for generating a reference inversion
value representative of an inversion probability pattern of the input run length limited
code; | _

average inversion value detecting means for detecting the average inversion
value of the run length limited code extracted from said data extracting means;

comparison méans for comparing the reference inversion value from said
reference inversion value generating means with the average inversion value from said
average inversion value detecting means; and

rotation drive signal generating means for generating a rotation drive signal on
the basis of the comparison restuilts of said comparison means.

In accordance with the present invention, there is further provided a rotation
servo circuit including: - .

data extracting means for extracting an input run length limited code;

reference inversion value generating means for generating a reference inversion

This is the replacement sheet
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14 7. . A reproducing apparatus according to Claim4, wherein the
reference inversion value generated by said reference inversion val ue
generating means is a voltage value. 8. A reproduci ng appar at us
according to Claim4, wherein the reference inversion val ue generated by
said reference inversion value generating nmeans is a frequency val ue. 9.

A rotation saéQegresentalivecOMa invebn srababifty baférhi dTeheMPOBrundengthtiatedi ng
an input run length |imted code; ref%raenclgylbnversi on val ue gen%r ating :
means for géﬁ@?-ati ng a reference '

average inversion value detecting means for detecting the average inversion
value of the run length limited code extracted from said data extracting means; '-

first comparison means for comparing the reference inversion value from said
reference inversion value generating means with the average inversion value from said
average inversion value detecting means and generating a first rotation servo signal
on the basis of the comparison resuilt;

second comparison means for extracting a clock from the run length limited

" code extracted from said data extracting means; comparing the extracted clock with a
predetermined reference clock, and generating a second rotation servo signal on the
basis of the comparison result.

By obtaining the mean value of the inversion intervals of a run length limited
code extracted from a disc, it is possible to obtain a mean inversion value which is very
resistant to the influence of flaws, stains or the like on the disc. Further, it is actually
possible for the circuit for calculating the mean inversion value to be simply formed by
a divider. |

Further, the mean inversion value obtained from the run length limited code
extracted from the disc is compared with the proper mean inversion value, that is, the
mean inversion value in the EFM signal extracted in the condition of normal number of
rotations and used as the target inversion value, whereby rotation error information can
be obtained.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a block diagram showing a conventional rotation servo circuit and an

optical disc apparatus equipped with the rotation servo circuit: .
Fig. 2is a diagrém showing the data structure of one frame of an EFM signal
recorded on an optical disc;
Fig. 3 is a block diagram showing a rotation servo circuit according to the
present invention and an 2ptical disc apparatus equipped with the rotation servo circuit;
Fig. 4 is a table showing patterns of EFM data and numbers of inversions
corresponding to the pattemns; and |
Fig. 5 is a diagram showing a rough servo circuit according to a second
embodiment of the present invention.
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
A reproducing apparatus and rotation servo circuits constituting
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i nversion value representative of an inversion probability pattern of the
i nput run length Iimted code; average inversion val ue detecting neans for
detecting the average inversion value of the run length [imted code
extracted fromsaid data extracting neans; conparison nmeans for conparing
the reference i'nversion value fromsaid feference inversion val ue

generating gRpha intdof hE PRI RRehtiDHNR RN BPbsLRibEP With Fefdretiteta0e

i nversion val etecting neans; and rotation drive signal generating neans
for generatFig§ &5 otation drive signal on the basis of the conparison

to G aimo, uher S Res eREsdam thowind'of €12 sehld 84RO foprongaRg i no
reference i apparatusnofvan embydimenttaf the rpresent jinveation land (e retation: servo circuit
included in the CLV servo system. '

Numeral 1 indicates a disc; numeral 2 indicates a spindie motor; and numeral
3 indicates an optical head for reading data from the disc 1.

The data read by the optical head 3 is output through an RF amplifier 4 as an
EFM signal. ' |

In the CLV system, the EFM signal is supplied to a PLL servo circuit 10 and a
rough servo circuit 20. |

in the PLL servo circuit 10, which will be described in detail hereinafter, the EFM
signal is input to a PLL circuit to reproduce a clock which is compared with a reference
clock obtained by a crystal to thereby obtain a rotation phase error information (a
rotation phase servo signal ECLV-P). The rotation phase servo signal ECLV-P is
supplied to one of the terminals of an adder 25.

