-1+° EQUALI ZER FOR OPTI CAL REPRODUCI NG APPARATUS BACKGRCUh%hiﬁk Iﬂil ENTI ON
I. Fiekd of the Invention The present invention rel ates 4) iq al i ¥er for
an optical reproducing apparatus which reproduces data by W@gbl y

perform ng a decodi ng operati-on on signals read froma di sC-'l'1 ke recording
medi umin accordance with a partial-response transmtting nethod. 2.
Description of the Related Art In the field of a system using recording

medi unms, such as optical discs and magnetq-optical discs, research is being
made on increasing the recording capacity and the recording density. To

achi eve 'high density LB8. rébd dPrIcERO Pt ¥ | aser

wavel engths and to su?@gﬁgiggtF?%gpﬁuneri ggﬁﬁéapﬁéérh% ure ﬁf\&?? an objective
| ens. Moreover, the partial-response transmtting nethod in which the.

i ntersynbol interferences, -which would di sadvant ageously act on high

density recor BAORGROUND [UF agX TeeENYION i | i zed, is al so known as a
digital-data transmtting nethod for facilitating high density recording.
Several typesiof Ppheld adf ridkepdnventiemsmi tting net hods
The present invention relates to an equalizer for an
optical reproducing apparatus which reproduces data by
suitably performing a decoding operation on signals read
from a disc-like recording medium in accordance with a
partial-response transmitting method.
2. Description of the Related Art
In the field of a system using recording mediums, such
as optical discs and magneto-optical discs, research is
being made on increasing the recording capacity and the
recording density. To achieve high density recording, it is
important to shorten the laser wavelenéths and to suitably
set the numerical aperture (NA) of an objective lens.
Moreover, the partial-response transmitting method in which
the intersymbol interferences, which would disadvantageously
act on high density recording, are paradoxically utilized,
is also known as a digital-data transmitting method for
facilitating high density recording.
Several typeé of partial-response transmitting methods
may be classified by allocating data in accordance with the
characteristics of the transfer functions. The above

transmitting methods which have been put into practical use



may be classified by allocating data in accordance with the characteristics
of the transfer functions. The above transnitting nethods which have been
put into practical use -2- may be represented by PRO (class 0O parti al
response, which is also referred to as "the PR(1) hethod") through PR5
(class 5 partial response, which is also referred to as "the PR (-1, 2, -1)
met hod”), shown in Fig. 12. Fig. 12 illustrates the el ements inherent in
each partial response nethod, i.e., the response waveform the frequency
characteristics, and the output |evel nasber in response to the binary
input data after PR equalization is performed. In order to achieve even

hi gher densi iy ree arebriegsetitiedr by hERO atekass deparginl anesporseNA wirishs ui t abl y
set, it is necessary to introduce the f.oreg‘oi ng partial -response

transm tti ngiseaheel xeferaeso tooagel the MR lefieihprd hgtlepensh iRRP (correcting
the frequency characteristics). on the t%r.anSnjtti n i gnal s_by neans . of
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filtering i nlahass cxmartdialcregprpse L5 ﬁ&sgbﬁﬁge’éﬁ%‘al 1237 S ati on
MY 1MPalT  pr (-1, 2. -1) method”), shown in Fig. 12. Fig. 12

illustrates the elements inherent in each partial response
method, i.e., the response waveform, the frequency
characteristics, and the output level number in response to
the binary input data after PR equalization is performed.

In order to achieve even higher density recording after
the lasér wavelength and the NA are suitably set, it is
necessary to introduce the foregoing partial-response
transmitting method and also to perform an equalizing
operation (correcting the frequency characteristics) on the
transmitting signals by means of filtering in an electrical
circuit. However, the above equalizing operation may impair
the reliability of detecting the data. Thus, the electrical
equalizing operation is not sufficient in order to achieve
even higher density recording.

Further, in the above equalizing operation, the spatial
frequency characteristics are corrected on a time axis. It
is thus necessary to change the frequency characteristics in
accordance with the linear velocity obtained during disc
reproduction. For example, in a constant angular velocity
(CAV) -type disc, or a zone CAV-type disc, the equalizing

characteristics should be changed in accordance with the



the reliability of detecting the data. Thus, the electrical equalizing
operation is not sufficient in order to achieve even higher density
recording. Further, in the above equalizing operation, the spatial
frequency characteristics are corrected on a tinme axis. It is thus
necessary to change the frequency characteristics in accordance with the
| i near vel ocity obtained during disc reproduction. For exanple, in a
constant angul ar velocity (CAV)-type disc, or a zone CAV-type disc, the
equal i zi ng characteristics should be chanded in accordance with the - 3-
reproducing position in the radial direction of the disc. This inevitably
i ncreases t herepargdueiingy pokithen comfihguratieh diredtsian rfuitheaddstche
equal i zi ng operation. SUMVARY OF THE | NVENTI ON Accordingly, in order to
ove_rcolrr:s t he '?ﬁca/é.rmvé-mbéksin¢re¢%e$ar$®bjc9@919$1'€¥1é>%r nt invention to
opti ma erforman equalizing operatjien in accordance with the spati
frequenc§ EhaﬁQRﬁiﬂqn§F39§ ﬂﬁtHgﬁtggﬁﬁﬁﬁtngnéotbﬁr?ﬁﬁ izing 9Perat1°g-t 2

SUMMARY OF THE INVENTION

Accordingly, in order to overcome the above drawbacks,
it is an object of the present invention to optimally
perform an equalizing operation in accordance with the
spatial frequency characteriétics without needing to perform
an electrical equalizing operation in which the frequency
characteristics should be changed in response to the
reproducing position in the radial direction of a disc.

In order td achieve the above object, according to the
present invention, there is provided an optical reproducing
apparatus comprising: laser emitting means for emitting
laser light to an optical recording medium; movement means
for moving the laser light along a track of the optical
recording medium; light receiving means having a plurality
of light receiving areas which are divided by a line
perpendicular to the track direction, each of the light
receiving areas receiving laser light reflected by the
optical recording medium and outputting an electrical signal
at a level in accordance with the quantity of light;
calculation means for adding the electrical signals from the

plurality of light receiving areas based on a predetermined



an el ectri cal equal i zi ng operation in which the frequency characteristics
shoul d be changed in response to the reproducing position in the radial
direction of a disc. In order to achieve the above object, according to the
present invention, there is provided an optical reproduci ng apparatus
conprising: laser emtting neans for emtting laser light to an optical
recordi ng nmedi um novenent neans for noving the |aser |ight along a track
of the optical recording nedium |ight receiving neans having a plurality
of light receiving areas which are dividdd by a |ine perpendicular to the
track direction, each of the light receiving areas receiving |aser |ight
refl ected bymhbtRemiticdll oxgresdisg andliaubpndingt phet calicabaedd ot igredl
signal at a level in accordance with the quantity of light; calculation
means for addsng téeredwecing sdbnsl ginlvhiclompatdadl frefmeycwf |ight
receiving areas based on a predetern ned -4- mat hemati cal _expression and
out putting thbaratteristddsiapearonseatedp and desgdipgnaeans fP¥ ch spati al
f requency ) . . ) . s

decoding an information signal in accordance with a partial

response method based on the reproducing signal output from

the calculation means.

With the above calculation, the frequency

characteristics comparable to those by a conventional

electrical equalizing operaiton can be obtained. Namely,

the characteristics in response to the spatial frequency can

be obtained by the respective outputs detected by the light

receiving areas in the track direction.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1, which is comprised of Figs. 1A and 1B,
schematically illustrates the configuration of a first
embodiment of the present invention;

Fig. 2, which is comprised of Figs. 2A and 2B,
schematically illustrates the configuration of a second
embodiment of the present invention;

Fig. 3 is a block diagram of a recording/reproducing
apparatus used in the first and second embodiment;

Fig. 4 illustrates an examplé (i) of the configuration
of an optical system used in the recording/reproducing

apparatus of the first and second embodiments;



characteristics are corrected; and decodi ng neans for decodi ng an
information signal in accordance with a partial response nethod based on

t he reproduci ng signal output from.the cal culation neans. Wth the above
cal cul ation, the frequency characteristics conparable to those by a
conventional electrical equalizing operaiton can be obtained. Nanely, the
characteristics in response to the spatial frequency can be obtained by the
respective outputs detected by the light receiving areas in the track
direction. BRI EF DESCRI PTI ON OF THE DRAVINGS Fig. 1, which is conprised of

Figs. 1A and 1B, schematically illustrates the configuration of a first
enbodi ment of the Figes&nilingeratem anFiegamplenhith 9k thensonfdgusptipns. 2A
and 2B, schematically illustrates the configuration of a sgcond enbodi nment
of the presesf i@mveptisnl system ysedyip thr BHReRrEiRdFeproducing

recordi ng/ reproduci ng apparatus used in the_first.and second enbodi ment;
Fig. 4 iIIusFKEFE?tH%~82aﬁ%? ¥rst 50d; geceBt PRIMBBTS3f an optical system

used in the recor ¢i;ng/ EepLodug] 50, AMALISOL Lherdid Mo-40d c3880R /v

enmbodi nent s; _
conversion matrix amplifier compatible with the example (i)

of the optical system according to the first embodiment of
the present invention;

Fig. 7 is a block diagram of an I/V conversion matrix
amplifier compatible with the example (i) of the optical
system accordind to the second embodiment of the present
invention;

Fig. 8 is a block diagram of an I/V conversion matrix
amplifier compatible with the example (ii) of the optical
system according to the first embodiment of the present
invention;

Fig. 9 is a block diagram of an I/V conversion matrix
amplifier compatible with the example (i) of the optical
system according to the secopd embodiment of the present
invention;

Fig. 10 illustrates a disc used in the first and second
embodiments of the presént invention;

Fig. 11 illustrates the zone configuration of a disc
used in the first and second embodiments of the present
invention; and

Fig. 12 illustrates a conventional partial response



.-5- Fig. S5illustrates an exanple (ii) of the configuration of an optical
systemused in the recording/reproduci ng apparatus of the first and second
enbodi nents; Fi-g. 6 is a block diagramof a current-to-voltage (1/V)
conversion matrix anplifier conpatible with the exanple (i) of the optical
system according to the first enbodi ment of the present invention; Fig. 7
Is a block diagramof an |I/V conversion matrix anplifier conpatible with
the exanple (i) of the optical system according to the second enbodi nent of
the present invention; Fig. 8 is a bl ock6di agram of an 1/V conversion
matrix anmplifier conpatible with the exanple (ii) of the optical system
accordi ng t ottéeshitSinee neatiodent of the present invention; Fig. 9 is a

bl ock diagram of an 1/V conversion matrix anplifier conpatible with the

exanple (i) of the optical systemaccording to the second enmbodinent of the
pr esent .
" DESCRIPTION OF THE PREFERRED EMBODIMENTS

A reprqducing apparatus of the present invention will
now be explained with reference to the following features in
the given order.

