OPTI CAL DI SK ‘APPARATUS BACKGROUND OF$Fﬂ§d NTI ON
Fleld of .the I nvention: The . present inventio af€%1 0 an
optlcal dISk apparatus suitable for use as an optical disk systemcom
prising an optical disk drive and a host conputer. Description of the

Rel at &d Art: One conventionadl optical disk system conprising
an optical disk drive and a hog@nggﬂugggKlgpﬁxﬁywug|1 FIG 1 of the
acconpanyi ng draw ngs. shown in FIG 1, the optical disk

system com prises an optical di sk drlve and a host conputer 18 which is
connected to the optical -disk drive through a host interface 14 and a SCS
- (Smal | Computer Systens | nt eBACKGROUND CF7 THENIINVERHIONg to the optical disk
drive. - The optical disk drive has a CPU 1 connected to a bus
2, a work RAMeddcednébeednventihenbus 2, a ROM 4 con- nected to the bus 2

for storing programdata 4a for system
' 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-



control and paraneter data 4b for control, a servo.system signal processor
5 connected to the bus 2, a spindle notor 6 connected to the bus 2 through
t he servo system signal proc- essor 5, for rotating an optical disk 7, and
an optical pickup 8 connected to the bus 2. The optical disk drive also
i ncl udes an i.nput/output port 10 connecked to the bus 2, an equalizer 11

connect ed t%lrirﬁqézn@,ugo%ggggdp%t th8 SPEicEAY % t N d’ﬂ’i‘?:faczir DiQf -an RF

signal from a playback am plirfier 9

connect ed t qa1NeRRidsdlr R2CkBANBctaadtdi the Shut /AR pul GRA]SA0 kdr
~connected to the input/output port 10 for converting an output signal from

the equal i z@jonvr® imgoiamaoytpaitgBabnal heremf s eqpaDIkest Nihto o GEkhasiygnal
reproduci ng -data based on the clock signal, and effecting a CIRC error-
correcting pigmeds dherieafrepr cdprodudiang, a acHechdeigrifl careprawctied; t o t he
I nput/out put port 10 for decoding the proc- essed data fromthe digital
si gnal procela® bEBedhion dhegiclockabignal, and effectingitarGERG exxror-
connected to the in- put/output port 10 for conmunication with the host
- conput er correcting process on the reproduced 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 controi 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 systém may play back the optical disk 7 at a nor-
mal speed or a double speed based on é command from thezhost
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,



18. " The servo system signal processor 5 serves to energize the
spindle_notor 6 and effect focusing and track- ing control on the optical
pi ckup 8for controlling a thread feed notor (not shown) . When the opti cal
di sk systemis turned on, the programdata 4a stored in the ROM 4 are

| oaded into a main nenory of the CPU 1, 3which then functions as a RAM

control nearesPe &&@e&g%yahﬁﬁhﬁénhé@hlm dy16aa;t ~fird GEveq Elyhtheodot t ed
lines. The optical disk 7 which can be used in the opti cal dISk syst em nmay

be a CD- ROMFcur@edpAModiilgitiah)apdooessa CD-R (recordable), or the |ike.
The op- tical disk systemmay play back the optical disk 7 at a nor- mal
speed or a double speed‘ttmsaqﬂtadnzercd:hmedvésthpmata:cﬁqmtaeldegs The
optical disk 7 contains recorded data which have a shortest data |ength
(shortest pirtadatdigmpfakde 3yeopgbterua@@cqnéd@m t(q Gihge T (ModudgtAPnset
to 3T, 11T, respectively, and are
modul at ed byTZANSEST @@W@El-ghf\stﬂelkdﬁ?‘?‘@érﬂ-wﬂﬂ}ﬂ &% ton Whero kbes op-

tical disk 7 is played back, due to certain conditions in
which the optical disk 7 has been produced, the élope of the
iﬁpulse response waveform of én output signal ffom.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 optlcal pickup 8 cannot stably be -
converted into a binary signal on the ba51s of the 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 equalizer 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



The equalizer 11 serves to conpensate for . a deg- radation of the eye
pattern accordlng to the MIF (Mddul ation Transfer Function). As well
known in“the art, when the op- tical disk 7 is played back, due to certain
conditions in mhlch the optical disk 7 has been produced, the slope of the
i mpul se response waveform of an output $ignal fromthe opti- cal pickup 8

beconmes snmogupplicdndighieateahes 06 bfcf¥e PRidHIdN icaty.ur nedthis
~di sturbed, w the result that the "output signal fromthe optical pickup

8 cannot st alime,b@&hecdeveneedlBnietéchs naryost gl bian ftdprdsamiting thiee
center of the eye pattern. To avoid such a drawback, the equalizer 11
lifts the | dnflormationi ghitheduehngicatieefof whether Khwmoptisadndisk
caonversion, so that. a degradation of the MIF can equivalently be
~conpensat ed ¥ ds a CD-DA or a TReROM: i 3nd thekdetecked stwrdln tHitGis]
~operates as follows: Wen t he optical disk 7 is [oaded into the op- tical
di sk-drive, ﬂﬂﬂPliﬁphéﬁed#ﬁﬁoﬁnﬁoFgan?at@GtﬁdthEﬁ%HQath@u?Qﬁﬁ|¥ﬂ¥eﬁﬁa§? 7 at

a constant linear. vel ocj the ot at i onal eed of the optical disk
7 becones c&ﬁ%fﬂﬁ& %th sépppéa pFekE% ?%5d%°¢@ﬁ&ﬁ¥i data fromthe

oD Tyoans R 7358, A58 BBk Bn 04 EE T
' 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 computef 18 then supplieé speed. com-
mand data based on the determined resultj;hrough the SCSI
bus 17 to-the optical disk drive. Specifically, if the op-
tical disk 7 is a CD-DA, theh the hosF 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 computér 18'£o 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



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

err'or-correcting processes the : 4
supplied digital data to generate original data. At this time, the
decodér 13 detects a control bit repres®nting the I nformati on which is

i ndi cative geprbaubed hbetRptspabd based oh ithed sgéelAcommanGDAREY 08 t he
detected control bit is supplied as disk information data through the
host interfahe hos# epapuberSOSI bus 17 to the host conputer 18. :
Based on the disk information data supplied from the optical disk drive
through the SCSI bus 1FIG.h@ bfsthe aorgupanyirg) dnawimgseshawst har inke
.optical disk.7 is a CO-DA or a CO-ROM- The host conmputer 18 then
suppl i es sp&eFn@dnrirchakdagnengensel oh e amaddmered Ir sbawn inrBLGh the

SCSI bus 17 to_the optical disk drive. :PeC|f|caIIy, I £ _the og tical

disk 7 is aleD BRe ?Héﬁlﬂﬁ@rhoétsQQWRnEQHF dugF 9gheradiy gefsrredd data
i ndicating that the_o tlcal k 7 be pl ayed back at the normal speed to
t he optical?ﬁ &g &r vty equa lzer. . ' :

As shown in FIG. 2, the equalizer 11 has an input -
terminal 1la which is sup@lied with. the repfoduced RF signal -
from 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 llc. The operational amplifier 1lc
has an output terminal connected to an'outpﬁt terminal 1lle
of the equallzer 11 Wthh is connected to an 1nput terminal
of the dlgltal 51gna1 processor 12 shown in FIG. 1. The

. output terminal of the operational ‘amplifier 1lc 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 11b,,11i have respective resis-

tances of 1 KQ, the resistor 11f has a resist,anoe of 1.5 KQ.,
and the resistor 1lg has a resistance of 470 L. The capaci-

f -

tor 11h has a capacitance of 56 PF.



If the optical disk 7 is a CD-RON[ then the host conmputer 18 suppl i es

speed conmmand data indicating that the optical disk 7 be played back at

data recor ed on tt opt cal disk 7 are now

5 reproduceﬂ shovmeis Peesl, basad sﬁ{p;m@ds&md»uqamadlﬂpua teominahel host
FIG 2 t he acconpanyi ng draw ngs shows an in-

t er nal C|rcgcttﬁérimwﬁfmiﬁg(ﬁnpdﬁaﬁgannaZe«-3lo§hmha ppefFationdal ahe

- conput er
equal i zer
equal i zer.

‘11 shown in FIG 2 is generally referred to as a T-type

thé doubl e speed to the optical disk drive. - When-t he speed
connqnd data are supplied fromthe host conputer 18 to the optical disk
drivée, the system con- trol means 16 gupplies a control signa
‘representative of a Sheed 4t EQ& r syst | AT SSOr
5. The servo systen15|gnegﬁgrocessgr % energszgthhZ §gb§gg§§nnfo?&f6 to
rotate at atotati &R 7G5 RARHIANJ frent BRePpRiybadRCAMSDEEIRr The

plifier 1lc. AsTlwé cequa i 461G1 12 preisenggual legweriimpedan@ei ¥put

-a hlgher-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 inpﬁt terminal (-) of the operatioﬁal
;amplifier 1lc through the resistors ilf, 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



terminal 1la which is supplied with the reproduced RF signal fromthe
playback anmplifier 9 shown in FIG 1. The input termnal 1la is connected
through a resistor 11b to an in- verting input termnal (-) of an
operational anplifier 11c. A reference voltage source (not shown) is .
connected through a resistor 11d to a oninverting input termnal (+) of

the oper at ppifadRirihige brdéess TherRd eisyhmitaty argdhuifdserinl peribagcan
output term nal connectéd to an output termnal” 1le of the equalizer 11

which is covaadiatdons dn khpurepeoduded sidndhefrbmyitihe optdral Aiekessor 12
shown in FIG 1. The output termnal of the operational anplifier 11c is
al so connected to grokesk lshifgs efstheeccutpuhesighlkifmm tthef equadi-st or s
11f, 11g and a capacitor 11h. The noninverting input termnal (+) of the
operatlonaJ igmey ilfli shoync insFEGR- 2, nbeted the QREAPAties ofoperipdie a
junction between the re- sistors 11f, 11g The resistors

11b, , 11i haO@”F@gﬁé@F 9@tF9§P§ed iBnthe E#P@94QQ§4]RFtﬁ%gﬂ@ésﬂ§ﬁoF°11f has a

resi stance of 1.5 r the_resistor has a r S|stanc of - 470
Lo e Gsyhinerty; gnl the” PeeiOSyiEReR: Yo itk le pericd of

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

FIG. 3 is a graph showing the proportion ofeperi-
odic variations in the reproduced RF signal outputted from
the equalizer 11 to the desirable period of the reproduced

' RF signal. - The vertical axis of the graph represents the
proportion (%) of periodic variations to the desirable pe-
riod, and the herizontal axis represents patterns (3T ~
11T). In the graph, the mark “m"” indicates the proportion
of peak shifts of an output 51gnal (which is of a low level
because there is an interference of llght) representing
lands on the optical disk, and the mark “[0” indicates the
proportion of peak shifts of an output eignal (which is of a
high 1eve1-because there is no ihterference of light) repre-
senting pits associated with lands on the optlcal disk.

