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OPTICAL, DISK APPARATUS

BACKGROUND OF THE IﬁVENTION
Field of the Inventionz.

The present invention relates to an optical disk
appératus suitable for use as an optical disk system com-=
prising an optical disk drive and a host computer.
Description of the Related Art:

' One conventionél optical disk system comprising
an optical disk drive and a host computer is shown in FIG. 1
of the accompanying drawings. |

As shown in FIG. 1, the optical disk system com-
prises an optical disk drive ahd a hbst computer 18 which is
.connected to the optical disk drive through a host interface
14 and a SCSI (Small Computer Systéms Ihterface)'bus 17
which belong to the.optical disk drive.

_The-optical disk drive has a CPU 1 connected to a
bus 2, a work RAM 3 connected to the bus 2, a ROM 4 con-
nected to the bus 2 for storiﬁg program data 4a for system
control and pgfameter data 4b for control, a servo system—
signal processor 5 connedted to the bus 2, a spindle motor 6
connected to the bus 2 through the servo system Signal proc-
essor 5, for rotating an optical_diék 7, and an optical
pickup 8 connected to the bus 2. The optical disk_drive
also,includes an'input/output port 10 connected to the bus
2, an equaiizer 11 connected to the input/output port 10 for

equalizing the waveform of - an RF signal from a piayback am-
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plifier 9 connected to the optical pickup 8, a digital sig-

nal processor 12 connected to the iﬁput/output port 10 for
converting an output signal from the equalizer into a binary
signal, thereafter reproducing a clock signai, reproducing
data based on the clock signal, and effecting a CIRC error-
correcting process on the repfoduced data, a decoder 13 con-
nected to the input/output port 10 for decoding the proc-
essed data from the digital signal processor 12 into origi-
nal data, and a host interface 14 connected to the in-
put/output port 10 for commhniéaticn with the host computer -
18. | '

The servo system signal processor 5 serves to

" energize the spindle motor 6 and effect focusing and track-

ing control on the optical pickup 8 for controlling a thread

feed motor (not shown). When the optical disk system is

. turned on, the program data 4a stored in the ROM 4 are

loaded into a main memory of the CPU 1, which then functions
as a RAM control means 15 and a system control means'16 as

indicated by the ‘dotted lines. The optical disk 7 which can
be used in the optical disk system may be a CDfROM; a CD-DA

(digital audio), a CD-R (recordable), or the like. The op-

‘tical disk system may play back the optical disk 7 at a nor-

mal speed or a double speed based on a command from the host

computer 18. The optical disk 7 contains recorded data

which have a shortest data length (shortest pit length) and

a longest data length (longest pit length) set to 3T, 11T,
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respectively, and are modulated by a DC-free EFM (Eight to -

Fourteen Modulation) process.

The equalizerlll_serves to compensate for a deg-.
radation of the eye pattern according to the MTF (Modulation
Transfer Function). As'well known in the art, when the op-
tical disk 7 is played back, due to certain conditions in
which the optical disk 7 has been produced, the élope of the

impulse response waveform of an output signal from the opti~-

| cal pickup 8 becomes smoother, and the center of the eye

pattern is blurred or disturbed, with the resﬁlt that the
output signal from the optical pickup 8 cannot stably be-
converted into a binary signal on the_basié of thé center of
the eye pattern. To avoid such a drawback, the equalizer 11
lifts the level in 4 high frequency range for stable binary
signal conversion, .so that a degradation of the MTF can-
equivalently be compensated for.

The optical disk system shown in FIG. l'operates
as follows: When the optical disk 7 is loaded into the op-
tical disk drive, the spindle~mo%or 6 is rotated to rotate
the_optidal disk 7 at a constant linear velocitj. When the
rotational speed of.the optical disk 7 becomes constant, the
optical pickup 8 reads recorded data from the optical disk

7, and the read data are supplied as a reproduced RF signal

‘through the playback amplifier 9 and the egualizer 11 to the

digital signal processor 12, which reproduces the RF signal

' as'digital data. The digital data are supplied to the de-

coder 13, which effects an error-correcting processes the
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sﬁpplied'digital data to generate original data. At this

time, the decoder 13 detects e control bit representing the
.information'which is.indicative of whether the'optical disk
7 is a CD-DA or a CD-ROM, and the detected control bit is
supplled as disk 1nformatlon data through the host interface
14 and the SCSI bus 17 to the host computer 18.

Based on the disk ‘information data supplied from
the optical disk drive through the SCSI bus 17, the hqst
computer 18 determines whether the optical disk 7 is a CD-DA
or a CD-ROM. The host computet 18 then suppliee speed. com-
mand data based on the determined resultjthrough the SCSI
bus 17 to-the optical disk drive. Specifically, if the op-
tical disk 7 is a CD-DA, theh the host computer lé supplies
speed command data indicating that the optical disk'7 be
- played back at the normal speed to the optical disk drive.
If the optical disk 7 is a CD-ROM, then the host computer 18
supplies speed command data indicating that the optical disk
7 be played back at the double speed to the optlcal disk
drlve.

| When the speed command data are supplied from the
host computer 18'to the optical disk drive, the system con-
troi means 16 supplies a control signal representative'of a
playback speed to the servo system signal processor 5. The
. servo, system signal processor 5 ehergizes the spindle motor
6 to rotate at a rotational speed corresponding to the play—.

‘back speed. The data recorded on the optical disk 7 are now
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reproduced at the speed based on the speed command data from

. the host computer 18.

FIG. 2 of the accompanying drawings shows an in-

ternal circuit arrangement of'the'equalizer-ll shown in FIG.

1. The eqﬁalizer 11 shown in FIG. 2 is generally referred
to as a T-type equalizer.

As shown in FIG. 2, the equalizer 11 has an input -
terminal 1la which is sup@lied with. the repfoduced RF signal -
frdm the playback amplifier 9 shown in FIG. 1. The input
terminal lla is connected through a resistor 11b to an in-
verting input tefminal (-) of an operational amplifier 1llc.

A reference voltage source (not shown) is connected through

a resistor 11d to a noninverting input terminal (+) of the

operational amplifier l1lc. The operational amplifier 1lc

has an output terminal connected to an output terminal 1lle
of the equalizer 11 which is connected to an input terminal

of the digital signal processor 12 shown in FIG. 1. fThe

. output terminal of the operational'amplifier 11c is also

connected_to ground through a series-connected circuit of
resistors 11f, 1l1g and a cépacitor 11h. The noninverting
input terminal (+) of the operational amplifier 1lc is con-
nected through a resistor 11i to a junction befween the re-
sistors 11£, 1llq.

| The resistors 11lb,,11i have respective resis-
tances of 1 KQ, the resistor 11f has a resist,aﬁce of 1.5 KQ.,
and the resistor 1lg has a resistance of 470 L. The capaci-

Il

tor 11h has a capacitance of 56 PF.
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The equalizer 11 shown in FIG. 2 operates as fol-

lows: The reproduced RF signal from the playback amplifier

9 shown in FIG. 1 is supplied through the input terminal lla

to the inverting input terminal (-) of the operational am-

plifier 1lc. The equalizer 11 presents a lower impedance to

'a'higher-frequency signal and a higher impedance to a lower-

frequency signallbecause of a time-constant circuit which
comprises the resistor 11g and the capacitor 11h. Specifi-
cally, a lower-frequency signal is fed back a larger inten-

sity to the inverting input terminal (-) of the operational

-amplifier 1lc through the resistors 11f, 11i, and is not

boosted because the gain of the operational amplifier llc is
lowered. On the other hand, a higher-frequency signal is
fed back a smaller intensity to the inverting input terminal
(-) of the operational amplifier 1lc through the resistors
11£, 11i, 11g, and_is boosted because the gain of the opera-
tional amplifier 1llc is increased. Accordingly, only a
high-frequency component of the reproduced RF signal is
boosted. '

When an_optical'diSk is manufactured, the ratio
of the length of recesses or pits to thé length of lands
that are paired with the pits is not constant. Stated oth-
erwise, pits whose lengths are larger and smaller than de-
sirable pité are formed on an optical disk, a phenomenon
called asymmetry. It is impossible to produce-pits at a

duty cycle of 50 % owing to various limitations posed by the
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manufacturing process. The asymmetry results in periodic

variations in the_reprodﬁced.signal from the optical disk.
Peak shifts. of the output signal from the equal-
izer 11 shown iﬁ FIG. 2, i.e., the proportion of periodic
variations introduced in the reproduced RF signal due to
asymmetry on the optiéal disk, to the desirable period of

the reproduced RF signal, are shown in FIG. 3 of the accom-

| panying drawings.