<1. Schematic Configuration of First Embodiment>

<2. Schematic Configuration of Second Embodiment>

<3. Discs>

<4. Configuration of Reproducing Apparatus>

<5. Examples (i) and (ii) of the Configuration of the

Optiéal System>

<6. Specific Example (i) of the Circuit for

Implementing the Fifst Embodiment>

<7. Specific Example (i) of the Circuit for

Implementing the Second Embodiment>

<8. Specific example (ii) of the Circuit for

Implementing the First Embodiment>

<9. Specific Example (ii) of the Circuit for

Implementing the Second Embodiment>
<1. Schematic Configuration of First Embodiment>

Figs. 1A and 1B illustrate the schematic configuration
of a first embodiment of the present invention. The arrow
TRD indicates the light receiving direction corresponding to

the track line of a disc. A detector 4d for receiying the



invention;, Fig. 10 illustrates a disc used in the first and second

enbodi nents of the present invention; Fig. 11 illustrates the zone
configuration of a disc used in the first and second enbodi nents of the
present invention; and Fig. 12 illustrates a conventional partial response
-6- transmitting method. DESCRI PTI ON OF THE PREFERRED ENMBODI MENTS A
reproduci ng apparatus of the present invention will now be explained with
reference to the following features in the given order. <1. Schenatic
Configuration of First Enmbodi nent> <2. Schematic Configuration of Second
Enbodi ment > <3. Di scs> <4. Configuration of Reproduci ng Apparatus> <5.
Exanpl es (|) Hiyht irefletté@cbyotie Juasealri spobé and PENcialg Systbertrack

direction TRD is divided into light receiving areas ARl and
AR2, as shown in Fig. 1A. Namely, the detector 4d is
divided into two 1ight receiving areas ARl and AR2 by a line
perpendicular to the light receiving direction corresponding
to the track direction TRD of the disc. 1In this embodiment,
the light receiving areas ARl and AR2 have the same area.

It will now be assumed that the detection outputs .

photoelectrically converted by the light receiving areas ARl

and AR2 are indicated by signals Io. and IB, respectively.

Then, the reproducing data is obtained in the following
manner. Calculations are performed on the signals I0. and If
to specifically correct the spatial frequency

characteristics, and then, the calculated signals are
decoded.

The frequency characteristics of the signals detected
and output by the detector 4d are shown in Fig. 1B. Signals
used for performing a typical decoding operation should

correspond to the guantity of light detected by a single

detector. Accordingly, the sum signal (Ia + If) is used in

the embodiment illustrated in Fig. 1A, and the frequency-

vs.-modulation transfer function (MTF) characteristics of

the sum signal (Iot + IB) are indicated by the curve @ of

Fig. 1B. The above type of characteristics are required to



<6. Specific Example (i) of the Crcuit for Inplenenting the First

Enbodi nent> <7. Specific Exanple (i) of the Circuit for Inplenmenting the
Second Enbodi ment > <8. Specific exanple (ii) of the Grcuit for

| mpl enenting the First Enbodi nment> <9. Specific Exanple (ii) of the Grcuit
for Inplenenting the Second Enbodi ment > <1. Schematic Configuration of
First Enbodinent> Figs. 1A and 1B illustrate the schematic configuration of
a first enbodi nent of the present invention. The arrow TRD i ndi cates the

| i ght receiving direction corresponding t% the track line of a disc. A
detector 4d for receiving the -7- light reflected by the | aser spots and
scanni ng i n beeegualkzed rissfoxn bEXNg dedodedled into |ight receiving areas
ARl and AR2, as shown in Fig. 1A Nanely, the detector 4d is divided into

two |ight receivi pgwatesds OR8 @ighaARJbepinedibe fIes paldiulaltdont @1tthe || ght
receiving direction correspondi ng

If) has an electrical differential effect, and the
frequency-vs.-MTF characteristics are fepresented by the
curve @ shown in Fig. 1B. Upon comparison of the frequency
characteristics indicated by the curve @ with the frequency
characteristics obtained according to the partial response

PR (1, 0, -1) method shown in Fig. 12, the characteristics

of the signal (Io - IP) are equivalent to those obtained

when the equalizing operation is suitably performed
according to the partial response PR (1, 0, -1) method.

Namely, according to the first embodiment, the signal

(Io. - IB) 'is obtained from the outputs of the two light

receiving areas AR1 and AR2 which is divided by a line
perpendicular to the light receiving direction corresponding
to the disc-track direction TRD. This makes it possible to
make frequency corrections suitable for the partial response
PR (1, 0, -1) method without performing an electrical
equalizing operation. Further, in this technique, the
detection outputs of the respective light receiving areas of
the detector 44 having a spatial difference are calculated.
Accordingly, the correction is ﬁade on the frequency
characteristics appropriately in response to the spatial

frequency, and thus, the corrected characteristics naturally



to the track direction TRD of the disc. In this enbodiment, the |ight
rreceiving areas ARl and AR2 have the same area. It will now be assuned that
t he detection outputs photoelectrically converted by the |ight-receiving
areas ARL and AR2 are indicated by signals I[err] and I[err], respectively.
Then, the reproducing data is obtained in the foll ow ng manner.
Cal cul ations are perfornmed on the signals I[err] and I[err] to specifically
correct the spatial frequency characteristics, and then, the cal cul ated
signal s are decoded. The frequency charac?eristics of the signals detected
and output by the detector 4d are shown in Fig. 1B. Signals used for
perform ng a dofiriespondetodeligngperial ithe Ihnehd weloeyand to the quantity
of light detected by a single detector. Accordingly, the sumsignal (I[err]
+ I[err]) is <bedchemahécefduiiigmmtion aft Secend | Bnlkidiment> and t he
frequency- vs.-nodul ation transfer funcfion (MIF) characteristics of the
sum si gnal (I [err]The pherptigreonfigugatdennyft aesecrnd qubodimgntrwglllp,
The above type of characteristjcs are required o .
yri'mw be descr&beé wit referenge to F{gs. 2A and 2B. In this

embodiment, as in the first embodiment,'the arrow TRD

indicates the light receiving direction associated with the

track line of a disc. The detector 4d for receiving the

light reflected by the laser spots and scanning in the track

direction is divided into three light receiving areas AR1,

AR2 and AR3, as illustrated in Fig. 2A. That is, the

detector 44 has three light receiving areas AR1, AR2, and

AR3 divided by lines perpendicular to the light receiving

direction corresponding to the disk track direction TRD.

It will now be assumed that the detection.outputs,

photoelectrically converted by the light receiving areas

AR1l, AR2 and AR3, are indicated by signals Ia, If, and IY,

respectively. Then, the reproducing data is obtained in the

following manner. Calculations are made on the signals Icq,

1B, and Iy to specifically correct the specific spatial

ffequency characteristics, and the calculated signal is then
decoded.

The frequency characteristics of the signal detected
and output by the detector 4d are shown in Fig. 2B. The

curve @ shown in Fig. 2B is similar to the curve @ of Fig.



be equal i zed before being decoded. However, the signal obtained by the
calculation (I[err] - I[err]) has an electrical differential effect, and

t he frequency-vs.-MIF characteristics are represented by the curve 0 shown
in Fig. 1B. Upon conparison of the frequency characteristics indicated by
the curve O with the frequency characteristics obtained according to the
partial response PR (1, 0O, -1) nethod shown in Fig. 12, the characteristics
of the signal (l[err] - I[err]) are equivalent to those obtained when the
equal i zing operation is suitably performd-according to the parti al
response PR (1, O, -1) nethod. Nanely, according to the first enbodi nent,

oceiving ar ot “RRFesRaC RS e PRI O "Entidiing Thel HiahlTey, T

l'ight receiving direction corresponding to the_disc-track direction TRD.
Thi s makes i tofpddghtl deteched by ridwpudetpctorrédt i dirs thiist gpbedfiwent he

partial response PR (1, 0, -1) nethod without performing an electrical
equal i zi ng opdreatsignal FE@herIB it Inhixepresentguthet geamtet e taforl ighttput s of
the respective light receiving areas of the detector 4d having a spati al

difference argieakel! Bl efhe A8EU Ay, the correction is made on the

frequency
However, the signal obtained by a calculation expressed

by Ip - g(Ioc + Iy) has the fregquency-vs.-MIF characteristics

indicated by the curve @ of Fig. 2B. Upon comparison of the
frequency characteristics represented by the curve @ with
the frequency characteristics obtained according to the

partial response PR (1, 1) method shown in Fig. 12, the

characteristics of the signal If - g(Ia + Iy) are equivalent

to those obtained when the equalizing operation is
appropriately performed in accordance with the partial

response PR (1, 1) method.

Namely, in the second embodiment, the signal I - g(Io

+ 1Y) is obtained from the outputs of the three light

receiving areas AR1l, AR2 and AR3 divided by lines
perpendicular to the light receiving direction corresponding
to the track direction TRD. This makes it possible to
perform a suitable frequency correction in accordance with
the partial response PR (1, 1) method without needing to
perform an electrical equalizing operation. Further, in

this technique, the detection outputs of the respective



characteristics appropriately in response to the spatial frequency, and
thus, the corrected characteristics naturally -9- correspond to changes
in the linear velocity. <2. Schematic Configuration of Second Enbodi ment >
The schenatic configuration of a second enbodi ment will now be described
with reference to Figs. 2A and 2B. In this enbodinment, as in the first
enbodi ment,” the arrow TRD indicates the light receiving direction
associated with the track line of a disc. The detector 4d for receiving the
light reflected by the-laser spots and sddmning in the track direction is
divided into three light receiving areas ARl, AR2 and AR3, as illustrated
in Fig. 2A Thaht secelieidgt acéas AR haRr2t bndeAR3 oo ther dletiecgour dds ARL,
AR2, and AR3 dlylded_by l'i nes perpendicular to the Iight receiving '
direction corhasipenei spatdal hdififetenceagiredrrbeniatedRDAGEIFHAGINow be
assumed that the detection outputs, phofoelectrically converted by the
li ght recei vifp soxxeckRen ApomadR) aREFhe, fEeAngReht SPIRFEIFLASS] [err],
I[err], and Iferr], :
[ ] épprgpriately in response to the spatial frequency, and

thus, the corrected characteristics naturally correspond to

changes in the linear velocity.

In the above calculation, *g*, which is a coefficient,
can be set according to the various conditions. If the

coefficient g is set to satisfy the conditions expressed by

the equation.IB = g(Io + 1Y), i.e., g = If/(Ia + IY), the

common-mode noise rejection conditions in the light
receiving areas AR1, AR2 and AR3 are met. Since the

coefficient g is set in the above manner, the common-mode

noise components included in the signals I, Io and Iy are

canceled. The frequency characteristics indicated by the
curve @ of Fig. 2B are by way of example only, and the
frequency characteristics are determined by the coefficient
g and the area ratio of the light receiving areas AR1l, AR2
and AR3.
<3. Discs>

Before explaining a reproducing apparatus using the
foregoing detector having divided light receiving areas,
discs which are usable in the reproducing apparatus will
first be described.

The optical discs used in this embodiment are the type



respectively. Then, the reproducing data is obtained in the foll ow ng
manner. Cal cul ations are made on the signals I[err], I[err], and I[err] to
specifically correct the specific spatial frequency characteristics, and
the cal cul ated signal is then decoded. The frequency characteristics of the
signal detected and output by the detector 4d are shown in Fig. 2B. The
curve [err] showmn in Fig. 2Bis simlar to the curve [err] of Fig. - 10-
1B representing the signal (I[err] + I[err]) indicating the quantity of

| ight detected by the detector 4d. In tht3-enbodiment, the signal (I[err] +
I[err] + I[err]) represents the quantity of |ight detected by the detector
4d. However, ofha sogeatAVWhiptited Idise.caFigs atibmnekpiledddusbyatéethd -
g(f[err] + I[err]) has the frequency-vs.-MIF characteristics indicated by

t he curve [erpheostFugturs. 193 theoppher seerigthensd porgidencyo the
characteristics represented by the curve [err]. with the frequency

char act eri st isgesbper ek daxtign:o Fie- pit tillustEassssEPPrREPne 1) net hod

shown in Fig. 12, the . . -
gstructure in a disc image, while Fig. 11 schematically

illustrates the zone structure in the radial direction of
the disc.