The rough servo circuit 20 detects a mean inversion value with respéct to the
EFM signal, and compares this mean inversion value with a target inversion value,
which is the rhean inversion value to be obtained with respect to an EFM signal
extracted in the condition of the normal number of revolutions, whereby rotation speed
error information (a rotation speed servo signal ECLV-S) is obtained. This rotation
speed servo signal ECLV-S is supplied to the S-terminal of a switching circuit 5 and,
at the same time, supplied to the other terminal of the adder 25.

At the start up of the spindie motor 2, the S-terminal of the éwitching circuit 5
is selected, so that the rotation speed servo signal ECLV-S is supplied to the motor
driver 6. The motor driver 6 supplied electric power for driving to the spindle motor 2
in accordance with the rotation speed servo signal ECLV-S.

During the rough servo described above, in the PLL servo circuit 10, the PLL
circuit is locked and, in response to the locking of the PLL circuit, a lock detection
signal Lock is output and supplied to the switching circuit 5. The switching circuit 5
connects the P+S terminal upon being supplied with the lock
detection signal Lock. From this time onward, the rotation phase servo signal ECLV-P
and the rotation speed servo signal ECLV-S are supplied to the motor driver 6, whereby
a CLV servo by the PLL Servo circuit 10 is executed.

In the PLL servo circuit 10, an edge detection circuit 11 is first provided to
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11. - A rotation servo circuit according to Claim9, wherein the reference
i nversi on val ue generated by said reference inversion val ue generating
neans is a frequency val ue. 12. A rotation servo circuit conpri Sing:

15 data extracting nmeans for extracting i nput run length limted code;
reference inversion value generating nearns for generating a reference

i nversi on vglerfermedye sletection v thef ERM signak Fﬁidﬁhtﬁlﬂ@bﬁxbiddgb)deié%ﬁéﬁ&ii’ctﬁtf1 1t he

oPue ] ue § RS hup B b1 L i, WG Somposad a1 A bhase Somparator 12, & lowcpass '
fitter 13 and a VCO (voitage control oscillator) 14. Thus, in this PLL circuit, a channel
clock component is reproduced from the output of the edge detection circuit 11. i

The channel clock, which is the output of the VCO 14, is supplied as another
input to the phase comparator 12 and also 1/N-divided by a divider 15 and input to a
phasef/frequency comparator 18.

Numeral 16 indicates a reference clock generator based on a crystal. A
reference clock from this reference clock generator 16 is 1/N-divided by a divider 17
and input to the phase and frequency comparator 18.

When the PLL circuit, which is formed by the phase comparator 12, the low-
pass filter 13 and the VCO 14, is in the locked state, rotation error information is
obtained by comparing the channel clock and the reference clock by the phase and
frequency comparator 18. The output of the phase and frequency comparator 18
undergoes phase compensation at a phase compensation circuit 19 and is supplied to
one of the terminals of an adder circuit 25 as the rotation speed servo éignal ECLV-P.

With the locking of the PLL circuit, a fock detection signal Lock is output to the
switching circuit 5 from the phase and frequency comparator 18, whefeby, in the
switching circuit 5, the P+S terminal is connected. As a result, the rotation phase servo
signal ECLV-P is supplied to the motor driver 6, and a CLV servo by the operation of
the PLL servo circuit 10 is executed.

Until the PLL circuit is thus locked and the PLL servo circuit 10 starts to
function, the rough servo circuit 20 functions to effect CLV servo. That is, the rough
servo circuit 20 performs control such that the rotation of the spindle motor 2 can drag
the EFM signal into the cabture range of the PLL circuit.

As shown in Fig. 3, the rough servo circuit 20is composed of a divider 21, an
FIV (frequency/voltage) converter 22, a target voltage generating section 23 and a -
comparator 24. '

The operation of this rough servo circuit 20 will now be described.

First, Fig. 4 shows 256 EFM words (in 14 bits) that are EFM-encoded in
correspondence with the original 8-bit data of 0 - FF (Hexa decimal data).

That is, diagram is an EFM conversion table.