The proportion of positive peak shifts and the

. proportion of negative peak shifts at the same perlod_should
ideally be equal to each other. As can be seen from FIG. j,
however, they. are different from each other on account of

the asymmetry on the optical disk.



6 The equal i zer 11 shown in FIG 2 operates as fol- |ows: The
reproduced RF signal fromthe playback anmplifier 9 shown in FIG 1 is
suppl i ed”t hrough the input terminal 1la to the inverting input term nal
(-) of the operational am plifier 11c. The equalizer 11 presents a | ower
.inpedance to a higher-frequency signal8and a hi gher inpedance to a | ower-

-frequency signal becausgf g4adfl %ecaaébﬁ?anfiﬁéuafawih?‘é" skSWPrdees the
resistor 11g and the capacitor 11h. Speci cally, ower - f requency

signal is fedidaackawdferger ofnkReNsighaly tepidduceyefidmGn ”/ipHidaar m nal
(-) of the operational anplifier 11c through the resistors 11f, 11i, and
i's not boostisk.be@heswearitécgdi axab ofieFDper &t repredseamys | fheeranflld tisle,

| ownered. On the other hand, a higher-frequency signal is fed back a’
smal | er int &mel thhe horigontedr ekig theueoferepresenys )the time opdsacagnal
anplifier 11c through the resistors 11f, 11i, 11g, and is boosted because
the gain of Rehdnslerstood f5em FaRpl A+ Bhe 1WaVeLorng ieh e DRGMGT),

onl a hi h fre uency conponent. of the re r oduced ignal i.s .boosted.
y g q are %eguq%r and gave a Rstant poéﬁifoég& relation-

ship with respect to each other.

FiG. 5 of the acoompanying'drawings shows the
waveforms of RF signals outputted 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. Sinoe, 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 mhich 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 tlme
domaln are 1ntroduced into the blnary waveforms.

A spec1f1c example of error rates of different
optical disks will be described below with reference to FIG.
6 of. the accompanying dramihgs{ FIG. 6 shows the humbers of

ef;ors produced per block Wﬁen three different types of op-



When an optical disk is manufactured, the ratio of the length of recesses
or pits to the length of lands that are paired with the pits i-s not" .
constant. Stated oth-- erw se, pits whose |engths are |larger and snaller

‘than de- sirable pits are fornmed on an optical disk, a phenonenon called
asymmetry. It is inpossible to produce ##ts at a duty cycle of 50 % owi ng

to various |tiedBidi¥lies RASEPIRYyedN®ack by the optical disk system shown 7
manuf acturi ng process. The asymetry results in periodic variations in the

reproduced signetcf rom theroyy ipredudiedkper block are Reaktehibiy amfert-he
out put signal fromthe equal- izer 11 shown in FIG 2, i.e., the
proportion ofoperowtier waidhtisorennertedutedthe digitabreidyreld pRocssgnal
due to asymmetry on the optical disk, to the desirable period of the .
reproduced RFOB|bhaghown elrsBifh ilnwhe@ 18 effeqbs arR cPFropBATRF N ngs.
FIG 3 is a graph show ng the propartion of peri- odic variations in the
reproduced FEXQTRfHAI ORI PYY SFonahke LEQUAFN ePIUAL 1% hel desiteabl e
period of thﬁuﬁﬁ%%é“%%“%&rofs 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 prqduced;

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



RF signal. The vertical axis of the graph represents the proportion (% of
perlodlc variations to the desirable pe- riod, and the horizontal axis
represent's patterns (3T ~ 11T). In the graph, the mark-"[err]" indicates
the proportion .of peak shifts of an output signal (which is of a low |evel
because there i's an interference of lighip) representing |ands on the

opti cal di skicraikdef e Gl theblior! Bflbfitheinddfa QNAPANY Ofb Y dyeak shifts

of an output signal (which i5.of a high |evel because tthere i's no
i nterferenceadk |1sgf1tn) thePengeS ERbhNY2Pi £& 36608t & atbrbd 1N Jpuds a9ia t he
optical di sk. The proportion.of positive peak shifts and the

proportion qin rdgatdareyep aioms BBt goat10hat sandoyislé aspbeddul d i deal |y be

equal to each other. As can be seen fromFI G 3, however, they are _
different fromeach oty cam decumderstoothframythetapove numsemitalal di'sk.
8 FIG 4 of the acconpanying drawi ngs shows the ideal waveforns .
of RF si gnalakugs,odihsedumben af eprocal pedi BkocKhehich taxmlgenaratsid FI G 4

represents the anplitude,
when a CD-ROM of quality lower than standard quality is

played back ;s 37 to 51 tlmes (at 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.
Therefore, many data which cannot be error-corrected are
éenerated'when such a CD-ROM of_quality 1ower than standard
quality is pleyed 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 disklapparaeus 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 en opticel 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 recorded, a cosine

equalizer having frequency characteristics including a



and the horizontal axis thereof represents the tinme. As can be understood
fromFIG 4, the wavefornms of the patterns 3T ~ 11T are regular and have a
conbtanf'positional relation- ship with respect to each other. B

FIG 5 of the acconpanying drawi ngs shows the waveforns of RF signals

out put'ted fromthe equalizer 11 shown i@ FIG 2. As shown in FIG 5, the

wavef or ns ofbééy}_iﬂgatftﬁq&n%g 6T BeFREGuEREP AEERSoRAPAUAE I Hasa e

conposed of fundanentalss. i nce, however, the tine-constant circuit of
the capacit ofrdcaferaiid tHe: rigsiapoat tihicestheefréguémty cof e MR kfgnaguency

| evel , as described above with reference to FIG 2, a higher-frequency :
conponent ofreprdducEd)rfadons the rpcibedetiodaba eitlal thershdrtestodapat ted wit h
a delay tinme depending on its frequency as conpared with a | ower-
frequency colgrgint fidertdefrebyTeguefldeéngas wavefoim ¢f Ghe RF tsignadvef or ns
of the patterns 5T ~ 11T which contain harnon- ics are distorted,
resul-ting i Anbhveaanrded dadid generating means gerpeetedyieh thee aasdmer t ed
waveforns are converted into binary waveforns, .the wa eforqlvariaLLons in
the time ckﬁﬂﬂ?i%ﬁ%?i@ﬂ?(ﬂﬁﬂﬁéfﬁlﬁﬂotpﬁerﬁ?ﬂé??dmﬁﬁg?d&ﬁ@?'t e RF sig- A
specific exanp] e of error rates of different optical disks will be

descri bed béet with reference to FIG -

' 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
shorteét 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;



6, of the acconpanying drawings. FIG 6 shows the nunbers of errors
produced per block when three different types of op-

9 tical ‘disks are pl ayed back by the optical disk systemshown in FIG 1.
Errors produced per block are counted by an er- ror counter which is
connected to the digital signal proces- 25or 12 shown in FIG 1 when it
effects an error-corre@iang4 psoaediagnamhshouip@tthngﬁuﬂefonnntdﬁaRF
equal i zer 11. The nunbers of errors shown in FIG 6 are expressed in
bytes. For séxaalise, contaiaingnher goduprdelays s reprodunsd ifiraseans opt-hat
one byte of errors .is produced. The term "standard quality"
used herei n ticgdi Bi8&K: t he average nunber of errors- per bIock which is
cal cul ated by obtaini%%iavera e nynbers of _errors | ock that are

gener at ed when optical Fdi%k® Agnéi diadred BhoYLRGe ‘?v“éav SAURE s are
B nen L SR 2R EP OB AR Y i B e (5 38 BB hesne
that the av-j,6r39f fHa™ehveht§bhe1SoBEEc Rl 08 Ksk N SRR AheFrelen an
1;
FIG. 6 is a diagram showipg 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 terminel 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; |
FIG. 9C is a dlagram 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;



optical disk nanUfactured by a manufacturer is played back is greater than

theiabOQe cal cul at ed average nunber of er- rors per bl ock. As
shown inFIG 6, the nunber of errors per block which are generated when a
"CD-ROM of standard qual- ity" is played back is in.the range from6 to 20

at a riormal speed and in the range from3® to 20 at a doubl e speed. The

nunber of errors per blpgak Woxh ke dageaat SHowiRg an"&dhdlizds dlayed
back is in the range from3 to 35 at a nornal speed and in the range from

45 to 104 atacteioigtdsspradchiblgetabiber of errors per bl ock which are
generated when a . . 10 "CD-ROM of quality
| ower than standard quafiGy"10B id ayeddaglmamkshewingt deswibrgle dommad?? to
306 at a - nornmal speed-and in the range from318-to 410 at a doubl e speed.
As can be urfeR®PXebod fromthe above numerical values, the nunber of ‘errors

per bl ock which are generated .when a CD-ROM of quality | ower than standard
quality is played backFi&- 32 13§ % floweharkt 0f ABr ARPTIHEY)SFUENLS] o

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



68.8 tines the nunber of errors per block which are gener- ated when a
CD- ROM of standard quality is played back. Therefore, nmany data which
cannot bé error-corrected are generated when such a CD-ROM of quality

| ower than standard quality is played back. Such a CO-ROMis a "CD ROM of
qual - " ity lower than standard quality"l4but not a defective CO- ROM and

is available in the na@ﬁgi 33 3 ngr 5 ! ﬂdgﬁ& . dd@JQWARY
OF THE | NVENTI ON 25 8 HRagkpft Yhowing. error rates produc

nven- |t omdderiol ¢h @saPtbpal dhakprapBack updiehid SHERRRiEa10"
produci ng a 5%%3 regioduced ou %ut signgl ron1:§%D-RONI of qggﬁéty | ower
t han st andardiskalpgaxatysr edownngnt hecoum ber of errors per block thereby
to reduce the nunber of er- rors that cannot be corrected.