Figs. 10 and 11 show that a Gray Code Part (GCP) zone
having 736 tracks is disposed at the outermost peripheral
portion of the disc, and a buffer zone (2 tracks), an outer
control information zone (5 tracks), a buffer zone (2
tracks), and a test zone (5 tracks) are sequentially
provided toward the inner peripheral portion of the disc.
The buffer zones are not shown in Fig. 10.

Continuously from the test zone, a user area is formed
as a main data area consisting of a rewritable zone ARW on
which the user is able to record certain data and a ROM zone
AE from which the data is reproduced only. The user area is
divided into 16 bands (16 zones) from band 0 to band 15.
Predetermined numbers of tracks are defined for the
respective bands. For example, band 0 has 848 tracks, band
1 has 864 tracks, band 2 has 880 tracks, and so on.

Provided further inward than the user area are a test
zone (5 tracks), a buffer zone (2 tracks), an inner control
information zone (5 tracks), a buffer zone (2 tracks), and a

GCP zone (820 tracks). The GCP zone, the outer control



characteristics of the signal I[err] - g(l[err] + I[err]) are equivalent to
t hose obtai ned when the equalizing operation is appropriately perforned in
accordance with the partial response PR (1, 1) nethod. Nanely, in the
second enbodi nent, the signal I[err] - g(l[err] + I[err]) is obtained from
the outputs of the three Iight receiving areas ARl, AR2 and AR3 divi ded by
| i nes perpendicular to the |ight receiving direction corresponding to the
track direction TRD. This nakes it p055|ble to performa suitable frequency
correction in accordance with the partlal3response PR (1, 1) method wi thout
needing to performan electrical equalizing operation. Further, in this

t echni que, trmnﬁhnmaﬂlpnnzouepua@d(ﬁhq:h@neESQQQttQ%a1nqumﬂﬂ?oneéene|ﬂgeareas
AR1, AR2 and AR3 of the detector 4d having a spatial difference are

cal cul ated. Awmast doxg F?COFﬁén%o'Fli%d-‘trleéﬁt%mhﬁ ‘"o‘?P"c’?%l ﬁ”éf&EiE‘ﬁEPn
characteristics appropri atel onse ?o t he al fre ug é,,and

thus, the corfaisd tbRE, §8Fefx'?%?¥ Htgﬁfa b2cor es FIed ™ s*¥n the

Iinear Veloc'éﬁg type of a zone CAV disc. In the zone CAV method, an
‘ optical disc is rotated at a constant velocity, and the

ciock frequency of the data_to be recorded in each zone
(band) is varied, thereby making the recording density
levels of the respective zone substantially uniform. This
makes it possible to readily control the rotation of the
disc and also to increase the recording capacity compared
with the simple CAV method.

Since the linear veloéity of the zone becomes higher
toward the outer peripheral portion of the disc, the
frequency of the data clock DCK for data reading should be
higher toward the outer peripheral portion. On the other
hand, the servo clock SCK used for the servo operation,
which will be described later, has a constant frequency
regardless of the position of the zone. The data clock DCK
has a frequency egual to M/N timés the servo clock SCK.

The 16 bands of the user area may be wholly used as a
ROM zone AE on which data is recorded as embossed pits.
Alterhatively, lands/groups serving as magneto-optical zones
may be formed, and then, the 16 bands may be used as
rewritable zones ARW on which the user is able to perform

recording/reproducing operations as required. The number of



In the above cal cul ati on, "g", which is a coefficient, can be set according
to the various conditions. |If the coefficient g is set to satisfy the

conditions expressed by the equation I[err] = g(l[err] + I[err]), i.e.
I[err]/ (l[err] + 1[err]),

the |ight

is set in the above manner,

the signals I[err], I[err] and I[err] are cancel ed. The frequency
characteristics indicated by the curve T¥T] of Fig. 2B are by way of
exanple only, and the frequency characteristics are determ ned by the

coef fici ent pewritabile momesr ARWoand ROM ddrgst AEccenvbagdesiaablARketAR2 and

AR3. <3. Discs> Before explaining a reproduci ng apparatus using the

f oregoi ng deP¥cths manpfagtarerded |ight receiving areas, discs which are
usabl e in the reproduci ng ,apparatus wl /. first be described. The opti cal
di scs used if%t '?Péiﬁﬂﬁﬁaﬂéﬁ

ofr gePﬁgi.lf%Lg Apparatus>

The recording/reproducing apparatus for recording on
and reproducing from the above-described disc will now be
explained with reference to the block diagram of Fig. 3.

An optical disc 1 is of the type of disc formatted in
the above-described manner. The optical disc 1 may be a ROM
disc, a RAM disc, or a partial ROM disc in which ROM zones
and rewritable zones are mixed, according to the mbde of the
user area. The optical disc 1 is rotated at a predetermined
rotational velocity by a spindle motor 2. The servo control
of the rotational velocity of the spindle motor 2 is
performed by a spindle controller 3. For example, the
spindle controller 3 detects the rotational velocity of the
spindle motor 2 by a FG pulse {(a frequency signal
synchronizing with the rotating velocity) from the spindle
motor 2. The spindle controller 3 also receives reference
velocity information SK from a controller 6 and compares the
rotational velocity of the spindle motor 2 withrﬁhe
reference velocity information SK to obtain error
information. Then, the spindle controller 3 increases or
decreases the velocity of the spindle motor 2 based on the
error information, thereby causing the spindle motor 2 to

rotate at a required velocity.

t he conmon-node noi se rejection conditions in
receiving areas ARlL, AR2 and AR3 are net.
t he comon- nobde noi se conponents included in

g

Since the coefficient g



-12- of a zone CAV optical disc. Figs. 10 and 11 illustrate the zone
structure fromthe outer peripheral portion to the inner peripheral
portion. Fig. 10 illustrates the zone structure in a disc imge, while Fig.
11 schematically illustrates the zone structure in the radial direction of:
the disc. Figs. 10 and 11 show that a G ay Code Part (GCP) zone having 736
tracks is disposed at the outernost peripheral portion of the disc, and a
buffer zone (2 tracks), an outer control_jisaf ormati on zone (5 tracks), a
buffer zone (2 tracks), and a test zone (5 tracks) are sequentially

provided toward thg inn L erigﬁﬁ%%%H tlgnﬁgf % diss ﬁ@gﬁ Rukhber zones

are not shown in

f ° rom zone, user ar ea
orned as a area t f s ar [ 1Z ch the
user i s abl erﬁo&lr ecorgl %gr é?gé%gtﬂaﬁgcr? & Rﬁ%oﬁ@@f%ﬁ ch t eédata

s reproducedlﬁw 1i[Re E88Ecal &2, isudl &bdadlaéléia difodeass a( 15562“35) from

band 0 to band 15. Predeterm ned numbers of tracks are defined for the
respective bagslipldiQr aaXappieal beysteh Mas £84fled refk Lorhaxdmpleas 864

tracks, band 2 has 880 tracks, and so on.
various lenses and a beam splitter, an objective 1ens 4a
serving as the output terminal of the laser light, a
detector 4d for detecting the light reflected from the disc
1, and a biaxial mechanism 4d for movably holding the
objective. lens 4a both in the tracking direction and in'the
focusing direction. 1In the optical pickup 4, the on/off
switching operation and the output level of the 1aser.output
from the laser light source 4c are controlled by a laser
controller 5.

The recording/reproducing apparatus constructed as
described above is connected to a computer 90 via an
interface 19, and the data recording/reproducing operation
is performed by supplying a recording instruction or a
reproducing instruction from the host computer 90 to the
controller 6. During the recording operation, recording
data, as well as a recording instruction, is supplied from

the host computer 90. The recording data Dpgc is fed to an

encoder 25 via the interface 19 and is encoded by the
encoder 25, for example, with the nonreturn-to-zero
interchange (NRZI) encoding method using the partial

response PR (1, 0, -1) or PR (1, 1) technique.



Provided further inward than the user area are a test zone (5 tracks), a
buffer zone (2 tracks), an inner control information zone (5 tracks), a
buffer zone (2 tracks), and a GCP zone (820 tracks). The GCP zone, the
outer control - -13- information zone, and the inner control information
zone are used for recording the predeterm ned control information rather
than for recording user data. The foregoing disc is the type of a zone CAV
disc. In the zone CAV nethod, an opticaljgisc is rotated at a constant

vel ocity, and the clock frequency of the data to be recorded in each zone

(band) is vari ed, ﬁg&gb&%g?ki ng. tahw;li%ggi Jale) gﬁg%ﬂ & aig[:,tgﬁ%i y

respective zone s ti y-uni fform I'S nake possible to'rea

control the rghLal iR Egt %g,é%%ro@ﬂaqﬁor&eofm G5 @ Heerieasid Sone

capacity conpared wt | e CAV nethod. Since the linear velocity of
the zone becy@eshd akge Loverkke haordiah Rethédeis hHuwekiee) Dargbeydi sc,

the frequency of the data clock DCK for data readi ng should be
divided into the light modulation method and the magnetic-
field modulation method. | |

In the light modulation method, lasef light is
modulated by the recording data while an external magnetic
fiéld is applied to the disc recording surface in a fixed
perpendicular direction. More specifically, during the.
recording operation, the controller 6 drives a magnetic head
driver 26 to cause a magnetic head 27 to apply an N or S
external magﬁetic field to the disc recording surface. The
recording data encoded by the encoder 25 is supplied to the
laser controller 5 which then switches on or off the laser
output from the laser light source 4c according to the
fecording data. The disc recording surface partially
irradiated witﬁ the laser light is changed to ﬁhe polarity
of the external magnetic field, and thus, the recording data
is recorded on the disc 1 as magnetic information.

The other recording method, i.e,'the magnetic
modulation method, can further be divided into a simple "
magnetic modulation method and a laser strobe magnetic
modulation method. In the former method, a magnetic field
to be modulated based on.the recording data is applied to

the disc recording surface which is continuously irradiated



hi gher toward the outer peripheral portion. On the other hand, the servo

cl ock SCK used for the servo operation, which will be described |ater, has
a constant frequency regardl ess of the position of the zone. The data cl ock
DCK has a frequency equal to MN tines the servo clock SCK. The 16 bands of
the user area may be wholly used as a ROM zone AE on which data is recorded
as enbossed pits. Alternatively, |ands/groups serving as nmagneto-optical
zones may be formed, and then, the 16 bapgs nmay be used as rewitable zones
ARW on which the user is abl'e to performrecording/reproduci ng operations

ired. 14 ' RON AE
Gan be desi 7 40ry SofERpd dent i on THELESDIhCOTER CRE) FREe Y MR ERLCi ng
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reproducing fromthe above-described di-sc wi now be explaine
reference toikhapploel €b aiaMidle Fedordind\ sutiHdced! afliSend i8s&f the type

of disc formatted in
light is emitted in a pulsating manner.