FIG. 3 is a graph showing the proportion of peri-
odic variations in the reproduced RF signal outputted from

the equalizer 11 to the desirable period of the réproduced

' RF signal. - The vertical axis of the graph represents the

proportion (%) of periodic variations to the desirablé pe-
riod, and the hdrizontallaxis represents patterns (3T ~
11T). In the graph, the mark “W” indicates the proportion
of peak shifts of an output Signél (which is of a low level
because there is an interference of light) representing
lands on the optical disk, and the mark “[0” indicates the
proportion of peak shifts of an output Signal (which is of a
high 1eve1-because there is no ihterference of light) repre-
senting pits associated with lands on the optical disk.

The proportion of positive peak shifts and the

. proportion of negative peak shifts at the same period should

ideally be equal to each other. As can be seen from FIG. 3,
however, they. are different from each other on account of

the asymmetry on the optical disk.
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FIG. 4 of the accompanying drawings shows the

ideal waveforms of RF signals reproduced from an optical

disk. The vertical axis of FIG. 4 represents the amplitude,

. and the horizontal axis thereof represents the time. As can

be understood from FIG. 4, the waveforms of the patterns 3T
~ 11T are regular_ahd have a constant positional relation-
ship with respect to each other.
FiG. 5 of the acdompanying'drawings shows the

waveforms of RF signals butputted from the equalizer 11
shown in FIG. 2. As shown in FIG. 5, the waveforms of the
patterns 3T, 4T remain unchanged. because they are composed
of fundamentals. Sinqe, however, the time;constant circuit
of the capacitor 11lh and the resistor 1llg is used.to raise
the high-frequency level, as described above with reference
to FIG. 2, a higher-frequency component of an RF signal sup-
plied to the equalizer 11 is outputted with a delay time
depending on its frequency as compared with a lower-
frequency component.thereof. Therefore, as shown in FIG. 5,
the waveforms of the patterns 5T ~ 11T thch contain harmon-
ics are distorted, resulting in waveform variations in the
time domain. When the distorted waveforms. are converted
into binary waveforms, the waveform variations in the time
domain are intrdduced.into thé binérf waveforms.

| A specific'examéle of error rates of different
optical disks willrbe described below with reference to FIG.

6 of. the accompanying drawihgs{ FIG. 6 shows the humbers of

ef;ors produced per block Wﬁen three different types of op-
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tical disks are played back by the optical disk system shown
in' FIG. 1. Errofs produced per block ate_codnted by an er-
ror counter which is connected to the digital signal pfoces-
sor 12 shown in FIG. 1 when it effects an.erro;-correcting |
process-on the output signal from the equaliéer 11. Thé
numbers of errofs shown in FIG. 6 are expressed in bytes.’
For example, if the number of e;roré is “1”, then it means
that one byte of errors is produced.

The term “standard quality” used herein signifies
the average number of errbrs per block which is caiculated
by obtéining aveiage numbers of errors per block thaﬁ are
generatéd when optical disks manufactured by respeqtive
manufacturers are plaYed back and averaging the average num-
bers of errors per block thus obtained. The term “quality
lower than standard quality” used herein means that the av-
erage number of errors per block that are generated wheh an
optical disk manufaétured by a manufacturer is played back
is greater than the above célculated'average number of er-
rors per block.

As shown in FIG. 6, the number.of errors per

block which are generated when a “CD-ROM of standard qual-

ity” is played back is in the range from 6 to 20 -at a normal

| speed and in the range from 6 to 20 at a double speed. The

number of errors per block which are generated when a “CD-R”
is played back is in the range from 3 to 35 at a normal

speed and in the range from 45 to 104 at a double speed.

The number of errors per block which are generated when a



“CD-ROM of quality 1ower_tha;j;tandard qﬁality" is played
back is in the ranée from 222 to 306 at a normal speed and
in the range from 318 to 410 ét a doubie speed.

As can be understood from the above numerical
values, the number of errors per block which are generated
when a CD-ROM of quality lower than standard quality is
piayed back is 37 to 51 timeé (ét a normal speed) or 53 to
68.8 times the number of errors per block which are gener-
ated when a CD-ROM of standard quality is played back.
Thérefore, many data which cannot be error-corrected are
éenerated'when such a CD-ROM of_quality 1owér than standard
quality is played back. Such a CD-ROM is a “CD-ROM of qual-
ity lower than.standara quality”, but not a defective CD-
ROM, and is available in the market as a normal product.

SUMMARY OF THE INVENTIQN

It is therefore an object of the present inven-
tion to provide an optical disklappara£us which is capable
of producing a good reproduced output signal from a CD-ROM
.of quality lower than standard quality by reducing the num-
bef of errors pef block thereby to reduce the number of er-
rors that cannot be corrected. | |

According to the preéent.invention, there is pro-
vided én opticél disk apparatus comprising an optical pickup
for reproducing an RF signal from an optical recording me-
dium on which data modulated by a modulaﬁion process with a
prescribed shortest aata length are recordéd, a cosine

equalizer having frequency characteristics including a
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boosting frequency for- a ffequency component whiéh has a
frequency that is about twicé the frequency of the RF signal
reproduced from the recorded data with the shortest data
length, fbr thereby equaiizing a waveform of the RF signal,_
and recorded data generating means connected to the cosine
equalizer for generating the recprded data from the RF sig-
nal. |

' With the above arrangement, the optical pickup
reproduces an RF signal from the optical recording medium on
which data modulated by the modulation ﬁrocess with the pre-
scribed Shortest data length are recorded, and the cosine
equalizer boosts a frequency componeht of the RF signal,
which has a frequency thét is about twice the frequency of.
the RF signal reproduced from the recorded data with the
shorteép data length. The recorded data generating means
then generates the recorded data from an output signal from
the cosine equalizer. N

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram of a cpnventionél opti-
cal disk system; )

FIG. 2 is a_éircuit diagram showing an internal
arrangement of an equalizer in the conventional optical disk
system shown in FIG.'i; ‘

FIG. 3 .is a graph illustrative of peak shifts of
an output signal from the equalizer in the conventional op-

‘tical disk system shown in FIG. 1;
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FIG. 4 is a diagram showing the waveforms of RF

signals, containing no group delays, reproduced from an op-
tical disk;

FIG. 5 is a diagram showing the waveforms of RF
signals, containing group delays, outputted from the equal-
izer in the conventional optical disk system shown in FIG.
1;

FIG. 6 is a diagram showiﬁg error rates produced
depending on disk types and playback speeds in the conven-
tional optical disk system.shown in FIG. i;