Accordi ng to the PPEBEILED DESGRINTIONhOFcTHE PRBFERREDcEMBODIMENT al di sk
appar atus conprising an opfical pickup for reproducing an RF signal from
an optical recordi ng m&IG.dilumhewswanchpPtical nBiisk aappRrrgtus ragRondin
process with a prescribed shortest data |ength_are recorded, a caqsine
equal i zer hd&A S PIRFERYy 1oNen4adrBy | hecoPEHER iRk APparatus being

embodied as an optical disk system which comprises an opti-
lcal 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. B
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 RbM-ZO 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 éwitch-
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



11 boosting frequency for.a frequency conponent which has a frequency that
i's about tw ce the frequency of the RF signal reproduced fromthe recorded
data with the shortest data |ength, for thereby equalizing a waveform of
the RF signal, and recorded data generating neans connected to the cosine
equal i zer for generating the recorded dgga fromthe RF sig- nal

Wth the ab r han y s ' | I S} I
from the. opfanl Pacarapas coareiibiily i ade LR AP dEERr oe g "t A0
modul ati on phaCaghalibBrt BRaPiCeer 5S¢ i D RYiRS kaBdbagheRdbbcar eThe
recorded, and the cosine equalizer boosts a fréquency conponent of the RF
signal, whieglaahdses thaguebeyishids iswidtliiing Weedst ke tweguRasyt®é the RF
signal reproduced fromthe recorded data with the shortest data | ength.
The recor ded¢hdarbetegehstatsngf nela sequdicizaye 2y dasedt ba theordddedate~f rom

an out put signal from the cosine equalizer.. BRI EF
DESCRI PTI ONSQR tTIBEODRAMENSSualizer charadie@istiics judgdol meaysadi oind
conventional opti- cal disk system

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 wa&eform of an RF signal output-
ted from'the playback amplifier 9.

' Opérétion,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
'vélocity; The optical disk 7 contains recorded data which
have been modulated by EFM,_.When the rotational speed of
the optical disk 7 becomes constant, the optical pickué 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



FIG 2 is a circuit diagramshow ng an internal arrangenment of an
equal i zer iin the conventional optical disk systemshown in FIG 1;

FIG -3 i'§ a graph illustrative of peak shifts of an output signal fromthe
equal i zer in the conventional op- tical disk-systemshown in FIG 1;
12 ’ FIG 4is a dlagran1shomn @ the waveforns of RF signals

cont ai ni ng g, P el it paa@ac§ﬂraa B Ofost UfAlrfl

FIG 5is a |agran1s ow ng t e wavef or s ~ of signal s, contalnlng group

del ays, out pid egtg‘lr Qmst he edu@he hbggrcbﬂ%ﬁggrcp@vent i onal optical disk

system shown in FIG I's a di agram showi'ng error
rates produced depend'ﬁlﬂiélfl ol the sk a?éoehawaﬁkasase&gppméd]eff&mven- '

tional optical disk systemshown in FIG 7 is a block
di agr am of arhe)pipmaialdlcﬁlsmmrlvpalthﬁ:uagacenédsosltl@ué he7 prigseostvent i on;
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 inpﬁt 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, whiéh then supplies speed command data based on
the indicated playback mode through the.SCSI bus 15 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 coﬁtrol data corresponding to a speed which

is indicated by the speed command data from the host com-



FIG 8 is a circuit diagramshowi ng an internal arrangenent of an

equallzer in the optical disk apparatus shown in FIG 7; . Fl G
9A is a diagram showi ng the waveformof an RF signal RFl outputted from an
out put. termnal- 01 of the equalizer shown in FIG 8; FIG 9B

i s a diagram showi ng the waveform of an17RF signal RF2.outputted from an
out put ternmgidlerVdg0f hR e%ﬁﬁ@hké?rcﬁﬁﬁwtéﬁﬂﬁs $witching meansFh® 9C
is a diagram showi ng the waveformof an RF signal RF3 outputted froman

out put ter nigigplidoftHcheontgval Haes abowrmimed|dy the equalizer chhkG 9D
I's a diagram showi ng cutoff frequencies depending on the playback speed,;

13 actidGstlies ijndgidigapeanss2bwiigowgh echenl ingert /cudiput goteri stics
swi tching table; FIG 10B is a diagram showing a switch contro
t abl e; 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 the equallzer 23.

FIG. 8 shows an internal structure of the equal-
izet 23. The circuit shown in FIG. 8 in its entlrety corre-
‘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-
tlonal ampllfler 32. The operational amplifier 32 has a
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-



FIG 11 is a flowhart of an operation sequence of the optical disk

apparatys shown in FIG 7; : FIG 12 is a graph show ng opti cal
frequency characteristics indicative of neasured val ues of the MIF of an
optical pickup; FIG 13 is a_graph showi ng el ectric frequency

characteristics converted fromthe.optia# ‘frequency charac- ‘teristics

shown i 1 Fl Gunddi copnecred vo EhCinddfi g% 50 SRigEN (1jomd g moasured

val ues of the he optical pic B i's a graph
showi ng the?ar b@arallshm@ilf%rassos'meeﬁé@is@@f k1c:\ViE s atrr tieerones of 3T
a

and 1.5T us s-a central frequency for boosting; FIG 15 is
a di agram sheveg theowghehar inphtaterkinal gral tovntldh pewerotsuppdyt axtcat
call; . FIG 16 is a diagram show ng the waveform of an RF signal

boost ed wi t ITheh @thegqeadc pfokthdTrasistas 33 cimtcainedyestjuen@n femd ledost i ng;
FIG 17 is a diagram show ng the waveformof an RF signal boosted with the
frequency ofthe Ipsissdrasia wbase ptaerfee@u@acgommcmghmgmm

output termlnal 06 to ground.

The operat;onal 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.



14 FIG 18 is a diagramshowing error rates produced depending -
on disk types and playback speeds in the optical disk apparatus shown in
"FIG 7. DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENT

FIG 7 shows an optical disk apparatus according to the present invention,
the optical disk apparatus being enbodirgl as an optical disk system which

conpri ses an opti - caIT éséﬂg{é%?@q‘%ﬁkﬁlg%h %ggmg}elg?lscgpﬁggﬁéé_ of the

op- tical disk systemshown Th are’| ose of the

convent i onal ngpkbgako Chisd RKALBEIYI Vo0 EhGough REEpHEBAE Tl degk] cal

ref erence nunera and wi not descri bel ow.

As shown in mifa1d. 12, R 2 WY ahesisenlSonbagtar ifeegrafed feirayst em

control, paraneter data 20b representing various paraneters for control,
and tabl e dal1a028ndfoaspeytivdinegiediodlsi 241, abBar 48t erThéi switch conmes ed to .
the bus 2. Wen the optical disk systemis turned on, the program data
20a stored i a nbrealblzy Gontact |daeheiotied &omanninpubryyerwinaheofCRU 1, which
then functions as a RAM control neans 15 : -
booster 44. The booster 44 has another input terminal con-
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.



and a systemcontral neans 16 as described above with refer- ence to FIG .
1, and al so functions as. an equalizer charac- teristics judging neans 21
for judgi'ng the characteristics of an equal i zer 23, and an equali zer
characteristics smntch- i ng nmeans 22 for switching the characteristics of
t he equal - i zer When spged command data are supplied from

h h

Esen}eaﬁitzi%‘*%ﬁéﬂilét&g&rl&é‘péﬁqﬁﬁa i %‘%é?ﬁée” ki libesse o6

chor actof | S EGE RRRpT VEE' 98rbAihCaf Sl codiiha b [ ene e
equal i zer 2% diavathdu o inidgedced- c1§eﬁitfw¢nam SRR IAYr 53.  The

characteristics judging nmeans 21 and the contents of the equalizer

characteri staph ts1ti@H B2 hakl an datpueoﬁeraﬂ@a:@qa@md@ie&&&\a tsdemd tS -own
characteristics under the control of the equalizer characteristics

switching nams &érnmmilemfaltheeio&:hpanavﬁibtm ad5an RF signal out put-
ted fron1the pl ayback anplifier 9
The low-pass filter 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.