Whichever method is used, the magnetic modulation
method is performed in the following manner. During the
recording operation, the controller 6 controls the laser
controller 5 in such a manner that the laser light is
emitted continuously or in a pulsating manner from the laser
light.source 4c. The recording data encoded by the encoder
25 is fed to the magnetic head driver 26 which then causes
the magnetic head 27 to apply an N or S magnetic field to
the magnetic recording surface in accordance with the
recording data. The recording data is thus recorded on the
disc 1 as magnetic information.

The data reading position of the optical pickup 4 is
radially movable. A sled mechanism (not shown) is provided
for driving the overall optical pickup 4 movable in the disk
radial direction. This makes it possible to move the
optical pickup 4 to the laser applying positions within a
great distance between t;acks. The optical pickup 4 is also
able to move to the laser applying positions within a small
distance between tracks by the tracking servo operation in
which the objective lens 4a is moved in the disc radial

direction by the biaxial mechanism 4b.



t he above-described manner. The optical disc 1 nmay be a ROMdisc, a RAM
or a partial ROM disc in which ROM zones and rewitable zones are

di sc,

m xed,

accordi ng

to the node of the user area. The optical disc 1 is

rotated at a predetermined rotational velocity by a spindle notor 2. The

Servo

control of

the rotational velocity of the spindle nmotor 2 is

performed by a spindle controller 3. For exanple, the spindle controller 3
detects the rotational velocity of the spigudle notor 2 by a FG pul se (a
frequency signal

not or

2. The spin

i nformati on SK fr
t he spindle

error

i nf or mat |on

synchroni zing with the rotating velocity) fromthe spindle
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causing the spindle notor 2 to rotate at a required veIOC|ty

lens

from

4a is moved by the biaxial mechanism 4b toward and away

the disc 1, thereby performing focus control of the

laser spots.

The disc 1 is loaded in the recording/reproducing

position by a loading mechanism (not shown), and the spindle

motor 2 drives the disc 1 to start rotating. When the disc

1 reaches a predetermined rotational velocity, the reading

position of the disc 1 is controlled so that the optical

pickup 4 is able to read the data stored in the GCP zone

formed at the inner or the outer peripheral portion of the

disc

1. Based on the information stored in the GCP zone,

required initial processing, such as focusing, is performed.

The recording or reproducing operation in response to the

instruction from the host computer 90 is then started.

The detector 4d used in the optical pickup 4 is adapted

to extract the reproducing data and servo error signals.

For extracting the reproducing data, the optical system 4e

and the detector 44 of the optical pickup 4 should be

configured to obtain both the information corresponding to

the embossed pits of the disc 1 and the information

associated with the magnetic pits. More specifically., the

magnetic data (MO data) of each polarized-light component



The rotating optical disc 1 is irradiated with laser |ight froman optical
pi ckup 4. The optical pickup 4 has a | aser |ight source 4c, such as a | aser
di ode or a laser coupler, an optical system 4e fornmed of, for exanple,
various | enses and a beamsplitter, an objective |lens 4a serving as the
output termnal of the laser light, a detector 4d for detecting the |ight
reflected fromthe disc 1, and a biaxial mechanism4d for novably hol di ng
the objective lens 4a both in the tracki direction and in the focusing
direction. In the optical pickup 4, the-£%7off swi t ching operation and the
output level of the laser output fromthe |laser |light source 4c are

control | ed bytaredsin thmieymisabie zeme it defiacsrreBY ovttiing et us
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recor di ng aRQSBééq%ﬁéébéE% |%§$8Eglggf%rr YA ON: ahSeR&RP1 & 68l fepum t he

host conput er _ recor at a Is fed to an encoder 25 via the
interface 19 8RdifSr&Prstese Rihd BBtical system 4e will be described in

greater detail with reference to Fig. 5.

If the disc 1 is restricted to the type inlwhich all
the data items are formed as embossed pits, i.e., a ROM.
disc, the optical system 4e is not required to be configured
to obtain an RF signal as MO data. Such an optical system
will also be explained with reference to Fig. 4.

A current signal S1 corresponding to éhe quantity of
light is output from each light receiving area of the
detector 4d and supplied to a current-to-voltage (I/V)
conversion matrix amplifier 7. The I/V conversion matrix
amplifier 7 converts the light-guantity current signal S1
into a voltége signal. The matrix amplifier 7 also
generates an embossed-pit information signal and a magnetic-
pit information signal and a focus error signal FE by making
calculations on the signals from the respective light
receiving areas.

The focus error signal FE representing focus error
information is fed to the servo controller 8. The servo
controller 8 is loaded with a focus phase compensation

circuit and a focus driver, both of which serve as a focus



encoder 25, for exanple, with the nonreturn-to-zero interchange (NRZl)
encodi ng nmethod using the partial response PR (1, O, -1) or PR (1, 1)

t echni que. -16- If the disc 1 is a RAMdisc or a partial ROMdisc, the
data can be nagneto-optically recorded on a rewitable zone of the disc 1.
The recording nmethod is, however, largely divided into the |ight nodul ation
nmet hod and the nagnetic- field nodulation nethod. In the |ight nodul ation
nmet hod, | aser light is nodul ated by the_&ggordihg data whil e an external
magnetic field is applied to the disc reCording surface in a fixed

per pendi cul ar direction. Myre specifically, during the recordi ng operation,
the control | FYSF< RFosegsiBg ¥ttt hdde HFFVErc%g’f?ﬁLe&h et;‘eﬁagnet i ¢ head

27 t | N or. S | . ield di ' di
surf ace The SEVANR, SIEPEURrLbHE P PReoREd e O (ST BPFER o t he
aser cont ol Ler d W ha! b B LANGS W0 eBud! Lot 1l QHPHEaKERE  he

| aser |ight soutce 4C accor
mechanism 4b. In this manner, a focus servo system is

constructed in which the objective lens 4a is caused to
converge into the just focus point.

Output from the I/V conversion matrix amplifier 7 is an
RF signal S2 usgd for generating a servo clock SCK and a
data clock DCK. The signal S2 is supplied to a clamp
circuit 9 in which the low-frequency fluctuations of the
signal S2 are removed. The resulting signal S2 is further
fed to an analog-to-digital (A/D) converter 10 in which the
signal S2 is converted into a digital signal. The digital
signal is supplied to an address decoder 18, a PLL circuit
11, and a tracking-error generating circuit 16.

The PLL circuit 11 controls the oscillation frequency
of the internal oscillator based on the phase difference
between the input signal and the oscillation output, and
also performs a scaling operation, thereby generating a
servo clock SCK synchronizing with the RF signal. The
generated servo clock SCK is used as a sampling clock for
the A/D converter 10 and is also fed to the address decoder
18 and a timing controller 17. A data PLL circuit 12 scales
the servo clock SCK to produce a data clock DCK, which is

then supplied to the timing controller 17, an A/D converter



recording data. The disc recording surface partially irradiated with the

| aser light is changed to the polarity of the external nmagnetic field, and
thus, the recording data is recorded on the disc 1 as nagnetic information.
The ot her recording nethod, i.e, the nagnetic nodul ati on nethod, can
further be divided into a sinple magnetic nodul ati on nethod and a | aser
strobe nmagnetic nodul ation nethod. In the fornmer nethod, a magnetic field
to be nodul ated based on the recording dgia is applied to the disc
recordi ng surface which is continuously 1rradiated -17- with a fixed

quantity of Il gser Light. In the |atter thod, a magnetic field to be
nodul at ed baggd Sﬁdtﬁger%ﬁﬁﬁ?ﬂ?ﬂ?qigﬁiefggapplied.to the di sc recording

R el L e e L
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clock SCK and the data clock DCK. For example, a sampling
timing signal Ps for performing a servo pit tracking
operation and a synchronizing timing signal DSY for the
decoding operation performed by a data decoder 15 are
generated. The timing controller 17 also instructs the
address decoder 18 on the timing for extracting the addfess
information. The address decoder 18 then decodes the
digital data output from the A/D converter 10 by using éhe
servo clock SCK during the timing period instructed by the
timing controller 17, thereby extracting the address data.
The address data is supplied not only to the controller 6
and but also to the data PLL circuit 12. The data PLL
circuit 12 then switches the scaling ratio in order to
switch the data clock DCK in response to the disc radial
position (zone) which can be determined by the address data.

The tracking-error generating circuit 16 in conjunction

with the timing controller 17 generates a tracking erxrror
signal TE by performing, for example, three-phase tracking
control, and supplies it to the servo controller 8. The
tracking error signal TE is produced from the signal
corresponding to,.which is referred to as “the servo pit”,

on the disc 1, though a detailed explanation is not given.



emtted continuously or in a pulsating manner fromthe |aser |ight source
4c. The recording data encoded by the encoder 25 is fed to the nmagnetic
head driver 26 which then causes the nagnetic head 27 to apply an Nor S
magnetic field to the nagnetic recording surface in accordance with the
recording data. The recording data is thus recorded on the disc 1 as
magnetic informati on. The data reading position of the -optical pickup 4 is
radi al ly novable. A sled mechanism (not _ghown) is provided for driving the
overal | optical pickup 4 novable in the disk radial direction. This makes

it i bl t t h tl I ' 4. to th | yi i fions
wthin a oreat o SpehcgaBl, iEorediciided fﬁ§moﬁf$@ifze%}eiﬁ%ay§%?§9§?é bl e
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of the sled nechanismfor noving the optical pickup 4, a nmechanismftor

sliding the dihen datages hespydduted from a rewritable zone, an MO signal
representing magnetic pit information is output as a signal
S3. The signal S3 is supplied to a clamp circuit 13 in
which the low-frequency fluctuations of the signal S3 are
eliminated. The resulting signal S3 is then digitized in
the A/D converter 14. |

The digital signal is further supplied to the data

decoder 15. The data decoder 15 then decodes the digital
data in accordance with the synchronizing timing DSY which

is generated based on the data clock DCK by the controller

17, thereby obtaining reproducing data Dpg. The reproducing
data Dpg is supplied to the host computer 90 via the

interface 19.

As the decoding operation by the data -decoder 15, for
example, filtering and Viterbi décoding suitably
corresponding to the partial response PR (1, 0, -1) method
are performed when the detector 44 and the I/V conversion
matrix amplifier 7 are configured as described in the first.
embodiment shown in Fig. 1. In this embodiment, however,
the frequency characteristics equivalent to the
characteristics which would be obtained by the partial

response PR (1, 0, -1) method are already obtained by the



the spindle notor 2 may be provided. Further, the objective lens 4a is
noved by the biaxial nmechanism4b toward and away fromthe disc 1, thereby
performng focus control of the |laser spots. The disc 1 is loaded in the
recordi ng/ reproduci ng position by a | oadi ng mechani sm (not shown), and the
spindle notor 2 drives the disc 1 to start rotating. Wen the disc 1
reaches a predeterm ned rotational velocity, the reading position of the
disc 1 is controlled so that the optical Bickup 4 is able to read the data
stored in the GCP zone formed at the inn@P or the outer peri pheral portion
of the disc 1. Based on the information stored in the GCP zone, required
initial procdsediowydesgeibaed ealewliatdonssbycthe Mol copyersienr waRkyis,
reproduci ng operati.on in response to tge nstructiqn fro ,tEe host conputer
90 is then st@RIgFiernd-(eTRET o2 EWELYZIRT  PRETFODal Wg]ile upculdsbagapt ed

Fepr odus ng. FRH TR ABEET cERe R aALaE ARG R & cecor ~H BFCPRE Tt cal
pi ckup 4 srut#%} ggnfi?Uﬁgﬁkéég Al n both the information corresponding
to the enbossed pits Of the disc nd the information associated with the
magnetic pits. Mrg peciabteatdy.4d Md the I/V conversion matrix

amplifier 7 are configured in accordance with the second

enbodiment illustrated in Fig. 2, filtering and Viterbi

decoding suitably associated with the partiai response PR

(1, 1) method are performed as the decoding operation. 1In

this case, as well as in the previous case, the frequency

characteristics corresponding to the partial response PR (1,

1) method are already obtained by the below-described

calculations preformed by the I/V conversion matrix

amplifier 7, thereby eliminating the need for performing an

equalizing operation.