These EFM words are used as phase inversion signals of the so-called NRZ|
(non return to zero inversioﬁ) system. |

Thus, in each EFM word, the position of "1" represents the position of pulse
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i nversion value of the run Iength [imted code extracted fromsaid data
extracting nmeans; first conparison nmeans for conparing the reference

i nversion val ue fromsaid reference inversion val ue generating neans with
t he average inversion value fromsaid avgrage inversion val ue detecing
nmeans and generating a first rotation se§vo signal on the basis of the
conpari son fReksidn. second conparison nmeans for extracting a clock fromthe

run length limted code extr d fro data extract nepans; .
Compari g t he. extPARDBEWER Bis i wrprs, id db s e AUFbRE PLitGES EVEBions gt
generating @aél?ﬁ%@nf&ﬂaﬁtlé Qe RBMBEr &f tiNe th‘éf‘"‘lt" ppbasitherein %t he conpari son
result 13. A reproducin paratus according to Claiml further

conpri sing: addi The@5 are selegted e pavong 244 pattems ngssibledn, 14bits o
signal and £8es to correspond to 8-b|t data. In particulars, there are selected those patterns

which satisfy the requirement that two or more "0"s should come between "1"s and that,
of the inversion intervals (intervals between "1"'s), the minimum should be 3T and the
maximum 11T.

By classifying the EFM words of Fig. 4 in terms of the number of inversion in
a word, the following results are obtained: | '

The number of EFM words with 1 inversion: 4
The number of EFM words with 2 inversion: 56
The number of EFM words with 3 inversion: 120
The number of EFM words with 4 inversion: 70
The number of EFM words with 5 inversion: 6

From the above, the mean number of inversions in a word is o'btained as
follows:

4x1+56x2+120x3+70x4+6x5)/256

=786/256 =3.07 ... (1)

Thus, approximately 3 is the average value.

As explained with reference to Fig. 2, the EFM frame includes a sync pattemn
of 11T + 11T + 2T (that is, three inversions) and 3-bit margin bits arranged between
the 14-bit EFM words.

Assuming that the EFM-encoded data is a rahdom number, and that the
inversion generating ratio.in each margin bit is 1/2, the average number of inversions
in one EFM frame is obtained as follows:

(786/256) x 33 + (1/2) x 34 + 3

=121.32 [times] = =  ...... 2)

in the above equation (2), "33" is the number of words of the 14-bit data
included in one frame; "34" is the number of 3-bit margln-blt words; and "3" is the
number of inversions in the sync pattern (See Fig. 2.).

It can be concluded from the above that the average frequency of the EFM
signal is:

(121.32 x 7.35 [KHx]) / 2 = 445.85 [KHz}

This average frequency of EFM signal is a substantially reliable value in a
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second-rotation servo signal to output a conbined rotation servo signal;
and -sel ection neans for selecting between the first rotation servo signal
and the conbined rotation servo signal fromsaid addition neans. 14. A
rotation servo circuit according to Caijg12, wherein the reference

i nversion value generated by said reference inversion value generating
nmeans i s a spstemgia whblmehe PEM auéaordﬁtatdonstltamgvmeccbb]emidf ERM anoldulatidnoisCl ai m

ver'si on VPRI B NFRMRAAIS Pat B p SEE 0 I e EF R eeldR L iRs o
rotating a ¢asdon ymmbélecor di ng rredl um

itis substantially a proper although in some cases it more or less lacks rehablllty
as the average frequency of an EFM signal since in an ordinary CD-DA (an optical disc
audio uses), the EFM-modulated PCM audio data is hot a perfect random number.

When, for example, a division of 1/4096 is effected on an EFM signal having
such an average frequency, '

(455.85 x 103)/4096 = 108.85 [HZ]

Thus, an output frequency of 108.85 [Hz] is expected. _

In the rough servo circ_uit 20 of Fig. 3, assuming that n = 4096 with respect to
the divider 21 for 1/n division, an output frequency of 108.85 Hz is 'expected as the
output of the divider 21 when the spindle motor 2 is in the normal speed condition.

The output frequency of this divider 21 is converted to a voltage value by the
FIV (frequency to voltage) converter 22 and supplied to the comparator 24.

Then, from the target voltage generating section 23, a target voltage value is
supplied to the comparator 24. The target voltage value is a voltage value
corresponding to the frequency of 108.85 Hz.

Thus, in the comparator 24, the voltage value from the F/V converter 22, which
corresponds to the mean frequency of the EFM signal extracted from the disc 1, and
the target voltage from the target voltage generating section 23, which corresponds to
the proper mean frequency of the EFM signal, are compared with each other. That is,
the output of the éomparator 24 is rotation error information.