Operation of the optical disk systemshown in FIG 7 will be described
bel ow. Wien the optical disk 7 is |oaded into the optical disk drive, the
spindle notor 6 is rotated to rotate the optical disk 7 at a constant
linear velocity. The optical -disk 7 contains recorded data which have
been nodul ated by EFM When the rotatioral speed of the optical disk 7

becones constant, the E‘ﬂéi Sﬁit%%§% 815 rseqps a %;g__lhgegog%g ef{, mthe’

opti'cal disk 7, and thée rea a ar € suppl’i e a reproduced RF signal

through the cahgyhfckopaRtidi prid Al heLaeaaingel.231hori8e 6l ok al
signal processor 12, which reproduces the RF signal as digi- tal data. The.

digital datgepc@séHpd! defaiR® diersRCOGEIF b3 refétenbeetliebAt fNK1, K2,
.error-correcting processes the supplied digital data to generate original

data. At thks tufeentbeas desofificikhideideticrmdnednbyokhbi tespecesenti ng the
informa- tion which is indicative of whether the optical disk 7 is a :
CD-DA or a €Bskeédhneaed ofiethetmsedibxkamntdlql 42i,t 43sasdppbredsponding

16 as disk informati on data through the host interface 14 and

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 oscillosc_:ope'or the like. The output
terminal Ol serves to output a normal RF signal R'F1.  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-



the SCSI bus 17 to the host conputer 18. Based on the disk

|nfornat|on

t he "host conputer 18 displays information indicative of whether the
disk drive is a CO-DA or a CD-ROM as
a tel evision monitor (not shgwn), and waits for a key input
si gnal fron1a ke

SR S&aivdgmﬁﬁaﬁeisxealmmc% o™ ng Bl Esét@{%em ay-

optlcal disk 7 |l oaded in the optical

an i nmdge on

keyboar d to
back node,

dat a supplled from the optical disk drive through the SCSI|

k
whi ch t hen sup Icfeéiéyfs@ée %(@%ﬁsrgﬁég ?8 %ase é%ﬁ%%&%ﬁéi cgﬁ;g) pl afback

nmode t hroughydyf

the speed command data are supplied fromthe host conputer 18 to the

optical disk drive, theryysh@fchOkontib2efeddSsdhvesPed i ESnersOHS!
signal representative of a playback speed to the servo system signa

processor 5.
notor 6 to

speed based

swiithimRe o0 thes seliteheBak o pr 28 €689¢d So NESIR Z6IS ddta SRipd| e

bus

uﬁ%54%7 to the optical disk drive. When

rotate at a rotational speed corresponding to the play- back
speed. The dsiticed efrmndatheoegiad iapiri chhrdcsér Ysaies nowiteteiigpdwezass &2 t he

on the speed command.data from the host conputer 18.
shown in FIG. 7° through the input terminals I5, I6 and the

contents of an'equalizer characteristics sWitchlng 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. The 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



The equali zer characteristics j udgi ng means 21 refers to the equal i zer
characteristic switching table data 20c to determ ne control data
correspondlng to.a speed mhlch |s |nd|cated by the speed command data from

t he host com 17 puter .18. The
equalr;er characteristics smﬁtchlng nmean2322 supplles the control data
determ ned bysdig Saupy | 4R 3 %Eﬁ%fé'fés éf?aa[lé aZJceglfH equgh the
i nput / out put port 10 to e equali zer Based on e cont rol ta from

the equali zes1 GhAIHE tad Sltllk%S S%bcéhﬂgfﬁeﬁﬂé%@@n htflf ael iAepasds
switches its own characteristics. Therefore sig- nal reproduced

from the optfibterliSk carbpe kardpti bgl vargkng tle areswgdnde exf hyhet he
pl.ayback anplifier 9 is equalized in waveformwi th the characteristics
nost suit ableedistathé3.pl ayback speed by the equal i zer . 23. FI G
8 shows an internal structure of the equal- izer 23. The circuit shown in
FIG 8 in its entirety k@rasesssghdarydnghsheqaatefér fosquenmn ofh theG 7,

and includes, circuit conponents, including termnals, enclosed in 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 respectively from the output
terminals 01, 02, 03 shown in FIG. 8. In each of FIGS. 93,
98B, and 9C, the vertical exis represents voltage and the
horizontal. axis represents'time. In FIG. 9C, “Dl" indicatee
the deiay time of the eelay circuit 37 and “p2” indicates
the 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 frequeneies of the low-
pass filter 55. 1In FIG. 9D, the vertical exis represents
voitage and the horizontal axis represents time, and ”Yl";
“#y2*, “Y4" indicate the eutoff 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 speed, and the fourfold speed are
represented 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-



dot - and-dash |ine which are incorporated in a sem conductor integrated
circuit, FIGS. 9A through 9D are illustrative of cutoff frequencies of

t he equal|zer 23 shown in FIG 8. As shown in FIG 8, an input
termnal 11 which is supplied with an RF signal fromthe pl ayback
anplifier 9 shown in FIG 7 is connected&4through a DC cutoff capacitor 30
to an input lla@ed asl YR2=0h-&baenandnehet@itdft efrajursheycivacwitt the0. The
input termnal 12 is connected through a resistor 31 to an inverting input
term nal (-)ourfaldoppead ibi oadtudapddfary82 mhibdopdreate dml isnphefi er
32 has a noninverting input termnal (+) connected to a junction be-

t ween resi str@sdsyanceqofokhgi veaiator hel vand s selpatedbhdmede £dfply VCC.
The operatlonal anplifier 32 has an output ter- m nal _connect ed
to an i nver t{WhgGhn BRaNSe EHLRS| t{le)bfa?ssahng obeReRTIc ke AWRlizeripe
resistor 33 has an.end con- nected through an input termnal 13 to the
power suppl Cﬁbexa €-other end of the resistor 33 is connected to an end

of the resistor 34, wWhgse QR ng"PrbgusfOPSFiff S8 QU Ald 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 t = 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



output termnal 06 to ground. The operational anplifier 35 has
a noninverting input termnal (+) connected to the junction between resis-
tors 33, 34, and an output termnal connected to an input terminal of a
delay circuit 37 and also to an output term- nal OL of the sem conduct or
integfated circuit 100 and a first inpu3Xerminal of a mixer 47. The

inverting i yagiicondu@toz! intdgrated heitdiDutl derdaidiaheoswiiftenoner abi onal

am plifier 35 are connected to each other through a resistor 36.

The del ay citheuiboostelragd4an out put terminal con- nected to an input
termnal of a delay circuit 38; an output termnal 02 of the sem conductor
i ntegrated circuit 100Thendpoosteni 40 generates n rgdinfadive tiingecutTenthe
delay circuit 38 has an output term nal connected to an output termnal 03
of the sem &&s@stodr thet ¥glueeaf cthe wurnent Huppl ilegu@sh thenggeffarn nal of

the m xer 47. The _sem conductor |nte- gggted,circuit 100 has i nput
term nal s | 19 &nn&lrelTt 54 FREDRSR | i Pt dthiang &her valugi e€n

controller .. Which has an outp termpal , cqonnected.to.a _control .

term nal of &€ mf%&'ﬁnﬁ’ﬁ Sﬂﬁrﬁﬂﬁtﬁég SRS G &?néé‘?@g %SIQ;Eontrol

termnal of ﬁafm¥lbc%f4%he 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.



19 The switch 40 has fixed termnals a, b, ¢ con- nected to the
power supply VCC through respective input ter- mnals 17, 18, 19 of the
semi conductor integrated circuit 100 and respective resistors 41, 42, 43.
The switch 40 has a novable contact d connected to an input term nal of a
boost ér 44. The booster 44 has another i2put term nal con- nected to the

power SUDP'ﬁmMQprQ%QH%BaQnahBQEEié?r§§zgénéﬁé&eéﬁtﬁé“3£¥¥8ﬁéH8@P%bﬂr

integrated circuit 100 and a resistor and also to a first input

termnal of tdepvthRspoiehtehl 5% 8RE RPN &ighdl tEuppIEdd do aHeOahiviegient
generator 52. The booster 44 has an output termnal connected to a second

_in-  put teringndnpuft teeminadr (47 ehdracptiimd the ptéfdruniengotemyimdcted to
an input terminal of a nultiplier 46. The mul- tiplier 46 has another

i nput t erm maippddede doedhieo nbhdnpeweingsipphy t@Giralbugh) drhengoft, t er mi nal

Il of the sem conduc- tor integrated circuit 100 and a resistor 47. The

mul ti- pli @anpldfiies anvedtpde corrpARPndbngct? cthe clkfiayanas haged oy ol

term nal of the operational anglifier 32. L.
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



The switch 48 has fixed terminals a, b, ¢ con- nected to the power supply
VCC t hrough respective input ter- minals 112, 113, 114 of the

seri condlctor integrated circuit 100 and respective resistors 49, 50, 51.
The switch 48 has a novable contact d connected to another input term nal
of the coefficient generator 52. The co@%ficient generator 52 has an

out put ternfidim eheNENey tarcaspesyi v& HifTied s theeoitpalks tekmihaldel ay
circuits 37, 38, and another output term nal connected to an i nput

t erm nal ofom Midxt mpinieoridg the signal, and also to the mixer 47 aBf The

mul tiplier 54 has another input term nal connected to the power supply VCC
t hrough an ithautdeleymcdadculit538f tThe debay armdimtidr IShtdedagisedthei REuit 100
and a resistor 53. The nmultiplier 54 has an output term nal connected to a
second . i np@ignadnifrem shet Helhpvweprewit i3t &y 55.delay time basazﬂeonow pass

filter 55 has a third input term nal connected to an out term nal_ of
the nixer 47theyyalye Oft thepdelagr kinal adFei® FUFent é'-Fl?—i fgefnput

termnal ( )f1c1ent 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 semiconductor
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



of an operational anplifier 56 and connected through a re- sistor 58 to an
1nyerthg I nput termnal (-) of an opera- tional anplifier 59. The
operatidnal anplifier 56 has an inverting input termnal (-) connected to
an output termnal thereof, which is connected through a resistor 57 to a
non- ~inverting input termnal (+) of t28 operational anplifier 59 and is

al so_gr oundeg, LI A5 Wfppl LesABnOBRBht! Sighal £8!tRd Winime

sem conductor integrated circuit 100, and a snoothing capacitor 61. The
inverting igeortid® AP Heomi®fal A )0REr @heoBpbratbnél eampPifsex Bect ed
to an output term- nal thereof through a resistor 60, and the output
termnal  odnd helepetattlmnainvenmiing dnpti® iterménadc(el ob the copera-

term nal 05 of the sem conductor integrated circuit 100. The out put

term nal O5tisnabremapliffiem Fhehnomgh theniceslisspr BBe digital signal
processor 12 shown in FIG 7. o The resistors 33, 34 haye the
sanme resistance, and He@ceperatianaje amplifiiar Pé EP?QEPtFﬁetU%ISégé VCC of

t he power supply VCCis present at the voltage at {he_] - |
t hese resisﬁgggggg1bggwe£h the output signa rom the 1 %Egasstffftggtmeen

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.