<5. Examples (i) and (ii) of-the Configuration of the

Optical System>

Two examples of the configuration of the optical system

which are usable for the optical pickup 4 are respectively

shown in Figs. 4 and 5. The optical system illustrated in

Fig. 4 as an example (i) is a type which is able to obtain

reproducing information corresponding to the embossed pits

of the ROM zones of the disc 1. 1In contrast, the optical

system shown in Fig. 5 as an example (ii) is a type that is

able to obtain reproducing information corresponding to both



magnetic data (MO data) of each pol arized-1ight conponent -19- stored in
the rewitable zone is detected by utilizing the Kerr effect, thereby
obtaining an RF signal as MO data. An RF signal indicating the quantity of
light in accordance with the enbossed pit is also obtained. An exanple of
the configuration of the optical systemd4e will be described in greater
detail with reference to Fig. 5. If the disc 1 is restricted to the type in
which all the data itens are forned as egpossed pits,. i.e., a ROMdisc, the
optical systemd4de is not required to be configured to obtain an RF signal

as MO data. Such an optical, sys will a be explained with reference to
Fig. 4. A chF‘@n’t“ag’PﬁE’a‘F %t%&é-ggﬁoﬁﬁﬁbé%‘? 1§ G a Tgt gh‘?jf ecis

out put fromeach lig r I Vi reeay. of etector 4d and supplied to a
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thg I/V conversion matrix ampiifier 7 will be sequentially
explained with reference to Figs. 4 through 7. 1In the I/V
conversion matrix amplifier 7, an explanation will be given
only of the elements for generating the signals S2 and S3
shown in Fig. 3, and the elements for producing the focus
error signals will be omitted. |

A reference will first be given to Fig. 4 illustrating
the example (i) of fhe optical system.

In the optical pickup 4, a laser beam emitted from the
laser light source 4c¢ is guided to the objective lens 4a,
which serves as the output terminal of the laser beam, via
the optical system 4e. The optical system 4e is formed of a
collimator lens 7b, a beam splitter 71, and a 1/2 wave plate
72. The light reflected by the disc 1 is first incident on
the objective lens 4a and travels to the 1/2 wave plate 72
and the beam splitter 71. The light partially refleéted by
the beam splitter 71 is condensed by a lens 75 and is
further applied to the detector 4d.

With the above configuration, the detector 44, which
extracts the embossed pit information, is divided into light
receiving areas dX and dY. The arrow TRD shown in Fig. 4

indicates the track direction of the light receiving surface



generates an enbossed-pit information signal and a magnetic- pit

I nformati on signal and a focus error signal FE by making cal cul ati ons on
the signals fromthe respective light receiving areas. The focus error
signal FE representing focus error information is fed to the servo
controller 8. The servo controller 8 is | caded with a focus phase
conpensation circuit and a focus driver, both of which serve as a focus
-20- system processing unit. The servo Qgﬂifoller 8 then generates a focus
drive signal based on the focus error signal FE and applies it to a focus

coil used in the biaxial mechanism4h. In_this manner, . a fogus .Seryo, system
i s construct e®f i theudies dhe AEFREREYothesgderector 44 is d&?fl’f\‘?@%génf:'ﬂt 0
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configured, as has been explained with reference to Fig. 1.

The example (ii) of the optical system shown in Fig. S
will now be described.

In the optical pickup 4, a laser beam emit;ed from the .
laser light source 4c is guided to the objective lens 4a,
which serves as the output terminal of the laser beam, via
the optical system 4e. The optical system 4e is formed of a
collimator lens 70, a beam splitter 71, and a 1/2 wave plate
72. The light reflected by the disc 1 is first incident on
the objective lens 4a and further travels to the 1/2 wave
plate 72 and the beam splitter 71. The light partially
reflected by the beam splitter 71 is guided to a
polarization beam splitter 74. Then, the light partially
passing through the polarization beam splitter 74 is
condensed by a lens 75 and is applied to é detector 4dl.
Meanwhile, the light reflected by tﬁe polarization beam
splitter 74 is condensed by a lens 76 and is applied to a
detector 4d2.

With the above configuration, the detectors 4dl and 4d2
are adapted to detect the embossed pit information and the
magnetic pit information, respectively. The detector 44l is

divided into light receiving areas dA and dB, while the



signal S2 are renpved. The resulting signal S2 is further fed to an

anal og-to-digital (A/D) converter 10-in which the signal S2 is converted
into a digital signal. The digital signal is supplied to an address decoder
18, a PLL circuit 11, and a tracking-error generating circuit 16. The PLL
circuit 11 controls the oscillation frequency of the internal oscillator
based on the phase difference between the input signal and the oscillation
output, and also perforns a scaling oper %ion, t hereby generating a servo
cl ock SCK synchronizing with the RF sigﬁg . The generated servo clock SCK
is used as a sanpling clock for the A/D converter 10 and is_also_fed to the
address decodetectonndida is rsoidtcdnteolight mecedving,apeps 7¢card A2 scal es

(he servo ol BH SOk S b3 Sty U et Rt PPl 0 10
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Accordingly, the detectors 4dl and 442 are divided by a line
perpendicular to the track directiéns TRD, respectively,

i.e., the detectors 44l and 4d2 are constructed, as
explained with reference to Fig. 1.
<6. Specific Example (i) of the Circuits for Implementing
the First Embodiment>

When the optical pickup 4 is configured as the exa;ple
(i) illustrated in Fig. 4, the I/V conversion matrix
amplifier 7 may be configured as shown in Fig. 6 as a
specific example (i) of the circuit for implementing the
first embodiment. The I/V conversion matrix amplifier 7
generates the signaI.SB for obtaining the reproducing data
from the signals detected by the light receiving areas dX
and dY of the detector 4d. The circuitry system shown in
Fig. 6 is restricted to the elements of the matrix amplifier
7 related to the processing of the signals S2 and S3. This
circuitry system is formed of I/V conversion circuits 81 and
82, and a subtracter 83.

The current signals, photoelectrically converted by the
respective light receiving areas dX and dY of the detector

4d, are supplied to the I/V conversion matrix amplifier 7.

In the matrix amplifier 7, the current signals are first



clock SCK and the data clock DCK. For exanple, a sanmpling timng signal Ps
for performng a servo pit tracking operation and a synchroni zing timng
signal DSY for the decoding operation performed by a data decoder 15 are
generated. The timng controller 17 also instructs the address decoder 18
on the timng for extracting the address information. The address decoder
18 then decodes the digital data output fromthe A/ D converter 10 by using
the servo clock SCK during the timng pergmed instructed by the timng
controller 17, thereby extracting the address data. The address data is

suppl i ed 10t B0l thd 1S L 9HLGLESEed AR 621 584 Ord¥loted B sChp U

12. The data circdit 1 en swtches the scaling ratio in order

switch the dagRe cf Aflcdidérisioheeppisd @1t Baadsas reshadtiragii.i on (zone)
whi ch can be determned by the address data. The tracking-error generating

circuit 16 in conjmmetieilddited Lhght i Thfgmearionolren e gmiwrsieds pit
tracking error signal TE by perform ng, "for exanple, three-phase tracking
control, and $sipfdtasniided byt hhesamountc arft Adightr 8s Hame heercdisgussedr
signal TE is produced fromthe signal -corresponding to, which is referred
to as "the sesboveit 'Thusn the dnfermatiawwgrmaliyt ePTRFRIANSa tB8 i s not
grven. sum of the signals from the respective light receiving areas

dX and dY. In this example, however, the signals from the

light receiving areas dX and dY are subtracted from each

other in the subtracter 83, thereby obtaining the emboséed

pit information as a light éuantity signal detected by the

detector 44, i.e, the pit data signal S3, and the servo pit

signal S2.

Namely, the output from the light receiving area dX

corresponds to the output from the light receiving area AR1

of the schematic configuration of the detector 44

illustrated in Fig. 1A, while the output form the light

receiving area dY is associated with the output from the

light receiving area AR2. Consequently, the frequency

characteristics of the output (dAX - 4dY) of the subtracter 83

are indicated by the curve @ of Fig. 1B.

The output from the subtracter 83 'is supplied as the
pit reproducing signal S3 to the subsequent stage, such as
the clamp circuit 13, of the reproducing apparatus. Then,

the reproducing signal S3 is to be decoded by the data

decoder 15 in accordance with the partial response PR (1, O,



-22- \Wen data is reproduced froma ROM zone, an RF signal as a signal S3
used for extracting enmbossed pit data is output fromthe |I/V conversion
matrix anmplifier 7. Further, when data is reproduced froma rewitable
zone, an MO signal representing magnetic pit information is output as a
signal S3. The signal S3 is supplied to a clanp'circuit 13 in which the

| ow-frequency fluctuations of the signal S3 are elimnated. The resulting
signal S3 is then digitized in the A/D coyppverter 14. The digital signal is
further supplied to the data decoder 15. The data decoder 15 then decodes

I gi d I d ith t h | ZI Lim.ng_DSY which is
;2ﬁe?g?;éa'basifaaéﬁ%f%%‘iﬁéeﬁaﬁﬁs%ﬁo%m%s%%égé@ﬁ%fx‘zé‘| dionEr $3,8lesgay o
bt ai ni ' : ' t r].is,supplie
fo the host - asaniter t550Raly Eidradiir fsRLR Lo NS o Bhobs BhIERE, by

the data decagfildlhavkOobe8)a8Btfindd Bye Petdotiiihyid eé'lﬁi,t_a(iﬁ‘éoghﬂgl§yilta&b ly

operation. Thus, it is unncessary to perform ah electrical
equalizing operation before the reproducing §ignal 83 is.
decoded. | |

<7. Specific Example (i) of the Circuits for Implementing
the Second Embodiment>

A specific example of the circuit for achieving th;
second embodiment shown in Fig. 2 will now be described. 1In
the optical system of the optical pickup 4 configured as the
example (i) shown in Fig. 4, the detector 4d is divided into
three light receiving areas by lines perpendicular to the
track direction TRD, as illustrated in Fig. 2. 1In this
example, the three light receiving areas of the detectof 44
are indicatea.by dx, dy and dz, respectively, as illustrated
in Fig. 7.