This information is supplied to the S-terminal of the switching circuit, and to the
motor driver 6, whereby rough servo control is effected on the spindle motor 2.

As described above, the rough servo circuit 20 of this embodiment has a very
simple circuit configuration, only consisting of the divider 20, the F/V converter 22, the
target voltage generating section 23 and the comparator 24. Thus, a remarkable
reduction in circuit size is attained as compared to the conventional rough servo
circuits. '

Further, since the mean frequency of an EFM signal is detected, it is possible
to realize a highly reliable system which is resistant to the influence of an illegal signal
pattern due to flaws, stains, etc. on the disc.

As to the division ratio n of the divider 21, it is not restricted to 4096 but any

other suitable value can be set as such. That is, any value can be set as the division
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a data extractor for extracting a run length limted code recorded on said
di sc-type recording nmedium a generator for generating a reference

i nversion val ue representative of an inversion probability pattern of the
run length [imted code recorded on saiﬁi di sc-type recording mediunm a
detector for detecting the average inve Lion val ue of the run length
limted codaticertasdongds fthelpstaistabiliaé thedivisivht autputdo sachpadegse ddto dlle@pari ng

nver oi on JapUis YR el iR B8 opBr® ik ATBERELSYHER for control I ng sai d
rotating neans im,a&:ﬂwmhaﬁédﬁ)ddnﬁgmné rougih geamjd;itcunfz_o__sai d conpar ator.
1T PGk i BBEARAL HS R TR Gl 20% B the sider 31 gt {YPS
frequency generating section 27 and a phase and frequency comparing section 26.
In this embodiment, the average frequency obtained from an EFM signal by the
divider 21 is not converted to a voltage value but is directly supplied to the phase and
frequency comparing section 26. As the target value, a target frequency (108.85 Hz)
is supplied from the target frequency generatihg section 27 to the phase and frequency
comparing section 26.
Then, the phase and frequency comparing section 26 compares these input
values with each other on a frequency level, and outputs error information, that is, a
rotation speed servo signal ECLV-S.
| The above construction also provides the same effect.
While the above embodiments have been described with reference to cases in
which an EFM signal is used, the présent invention is also applicable to any other
modulation system as long as it performs data recording by means of a run length
limited code.
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an &xtractor for extractlng a run length linited cade recorded on said .

di sc-type -recordi ng nedium a generator for generatl ng a reference

i nvérsi on val ue representative of an inversion probability pattern of the-
run length limted code recorded on said disc-type recording nmedium an
average inversion value detector. for det eqgly ng the dver.age inversion val ue
of the run length Iimted code extracted from said extractor, a first

conparator for conparing the reference in\'/e,r'si on value fr enerator
w th-the average i.nversion value fromsaid average fnversi EF vaI ue

and generat| ng a first rotation servo signal on the ba5|slI Im ”mgm’”mn

resul't;. a second conparator faor extracting a clock fromt
limted code ext ract etd froﬂnre;mdilcmgtappmmscompmpmgt ng the ext ract ed clsock

w t ha rotatmg means for rotatmg a d1sc-type recordmg medlum,
~ data extractmg means for extmctmg arun length limited code recorded
on sald dxsc-type recordmg medium; . ' _ _
reference mversxon value generétmg means for gcneratmg a reference
inversion value representauve of an mversmn probabﬂlty pattern of the run
length. hmted code recorded on said. dlSO-tpr recording mediam; -

_ average mvers:on value detectmg means for detecting the-average
mverslon value of the run length limited code extracted from sa1d data
extracting means;

_ comparison means for comparing the reference inversion value from
- said reference inversion value generating means with the average inversion
value from said average inversion value 'detecting means; and
control means for controlling said rotating means ini accordance with the

compaﬁsoﬁ result of said comparison means.

2. A reproducing apparatus accordmg to Claim 1, wherein the
reference inversion value generated by said reference inversion value generatmg

means is a voltage value. ~ w

3. A reproducing apparatus according to Claim 1, wherein the
reference inversion value generated by said reference inversion value generating

means is a frequency value.