21 The voltage VCCis 5V, and the voltage VC (central
potential) is 2.5V, for exanple. In FIG 8, GM represents a gain current,
REF a reference current, K1, K2, K4 currents as coefficients determ ned by
t he respective resi stances of the resistors 41, 42, 43 and correspondi ng
respectively to the nornal speed t he do@Bl e speed, and the fourfold

speed, and DL1, DL2, Dl §%g& deI s dRLeks uafl%gd HNats da3pective

resi stances of the resi's ors ahd correa spondri ng respec |ver to

the normal spgeduyfiten 1 o Ul & eaed. zaeda;eecaagégéa o Pagstie HyaDC cUL Of

capaci- tor 30 has a cdpacitance of 1 [err exanple, the resistors

31, 36, 57, béprédbmwae Hﬁ%fd_é@dreﬁmﬁ&ﬁacéstﬁffﬁ&nlﬁl% Host3 cofipdital, 1
Klerr], 4 K[err], 40 Klerr], and an RF signal outputted fromthe output

term nal 05 h@isslzswrani iR1gle 7gf “hodppindicating” dafdeforeSwitmisingl thé2, 43

have respective resis- tances of 10 Klerr], 8.2 Klerr], 3.9 Klerr], and
t he resi st orchagctdristSicshafe thes pgqualigere?s sdeperding @V e rmodel’;
Klerr], 4.7 Klerr]. The snoot hing capacitor' 61 has a

capaci t ance @md ‘1¢p€ffeﬁxq:|:entr" da@ﬁanpde"d¢h@ysmh|@gt%aémend;m%préer ves
to snmooth an RF signal toe produce a DC potential, applifying the RF
signal by a ¥BRt90dR Imsliqadringlafgta. 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-



The output termnals 01, 02, 03 are used to noni- tor wavefornms with an
OSCI||OSCOpe or the like. The output terminal 01 serves to output a nornal
RF 'signall RF1. The output terminal 02 serves to output an RF signal RF2
whi ch has been del ayed by the delay circuit 37. The output term - nal 03
serves to output an RF si gnal RF3 which B@s been de-

22 | ayed by jhghh dahs delodt Shr 8Y6LS18K, 38ia MiRasielaivd igr leixdie cdalay

circuit 37 is the sane as the delay time the delay circuit

The switch iy dd Pe 3dnnecrea t6 eaetm@balsfr@ cmémldﬁg;pftﬁéﬂ%ﬁwhes
40, 48 based on control data sup- plied fromthe equalizer characteristics

sw tchi ng nm#@ngs22 FIGAW8)i asFthe doébfitidnt hewitqh,l deperndialgs onSthke6 and
the contents of an equalizer characteristics switching table (described
| ater on). Tmedenindicatiogdrdats,tandwiata indicativemst afixed con-
coefficients K1, K2, K3 determ ned depending on the resistances of the

resi stors 4kac toube geanersedshpt shesmovablateantactd fh thee siitcints as

the delay tine
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.



I nformati on determ ned depending on the resistances of the resistors 49,
50, 51._ The novable contacts d of the switches 40, 48 are novable in
ganged rel ation under the control of the switch controller 39.

The | owpass filter 55 conprises a Bessel- function 5th-order | ow pass
filter, for exanple. The Bes- sel-funcdlon 5th-order |ow pass filter

causes the wavefornms g RReSkEBRl 8§31 0rRE S48 EMR Tt rHIC HYNANY 6t kBB and
hence does not produce waveform di stortions because group delay _

charact eri stde¥inesawhethbanehéhgpedéal idfsk Prigpayep-wRoM el aycp-R
characteristics between input and output signals at the tinme the frequency

of a sine-whasddput asicgnékodf bat cim-reptadicathgiztalddhen ,vaonedoli s
constant. The cutoff fre- quency of the |low pass filter 55 is determ ned
by the resi procemdse tof at BeepeSist ovhible aiml tthee abefver @perationgnotREE. The
23 resistor .53 conprises a variable resistor such as a cernet volunme or
~the like. Tieeomponentst ofqtbacopbicahedivh-apparatiuy opersyecas Beliawsed by

varying the resistance of the, ) -
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,



resi stor 53.
| ow pass fi
t hrough™9D.
outputted r
8. In“each
and the ho
delay tine
the delay c
t he respect
RF3, and co
52. ,
filter 55.
hori zont al

frequenci es,

A process of varying the cutoff frequency of t
lter 55 will be described below wth reference to FIGS..9A
FIGS. 9A, 9B, and 9C show the RF sig- nals RFl, RF2, RF3

he

espectively fromthe output termnals 01, 02, 03 shown in FIG
of FIGS. 9A, 9B, and 9C, the3gertical axis represents voltage

RN, RS TARLLSGNL Sl BRe shBuFIGy 0% pB |pdisaiee

elray circul t 37 "and

Y I mes o maxi mum anpl irtudes”o signals RF1, RF2,
r- respond {® Rstdf BY, Thana sftéﬁt”bbhﬁré@.eﬁléb.ﬁéeﬂé @@E‘@fﬁt

FIG 9D shows the cutoff requenci es of the |l ow pass
thindd Grhdihert paey idomlandxdathepreseuppliedl faoe sl Hdet
axis represents tinme, and "Y1", "Y2", "Y4" indicate the cut
compyrest | Melor mdt. t ITE ¥QESE|, sheadcohheologbés tpeedstemd

fourfol d speed. If it is assuned that boosting frequencies

the nornal
represented

8@peed, the doubl e speed, and the fourfold speed are

by fbl, fb2, fb4, respectively, then the cutoff
In the step S6, the equallzer characteristics

judging means 21 refers to. the equalizer 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

ay ti )

'éé?%il£g¥ thﬂé%érf@%uc%Bgudgﬂﬂgg eaﬁéléﬁ,"x2", "X4" indicate

t he
f

or

of f
t he
at



frequency Y1 at the normal speed is calculated as Y1 = n.fbl, the cutoff
frequency Y2 at the double speed is cal cu-

24 lated as Y2 = n fb2, and the cutoff frequency Y4 at the fourfold speed
is calculated as Y4 = n fb4 where "n" is the resistance of the resistor 53
and is selected to be "2" (which neans 3gﬁce t he boosting frequency of the

i
ggggr: Egcrj) béi an{roq’lﬁ?e tﬁ? &gf%llglél tr-'tcgleu %H_@gt has rggllga;l%?rﬁgcéf an the del ay
circuit 38 r!;'é?m.%di'ﬂu%\(:otr' 'I%t@%ra%@&”ciPé‘uP@oféo ”9 THAUESY, Ebnkfol

expressed as fb = 1/2[err] whéere [err] = At the nornal
speed, si ncg,r Wodetls Itb Ehé stbpzsiperr]l |s 333 nsec. At the
doubl e spee since 1/2[err]2 = 3.0 M1z, [err]2 is 167 nsec.

At the fourfold speed, In e t2pesid4d €hé. 8qbkkizdrrelaradterdsvisec.

Qperation of the equalizer 23 shown in FIG 8
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 cireuit.loo. Thereafeer, 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”, then 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



wi |l be described bel ow When control data fromthe equalizer
characteris- tics switching neans 22 are supplied to the equalizer 23
through fhe input terminals |5, 16 of the semi conductor in- tegrated
circuit 100, the switch controller 39 supplies a switch control signal to
the switches 40 48 based on the supplieg control data for connecti.ng

their novabl e act tq the fixe gnt Now,
t he current c;agnq he coeéjformné)r‘f't Kt1[f KgEg én %O‘EEE i%ﬁsf htroouagthﬁ?e I nput
termnal 17, 1|58 Ma % of d,,he then

sen1conductor |ntegrated cir'cuit 188ntr ltﬂoegm??% %%? s?ﬁ?txmster 44,
The booster 40 generat eg, argidt Js‘i%t' rwecggte,eain céﬁéﬁgl%éﬁ? V@ agn of
the current supplied as the coef ¢i ent , or K4 through the switch

40 and the vatems afhe tdlﬁ:xf&@?fs&@ﬁﬁsﬁ@hb@“brﬁf&sﬁ@@pﬁiIed déurenefyidee thgput
term - nal 110 of the sem conductor integrated circuit 100, and supplies
t he gener at esppadXe ashiat ih@melicoarirole thdriet 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.



plier 46 and the m xer 47. The current as the delay tine
rnformation DL1, DL2, or DL4 is supplied through the input termnal 112,

| 3, o6r 114 of the sem conductor integrated circuit 100 and the switch 48
to the coefficient generator 52. The RF signal fromthe

pl ayback amplifier 9 showmn in FIG 7 igssupplied through t he i nput

termnal |11 and the capaci 30 to the input.term 2 f
sem conduct or i nt egr at £¢° i%(§ﬂ9w§Hﬂ?a%%5§ W@%ugﬁpp BL %goﬂéﬂft%e i nput

I
el o o e W el 8
Su |
Y g e ety

of the Sem conduc- tor

integrated ih{:EHhtaﬂ&)OthJ heoridrvdll @46 répkbiehtesthéhspgeian o+ ol
current GM and the current supplied as the coefficient fromthe booster

44, and supghéfGy@ CIMé eddgrép-of Meskilkitiont berpesgonds aso athve| tengtivont r ol
current to the voltage control term nal of the operational anplifier 32,
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-



26 The operational anplifier 32 generates the difference be- tween the
po}entral-of the RF signal supplied to the invert- ing input termnal (-)
t her eof "and the reference potential supplied to the noninverting input
termnal (+) thereof, anplifies a voltage corresponding to the difference
bazed ?n t he val ue o; the voltage cont3®l current fromthe nultiplier 46,
and outputs the | fi t age. s h t e from
t he oper at i%%%aﬁs%“? -.a{n%fil\eiﬁl'?)?l%s' '336& -Pgér?én\%hgo€ﬁ%/lgérlt$lﬁgja}4%ptf}% er m nal