FIG. 7 is a block diagram of an“optical disk ap-
paratus according to the present invention;

FIG. 8.is a circuit diagram showing an internal
arranéement of an equalizer in. the optiqal disk'apparatus
shown in FIG. 7;

FIG. 92 is a diagram showing the waveform of an
RF signal RF1l outputted from an output terminél 0l of the
equalizer shown in FIG. 8;

FIG. 9B is a diagram showing the waveform of an
RF signal RF2 outputted from an output terminal 02 of the
eqﬁalizer shown in FIG. 8; |

Fié. 9C is a diagram showing the waveform of an
RF signal RF3 outputted from an output terminal 03 of the
-equalizer'shown in FIG. 8; | |
FIG. 9D is a diagram showing cutoff frequencies

depending on the playback speed;
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FIG. 10A is a diagram showing an equalizer char-

acteristics switching table;

FIG. 10B is a diagram showing a switch control
table; ‘ - |

FIG. 11 is é flowchart of an operatioﬁ sequence
of the optical disk apparatus shown in FIG. 7;

_FIG. 12 is a graph showing optical frequency"
characteristics indicative of measured values of the MTF of
an opﬁical pickup; |

FIG. 13 is a graph showing eiectric frequency
.characteristics converted from the optical frequency charac-
teristics shown in FIG. 12; .

| FIG. 14A is a graph modeled from the measured
values of the MTF of the optical pickup;

FIé. 14B is a graph showing the characterisﬁics
of a cosine equalizer having frequéncies of 3T and 1.5T used
as a cent;al frequency for boosting;

FIG. 15 is.a‘diagram showing the waveform of an
RF signal which is not boosted at all;

| FIG. 16 is a diagram showing the waveform of an
RF signal boosted with the frequency of 37 used as a central
freéuency for boosting; |

FIG. 17 is a'diagram showing the waQeform of an
'RF signal boosted with the'frequency_of 1.5T_used as a cen-

tral frequency for boosting; and
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FIG. 18 is a diagram showing error rates produced

depending on disk types aﬁd playback speeds- in the opﬁical
disk apparatus shown in FIG. 7.
DETAILED'DESCRIPTIbN OF THE PREFERRED EMBODIMENT
FIG. 7 shows an optical disk apparatus according

to the present invention, the optical disk'apparatus being

embodied as an optical disk system which comprises an opti-

cal disk drive and a host computer. Those parts of the op-
tical disk system shown in FiG. f which are identical to
those of the conventionai optical disk system shown in FIG.
1 are denoted by identical reference numerals, and will not
be described in detail below.

As shown in FIG. 7, a ROM 20 which stores program
data 20a for system control, pérameter data 20b representihg
various parameters for contfol, and table data 20c for
switching equalizer characteriétics is connected to the bus

2. When the optical disk system is turned on, the program

. data 20a stored in the ROM 20 are loaded into a main memory

of the CPU 1, which then functions as a RAM control means 15

and a system control means 16 as described above with refer-

ence to FIG. 1, and also functions as an equalizer charac-

teristics judging means 21 for judging the characteristics

of an equalizer 23, and an equalizer characteristics switch-
ing means 22 for switching the characteristics of the equal;
izer 23. |

When speed command data are suppliéd from the

host computer 18,.£he equalizer characteristics judging
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means 21 judges corresponding equalizer characteristics from

the equalizer characteristic switching table data 20c. The
equalizer characteristics switching means 22 switches the
characteristics of the equalizer 23 based on the judged re-
sult from the equalizer characteristics judging means 21 and
'the contents of the equalizer characteristic switching table
data 20c. The equalizer 23 switches its own characteristics
under the control of the equalizer characteristics switching
.means 22, and equalizes the wateform of an RF signal output-
ted from the playback ampllfler 9.

' Operatlon of the optical disk system shown in
FIG. 7 will be described below.- When the optical disk 7 is
loaded into the optical disk drive, the spindle motor 6 is
rotated to rotate the optical disk 7 at a constant linear
'velocity; The optical disk 7 contains recorded data which
have been modulated by EFM._.When the rotational speed of
the optlcal disk 7 becomes constant, the optlcal pickup 8
reads recorded data ‘from the optical disk 7, and the read
data are supplied as a reproduced RF signal through the
playback.amplifier § and the equalizer 23 to the digital ~
signal processor 12, thch reproduces the RF signal as digi-
tal data. The digital data are supplied to the decoder 13,
which effects an error-correcting processes the supplied
digital data to generate original data. At this time, the _
decoder 13 detects a control bit represénting the informa-
tion which is indicative of whether the optical disk 7 is'a

CD-DA or a CD-ROM, and the detected control bit is supplied
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as disk information data through the host interface 14 and

the SCSI bus 17 to the host computer 18.

Based on the disk information data supplied from
the optiéal'disk drive throggﬁ the SCSI bus 17, the host
computer 18 displays information indicative of whether the
optical disk 7 loaded in the optical disk drive is a CD-DA
or a -CD-ROM, as an image on a television monitor (not

shown), and waits for a key input signal from a keyboard

~(not shown). Now, the operator operates the keyboard to

indicate a normal-speed playback mode, a double-speed play-

back mode, or a fourfoldéspeed playback mode to the.host

. computer 18, which then supplies speed command data based on

the indicated playback mode through the.SCSI bus 17 to the

.optical disk drive.

When the épeed command data are supplied from the
host computer 18 to the optical disk drive, the system con-
trol means 16 supplies a control signal representative of a_.
playback speed to the servo system signal processor 5. The
servo system signallprocessorls energizes the spindle motor

6 to rotate at a rotational speed corresponding to the play-

- back speéd. The data recorded on the optical disk 7 are now

reproduced at the speed based on the speed command data from

- the host computer 18.

The equalizer characteristics judging means 21

refers to the equalizer characteristic switching table data

20c to determine control data corresponding to a speed which

is indicated by the speed command data from the host com-
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puter 18. The equalizer characteristics switching means 22

supplies the controlldata determined by the equalizer'cha;—
acteristics judging means 21 through the input/output port
10 to the equalizer 23. Based on the control data from the
equalizer characteristics switching means 22, the equalizer
23 switches its own characteristics.' Theréfbre, the RF sig-
nal reproduced ffdm the optical disk 7 by the optical pickup
8 and amplified by the playback amplifier 9 is equalized in
waveform with the characteristics most suitable for the
playback speed by tﬁe equalizer 23.

FIG..8 shows aﬁ internal structure of the equai-
izet 23. The circuit shown in FIG. 8 in its.entirety corré—
‘sponds.to the equalizer 23 shown in FIG. 7, and includés
circuit components, including terminals, encloseﬁ in the
dot-andeash line which are incorporated in a semiconductor
integrated circuit. FIGS. 9A through 9D are illustrative of
cutoff frequencieé of the equalizer 23 shown in FIG. 8.