- 4, A reproducing apparatus comprising: .
rotating means for rotating a disc-type recording medium;
data extracting means for extracting a run length limited code recorded
on said disc-type recording medium;
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predet erm ned reference cl ock and gener"éti ng a second r"t')'f‘atioh*sefveﬁi—ghal

on the basis of the.conparison resul.t; and 17 a contr

controlling the Supply of the first rotation servo si gnaﬁ'mH" !!H"’l#m,)nd :
rotation servo signal -to the notor. 18. A rotation servb @ recul -
comprising: an extractor for extracting am3| nput -run length limted code; a -

generator for generatl ng a reference inversjon val resent i ve of an

i nversi on probabil i tW&&%W@%W@“‘FW%@WﬁS‘?W@ B8 a
detector for detglllioq vhile réprelcatifivé B ol ﬁl'vg&o\ﬁa[ltytpgﬁcﬁlb?tlleeﬁﬂt h

length hmlted code reoorded on said dxsc-type recordmg medmm,

average mversxon value detectmg means for detecung the average
mversxon value of the run length limited code extracted from said data
extractmg means, ' '

first companson means for comparmg the reference inversion value
from said reference i inversion value generating means ‘with the average inversion
value from said average inversion value detectmg mieans and generating a first
rotation setve signe.l on the basis of the compaﬁsen result; | '

second companson means for. extractmg a clock from-the run length
limited code extracted from said data extracting means, comparing the extracted '

" clock with a predetermined reference clock, and generating a second rotation

servo signal on the basis of the comparison result; .

and
control means for contiolling the supply of the first rotation servo signal

and the second rotation servo signal to the rotating means.

5.  Areproducing apparatus according to Claim 4, wherein the
control means further comprises:

addition means for adding together the first rotation servo 51gnal and the
seeond rotation servo 31gnal to output a combined rotation servo signal; and

selection means for selecting the first rotation servo signal and the

combined rotation servo signal from said addition means.

6. A reproducing apparatus according to Claim 5, wherein, for
normal rotation, said control means controls said selection means so as to cause
it to select the rotation servo signal from said addition means and, for rough
servo, said control means controls said selection means so as to cause it to select

the rotation servo signal from said first rotation servo signal generating means.
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limted code extracted fromsaid extractor; a first conparator for
conmparing the reference inversion val ue from said generator wth the
averaage inversion value fromsaid detector and gener L“ mu |mat i on
servo signal on the basis of the conparison result; ﬂ“lmwﬂ ll[) for
extracting a clock fromthe run length linited code extractled " rdom &ai d
extractor, conparing the extracted clock Ww4th a predeterm-ned reference
cl ock and generating a second rotation servo signal on the basis of the -
conparison result 19.7, AA@é;ﬁbdﬁhf@fpmmmwdingomrmaﬁmmhemnmatractor
for extracting an input run.length limted code; a generator for generating
a reference i nvaeferenge inversion ¥a %gmaé@d besaid referenopiaversion vplusigenemating
pattern of the in limted code; a detector for detecting the
‘wﬁ%#¥%@= @ detee -

aver age ‘i nver si S un length

8. A reproducing apparatus according to Claim 4, wherein the

reference inversion value generated by said reference inversion value generating-

means is a frequex_lcy value.
9. A rotation servo circuit comprising:

data extracting means for extracting an input run length hmted code

 reference inversion value generating means for generatmg a reference
inversion value repmentatwe of an inversion probability pattern of" the input
run length limited code; :

. average inversion value detecting means for detecting the average:
inversion value of the run length limited code extracted from said data
extracﬁng means; . )

comparison means for comparing the reference inversion value from
said reference invex:s.ion value generating means with the average inversion
~ value from said average inversion value detecting means; and
rotation drive signal generating means for genex:eﬁng.a rotation drive

signal on the basis of the comparison results of said comparison means.

10. A rotation servo circuit according to Claim 9, wherein the
reference inversion value generated by said reference inversion value generating

means is a voltage value.

11. A rotation servo circuit according to Claim 9, wherein the
reference inversion value generated by said reference inversion value generating

" meansisa frequency value.
12. A rotation servo circuit comprising:
This-is the replacement sheet
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limted code extracted fromsaid extractor, a conparator for conparing the
reference inversion value fromsaid generator wth the—average—r*nvmron

value fromsaid detector, and a rotation drive S|gnal o
generating a rotation dr|ve signal on the basis of'th ﬁmrlmH [”em It_s
of said corrparator o Coox L M8

15

data extracting means for cxtractmg an input run length limited code; -

reference inversion value generating means fqr generating a reference .
inversion value representative of an inversion probability- pattern of the input
run length limited codé; | | |

average inversion value detecting means for detecting the average
inversion value of the run length limited code extracted from said data
extractmg means; -
| ~ first comparison means for comparing the reference inversion value
from said reference inversion value generating means with the average inversion
value from said average inversion value detecting means and generatiné a first
i-otat_ion servo signal on the basis of the comparison result;

" second comparison means for extracting a clock from the run length

limited code extracted from said data extracting means; comparing the extracted
¢lock with a predetermined reference clock, and generating a second rotation

servo signal on the basis of the comparison result.