(-) of theyppey ig@@ﬂﬁ&/xﬁd for3tneWrhalafienesat £prt he difference
I e Vv

between the supp tage and the reference voltage, am plifies the
differential voltage, syl uivssidhEroml tpadiavofregeendypetoua pfire-ed

vol tage fromthe operational anpli- fier 35 is supplied to the output
term nal OlqiéficyDis tedpressdd oy aheagellbiwengebgyationu{l) 87, and the
m xer 47. The coefficient generator 52 generates a delay tine

adj usting current baseumivex hef \pdirs din theutxr Sent 1iseppl veliogityhe del ay
time information DL1, DL2, or DL4 through the switch 48, and the_reference
current REF sup- plied(Co¥eRePPRGINT houS )X erminal 110 of the ‘$ékitdonduct or

integrated circuit 100. The coefficient generatQr 52 -
where S is a factor indicativegof a pgaygacﬁugpeed, 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.



plies the generated delay tinme adjusting current to the de- lay circuits
37,.-38 and al so supplies the current as a coef- ficient to the nultiplier
54." The delay circuit 37 delays the RF signal fromthe operational
anplifier 35 by a delay tine based on the value of the delay tine

adj usting current fromthe coefficient generator 52. A del ayed out put

signa! rom.th aQﬂY%()nan351 ! REOH%%hﬁegﬁl ﬁar t 37 is

supplied to the output termna éring e S|gn also to

the mxer 4Tfdd edPCialig SRibinddy Theadtbaing ¢ z’@%dq@ g the RF

signal fromt ay C|rc elay tinme ase e value of the

delay time %%f@?éf‘ﬁé&t%fee@oxf PR bhRat9ebr tbi Bb&HE ﬁ:?é@.ie?dé!eé%sﬁsg
del ayed output signal fromthe de- ay circuit 38 is supplied to the

out put tern aabodSting cafrdlorfiragueneysiiigh, ianswite othi® fieuency of/.
The m xer 47 m xes the RF signal fromthe opera- tional anmplifier 35, the

del ayed RF s3Tnal THexsfiddes, diwraestabldshting7thanboosieingl fyesghdicysiafal
fromthe delay circuit 38 with each other at a mxing ratio based on the
current 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)



supplied as the coefficient fromthe -booster 44. A m xed output signal
fromthe mxer 47 is supplied to the [owpass filter 55. The nmultiplier 54
mul tiplies the current corre- sponding to "n" fromthe resistor 53 and the
current as-the coefficient corresponding to "X'" fromthe coefficient gen-
erator 52 to produce a current corres@ding to the cutoff frequency "Y",

d i h f ' '
T0 the Tow pass 111 0 g ebabTdh 2EefulhEy] fepid SOMERF Yo P e 21

mi xed oulidlar indN3)) fiLOBLLhYErebYCinéd Wb 1d1dbe 1S GIRREAHT i@t sREF Sup-
plied through the input termnal 110 of the sem conductor “integrated

circuit Hiprewzedcdks rofiiolsgh-frequency conmpo- nents of the m xed out put
signal fromthe m xer 47 based o the cutoff frequency represented by the

val ue of the cutoff K f= aquenay 93dj)ust ( DY* g qmi/sf)r camdt haoabllei pl i er 54.
The 28 |l owpass filter 55 supplies an
out put signal to the nosipeed)yext EngMiiaput 1 e+ nifia{HZ )5 .32 phdaodper ati onal
anplifier 56 and also to the inverting input termnal (-) of the opera-

. ' se2(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

5T s K1 = 0.67 K3

= 0.024
6T : K1 = 0.73 K3 = 0.18
7T : K1 = 0.77 K3 = 0.31



tional anplifier 59 through the resistor 58. X The operati onal
amplifier 56 generates the dif- ference between the output signal fromthe
| ow-pass filter 55 and its own output signal, and outputs a differential
signal, which is supplied to the noninver g Ng input termnal (+) of the
operational anplifier 59. The capacitor 61 charges and di scharges a
current determ ned by t L redfks = 4-8%eXdf =t Re3Pesistor 57 dependi ng on the

out put signal from the eragjon nplj.fier , r _t hereby snoot hing the
out- put signal fromt. o‘pg{]lat’l ?ﬂaﬁ anpl i Pe?g%;(go"pbloii@ce a DC

potential. The potenti f.the o t si.gna o] hg Qp erational
anplifier 56 is anpli fﬁao by Iglef at:&t'g;lri 0%310. IOTtI}ug mlé%era f%)%al anplifier 59

generates the difference pefweert ¢.he owput psgnaksf o spe | ow pass
filter 55 and the output signal fromthe operational anplifier 56, and

outputs a dif- ferenti@nsdgitit 35, aheRRFSs4Gah1t #a0EEOrhE CaPtdPUEhey
termnal 05 of the sem conductor “integrated Circuit 100 to the digi-" tal

si'gnal procergeé Baes witerubdddSby’ the MTF are exphéssedOfesparsivdly way of
~exanpl e, the equalizer characteristic switching table data 20c.stored in
the ROM 20 bjouheifoFldwing dguatibmB glowshrbughayldj: exanple, a switch
control table stored in the switch controller 39

3T : f(t) = 4/7+0.46+SIN,;, <o (7)
AT : f(t) = 4/m-0.59-SIN,,,. «++(8)
5T : £(t) = 4/n-0.67-SIN,,,.
+ 4/371-0.02+SIN, . c++(9)
6T ¢ £(t) = 4/m-0.73-SIN,.
+ 4/37+0.18°SIN,pcneme ++(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,,,,
+ 4/37°0.46°SINyyqp,
+ 4/5m-0.10+STN, o, e+ (13)
10T : f(t) = 4/m+0.84-SIN,, ..
+ 4/37n°0.51+SIN,, o
+ 4/51°0.19+SIN, e ' <+ (14)
11T & £(t) = 4/7-0.85-SINy,,,

+ 4/37+0.56SIN, 1pe

+ 4/5m+0.26+SIN, p. «++(15)



shown in FIG 8. _ ' 29 As
shown in FIG 10A, the equalizer characteris- tic switching table data 20c
are conposed of "node" data represented by the speed conmand data fromthe
host conputer 18 shown in FIG 7, "node jndicating" data for switching the
characteristics of the equalizer 23 depef® ng on the "node", and
"coefficient" data andFIfe| d¢Bt BhewsdaharacpeRitsuic otnrvigre Plhypd2 of a

i ndi cating"” dat,a. The "coeffjcient" data and "delay tipe" data are
1l ust r at edCoS iner SABALAZERI DAVIRG THEGUCRTIER Loritidh 7T Eedy A% Pzer

ch i st it gh- i bl . 20c. As can.be, f
Ee oa  wisnEy ThoqueRdy] B3cCpe8LRLRIT. n 1g dap. B siEEE A% oM
H d' H " " n n H H n H J dl ) n d

i oat | nge R UcCr, pRbresklifs, A°PhhaahEa1 7o HUEAHEL IV ddded TR

i ndi cating” (GrddentsPalthird harmonic, EEd 4 Neuf 654 NYd &% e
doubl e speed”, the node indicating" data are "10", the "coefficient
est ab- 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



| ished by the "node indicating” data is "K2", and the "delay tine"
establ i shed by the "node indicating" data is."DL2". When t he
"mode" indicates the "fourfold speed', the "node indicating" data are
"11", the "coefficient” es- tablished by the "node indicating” data is
"K4", "and the !delay tine" establishedipy the "node indicating" data is

oL od oFregiency “Se SHENbAL ol e 19BnatNGaPuELER GRDLK oo RRIRS

conposed o ta from the equaPi zer characteristics swtc

nmeans 22 showg ddhét{d freduch 1.8Rdeshadkfalignal waveforms be-
30 ing" data shown iIn Flréedulogy yga i ndi cative o:ng% fi‘;e‘a coon-s tact to be

connect ed ifgtyensbyedd aassiiy atle @ooket Buavibad (7P €{esudi GQ159. as the
coefficient swtch, depending on the "node indicating" data, and data

i ndicative of a fixedFD®N-16 tsidwd @arb®Fceigaaledatefdohr whichl £s qurd-act d
of the swwtch 40 (see FIG 8) as the'delay tinme switch, depending on the
::node !ndiduce@gbychmqsting an RF sighslcwavbfosmeshdwonid|EIG.1A5 athen t he |
mode 1 n- 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.



dicati.ng" data are "01", the fixed contact to be connected to the novable
contact _.d of the switch 40 shown in FIG 8 is indicated by "a"

Wien the "node indicating"” data are "10", the fixed contact to be
connected to the novable contact d of t switch 40 shown in FIG 8 is

i ndi cated by "b". Wen the " e_indicating" data are "11", the
fixed contact to be codhéResdfis Pﬁé’“ﬁé@aﬂl’-élcgﬁt%%?cﬁl d below witdh 40

S Sl L B i e R bR B

" with f- gh A, i FI G
T e oy o rdcdd g Dok, IhaHIintde: affferent, types r%fs%fa%'&%?? | he

optical di Skdm.lisS axleogﬂeaqre‘&r Pk b? @hét Et%}al' é'ﬁ{'-:%; system Al ol

proceeds to st roI
means 16 CC’“:?IG?t r—pl S Etﬂl%z%er\f‘éd%lééheﬁbﬁ' Emébkpéf’éeécﬁﬁ[te'ii ey efeldirey the

spi ndl e .notor 6. Then, control proceeds to a step S
counter ‘'which is connected to the dlgltal 51gna1 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 the above numerical

values, the numbers of errors per block which are generated



31 In the step S3, the systemcontrol neans 16 de- term nes
whet her the optical disk 7 is a CO-ROMor a CD-R based on a control bit in
reproduced data. Then, control proceeds to a step S4. Wile in the above
operation, other -conmponents.of the optical disk apparatus operate as
follows: The servo system signal processs 5 energizes a thread feed

motor and a Ghagkifg tlﬁ?%ilbgé(@%ca{lo dIRG Lhe ?ﬁfg'&r‘éﬁ' bﬂbﬁkﬂgi{g e L&@éﬁég Wth

respect to the optica to position opti cal

lead-in areagpékt HipsOdh i Sbwili SK Frc. TharePhues! sphtkdp BhaRMBYSEegsA Vel Y
outputs an RF signal. The RF signal fromthe optical pickup 8 is supplied

through theepaeydasifenhe foptichl digkedadel gﬂayaa, babH byetHé otdmyen—
e

signal processor 12 to the decoder 13, which codes the RF signal into
ori gi nal dateiordakr opytsical chidk cdysteans Partieadardy¢otheohulbér foPm t he .
reproduced data to determne the type of the optical disk 7.