As shown in FIG. 8, an input terminal I1 which is
supplied with an RF signal frbm the playback amplifierlg
shown in FIG. 7 is connected through a DC cutoff capacitor
30 to an input terminal I2 of a semiconductor integrated
circuit 100. The input terminal I2 is connected through a
resistor 31 to an inverting input terminal (-) of an opera-
tionai amplifier 32. The operational amplifier 32 has é
noninverting input terminal (+) connected to'é junction be-
tween resistbrs 33, 34 for di&iding'the voltage from a power

supply VCC. The operational amplifier 32 has an output ter-
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minal connected to an inverting input termiﬁal'(-) of.an
‘operapiénal amplifier 35. The resistor 33 has an.end con-
nected through an input terminal I3 to the power supply VCC.
The other end of the resistor 33 is connected to an end of
the resistor 34, whose other end is connected through- an
output tgrminal 06 to ground. |

The operatidnal amplifier 35 has a noninverting
input terminal (+) connected to the junction'béfween resis-~
tors 33, 34, and an outpht terminal connected to an input
terminal of a delay circuit 37 and also to an output termi-
nal Ol of the semiconductor integrated éircuit 100 and a
first input terminal of a mixer 47. The inverting input
terminal (-) and the output terminal of the operational am-
plifier 35 -are connected to each other through a resistor
36. |

The delay circuit 37 has an output terminal con-
nected to an input termihal of a delay circuit 38, an output
terminal 02 of the semiconductor integrated circuit 100, and
a third input terminal of the mixer 47.. The delay circuit |
38 has an output terminal connected to an output terminal 03
of the semiéénductor integrated circuit 100 and a fourth
input terminal of the mixer 47. The semiconductor inte-
§rated circuit 100 has input ferminals i5, 16 connected to
respective inpﬁt terminals of a switch controller 39, which
has an output terminal connected to a control terminal of a
switch 40 and another output ferminal connected to a control

terminal of a switch 48.
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The switch 40 has fixed terminals a, b,.c con-

nected td the power supply VCC through respective input ter-
'minals-I7, I8, I9 of the semiconductor integrated circuit
100 and respective resistors 41,.42, 43. The switch 40 has
'a movable contact d connected to an input terminal of a
‘booster 44. The booster 44 has another input terminal cbh—
nected to the power supply VCC through an input terminal I10
of the semiconductor intedgrated circuit 100 and a resistor -
.45, and also to a first input terminal of a low-pass filter
55 and an input terminal of a coefficient generator. 52. The
- booster 44 has an output terminal connected to a second in-
put terminal of the mixer 47 and another output terminal
connected to an input terminal of a multiplier 46. The mul-
tiplier 46 has another input terminal connected to the power
suppl& VCC through an input terminal I1l of the semiconduc-
tor integfated circuit 100 and a reéistor 47. The multi-
plier 46'haé an output terminal connected to a voltage con-
trol terminal of the operational.amplifier 32.

The switch 48 has fixed terminals a, b, ¢ cbn—
nected to the bbWer,subply'VCC through respective iﬁput ter-
minals I12, 113, I14 of the semiconductor integrated circuit
100 and respectiye resistors 49, 50, 51. The switch 48 has
a movable contact d connected to another input terminal of
thé coefficient generator 52. The coefficient generator 52

ha§ an-output,terminal.connected to respective other input
terminals of the delay circuits 37, 38,'and another output

terminal connected to an input terminal of a multiplier 54.
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The multiplier 54 has another input terminal connected to

thé power supply VCC through an input terminal I15 of the
semiconductor integrated circuit 100 and a resistor 53. The
multiplier 54 has an output terminal connected to a second .
input terminél of the low-pass filter 55. -

| | The 1ow—pass-filtér 55 has a third input terminal
- connected- to an output terminal of the mixer 47, and an out-
. put terminal connected to a noninverting input terminal (+)
of an operational amplifier 56 and coﬁnected through a re-
sisto:'58 to.an inverting input terminal'(—) of an-opera;
tional amplifier 59. The operational amplifier 56 has an
inverting input terminal (-) connected to an output terminal
theieof, whiéh is connected through a resistor 57 to a non-
inverting input terminal.(+) of the opérational amplifier 59
and is also grounded through a resistor 57, an output termi-
" nal 04 of the semicondﬁctor integrated circuit 100, and.a
smoothing capacitér 61. The inverting input terminal (-) of
an operational amplifier 59 is connected to an output termi-
nal thereof through a resistor 60, and the output terminal
of the'operational amplifier 59 ié connected to an output
- terminal 05 of the semiconductor intggrated circuit 100.
The output terminal 05 is connected to the input ﬁerminal of
the digital signal proceséof 12 shbwn-in FIG. 7.
| The resistors 33, 34 have the same resistahce,
and hence a voltage VC which is 1/2 of thé voltage VCC of
the power supply VCC is present at the voltage at the junc-

tion between these resistors 33, 34.
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The voltage VCC is 5 V, and the voltage VC

(central potential) is 2.5 V, for example. In FIG.-S, GM

_ représehts q gain-current; REF a reference current, K1, K2,

' K4 currents as coefficients determined by the respective
resistances of the resistors 41, 42, 43 and corresponding
respectively to the normal speed, the double speed, and the
fourfold speed, and DLi, DL2, DL4 currents as delays deter-
mined'by the respective resistances of the résistqrs 49, 50,
51 and corresponding respectively to the normal speed, the
double speed, and the fourfold speed. The DC cutoff capaci-
. tor 30 has a capacitance of 1 uF, for example, the resistors
31, 36, 57, 58, 60 have respective resistanées of 30 KQ, 3
KQ, 1 KQ, 4 KQ, 40 KQ, énd an RF signal outputted from the
output terminal O5 has an amplitude of 1 Vpp.

The resistors 41, 42, 43 have respective resis-
tances of 10 KQ, 8.2 KQ, 3.9 KQ, and the resistors 49,- SO,.
51 have respective resistances of 27 'KQ, 12 KQ, 4.7 KQ.

The smoothing capacitor 61 has a capacitance of
10 uF, for example. Thé smoothing capacitor 61 serves to
smooth an RF signai to p;oduée a DC potential, amplifying_
the RF signal by a factor of iO, for example.

i The outpﬁt terminals Ol, 02, O3 are used to moni-
tor waveforms with-an oscilloscope'or the like. The output
terminal Ol serves to output a normal RF signal RF1.  The
output terminal 02 serves to output an RF signal RF2 which
has been delayed by the delay circuit 37. The output termi-

nal 03 serves to output an RF signal RF3 which has been de-
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layed by both the delay circuits 37, 38. The delay time of

the delay circuit 37 is the same as the delay time of the
delay circuit 48. |

The switch controller 39 sérves to control the
switching of the switches 40, 48 based on control data sup-
plied from the equalizer characteristics‘switching means 22
shown'in FIG. 7'throu§h the.input terminals I5, I6 and the
contents of an'equalizer characteristics sWitching table-
(described later on). The switch 40 operates to switch the
currents as the coefficients Kl; K2, K3 determined depending
on the reéistances of the resistors 41, 42, 43, and the
switch 48 operates to switch the currents as the delay time
information determined depending on the resistances of the
resistors 49, 50, 51.' ihe movable contacts d of the
switches 40, 48 are movable in ganged relation under the
control of the switch controller 3%.

The low-pass filter 55 comprises a Bessel-
function‘5th—ofder‘1ow—paés fi;ter,_for exaﬁple. The Bes-
sel-function Sth-order_lowépass filter causes the waveforms -
of RF signals to be delayed by a constant time and hence
does not produce waveform distortions because group delay
characteristics in a passband thereof, i.e., propagation
delay characteristics between input and output signals at
the time the frequency of a sine-wave input.signal of a con-
stant magnitude.is varied, is constant. The cutoff fre-
quency of the low-pass filter 55 is determined by the resis-

tance of the resistor 53 and the reference current REF. The
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resistor 53 comprises a variable resistor such as a cermet

volume or the like. The cutoff frequency of'the.IOWhpass
filter 55 can be varied by varying the resistance of the
resistof 53.