13, Areproducing apparatus according to Claim 12, further
comprising: '
addition means for adding together the first rotation servo signal and the
second rotation servo signal to output a combined rotation servo signal; and
selection means for selecting between the first rotation servo signal and
the combined rotation servo signal from said addition means.

14. A rotation servo circuit according to Claim 12, wherein the
reference inversion value generated by said reference inversion value generating

means is a voltage value.

15.  Arotation servo circuit according to Claim 12, wherein the
* reference inversion value generated by said reference inversion value generating

means is a frequency value.
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16. A reproducing apparatus comprising
~ amotor for rotating a disc-type recording medium; .
" a data extractor for extracting a run length limitéd code recorded on sa1d
sc-type-recording medium;
a generator for generating a reference inversion value representative of
_ an inversion probability pattern of the run length_hmlted code recorded on said
disc-type recotding medium, '
a detector for detectmg the:; average inversion va.lue of the un length
hmxtedcodeexu'actedﬁomsatddataextractor' :
a comparator for comparing the refetence inversion value from said
generator with the average inversion value from said detector; and
a controller for controlling said row.tmg means in accordance ‘with the

comparison result of said comparator.

17. A reproducing apparatus comprising:

a-motor for rotating a disc-type reeerding medium;

an extractor for extracting a run length limited code recorded on said
disc-type recording medium;

a generator for generating a reference inversion value representative of
an inversion probability pattern of the run length limited code recorded on said

type recording medium;

an average inversion value detector for dete_cting the average inversion
. value of the run length limited code extracted from said extractor;

a first comparator for comparing the reference inversion value from said
generator with the average inversion value from said average inversion value
detector and generating a first rotation servo signal on the basis of the
comparison reault; . |

a second comparator for extracting a clock from the run length limited
" code extracted from said extractor, comparing the extracted clock with a
_ predetermined reference clock and generating a second rotation servo signal on

the basis of the comparison result; and
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a controller for controlling the supply of the first rotation servo signal
and of the second rotation servo signal to the motor.

18. A rotation servo circuit comprising:
an extractor for extracnng an mput run length limited code;
a generator for generating a reference inversion value representative of
an inversion probabxhty pattern of the mput run length lmuted code;
a detector for detecting the average inversion value of the un length
limited code extracted ﬁ'om said exu'actor _ '
| a first comparator for comparing the reference inversion value from sa1d
generator with the average inversion value from said detector and generatmg a
first roﬁﬁon servo signal en the basis of the comi:aﬁs_on-result; '
' secend comparator for extracting a clock from the run length limited
code extracted from said extractor, comparing the extracted clock with a
pfedet_ermined-reference clock and generating a second rotation servo signal on

the basis of the.comparison result.

19. A rotation servo circuit comprising:
an extractor for extracting an input run length limited code;
~ agenerator for generating a reference invereion value representative of
- an inversion probability pattern of the input run length limited code;

a detector for detecting the average invelsien value of the run length
limited code extracted from said extractor;

a comparator for comparing the reference inversion value from said
generator with the average inversion value from said detector; and

a rotation drive signal generator for generating a rotation drive signal on

the basis of the comparison results of said comparator.
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AN VALUE OF RUN
ROTATION CONTROL CIRCUIT BASED ON THE ME

LENGTH CODE GENERATION PATTERNS AND REPRODUCING APPARATUS
EQUIPPED WITH THE ROTATION CONTROL CIRCUIT

ABSTRACT OF THE DISCLOSURE

Disclosed are a rotation servo circuit and a reproducing apparatus
equipped therewith. 1In the rotatjon servo circuit, the mean value of the -
generation pattern of a run length code recordéd on a recording medium is
calculated in advance and, on the basis of the mean value thus obtained, a
reference rotation voltage is generated, so that a rotation in accordance with

the reference rotation voltage is effected whenever a reference number of

revolutions is deviated.from.

Figure 3
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