I n the step edrorsepayshkock orftiall aneagenegated- whphi 8sCPhBOModf rgiabit t

i ndicative of the type of the optical disk 7 as disk information data to
the host conbtYelovdr than Bfandarcaaliityedisapdayadahackhds stAT - blistay.

The host computer 18 displays the contents of the disk infgrmation
1/74.16 tfhes atxé normal speed) and 1/10.9 to 1 5?8 tihes

(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



data fromthe optical disk drive as an inmage on the non- illustrated
tel,evision nonitor, and wai-ts for a playback speed command. \Wen a
playback ‘speed comand is entered, the host conputer 18 supplies pl ayback
speed command data indicative of whether the playback speed is a norma
speed, a double speed or a fourfold spesed through the SCSI bus 17,

32 the host LafgLt &%o@}%%l’o%&u%gﬂhpﬂkfpBéﬁe%QtéQS&mﬁh Sy 1 zer

characteristics JU [ ng nmean e system

control meangrd GpPff&d -badht NAS a“%h&%blapgﬁéeéoﬂga&ﬂséiaéﬁeﬁ stHfiderd from
the host conputer 18 or not. "YES', then control goes to a step S6.

In the step S6, the ethiuzetfhé:mafmig%mesﬁtl oF thudpragentaipvaiticieras to
the equalizer characteristic switching table data 20c read fromthe ROM 20

and stored ides¢hibddMbbite, dat @ATisignafietiberephedeped doy camreopt idstla sup-
plied fromthe host conputer 18 represent the "normal speed” or not. If’
"YES", then pickupl|froresan optistadp récordndgi medium on’which data modu-
1atedhby a modulation process with a prescribed shortest ’
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.



“NO', then control goes to a step S8. In the step S7, the
characteristics swtching neans 22 supplies control data "01" to

equal i zer
the switc
sem condu
proceeds

character
swi t chi ng
determ ne
18 repres
step S9,

step S9,

39 throug
circuit 1

h controller 39 through the input termnals I5, 16 of the

ctor integrated circuit 100 shown in FIG 8. Thereafter,
to a step Sl12. In tH4& step S8, the equalizer

contr ol

i L' Sis J499) jians 21 refers to the equalizer characteristic
?a%felsdata 15%2 read fromthe ROM 20 and stored in the RAM3 to

whet her the speed command data sup- plied fromthe host

conput er

ent the "double speed”" or not. |If "YES", then control goes to a

and if "NO'1.t&erpd98hl 0digkoapphfatuss ceppilding :

In the

the equalizer characteristics switching nmeans 22 supplies control
data "10" to the SW t @l optical pickup for reproducing an RF sign8®B controll er
h the input termnals 15, 16 of the sem conductor integrated

O@romher egitiieal vamirdohy medicwmeds whoichhaodekateg]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
freguency of said cosihe 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 *



In the step S10, the equalizeéer characteristics judging nmeans 21 refers to
t he, equal j zer characteristic switching table data 20c read fromthe ROM 20
and.stored in the RAM 3 to determ ne whether the speed command data sup-
plied fromthe host conputer 18 represent .the "fourfold speed" or not. If
"YES', then control goes to a step S11, #4Rd if "NO', then control goes

back to the step S5. a low-pass filtdr@os!kPinglSupplReEWdhi ARY RF
characteristics swtching neans 22 supplies control data "11" to the

switch conkighaElouPut béd Whmt B&id el nk &ddialaker 5, 16 of the
sem conductor integrated circuit 100. Thereafter, control = proceeds to the

step S12. bnd tWleret # psdSkP swi heh mgs means etirteh apart»fI6 de-
term nes whether there is a playback conmand fromthe host conputer 18 or -
not. |f "YEStequénmy ebnsaisl lgwepasd fdlserpbasgi3onatik iffreqh@icy tofien contr ol
goes back to the step Sl14. In the step S13, the system control
means 16 cofthe RF @ignphe servo system signal processor 5 based on pl ayback
command data (which conprises data indicative of readout and data -

i ndi cative of an address) fromthe host conputer 18 to reproduced data

i isk 7. Then nt | h 14.
fromthe optical dis 4. An %p’tiggl tc{i?slk ggggraéug gcgorsdti%g '?o 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.

* [+ L M S *



In the step S14, the systemcontrol neans 16 de- term nes whether there is

an,ej ect command fromthe host 34
_conputer "18 or not. If "YES', then control goes to a step S15, and if
"NO', then control goes back to the step Sl12. In the step S15,

the systemcontrol neans 16 con- trols &fMle servo system signal processor 5

to de-energize the spindl e NESIRACEEE Gl st rdstiREve circuit for a
notor to actuate a disk |oading nechanismfor ejecting the optical disk

7. Then, conbpwicaet pisk hephRaTesep SI. : Sel ection of
characteristics of the equalizer 23 and correction of an MI'F based on the
sel ected characteris- Ancespaicdlhaliiappaaatis Wakl aheogedcal bpiickepb pw.
For selecting characteristics of the equalizer 23, it is necessary to
obt ai n neaswd ecovinecdqualigal cd cdsicguequpldrarabavingt freqeeneyy MIF of
t he optical pickup 8, convert the neasured optical frequency

char act er i st¢fharageeristices rincludigge fc Poossing: Erequensy ﬁﬂﬁ 3bfEen

equal i zer
a quency component which has a frequency that is about twice

the freqﬁency of an RF signal reproduced from recorded data
with a shortest data length, and a digital signal processor
for generating recorded data from the RF signal. Irrespec-
tive to the typé of reproduced data from the optical pickup,
the optical disk apparatus greatly increases the quality of
the reproduced data as information transfer accuracy as com-

pared with a conventional disk optical system.

FIGURE 7



characteristics for correcting the electric frequency char-
dependi ng on the playback speed. Therefore,

characteristics of the optical
reference to FIG 12. Then,
characteristics into
wth reference to FIG 13. Thereafter,
frequency characteristics depending on the playback
equal i zer characteristics,
frequency characteristics
14B t hrough 17.

12 shows neasured val ues
MIF of the optical

degree of nodu-

quency. The degree of
on the optical digk 7
— N\
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and neasur ed
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l ength of pits, the greater the degree of nodul ation. The spati al
frequency represents the nunber of pairs of pits and lands within a length
of 1 mmalong the track on the optical disk 7. Therefore, the graph shown
in FIG 12 illustrates nmneasured values of the degree of nodul ation and the
spatial frequency when the pits on the optical disk 7 are scanned wth a .
beam spot having a finite size. As the mykger of pairs of pits and |ands
within 1 mmis smaller (the pits are |longer), the degree of nodulation is
greater. As the nunber of pairs of pits and lands within 1 nmis greater
(the pits are shorter), the degree of nodulation is smaller. As shown in
FIG 12, the cutoff frequency corresponds to 1125 pairs/nmm

FIG 13 shows electric frequency characteristics converted fromthe
spatial frequency characteristics shown in FIG 12. In 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 correspondi ng frequencies (MHz) indicated therebe- low FIG 13
shows the spatial frequencies for the funda-
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36 nentals 3T and 11T, i.e., "514 pairs/mmfor the fundanmental 3T, and 140

pai.rs/ mmfor the fundanental 11T. The conversion froma spatia
frequency to a fre- quency is expressed by the follow ng equation (1):
Nunber, of pairs in 1 mx S x linear velocity (corresponding to
S) .. (1) where Sis a factor indicative of a

pl ayback speed, and is "1" for a nornal3gpged, "2" for a double speed, and
"3" for a triple speed. For exanple, 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 fourfold speed is 1125 x 4 x 1.4 = 6.3 MHz.

| nasnuch as the optical frequency characteristics of the optical pickup 8
are responsi ble for a degradation of the waveformof the RF signal, if the
degradation is to be electrically conpensated for by the equalizer 23,

then the -equalizer 23 may have el ectric frequency characteristics. which

are a reversal of the electric frequency characteris- <
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tics shown in FIG 13 which have been converted fromthe optical frequency
characteristics shown in FIG 12. Cenerally, it has been
considered that for recov- ering the anplitude of the waveform of 3T, the
boosting fre- quency of the equalizer 23 nmay be in conformty with the
frequéncy of the pattern 3T. : 37
Fromthe above analysis, it has been fo#Ad8out that for shaping waveforns
with a cosine equalizer, it is nore effective for the equalizer to boost
frequencies using a boosting central frequency which is twi ce the
frequency .of 3T. Therefore, for establishing the boosting frequency of

the equalizer 23 shown in FIGS. 7 and 8, the S/INratio wll not be
deteriorated if the boost gain is lowered in the ab- sence of any bits
correspondi ng to frequenci e\abglie 6 4 Thus, the/bdosting frequency is
set to about 6 MHz. Detaiils tihe det exq nati on t e oosti ng frequency
will be de- scribed bel ow ' L .
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H gher - harnoni ¢ conponents of an RF signal wave- formare attenuated
depending on the MIF which is governed by the aperture ratio of the

obj ective of the optical pickup and the wavel ength of the | aser beam |If
attenuation coef- ficicents for the attenuation of higher-harnonic L
conponents are calculated and applied to nultiply the terns of a Fourie
expansi on, then an equation representingsige wave- formis obtained. FIG
14A is a graph nodel ed fromthe neasured values of the MIF of the optical
pi ckup. In FIG 14A the vertical axis represents the attenuation coeffi-
cients K and the horizontal axis represents the nunber of tracks in 1 nm