Fig. 7 shows an example of the configuration of the I/V
conversion matrix amplifier 7 (only the circuitry system
related to the processing of the signal S3 is shown), which
generates the signal 83 for obtaining the reproducing data
from the signals detected by the light receiving areas dx,
dy and dz of the detector 4d. This circuitry system of the
matrix amplifier 7 is formed of I/V conversion circuits 84,

85 and 86, an adder 87, a multiplier 88, and a subtracter



-corresponding to the partial response PR (1, O, -1) method are perforned
when the detector 4d and the I/V conversion matrix anplifier 7 are
configured as described in the first enbodi nent shown in Fig. 1. In this
enbodi ment, however, the frequency characteristics equivalent to the
characteristics which would be obtained by the partial response PR (1, O,
-1) nmethod are already obtained by the -23- bel owdescri bed cal cul ati ons
by the I/V conversion matrix anplifier Z29Fhus, an equalizing operation,
whi ch woul d be required after the partial response PR (1, O, -1) method is
performed, isgginnecessary. If the detector 4d and the I/V conversion matrix
anplifier 7 are configured in accordance with the second enbodi nent

illustrated in Fi gphe? cubcbher sigha YhbebbiedesDehIly Worvaititedapgoehat ed
with the partial response PR (1, 1) nethod are perforned as the decodi ng

operation. | nidhts reeesviag abdds @k, Ayt Aadpdeve D ushes dletectbe Ldgqaeacy

characteristics corresponding to the partial response PR (1,
first converted into voltage signals by the I/V conversion
circuits 84, 85 and 86, respectively. The reflected light
information from the embossed pit is determined by the
amount of light. Accordingly, the information is normally
equal to the sum of the signals from the respective light
receiving areas dx, dy and dz. 1In this example, howeve¥,
the signals S3 and S2 are generated as the reflected light
inforﬁation from the embossed pit by the operations of the
adder 87, the multiplier 88, and the subtracter 89. More
specifically, the signals from the respective light
receiving areas dx and dz are added by the adder 87, and the
output from the adder 87 is fed to the multiplier 88 in
which the output signal is multiplied by the coefficient g.
The output from the multiplier 88 is further subtracted from
the signal from the light receiving area dy by the
subtracter 89. Finally, the output of the subtracter 89 is
used as the signals S2 and S3.

The signal output from the light receiving area dy and
photoelectrically converted by the I/V conversion circuit 85
corresponds to the output from the light receiving area AR2
of the schematic configuration of the detector 4d

illustrated in Fig. 2A, while the signal (dx + dz) output



1) nethod are already obtained by the bel owdescribed cal cul ati ons
preformed by the 1/V conversion matrix anplifier 7, thereby elimnating the
need for perform ng an equalizing operation. <5. Exanples (i) and (ii) of
the Configuration of the Optical Systenm> Two exanpl es of the configurati.on
of the optical systemwhich are usable for the optical pickup 4 are
respectively shown in Figs. 4 and 5. The optical systemillustrated in Fig.
4 as an exanple (i) is a type which is aBhe to obtain reproducing

i nformati on corresponding to the enbossed pits of the ROM zones of the disc

1. In contras tréﬁsoggéigglna?é%t %{%Sgré%\é@eiinwfw'ﬂ?e A0 CER Ighél 1) Is a

type that is I'nf ormati on correspondi g to both
-24- the magnetj 1S itialyl ¢ es g e its of the
ROM zones ofqﬁﬁgﬁﬂF?%§19£9%g£3%%%2m%x§hglégﬂbf optica uggg?éﬁsg%%d exanpl es
of the I/V counsSigdniBbhilXisild byetnd ¥bbifd SRAYEAL . &hky

multiplier 88, and the resulting output is further

subtracted by the subtracter 89. Namely, the foregoing

operations can be expressed by dy - g(dx + dz), which is

equal to If - g(Io + IY) shown in Fig. 2B. Thus, the

frequency characteristics of the output from the subtracter
8§ are indicated by the curve @ of Fig. 2B.

The output from the subtracter 89 is supplied as the
pit rep;qducing signal S3 to the subsequent stage, such as
the clamp circuit 13, of the reproducing apparatus. The
signal S3 is to be decoded by the data dec§der 15 according
to the partial fesponse PR (1, 1) transmitting method. The
signal S3 already has.the frequency characteristics
comparable to those obtained by an equalizing operation,
thereby eliminating the need to perform an electrical
equalizing operation before the signal S3 is decoded.
<8. Specific Example (ii) of the Circuits for Implementing
the First Embodiment>

When the optical pickup 4 is configured as the example
(ii) shown in Fig. 5, the 1I/V conversion matrix amplifier 7
may be configured as illustrated in Fig. 8 as a specific
example (ii) of the circuits for implementing the first

embodiment. The I/V conversion matrix amplifier 7 generates



expfained with reference to Figs. 4 through 7. In the I/V conversion matrix

anplifier 7, an explanation will be given only of the elenents for
generating the signals S2 and S3 shown in Fig. 3, and the elenents for
produci ng the focus error signals will be omtted. Areference will first
be given to Fig. 4 illustrating the exanple (i) of the optical system In

the optical pickup 4, a laser beamenitted fromthe laser Iight source 4c
is guided to the objective |lens 4a, whiebiserves as the output term nal of
the | aser beam via the optical system4e. The optical systemd4e is forned

of a collinak%% %38?%Z083af q?ggigi %eghgJreﬁyyhdaigﬁzdgegefpgﬁt@hgz. The

light reflecte e disc first incident on the objective |ens 4a
and travel s tQghh8sla2t¥BYEd Phyithe’ dcBBELtdPe LBamnTPlER! 8hod. idheid | ght
partially reflected by the beamsplitter 71 is condensed by a lens 75 and
is further applied to the detector 4d. Wth the above configuration, the
detector 4d, which extracts the enbossed pit information, is divided into
| i ght receiving armhescdXcahtiryYsystem aafr ohe TRECsioempli fieg. 74shodicin es

the track direction of the light receiving surface
Fig. 8 is limited to the elements only related to the

processing of the signal S§3. This circuitry system is
formed of I/V conversion circuits 31, 32, 33 and 34, adders
35 and 36, subtracters 37, 38, 39 and 40, and a switch 41.

The current signals, photoelectrically converted b& the
light receiving areas dA and dB of the detector 44l and the
light receiving areas dC and dD of the detector 4d2, are
first converted into voltage signals by the I/V conversion
circuits 31, 32, 33 and 34, respectively, of the I/V
éonversion matrix amplifier 7.

Since the reflected light information from the embossed
pit represents the amount of light, the information is
normally indicated by the sum of the signals from the
respective detectors 44l and 4d2. 1In this example, however,
the adderé 35 and 36 and the subtracter 37 are used to
obtain the signals S3 and S2 representing the reflected
light information.

More specifically, the output from the light receiving
area dA and the output from the light receiving area 4dC are
added (dA + 4dC) by the adder 35. Moreover, the output from

the light receiving area dB and the output from the light



-25- of the disc 1. Accordingly, the detector 4d is divided into the two
areas dX and dY by a line perpendicular to the track direction TRD, in

ot her words, the detector 4d is configured, as has been explained with
reference to Fig. 1. The exanple (ii) of the optical systemshown in Fig. 5
wi |l now be described. In the optical pickup 4, a |laser beamemtted from
the laser light source 4c is guided to the objective | ens 4a, which serves
as the output termnal of the |aser beam 2\_/_ia the optical system 4e. The
optical systemde is forned of a collimafor lens 70, a beamsplitter 71

?Egl geﬁ{ Zo\rl:la;/’?l%‘l‘oﬁligﬁtlg'gt?izax’;@lr htaéir"l’d"fdlf g%hér‘%)rt e tg{ d#ﬁésf};lzrm@i}% pl at e
bl tter 71 TSRy aﬁf s éél)o “e. S 5B o8 ot PR o ke B BBR
ga{ghglgg gﬁdé+s app |e tt?gcgeteé% or 2d§FQ§ggL€§%:%§H%ﬁ%§il:;hfopg$PZ§?egy
by the pol arigais¢iQula830h of the detector 4d shown in Fig. 1, while the -

output (dB + dD) from the adder 36 is associated with the

output from the light receiving area AR2. The output (dB +

dD) from the adder 36 is subtracted from the output (da +

dc) from the adder 35 by the subtracter 37 ((dA + 4C) - (dB

+ dp)). Thus, thé frequency characteristics of the output

from the subtracter 37 are indicated.by the curve @ of Fig.

1B.

The output from the subtracter 37 is supplied to a tR
terminal of the switch 41. The state of the switch 41 is
changed by the signal for differentiating the ROM zone from
the rewritable zone of the disc 1. More specifically,
during the reproduction of the emboséed pit data, the switch
41 is connected to the tR terminal to supply the output from
the subtracter 37 as the pit reproducing signal S3 to the
subsequent stage, such as the clamp circuit 13, of the
reproducing apparatus. The signal S3 is then to be decoded
by the data decoder 15 according to the partial response PR
(1, 0, -1) method. The frequency characteristics of the
signal S3 are already comparable to those obtained by an
appropriate equalizing operation, thereby making it

unnecessary to perform an electrical equalizing operation



splitter 74 is condensed by a lens 76 and is applied to a detector 4d2.
Wth the above configuration, the detectors 4dl and 4d2 are adapted to
detect the enbossed pit information and the magnetic pit infornation,
respectively. The detector 4dl is divided into Iight receiving areas dA and

dB, while the

-26- detector 4d2 is split into light receiving areas dC

and dD. The arrows TRD shown in Fig. 5 indicate the directions associ ated

with the track di

rection of the disc 1. Agcordingly, the detectors 4dl and

4d2 are divided by a line perpendicular to the track directions TRD,

respectivel Y pd

S, 4 and .4d2_are constructed, as expl ai ned

he dete

with referenceiﬁoglei:itgig‘.e f?‘glé%l.ft hed € gr‘rpl'gg?i(}u"tﬁ“tt }féroa thgits for

| npl enment i ng dhg
as the exanple (I
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anplifier 7 nie Reagpntighed #s shown in Fig. 6 as a

In contrast, the reflected light information from the

magnetic pit is detected by the aid of the magnetic Kerr.

effect and is basically indicated by a difference signal

between the output- from the detector 44l and the output from

the detector 4d2. To perform a more precise operation, in

this

example, a difference signal between the light

receiving areas of the respective detectors 4dl and 442 is

further obtained. More specifically, the output from the

light receiving area dC of the detector 442 is first

subtracted from the output from the light receiving area da

of the detector 4dl (dA - dC) by the subtracter 38.

Moreover, the output from the light receiving area dD is

subracted from the output from the light receiving area dB

(dB - dD) by the subtracter 39.

The output (dA - dC) from the subtracter 38 is

comparable to the output from the light receiving area AR1

of the schematic configuration of the detector 44 shown in

Fig.

1A, while the output (dB - dD) from the subtracter 39

is equal to the output from the light receiving area AR2..