A process of varying the cutoff fréquency Qf the
low~pass filter 55 will be described below with reference to
FIGS. .9A through 9D.. FIGS. 9a, 9B, and 9C show the RF sig-
nals RF1, RF2, RF3 outputted fespectively from the output
terminals 01, 02, 03 shown in FIG. 8. In each of FIGS. 93,
98B, and 9C, the vertical éxis represents voltage and the
horizontal. axis represents'time. In FIG. 9C, “Dl" indicateé
the deiay time of the aelay circuit 37 and “p2” indicates
thé delay time of the delay circuit 38. In FIGS. 9A, 9B,
and 9C, “X1”, “X2", “X4" indicate the respective times of
maximum amplitudes of the RF signals RF1, RF2, RF3, and cor-
respond to ah output signal from the coefficient generator
52. | |

FIG. 9D shows the cutoff frequendies of the low-
pass filter 55. 1In FIG. 9D, the vertical éxis represgnts
voitagé and the horizontal axis represents time, and ”Yl";
“#y2*, “Y4" indicate the éutoff frequencies, respectively, at
the normal speed, the doubie speed, and the fourfold speed.

If it is assumed that'boosting frequencies atlthe
normal speed, the double speéd, and the fourfold speed are
representéd by £bl, be, fb4, respectively, then the cutoff
freqﬁency Y1l at the normal speed is calculated as Y1 = |

n-fbl, the cutoff frequency Y2 at the .double speed is calcu-
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lated as Y2 = n-fb2, and the cutoff frequency Y4 at the

fourfold speed is calculated as ¥4 = n-fb4 where “n” is the
resistance of the resistor 53 and is selected to be “2”
(which means twice the boosting frequency of the equalizer),
for example.

The boosting frequency will be described below.
If the delay circuit 37 has a delay time D1 and the delay
.circuit 38 has a delay time D2, then the boosting frequency
fb is expressed as fb = 1/21 where © = D1 = D2.

At the normal speed, since 1/2t1

1.5 MHz, 11 is

333 nsec.

At the double speed, since 1/212

3.0 MHz, 12 is
167 nsec.

‘At the fourfold speed, since.1/2f4 = 6.0 MHz, 74
is 83 nsec.

Operation of the equalizer 23 shown in FIG. 8
will be described below.

When control data from the égualizer characteris-
tics switching means 22 are supplied to the equalizer 23
through thé input terminals I5, 16 of the semiconductor in-
fegrated circuit 100, the switch.controller 39 supplies a
switch control signal to the switches 40, 48 based on the
supplied control data for connecting their hovable contact d
to the fixed contact a, b, or c. .

Now, the current as the coefficienp K1, K2, or K4

is supplied through the input terminal 17, I8, or I9 of the



25
semiconductor integrated circuit 100 and the switch 40 to

the booster 44.

The boosﬁer 40 generates a gain adjusting current
based on the value of the current supplied as the coeffi-
cient K1, K2, or K4 through the switch 40 and the value of
the reference current REF supplied through the input termi—
nal I10 of the semiconductor integrated circuit 100, and
supplies the generated gain adjusting current to the multi-
plier 46 and the nixer 47. |

The current as the delay time information DL1,
DL2, or DL4 is supplied through the input terminal I12, Il3,
or I14 of the semiconductdr integrated circuit 100 and the
switch 48 to the coefficient generator 52.

The RF signal from the playback amplifier 9 shown
in FIG. 7 is supplied through the input terminal Il and the
capacitor 30 to the input terminal I2 of the semiconductor
integrated circuit 100, and then supplied through the inpqt
terminal I2 and the resistor 31 to the inverting input ter-
minal (~) of the operational amplifier 32.

The multiplier 46 is also supplied -with the gain
control current GM determined by the resisfance of the re-
sistor 47 through the input terminal I1l of the semiconduc-
tor integrated circuit 100. The multiplier 46 multiplies
the gain control current GM and the current supplied as the
coefficient from the booster 44, and supplies a current rep-
resenting the product as a voltage control current to the

voltage control terminal of the operational amplifier 32.
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The operational amplifier 32 generates the difference be-

tween the potential of the RF signal supplied to the invert-
ing input terminal (-) thereof and the reference potential
supplied to the noninverting input terminal (+) thereof,
amplifies a voltage cbrresponding to the difference based on
the value of the voltage control current from the multiplier
.46, and outputs the amplified voltage.

The outputted voltage from the operational ampli-
fier 32 is supplied to the inverting iﬁput terminal (-) of
the operational amplifier 35, which generates the difference
between the supplied voltage and the reference voltage, am-
plifies the differential voltage, and,outputé the amplified
voltage. The outputted voltage from the operational ampli-
fier 35 is supplied to the output terminal Ol for monitoring
the voltage, the delay circuit 37, and the mixer 47.

.The coefficient generator 52 generates a delay
time adjusting current based on the value of the current
supplied as the delay fime information DL1, DL2, or DL4-
through the switch 48, and the reference current REF sup-
plied through the input terminal I10 of the semiconductor
integrated circuit 100. The coefficiént generator 52 sup-
plies the generated delay time adjusting current to the de-
lay circuits 37, 38 and also supplies the current as a coef-~
ficient to the multiplier 54. The delay circuit 37 delays
the RF signal from the operational amplifier 35 by a delay
time based on the value of the delay time adjusting current

from the coefficient generator 52. A delayed output signal
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from the delay circuit 37 is supplied to the output terminal

02 fof monitoring the signal, and also to the mixer 47 and
the delay circuit 38. The delay circuit 38 delays the RF
signal from the delay circuit 37 by a delay time based on
the value of the delay time adjusting current from.the coef-
ficient generator 52. A delayed output signal from the de-
lay circuit 38 is supplied to the output terminal 03 for
monitoring the signal, and also to the mixef 47.

The mixer 47 mixes the RF signal from the opera-
tional amplifier 35, the delayed RF signal from the delay
circuit 37, and the delayed RF signal from the delay circuit
38 with each other at a mixing ratio based on the current
supplied as the coefficient from the booster 44. A mixed
output signal from the mixer 47 is suﬁplied to the low-pass’
filter 55. The multiplier 54 multiplies the current corre-
sponding to “n” from the resistor 53 and the current as the
coefficient corresponding to “X” from the coefficient gen-
erator 52 to produce a current corresponding to the cutoff
frequency “Y”, and supplies the produced current.as a cutoff
frequency adjusting current to the low-pass filter 55. )

The low-pass filter 55 biases the mixed output
signal from the mixer 47 with the reference current REF sup-
plied through the input terminal I10 of the semicon&uctor
integrated circuit 100, and cuts off high-frequency compo-
nents of the mixed output signal from the mixer 47 based o
the cutoff frequency represented by the value of the cutoff

frequency adjusting current from the multiplier 54. The
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low-pass filter 55 supplies an output signal to the nonin-

verting input terminal (+) of the operational amplifier 56
and also to the inverting input terminal (-) of the opera-
tional amplifier 59 throﬁgh the resistor 58.

The operational amplifier 56 generates the dif-
ference between the output signal from the low-pass filter
55 and its own output signal, and outputs a differential
signal, wﬁich is Supplied to the noninverting input terminal
(+) of the Qperatidnal amplifier 59. The capacitor 61
charges and discharges a current determined by the resis-
tance of the resistor 57 dépehding on the output signal from
the operational amplifier 56, for thereby smoothing the-out—_
put signal from the operatipnal amplifier 56 to produce a DC
potential. The potential of the output signal from the op-
erational émplifier 56 is aﬁplified by a factor of 10. The
operational amplifier 59 generates the difference between
the output signal from the low-pass filter 55 and the output
signal from the operational amplifier 56, and outputs a dif-
ferential signal as an RF signal through the output terminal
05 of the semiconductor integrated circuit 100 to the digi-
tal signal processor 12 éhowh in FIG. 7.