(the spatial frequency in 1 nm. The atg.enuation coefficients K
are nunerically expressed as foll ows: K L1 - (1/950) X

. (2) _ 38 . I f the
spatial frequency represented by ™Nye abovg equzt’ (X \ts converted into

an electric frequency, it;ig expressgd ap folfow
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950) x (10[err]/1.4 (m's) x 4 (double | speed)) x

K=1- (1/
f (M) =1 - (f (Hz)/5.32 x 10[err])
. (3) For exanple, first- and third-order attenuation

coeff|C|ents K1, K3 at 3T are given by respective equations (4), (5) as

fol | ows: KI =1 - (2.88 x 10[err])/(5.32 x 10[err}]) 0. 459

... (4) K2 =1- (3.2 x 2. 83/5810[err])/(5 32 X 10[err])

= - 0.62 (<0 ->0) .(5) As can be seen
fromthe above equation (5), the attenuatlon coefficients for the third-
and hi gher-order waveforns are O or smaller, i.e., do not exist. Fromthe
above equations (4) and (5), a Fourier series expansion of 3T is expressed
by the foll ow ng equation (6): f(t) = 4/[err].0.46.SINerr]
where [err] T represents a constant of angular velocity and t represents
tinme. : Simlarly, attenuation coefficients at 4T through 11T
are given as follows: 4T : K1, = 0.59 5T : K1 =,

0.67 K3 = 0.024
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= 0.32 K83
= 0.19

= 0.31
K1

K3
9T :
= 0.51 K5

= 0.77

7T : K1
= 0.39
Kl = 0.84 K3

10T :

= 0.80 K83

= 0.73 K3 = 0.18
8T : K1
= 0.10

6T : K1
'0.46° K5
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+ 4/ 3[err].0.
4/[err].0.82.
+ 4/ 5[err].0.
4/ [err].0. 84.
+ 4/ 5[err].0.
4/ [err]. 0. 85.
+ 4/ 5[err].0.

equal i zer
boosti ng.
f undanent al

under st ood fromthe
the signal is boost

39.SINerr] . (12) oT : f(t) =

SINerr] + 4/ 3[err].0.46.SIN err]

10. SINferr] (13) 10T": f(t) =

SIN err] _ 4+ 4/ 3[err].0.51.SINerr]

19 SIN5 ...(14) 11T @ f(t) =

SINerr] 8/18 4+ 4/3[err].0.56 SINerr]

26. SIN err] ...(15P\\ .
FI G 14B shows characteristi rves P1, P2 of a cosine

havi ng frequencies of 3T and 1.5 ed &8 a central frequency

In FIG 14B, a suffix &1" | added t represents a

o
a suffix "3" added to T _.¢ s.ggxhird ha ] and a
added td T represents a fiftlh harnonic As| can be
characteristic cur P2 ghouwn_in FIG 14B, when
ed r~ ' :
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at a central frequency of 3T, alnpst no gainis inparted to harnonics
equal to and higher than the third harnonic 8T3 of 8T. Wien the signal is
boosted at a central frequency of 1.5T, all the harnonics are boosted.

If alnost no gain is inparted to harnonics equal to and higher than a
certain frequency anong all the harnon- ics, then the gradient of the
wavef orm becones irregular. For exanpleg /i a gain is inparted to a
fundamental of 8T but alnbst no gain is |nparted to third- and
fifth-harnmonic waveforns, then only the fuatlanental of 8T will renains.
Since the original Regsignal wav®f orm of 8TSIs conposed of thewavefor of
a fundanental, a thirg harnonic,<and a fifIth harnonic, the gradient of2an
RF signal waveform of~8T boosteﬁ:at a cent?ﬁl frequency of 3T is snalg§r
than the gradient ofg an RF si,gngl wavefo{mgof 8T which is not boos;i

The above gradi ents Al RF si ghal fwavef or s |1 be described in detayfl¥
with reference to FIG. 15 thrQugh 17 whi clNshow, respectively, an u
si gnal waveform chlis not Dybsted, an RF i grigl wavef orm which s
boosted at a centr
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41 frequency of 3T, and an RF signal waveform which is boosted at a
central. frequency of 1.5T, the RF signal waveforns be- ing generated using
t he above equations (7) through (15). FIG 16 shows an RF
signal waveform which is pro- duced by boosting an RF signal waveform
shown in FIG 15 at a central frequency of 3T. As shown in FIG 16, when
the RF signal waveformis boosted at a tenpitgal frequency of 3T, the
anplitude of the signal having a frequency of 3T beconmes the greatest.
However, as described above with reference to FIG 14B, the boosting of
the third and fifth harnonics 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 harnonics becones
smaller, with the result that the eye pattern is not' w dened, as can
readily be understood fromFI G 16. FIG 17 shows-an RF signal
wavef orm 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 waveformis boosted at a central frequency of 1.5T, harnonic
conponents of the BF signal which has been attenuated by the MIF are
recovered, and nneigradients of
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the respective waveforns becone larger, wth the result that the eye
pattern.is widened, as can readily be understood fromFI G 16 and nore
clearly be seen froma conparison be- tween FIGS. 15 and 16. Consequently,
the eye pattern char- acteristics can be inproved efficiently by using the
fre- quency of 1.5T as a central frequency for boosting.

42 A specific exanple will bellgkribed below with reference to
FIG 18. FIG 18 shows the nunbers of errors produced per block when three

different types of op L cal i sks are played back by the optical disk
system shown in sTARTENrgrs produced pe ZI jz counted by an error
counter which is conn the digital é: Ggro esso 12 shown in

FIG 7 when [T effects a ‘ error-correcting proc- ess on the out put signal
fromthe equdlizer 23. Sthe term "standard quality" and the term
"quality o used herein have the sane defi -
nition as deg ence to FIG 6. As shown in
FIG 18, theji : - -
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bl ock which are generated when a "CD-ROM of standard qual- ity" is played
back is in the range fromO to 11 at a normal speed, in the range fromoO
to 17 at*a doubl e speed, and in the range from1 to 17 at a fourfold
speed. The nunber of errors per block which are generated when a "CD-R" is
pl ayed back is in the range from5 to 13 at a nornmal speed, in the range
from6 to 20 at a double speed, and in 12¥1gange from 13 to 23 at a
fourfol d speed. The nunber of errors per block which are generated when a
"CD-ROM of quality lower than standard quality” is played bask is in the

range from 31 to 74 at a nornmal speed, .in the range from29 %o 71 at a
doubl e speed, and in the range from46 to 90 at a fourfold eecii
As can be understood fromthe above numerlsql val ues, theonl.grberg of
errors per block which are generated : —S w N
43 when all the optical disks are played b%k by the opti+al ﬂ‘_dlﬁ{( system
shown in FIG 7 are nuch smaller than thosc—FLgen- er at ed -phen t h@ opti cal
di sks are pI ayed back by the conven- o 3 A
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tional optical disk system Particularly, the nunber of errors per block
which are generated when a CD-ROM of qual- ity |ower than standard quality
is played back is 1/7.17 to 1/4.16 tines (at a nornal speed) and 1/10.9 to
1/5.9 times (at a double speed) the nunber of errors per block which are
generated when it is played back by the conventional optical disk system
Therefore, the nunber of produced errors X3/a8 cannot be corrected is
greatly reduced. Accordingty, irre- spective of the type of the reproduced
data, the quality of thegreproduced data as information transfer accuracy
is much greater than thesquality of the data reproduced by;the con-

ventional optical disk syStem For these reasons, nornal pf&igtts
available in the market g CD-ROMs of quality |lower than s} &hgard quality
can be played back, w theut any prob- |lens, by the opticalddi sk apparatus
according to the present Qi nventi on. The nunberq gf (£rrors per
bl ock whi ch are gener- %ed when di sks are played back at—a<Fourfold speed
cannot be conpared wi thlany existing data because no conpafeabicee data are
-avai |l able fromthe conve,lti onal optical disk sys- tem However, since the
nunbers of errors producgfd when disks are played back at ﬁagwg and doubl e
speeds *by the L o -
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optical disk apparatus according to the present invention are greatly
reduced, it can readily be understood that the _ '

44 nunber of errors per block which are generated when disks are played
back at a fourfold Speed is also greatly reduced. Wth the
arrangenment of the present invention, as' described above, an RF signal is
reproduced by an optical pickup from ak4ép8i cal recordi ng nedi um on which
data nodu- |ated by a nodul ation process with a prescribed shortest data
| ength are recorded, and a frequency conponent of the RF signal, which has

a frequencdeE S a t ce the frequency of the RF signal reproduced
rdeaarad A

fromthe re dat the shortest data length, i's boosted by a .
cosine equal - izer. A recorded data generating nmeans then generates the
recorded data froman putput signal fromthe cosine equal- izer.
Consequently, the posi @68Lgoing edges at all peri- odic cycles are

al i gned, and are of steép gradients. As a result, the reproduced signal is
subject to mnimumjittgr. Havi ng described a preferried -

enbodi nent of the

g
0 X 90 PAIRS /mm

FIG. 148
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signal outputted fromsaid cosine equalizer;' | and wherein said
swi;t chizng neans switch a cutoff frequency of said | owpass filter based on

the frequency of the RF signal. 4. An optical disk
apparatus according to claim3, wherein said |owpass filter conprises a
Bessel -function |l ow pass filter. 5. An optical disk

apparatus according to claim4, wherei#7438d speed of novement of said
optical pickup with respect to said optical recoé@ing mediumi s

est abl i shed based on a contgpl | given frgm&@ host c ter
6. An optical disk apparatu ccC to clLarm|l . Qwher e, gZsad I cal
recordi ng medi um-conpri ses I cal ' S .
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