Then

from

. a difference (dA - dC) - (dB - dD) between the output

the subtracter 38 and the output from the subtracter 39

is calculated by the subtracter 40. Thus, the frequency



specific exanple (i) of the circuit for inplenenting the first enbodi nent.
The 1/V conversion matrix anplifier 7 generates the signal S3 for obtaining
the reproducing data fromthe signals detected by the Iight receiving areas
dX and dY of the detector 4d. The circuitry systemshown in Fig. 6 is
restricted to the elenents of the matrix anplifier 7 related to the
processing of the signals S2 and S3. This circuitry systemis fornmed of |/V
conversion circuits 81 and 82, and a subgygacter 83. The current signals,
photoel ectrically converted by the respective light receiving areas dX and

dY of the detector 4d te suppl.ied to the |/\.,c ' [ [ifi

7' I'n the miRFaghEripFise F ahs CuFPukt TEPR tHS SPLRerel 10 &g [Tl el
converted, as iJ.ustrated, ' len \Y; ' ls by the I/V
conversion<ﬂﬁ%§ﬁ9§§eglggnah§i$h8§%g%gki%g?y9i%%gerz}?2gt2d Yigh?
information from gﬂﬂ% SURBAECErfh ltHeS spkehBtopdabYid HRaawault caf |ight, as

has been di scussed above. Thus, the information nornmally corresponds to the

terminal of the switch 41. During the reproduction of the
magnetic pit data of the disc 1, the switch 41 is connected
to the tM terminal. Thus, the output from the subtracter 40
is supplied as the magnetic pit reproducing signal S3 to the
subsequent stage, such as the clamp circuit 13, of the
reproducing aﬁparatus. The signal S3 is then to be decoded
in the data decoder 15 in accordance with the partial
response PR (1, 0, -1) method. The signal S3 already has
frequency characteristics comparable to those obtained by a
suitable equalizing operation, thereby making an electrical
equalzing operation unnecessary before the signal S3 is
decoded.
<9. Specific Example (ii) of the Circuits for Implementing
the Second Embodiment>

When the optical system of the optical pickup 4 is
configured as the example (ii) shown in Fig. 5, the I/V
conversion matrix amplifier 7 may be configured as
illustrated in Fig. 9. 1In this example, the detectors 4dl
and 442 of the optical system configured as shown in Fig. 5
are each divided, as shown in Fig. 2A, into three portions
by lines perpendicular to the track directions TRD. As

illustrated in Fig. 9, the light receiving areas of the



sum of the signals fromthe respective light receiving areas dX and dY. In
this exanple, however, the signals fromthe light receiving areas dX and dY
are subtracted fromeach other in the subtracter 83, thereby obtaining the
enbossed pit information as a light quantity signal detected by the
detector 4d, i.e, the pit data signal S3, and the servo pit signal S2.
Nanely, the output fromthe light receiving area dX corresponds to the
output fromthe |light receiving area ARL.gf the schematic configuration of
the detector 4d illustrated in Fig. 1A Il e the output formthe Iight
receiving area dY is associated w th the aqutput fr$n1the | i.ght receiving

area AR2. CorSERfHan #di; prer iedicakss d¥arflet 8Pi 209 (& orhide Shepddohlx -

dY) of the subtracter 83 are pndicated t curve [err f Fig. .AB. The

ot put Trom (FE- i, frsrepet [ ehe Hekiackbe, Mo BhS rediddented 1Y dfgnal S
to the subseqﬂquFiQﬂge, such as the clanp circuit 13, of the reproducing

appar atus. Then, € reproducing signal S3 is to be decoded by the data

decoder 15 in accqufaGapte! Bt BRe R #i3ura238N88 &R (/v Gonversion
matrix amplifier 7 is shown in Fig. 9 (only the circuitry
system relating to the processing of the signal S3 is
shown). The matrix amplifier 7 generates the signal S3 for
obtaining the reproducing data from the signals detecte@ by
the detectors 4dl and 4d2. This circitry system is formed
of I/V conversion circuits 51 through 56, adders 57 through
60, subtracters 61 through 64, multipliers 65 and 67, and a
switch 66.

The current signéis, photoelectrically ¢onverted by the
light receiving areas da, db and dc of the detector 4dl and
the light receiving areas dd, de and df of the detector 442,
are first converted into voltage signals by the I/V
conversion circuits 51 through 56, respectively. Since the
reflected light information from the embossed pit represents
the amount of light, the information is normally indicated
by the sum of the signals from the detectors 441 and 4d42.
To perform a more precise oepration, however, calculations
are made on the respective outputs of the respective light
receiving areas of the detectors 4dl and 4d2.

More specifically, the output from the light receiving

area db and the output from the light receiving area de are



-28- -1) transmtting nmethod. The reproducing signal S3 already has the
f.requency characteristics conparable to those which would have been
obt ai ned by perform ng a suitable equalizing operation. Thus, it is
unncessary to performan electrical equalizing operation before the
reproduci ng signal S3 is decoded. <7. Specific Exanple (i) of the Crcuits
for Inplenmenting the Second Enbodi nent> A specific exanple of the circuit
for achieving the second enbodi ment showggin Fig. 2 will now be descri bed.
In the optical systemof the optical pickup 4 configured as the exanple (i)

h in Fig. det [ s divided into three light receiyin

Srone by 11 vadaed 180 8] by ¥hd Tofet! F6T | %’ﬁ°a'r$nm5,5=ea§ur=w§§t o in
Fig. 2. In thi I « L hr i ght cel Vi S e ect or
e e i ndi cat oo Ty TFR FectlPidd ditas B shAlAL M0 AR LY chiladi )
Fig. 7 shows g qranBl enef ol HroRUERE PIGIE At ih/iMgCAPYRE SEQNa @ I'i X

anplifier 7 (only the circuitry systemrelated to the processing of the

signal S3 is dfhewe) addbdchy the adder 58. The output from the adder 57
and the output from the adder 58 are then added by the adder
59, and the output from the adder 59 is further multiplied
by the coefficient g in the multiplier 67. Finally, the
output from the multiplier 67 is subtracted from the output
from the adder 60 in the subtracter 61. The output from the
subtracter 61 is used as the embossed—pié-information signal
S2 or S3.

The output (db + de) from the adder 60 corresponds to
the output from the light receiving area AR2 of the
schematic configuration illustrated in Fig. 2, while the
output (da + dc) + (dd + df) from the adder 59 is associated
with the sum of the outputs from the light receiving areas
AR1 and AR3. The output from the adder 59 is multiplied by
the coefficient g in the multiplier 67, and the output from
the multiplier 67 is further subtracted from the output from
the adder 60 in the subtacter 61 (db + de) - g{(da + dc) +

(84 + df)}. Therefore, the output from the subtracter 61 is
equal to IB - g{Io + IY) representing the frequency
characteristics indicated by the curve ® of Fig. 2B.

The output from the subtracter 61 is supplied to a tR

terminal of the switch 66. The state of the switch 66 is



generates the signal S3 for obtaining the reproducing data fromthe signals
detected by the light receiving areas dx, dy and dz of the detector 4d.
This circuitry systemof the matrix anplifier 7 is fornmed of I/V conversion
circuits 84, 85 and 86, an adder 87, a nmultiplier 88, and a subtracter
-29- 89. The current signals, photoelectrically converted by the Iight
receiving areas dx, dy and dz of the detector 4d, are first converted into
vol tage signals by the I/V conversion cLgguits 84, 85 and 86, respectively.
The reflected Iight information fromthe enbossed pit is determ ned by the

anount  of Ii Eltappgﬁfﬁrgéﬁg!s%i tatle I_nf 0%{9@&9&&%&%&@1—; yaﬁgugém d_we S:Jm .

of the signal |ve recei vi ng area

this exanpleg r%ﬁ“@¥8rre ftéﬁ osse ngsgﬂesgh 9 .9epak-ah§deRs the reflected

l'i ght informti romt e operationS of the adder 87,
the nmul tipli gp38audffoh h@f S@H& ré&b@éea%lma&asp%ef bkt 66 hes signal s

fromthe respectlve I'1 ght
connected to the tR terminal. Accordingly, the output from

the subtracter 61 is fed as the pit reproducing signal S3 to
the subsequent stage, such as the clamp circuit 13, of the
reproducing apparatus. The signal S3 is then to be decoded
by the data decoder 15 according to the partial response PR
(1, 1) method. Since the signal S3 already has frequency
characteristics comparable to those obtained by a suitable
equalizing operation, an electrical equalizing operation can
be omitted before the signal S3 is decoded.

On the other hand, the reflected light information from
the magnetic pit is detected by the aid of the magnetic Kerr
effect, and is represented by a difference signal between
the detectors 4dl and 4d2. In this example, however,
calculations are further made on the respective outputs of
the light receiving areas o£ the detectors 4dl and 442.

More specifically, the ocutput from the light receiving
area de is subtracted from the output from the light
receiving area db in the subtracter 62. Further, the
difference between the outputs from the adders 57 and 58 is
obtained by a subtracter 63, namely, the sum of the.outputs
from the light receiving areas dd and df is subtracted from

the sum of the outputs from the light receiving areas da and



receiving areas dx and dz -are added by the adder 87, and the output from
the adder 87 is fed to the multiplier 88 in which the output signal is

mul tiplied by the coefficient g. The output fromthe nultiplier 88 is
further subtracted fromthe signal fromthe light receiving area dy by the
subtracter 89. Finally, the output of the subtracter 89 is used as the
signals S2 and S3. The signal output fromthe |Iight receiving area dy and
phot oel ectrically converted by the I/V -@gwersion circuit 85 corresponds to
the output fromthe light receiving area AR2 of the schematic configuration
of the detec rofgh id 1gest rat . 2A, while the signal (dx + dz)

out put %8 ron{%ﬁgﬁaddé?QS%n?E,aSSOC|ated with the output fromthe

l'ight receiving afgasSou¥phtdNd@b AR3de) Nerdiviithe subeiatber agizleis 87 i s
mul tiplied by the coefficient g in the nultiplier 88, and the resulting

output is fugblssrasis tRChe bytpie Srdi thet aighe. réeekding tdyea arRgOI Ng
operatlons can be expressed by dy - g(dx + dz), which is
of the schematic configuration of the detectoxr 44 shown in
Fig. 2A,'while the output (da + dc) - (dd + df) from the
subtracter 63 is equivalent to the sum of the outputs from
the light receiving areas ARl and AR3. The output from the
subtracter 63 is multiplied by the coefficient g in the
multiplier 65, and the output from the multiplier 65 is

further subtracted from the outbut from the subtracter 62 in

the subtracter 64 (db - de) - g{(da + dc) - (dd + df)}.

Thus, the output from the subtracter 64 is equal to If -

g(Ia + Iy) representing the frequency characteristics

indicated by the curve @ of Fig. 2B.

The output from the subtracter 64 is supplied to a tM
terminal of the switch 66. During the reproduction of the
magnetic pit data, the switch 66 is connected to the tM
terminal. Thus, the output from the subtracter 64 is
supplied as the magnetic pit reproducing signal S3 to the
subsequent stage, such as the clamp circuit 13, of the
reproducing apparatus. The signal S3 is then to be decoded
by the data decoder 15 in accordance with the partial
response PR (1, 1) method. Since the signal S3 already has
frequency characteristics comparable to those obtained by an

appropriate equalizing operation, an electrical equalizing



equal to I[err] - g(l[err] + I[err]) shown in Fig. 2B. Thus, the frequency
characteristics of the output fromthe subtracter 89 are indicated by the
curve [err] of Fig. 2B. The output fromthe subtracter 89 is supplied as
the pit reproducing signal S3 to the subsequent stage, such as the clanp
circuit ‘13, of the reproducing apparatus. The signal S3 is to be decoded by
the data decoder 15 according to the partial response PR (1, 1)
transmtting method. The signal S3 alreagly_has the frequency
characteristics conparable to those obtained by an equalizing operation,

thereby elimnating the need to _performan el ectrical equalizing operation
before the sPBﬁﬁ?tg%“iqyd‘é‘?%’(fe&.f Séit%’f)’e‘?ﬁ % W&nﬂf‘ﬁe‘fgﬁaﬂf‘ the Circuits
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configured as the exanple I T conversrton matrix

. 2. : . o . : S

el ¢ (i 1) TeF e B e e e it B ot nont . The 1/

conver si on Nghik¥s€6dd | N theJgnOeAtESn is not limited to the
disclosed embodiments.. On the contrary, the invention is-
intended to be changed and modified. For example, methods
other than the partial response PR (1, 0, -1) and (1, 1)
methods may be performed. In this case, calculations may be
made on the outputs from a plurality of light receiving
areas divided by lines perpendicular to track directions,
thereby achieving a suitable equalizing operation in
accordance with the spatial frequency characteristics.
Moreover, the present invention may be used not only for
performing an equalizing operation suitable for the partial
response transmitting method, but also for correcting the
frequéncy characteristics of a reflected-light information
signal from a disc. Further, although the reproducing
apparatus compatible with CAV-type discs are used in the
foregoing embodiments, constant linear velocity (CLV)-disc-
compatible reproducing apparatuses may be used for the
present invention.