FIG. 10A shows, by way of example, the equalizer
characteristic switching table data 20c stored in the ROM 20
shown in FIG. 7. FIG. 10B shows, by way of example, a
switch control table stored in the switch controller 39

shown in FIG. 8.
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As shown in FIG. 10A, the equalizer characteris-
tic switching table data 20c are composed of “mode” data
represented by the speed command data from the host computer
18 shown in FIG. 7, “mode indicating” data for switching the
charaétéristics of the equalizer 23 depending on the “mode”,
and “coefficient” data and “delay time” data'depending on
the “mode indiéating" data. The “coefficient” data and
“delay time” data are illustrated_ for reference only, and
may not be contained in the equalizer characﬁeristic switch-
ing table data 20c.

As can be seen from FIG. 10A, when the “mode”
indicates the “normal speed”, the “mode indicating” data are
“01”, the *“coefficient” established by the “mode indicating”
data is “K1”, and the “delay time” established by.the “mode
indicating” data is “DL1”.

- When the “mode” indicates the “double speed”, the
“mode indicating” data are “10”, the “coefficient” estab-
lished by the “mode indicating” data is “K2”, and the “delay
time” established by the “mode indicating” data.is “DL2”.

When the “mode” indicates the “fourfold speed";
the “mode indicating” data are “11", the “coefficient” es-
tablished by the “mode indicating” data is “K4”, and the
“delay time” established by the “mode indicating" data is
“DL4".

As shown in FIG. 10B, the switch control table is
composed of control data from the equalizer characteristics

switching means 22 shown in FIG. 7, i.e., the “mode indicat-
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ing” data shown in FIG. 10A, data indicative of a fixed con-

tact to be connected to the movable contact d of the switch
40 (see FIG. 8) as the coefficient switch, depending on the
“mode indicating” data, and data indicative of a fixed con-
tact to be connected to the movable contact 4 of the switch
40 (see FIG. 8) as the delay time switch, depending on the

“mode indicating” data.

As can be seen from FIG. 10B, when the “mode in-
dicating” data are “01”, the fixed contact to be connécted
to the movable contact 4 of the switch 40 shown in FIG. 8 is
“indicated by *“a”. .

When the “mode indicating” data are “10¢7, the
fixed contact to be connected to the movable contact d of
the switch 40 shown in FIG. 8 is indicated by “b”.

When the “mode indicating” data are “11”, the
fixed contact to be connected to the movable contact d of
the switch 40 shown in FIG. 8 is indicated by “c”. -

FIG. 11 shows an operation sequence of the opti-
cal disk apparatus which has been described above with ref-
erehce to FIGS. 7 through iOA, 10B.

As shown in FIG. 11, the system control means 16
shown in FIG. 7 determines whether the optical disk 7 is
loaded or not in a step Sl1. If “YES”, then control proceeds
to a step S2.

In the step S2, the system control means 16 con-
trols the servo system signal processor 5 to energize the

spindle motor 6. Then, control proceeds to a step S3.
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In the step S3, the system control means 16 de-

termines whether the optical disk 7 is a CD~ROM or a CD-R
based on a control bit in reproduced data. Then, control
proceeds to a step S4. While in the above operation, other
components of the optical disk apparatus operate as follows:
The servo system signal processor 5 energizes a thread feed
motor and a tracking actuator to move the optical pickup 8
radially with respect to the optical disk 7 to position the
optical pickup 8 in a lead-in area of the optical disk 7.
The optical pickup 8 now successively outputs an RF signal.
The RF signal from the optidal pickup 8 is supplied through
the playback ampiifier 9, the equalizer 23, and the digital
signal processor 12 to the decoder 13, which decodes the RF
signal into original data. The system control means 16
reads a control bit from the reproduqed data to determine
thé type of the optical disk 7.

In the step S4, the system control means 16 sup-
plies the control bit indicative of the type of the optical
disk 7 as disk information data to the host computer 18
through the host interfaqe 14 and the SCSI bus 17._ The host
computer 18 displays the contents of the disk information
data from the optical disk drive as an image on the non-
illustrated television monitor, and waits for a playback
speed comménd. When a playback speed command is eﬁtered,
the host computer 18 supplies playbéck speed command data
indicative of whether the playback speed is a normai speed,

a double speed, or a fourfold speed through the SCSI bus 17,
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the host interface 14, and the input/output port 10 to the

equalizer characteristics judging means 21.

In a step SS, the system control means 16 deter-
mines whether speed command data are supplied from the host
computer 18 or not. If “YES”, then control goes to a step
S6.

In thé step S6, the equalizer characteristics
judging means 21 refers to. the equaiizer characteristic
'éwitching table data 20c read from the ROM 20 and stored in’
the RAM 3 to determine whether the speed command data sup-
plied from the host computer 18 represent the “normal speed”
or not. If “YES”, then control goes to a step S7, and if
“NO”, then control goes to a step S8.

In the step S7, the equalizer characteristics
switching means 22 Supplies control data “01” to the switch
controller 39 through the input terminals IS5, I6 of the
semiconductor integrated circuit 100 shown in FIG. 8.
Thereafter, control proqeeds to a step S12. .

In the step S8, the equalizer characteristics
judging means 21 refers to the equalizer characteristic
switching table data 20c read .from the ROM 20 and stored in
the RAM 3 to determine whether the speed command data sup-
plied from the host computer 18 represent the “double speed”
or not. If “YES”, then contfol.goes to a step S9, and if
“NO"”, then control goes to a step S10.

In the step S9, the equalizer characteristics

switching means 22 supplies control data “10” to the switch
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controller 39 through the input terminals I5, I6 of the

semiconductor integrated circuit 100. Thereafter, control
proceeds ﬁo the step Sl12. |

In the step S10, the equalizer characteristics
judging means 21 refers to the equalizer characteristic
switching table data 20c read from the ROM 20 and stored in
the RAM.3 to determine whether the speed command data sup-
plied from the host computer 18 represent the “fourfold
speed” or not. If “YES”, then control goes to a step S11,
and if “NO”, then control goes back to the step S5.

In the step S11, the equalizer characteristics
switching means 22 supplies control data “11” to the sWitch_
controller 39 through the input terminals I5, I6 of the
semiconductor integrated ciréuit.loo. Thereaf@er, control
proceeds to the step Sl2.

In the step S12, the system control means 16 de-
termines whether there is a playback command from the host
computer 18 or not. If “YES”, thep control goes to a step
S13, and if “NO”, then control goes back to £he step Sl4.

In the step S13, the system control means 16 con-
trols the servo.system signal processor 5 based on playback
command data (which comprises data indicative of readout and
data indicative of an address) from the host computer 18 to
reproduced data from the optical disk 7. Then, control goes
to the step Sl14.

In the step S14, the system control means 16 de-

termines whether there is an eject command from the host
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computer-18 or not. If “YES”, then control goes to a step

s15, and if “NO”, then control goes back to the step Sl2.

In the step S15, the system control means 16 con-
trols the servo system éignal processor 5 to de-energize the
spindle'motor 6 and controls a drive circuit for a motor to
actuate a disk loading mechanism for eiecting the optical
disk 7. Then, control returns to the step S1.

Selection of characteristics of the equalizer 23
and correction of an MTF based on the selected characteris-
tics of the equalizer 23 will be described below.

For selecting characteristics of the equalizer
23, it is necessary to obtain measured values of optical
frequency characteristics of an MTF of the optical pickup 8,
convert the measured optical frequency characteristics into
electric frequency characteristics, and obtain equalizer
characteristics for correcting the electric frequency char-
acteristics depending on the playback speed. Therefore, the
optical frequency characteristics of the optical pickup 8
will first be described with reference to FIG. 12. Then,
conversion of the optical frequency characteristics into
electric frequency characteristics will be described with
referengé to FIG. 13. Thereafter, correction of the elec-
‘tric frequency characteristics depending on the playback
sﬁeed with selected equalizer characteristics, and measured
values of the corrected electric frequency characteristics
will be described with reference to FIGS. 14A, 14B through

17.
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FIG. 12 shows measured values of the optical fre-

quency characteristics of the MTF of the optical pickup 8.
In FIG. 12, the vertical axis represents the degree of modu-
lation and the horizontal axis represents the spatial fre-
quency. The degree of modulation corresponds to the length
of pits formed on the optical disk 7. The greater the ”
length of pits, the greater the degree of modulation. The
spatial frequency represents the number of pairs of pits and
lands within a length of 1 mm along the track on the optical
disk 7. Therefore, the graph shown in FIG. 12 illﬁstrates
measured values of the dégree of modulation and the spatial
frequency when the pits on the optical disk 7 are scanned
with a beam spot having a finite size. ‘As the number of
pairs of pits and iands within 1 mm is sﬁaller (the pits are
longer), the degree of modulation is greater. As the number
of pairs of pits and lands within 1.mm is greater (the pits
are shorter), the degree of modulation is smaller. As shown
in FIG. 12, the cutoff frequency corresponds to 1125
pairs/mm.

FIG. 13 shows electric frequency characteristibs
converted from the spatial frequency characteristics shown
in FIG. 12. 1In FIG. 13, the vertical axis represents the
gain (dB) and the horizontal axis represents the spatial
frequency'(pairs/mm). The spatial frequencies are associ-
ated with éorresponding frequencies (MHz) indicated therebe-

low. FIG. 13 shows the spatial frequencies for the funda-
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mentals 3T and 11T, i.e., 514_pairs/mm for the fundamental

37, and 140 pairs/mm for the fundamental 11T.

The conversion from a spatial frequency to a fre-
quency is expressed by the following equation (1):

Number of pairs in 1 mm x S X linear velocity

(corresponding to S) s (1)

where S is a factor indicative of a playback speed, and is
#in for a normal speed, “2” for a double speed, and “3" for
a triple speed.

For example, since the cutoff frequency at the
fourfold speed corresponds to a spatial frequency of 1125
pairs/mm, it is substituted in the above equation (1).
Therefore, the cutoff frequency at the féurfold speed is
1125 x 4 x 1.4 = 6.3 MHz.

Inasmuch as the optical frequenéy characteristics
‘of tﬁe optical pickup 8 are responsible for a degradation of
the waveform of the RF signal, if the degradation is to be
electrically compensated for by the equalizér.23, then the
equalizer 23 may have electric frequency characteristics
‘which are a reversal of the electric frequency characteris-
tics shown in FIG. 13 which have been converted from the
optical frequency characteristics shown in FIG. 12.

Generally, it has been considered that for recov-
ering the amplitude of the waveform of 3T, the boosting fre-
quency of the equalizer 23 may be in conformity with the

frequency of the pattern 3T.
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From the above analysis, it has been found out .

that for shaping waveforms with a cosine equalizer, it is
more effective for the equalizer to boost frequencies using
a boosting central frequency which is twice the frequency of
3T. Therefore, for establishing the boosting frequency of
the equalizer 23 shown in FIGS. 7 and 8, the S/N ratio will
not be deteriorated if the boost gain is lowered in the ab-
sence of any bits corresponding to frequencies above 6 MHz.
Thus, the boosting frequency is set to about 6 MHz. Details
of the determination of the boosting frequency will be de-
scribed below. |

Higher-harmonic components of aﬁ RF sighal wave-
form are attenuated depending on the MTF which is governed
by the aperture ratio of the objecti&e of fhe optical pickup
and the wavelength of the laser beam. If attenuation coef-
ficients for the attenuation of higher-harmonic components
are calculated and applied to multiply £he terms of a
Fourier expansion, then an equation representing the wave-
form is obtained. FIG. 14A is a graph modeled from the
measured values of the MTF of the optical pickup. In FIG.
14A, the vertical axis represents the attenuation coeffi-
cients K and the horizontal axis represents the number of
tracks in 1 mm (the spatial frequency in 1 mm).

.The attenuation coefficients K are numerically
expressed as follows:

K=1- (1/950)X : c+(2)
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If the spatial frequency represented by the above

equation (2) is converted into an electric ffequency, it is
expressed as follows:
K=1-= (1/950) x (10°/1.4 (m/s) x 4 (double
speed)) x £ (MHz) = 1 - (f (Hz)/5.32 x 10°)
.f.(3)
For example, first- and third-order attenuation
coefficients K1, K3 at 3T are given by respective equations
(4), (5) as follows:
Kl =1 - (2.88 x 10%)/(5.32 x 10°) = 0.459
cee(4)

K2 = 1 - (3.2 x 2.88 x 10%)/(5.32 x 10%

= - 0.62 (<0 — 0) se+(5)

As can be seen from the above equation (5), the
attenuation coefficients for the third- and higher-order
'waveforms are 0 or smaller, i.e., do not exist. From the
abové'equations (4) and (5), a Fourier series expansion of.
3T is expressed by the following equation (6):

f(t) = 4/%-0.46°SIN,,, : +++(6)
where 3T represents'a“constant of angular velocity and t
represents time. |

Similarly, attenuation coefficients at 4T through
11T are given as follows:

4T : K1 = 0.59 .
0.67 K3

5T 3 K1 0.024

6T 0.73 K3

K1l

0.18
7T : K1 = 0.77 K3 = 0.31
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8T : K1 = 0.80 K3

0.39

0.46 K5

9T : K1 = 0.32 K3 0.10

10T : K1 = 0.84 K3 0.51 K5 = 0.19
11T : K1 = 0.85 K3 = 0.56 K5 = 0.26
Consequently, the RF signal waveforms after they
have beén attenuated by the MTF are expressed regspectively

by the following equations (7) through (15):

3T : f(t) = 4/7+0.46SIN,,, <e e (7)
4T : f(t) = 4/m-0.59+SIN,,, «++(8)

5T : f(t) = 4/n+0.67-SIN,,
+ 4/37-0.02-SIN, .. +++(9)

6T ¢ £(t) = 4/m-0.73-SIN,.
+ 4/37-0.18+SINypomem | .-+ (10)

1T ¢ £(t) = 4/%-0.77+SIN,,,,
+ 4/3m-0.31-SINy,,, ees(11)

8T : f(t) = 4/m-0.80°SIN,,
+ 4/37°0.39°SIN, ¢, -+ - (12)

9T : f(t) = 4/m-0.82-SIN,,

+ 4/3m°0.46°SINyyy,
+ 4/5m:0.10+SINypr, . e+« (13)

10T : f(t) = 4/m+0.84-SIN, .,

+ 4/37n°0.51+SIN,, o
+ 4/51+0.19SIN,, o ) <e+(14)

11T & £(t) = 4/7-0.85-SINy,,,

+ 4/37+0.56SIN, 1pe

+ 4/5m+0.26+SIN, p. «++(15)
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FIG. 14B shows characteristic curves P1l, P2 of a

cosine equalizer having frequencies of 3T and 1.5T used as a
central frequency for boosting. In FIG. 14B, a suffix “1”
added to T represents a fundamental, a suffix “3” added to T
represents a third harmonic, and a suffix “5” added to T
represents a fifth harmonic.
~ As can be understood from the characteristic

curves Pl, P2 shown in FIG. 14B, when the signal is boosted
at a central frequency of 3T, almost no gain is imparted to
harmonics equal to and higher than.the third harmonic 8T3 of
8T. When the signal is boosted at a central frequency of
1.57, all the harmonics are boosted.

| If almost no gain is imparted to harmonics equal
to and higher than a certain frequency among all the harmon-
ics, then the gradient of the waveform becomes irregular.
For example, if a gain is imparted to a fundamental of 8T
but almost no gain is imparted to third- and fifth-harmonic
" waveforms, then only the fundamental of 8T will remains.
Since the original RF signal waveform of 8T is composed of .
the, waveforms of a fundamental, a thirdlharmonic, and a
fifth harmonic, the gfadient of an RF signal waveform of 8T
boosted at a central frequency of 3T is smaller than fhe-
gradient of an RF signal waveform of 8T which is not
boosted. The above gradients of RF signal waveforms will be
described in détail with reference to FiGS. 15 through 17
which show, respectively, an RF signal waveform which is not

boosted, an RF signal waveform which is boosted at a central
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frequency of 3T, and an RF signal waveform which is boosted

at a central frequency of 1.5T, the RF signal:waveforms be-
ing generated using the above equations (7) through (15).

FIG. 16 shows an RF signal waveform which is pro-
duced by boosting an RF signél waveform shown in FIG. 15 at
a central frequenqy of 3T. 2as shown in FIG. 16, when the RF
signal waveform is boosted at a central frequency of 3T, the
amplitude of the signal having a frequency of 3T becomes the
greatest. However, as déscribed above with reference to
FIG. 14B, the boosting of the third and fifth harmonics is
considerably smaller than the boosting of the signal having
a frequency of 3T. Accordingly, the gradient of each of the
RF signal waveforms containing the third and.fifth harmonics
becomes smaller, with the result that the eye pattern is not
widened, as can readily be understood from FIG. 16.

FIG. 17 shows an RF signal waveform which is pro-
duced by boosting an RF signal waveform shown in FIG. 15 at
a central frequency_of 1.5T. As shown in FIG. 17, when the
" RF signal waveform is boosted at a central frequency of
1.5T, harmonic components of the RF signal which has been ’
attenuated by the MTF are recovered, and the gradients of
the respective waveforms become larger, with the result that
the eye.pattern is widened, as can readily be understood
from FIG. 16 and more clearly be seen from a comparison be-
tween FIGS. 15 and 16. Consequently, the eye pattern char-
acteristics can be improved efficientiy by using the fre-

quency of 1.5T as a central frequency for boosting.



A specific examplefjill be described below with
reference to FIG. 18. FIG. 18 shows thé numbers of errors
produced per block when threé different types of optical
disks are played back by the optical disk system shown in
FIG. 7. Errors produced per block are counted by an error
counter ‘which is connected to the digital signal processor
12 shown in FIG. 7 when it effects an error-correcting proc-
ess on the output signal from the equalizer 23.

The term “standard quality” and the term “quality
lower than standard quality” used herein have the same defi-
nition as described above with reference to FIG.. 6.

As shown in FIG. 18, the nuhber of errors per
block which are génerated when a “CD-ROM of standard qual-
ity” is played back is in the range from 0 to 11 at a normal
speed, in the range from 0 to 17 at a double speed, and in -
the range from 1 to 17 at a fourfold speed. The number of
. errors per block which are generated when a “CD-R” is played
back is in the range from 5 to 13 at a normal speed, in the
range from 6 td 20 at a double speed, and in the range from
13 to 23 at a fourfold speed. The number of errors pef
block which are generéted when a “CD-ROM of Quality iower
than standard quality” is playéd back is in the range from
31 to 74 at a normal speed, in the range from 29 to 71 ai a
double speed, énd in the range from 46 to 90 at a fourfold
speed.

As can be understood from thé above numerical

values, the numbers of errors per block which are generated
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when all the optical disks are played back by the optical

disk system shown in FIG. 7 are much smaller than those gen-
erated when the optical disks are played back by the conven-
tional optical disk system. Particularly, the number of
errors per block which afe generated when a CD-ROM of qual-
ity lower than standard quality is played back is 1/7.17 to
1/4.16 times (at a normal speed) and 1/10.9 to 1/5.9 times
(at a double speed) the number of errors per block which are
generated when it is played back by the conventional optical
disk system. Therefore, the number of pfoduced errors that
cannot be corrected is greatly reduced. Accordingly, irre-
spective of the type of the reproduced data, the quality of
the reproduced data as information transfer accuracy is much
greater than the quality of the data reproduced by the con-
ventional optical disk system. For these reasons, normal
products available in the market as CD-ROMs of quality lower
£han standard quélity can be played back, without any prob-
lems, by the optical disk apparatus according to the preéent
invention.

The number of errors per block which are gener-
ated when disks are played back at a fourfold speea cannot
be compared with any existing data because no compérable
data are available from the conventional optical disk sys-
tem. However, since the numbers of errors produced when
disks are played back at normal and double speeds by the
optical disk apparatus according to the present invention

are greatly reduced, it can readily be understood that the
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number of errors per block which are generated when disks

are played back at a fourfold speed is also greatly reduced.
With the arrangement of the present invention, as
described above, an RF signal is reproduced by an optical
pickup from an optical recording medium on which data modu-
1atedhby a modulation process with a prescribed shortest T
data length are recorded, and a frequency component of the
RF signal, which has a frequency that is about twice the
frequency of the RF signal reproduced from the recorded data
with the shortest data length, is boosted by a cosine equal~
izer. A recorded data generating means then generates the
recorded data from an oﬁtput signal from the cosine equal-
izer. Consequently, the positi&eégoing edges at all peri-
odic cycles are aligned, and are of steep grédients. As a
result, the reproduced signal is subject to minimum jitter.
Having described a preferred embodiment of the
invention with reference to the accompanying drawings, it
is to be understood that the invention is not limited to
that preciée embodiment and that various changes and modi-
fications could be effected by one skilled in the art with-
out departing from the spirit or scope of the invention as

defined in the appended claims.
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What is claimed is:

1. An optical disk apparatus comprising:

an optical pickup for reproducing an RF signal
from an optical recording medium on which modulated data
generated by modulating information data by a modulation
process with a prescrihed-shortest data length are recorded:

a cosine equalizer having frequency
characteristics including a boosting freguency for a frequency
component which has a frequency that is about twice the
frequency of the RF signal reproduced from the recorded data
with the shortest data length, for thereby egqualizing a
waveform of the RF signal: and

modulated data generating means connected to said
cosine squalizer for generating the modulated data from said

RF signal.

. 2. An optical disk apparatus according to claim 1.
further camprising:
switching means for switching the boosting
frequency of said cosine equalizer based on the frequency of
the RF signalvwhich varies depending on a speed .of movement of
said optical pickup with respect to said optical recording
medium when the RF signal is reproduced from said oﬁtical

recording medium by said optical pickup.

3. An optical disk apparatus according to claim 2,

further comprising:

* c L M S *
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a low-pass filter for being supplied with- the RF
signal outputted from éaid cosine equalizer;
and wherein said_switching means switch a cutoff
lfrequency of said low-pass filter based on the frequency of

the RF signal.

4. An optical disk apparatus according to claim 3,
wherein said low-pass filter comprises a Bessel-function low-

pass filter.

5. An optical disk apparatus according to claim 4,
wherein said speed of movement of said optical pickup with
respect to said optical recording medium is established based

on a control signal given from a host computer.

6. An optical disk apparatus according to claim 1,
wherein said optical recording medium comprises an optical

disk.
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