As is seen from the foregoing embodiments, the present
invention offers the following advantages.
The detector of the optical pickup used in the present

invention is divided into a plurality of light receiving



-31- the signal S3 for obtaining the reproducing data fromthe signals
detected by the detectors 4dl and 4d2 shown in Fig. 5. The circuitry system
of the matrix anplifier 7 shown in Fig. 8 is limted to the elenents only
related to the processing of the signal S3. This circuitry systemis forned
of I/V conversion circuits 31, 32, 33 and 34, adders 35 and 36, subtracters
37, 38, 39 and 40, and a switch 41. The current signals, photoelectrically
converted by the light receiving areas dfgand dB of the detector 4dl and
the light receiving areas dC and dD of the detector 4d2, are first :

converted int | .t ' I h ' i '
and 34, T espRlErTdY & et PeEpahalaiies bt YT EROR Stetion Be el PR
reflected 11 ghlolidl %&&aﬁg%@&n?ﬁbﬁ?&?do&%ﬂs@myﬁﬁethe amount of

l'ight, the intormation i's nor |ndiyated by the sumof the signals from
the respecti yg,fohacd Urs vhil RRBubsd2frdm tHe TeRpabBice DIWRY HecdiRAnadders

35 and 36 and the subtracter 37 are used to obtain the signhals S3 and S2

representi ngak88s’ i | &¥ded do ghleci PioaIlY icbrrect the spatial frequency
characteristicé. The calculated signal is then decoded,
thereby obtaining the reproducing data.

Namely, the above operation is performed to obtain the
required frequency characteristics for the reproducing data
signal. Also, by this operation, equalizing characteristics
are naturally controlled in response to changes in the
linear velocity (spatial frequency) caused by the different
radial positions of the disc. This makes it possible to
simplify the configuration of the circuitry of the partial
response transmitting system. The simplicity of the partial
response transmitting system (an electrical equalizing
operation is unnecessary) is particularly advantageous for
discs, such as zone CAV-type discs, of the type which is
able to switch the clock frequency between the zones in
performing a decoding operation.

Moreover, the detector is divided into a first light
receiving area and a second light receiving area by a line
perpendicular to the light receiving direction corresponding
to the disc track direction. Then, a differencé between the
output from the first light receiving area and the output

from the second light receiving area is calculated, thereby



More specifically, the output fromthe light receiving area dA and the
output fromthe Iight receiving area dC are added (dA + dC) by the adder
35. Moreover, the output fromthe |light receiving area dB and t he out put
fromthe |ight -32- receiving area dD are added (dB + dD) by the adder
36. The output (dA + dC) fromthe adder 35 corresponds to the output from
the light receiving area ARL of the schematic configuration of the detector
4d shown in Fig. 1, while the output (dB + dD) fromthe adder 36 is
associated with the output fromthe |ight4¥eceiving area AR2. The output
(dB + dD) fromthe adder 36 is subtracted fromthe output (dA + dC) from
t he adder 35 byplémestirg st equalitiod epei@tion ¢Bitaby)forTihe t he
frequency characteristics of the output fromthe subtracter 37 are

i ndi cat ed by pavtialeegnange R Kilg. 04B:1ITmetdefput from the subtracter 37

is supplied to a tR terminal, of_ the.swifch 41.. The state_pf the switch 41
i s changed by the EVHHRET4 dhiidetertnt &t iy 1ded Wzﬁngl’ﬁ%mlg%t

receiving area, a second light receiving area, and a third
light receiving area by lines perpendicular to the light
receiving direction corresponding to the disc track
direction. The output from the first light receiving area
and the output from the third light receiving area are first
added. The resulting output is then multiplied by a
coefficient, and the multiplied output is subtracted from
the output from the second light receiving area. It is thus
possible to achieve an equalizing operation suitable for the
partial response PR (1, 1) method. The coefficient used in
the above multiplying operation is set so that the output
level of the second light receiving area is equivalent to
that of the sum of the output levels of the first and third
light receiving areas. Then, the common-mode noise can be

canceled.



the rewitable zone of the disc 1. Mre specifically, during the
r.eproducti on of the enbossed pit data, the switch 41 is connected to the tR
termnal to supply the output fromthe subtracter 37 as the pit reproducing
signal S3 to the subsequent stage, such as the clanp circuit 13, of the
reproduci ng apparatus. The signal S3 is then to be decoded by the data
decoder 15 according to the partial response PR (1, 0, -1) nethod. The
frequency characteristics of the signal SB-are already conparable to those
obt ai ned by an appropriate equalizing operation, thereby making it

unnecessary twHARrf®ronamed gekrical equalizing operation -33- before
the signal S3 is decoded, The output fromthe subtracter 37 may be supplied

as the servo pit signal S2 to the clanp circuit 9. In contrast, the _
reflected light information fromthe magnetic pit is detected by the aid of
the magnetic Kerr ®ffedin apticalpxeprofhging dipr@radulsy camgrisingnce S|gna

bet ween the output_fromthe detector 4dl and the output from
laser emitting means for emitting laser light to an

optical recording medium;

movement means for moving the laser light along a track
of said optical recording medium;

light receiving means having a plurality of light
receiving areas which are divided by a line perpendiculér to
the track direction, each of said light receiving areas
receiving laser light reflected by said optical recording
medium and outputting an electrical signal at a level in
accordance with the quantity of light;

calculation means for calculating the electrical
signals from said plurality of light receiving areas based
on a predetermined mathematical expression and outputting
the calculated signal as a reproducing signal in which
spatial frequency characteristics are corrected; and

decoding means for decoding an information signal in
accordance with a partial response method based on the

reproducing signal output from said calculation means.

2. An optical reproducing apparatus according to
claim 1, wherein said light receiving means is divided into

a first light-receiving area, a second light-receiving area,

R



the detector 4d2. To performa nore precise operation, in this exanple, a
di fference signal between the light receiving areas of the respective
detectors 4dl and 4d2 is further obtained. Mre specifically, the output
fromthe light receiving area dC of the detector 4d2 is first subtracted
fromthe output fromthe light receiving area dA of the detector 4dl (dA -
dC) by the subtracter 38. Mreover, the Qyzout fromthe |Iight receiving
area dD is subracted fromthe output fromthe light receiving area dB (dB -

dD) by th bt t 3 Th tput. (dA - d f t h btJ. 8 i
co%rpa)r/abl g f ch) ?ﬁr’l‘gc%ﬁttr}&ﬁ% g t? %Eg%rv 9 P&EE % n%’c‘)‘é\n?seapeeﬂ’\%erb‘*la%h'errs ﬂelrr;t ic

configuration t t . shown in Fig. 1A while the output (dB -
dD) fromthe sg%?r%g %ératggelgglégﬁal to the output fromthe |ight receiving

area AR2. Then, a difference (dA - dC) - (dB - dD) between the output from
the subtracter 38 and the output fromthe subtracter 39 is cal cul ated by

t he Subtracter 40. Fhus, ad eptikeaueasroducintft apparatus according to
claim 2, wherein said calculation means calculates
electrical signals output from said first, second and tﬁird
light receiving areas based on the following equation:

Jo = Ib - g(Ia + Ic) -
wherein Ia indicates a signal level of the electrical signal
output from said first light-receiving area; Ib represents a
signal level of the electrical signal output from said
second light-receiving area; Ic designates a signal level of
the electrical signal output from said third light-receiving
area; Io indicates an output signal level of said

calculation means; and g represents a constant.

4. An optical reproducing apparatus according to
claim 3, wherein said decoding means decodes the information
signal in accordance with a partial response PR (1, 1)

method.

5. An optical reproducing apparatus according to
claim 1, wherein said light receiving means is divided into
a first light-receiving area and a second light-receiving

area by a line perpendicular to the track direction.

*x ¢ L M s *



characteristics of the output fromthe subtracter 40 are indicated by the
curve [err] of Fig. 1B. The output fromthe subtracter 40 is fed to a tM.
term nal of the switch 41. During the reproduction of the magnetic pit data
of the disc 1, the swtch 41 is connected to the tMtermnal. Thus, the
output fromthe subtracter 40 is supplied as the magnetic pit reproducing
signal S3 to the subsequent stage, such gggthe clanp circuit 13, of the
reproduci ng apparatus. The signal S3 is then to be decoded in the data
decoder 15 in accordance with the partial response PR (1, 0, -1) nethod.
The signal S3 already has frequency characteristics- conparable to those

obt ai ned by a suitable 11 30 ' f i ) el ectrical
equal zi ng operatioﬁ'unh@@ggggrfﬁbé%%?éa§%gagi%éé%égggsrgéggggggg.L§9.

Speci fi'c Exanpigihis) weddias Saiaubhscd tieidPhiREREt LeIchgeSscand

Enbodi ment > When the optical systemof the optical pickup 4 1s configured
as the exanpl eléctyicdWignall gutput t ficon /S4iGOFILEEI &Rd "Béddnd AMYHY i er 7
may be configured as illustrated in Fig. 9. In this exanple, the detectors
4d1 and 4d2 ofetékving ianmass pased onnthe fcdd oadingheanatiohi g. 5

Jo = Ia - Ib
wherein ia indicates a signal level of the electrical signal
output from said first light-receiving area; Ib represents a
signal level of the electrical signal output from said '
second light-receiving area; and To indicates an output

signal level of said calculation means.

7. An optical reproducing apparatus according to
claim 6, wherein said decoding means decodes the information
signal in accordance with a partial response PR (1, 0, -1)

- method.

8. An optical reproducing apparatus according to
claim 1, wherein said optical recording medium comprises an

optical disc.

9. An optical reproducing apparatus according to
claim 8, wherein said optical recording medium comprises a

zone CAV-type optical disc.

0 OV



are each divided, as shown in Fig. 2A, into three portions by lines

per pendi cul ar to the track directions TRD. As illustrated in Fig. 9, the

| i ght receiving areas of the -35- detector 4dl are indicated by da, db
and dc, while the light receiving areas of the detector 4d2 are represented
by dd, de and df. An exanple of the configuration of the I/V conversion
matrix amplifier 7 is shown in Fig. 9 (only the circuitry systemrelating
to the processing of the signal S3 is shoygy. "The matrix anplifier 7
generates the signal S3 for obtalnlng the reproducing data fromthe signals

detected by the depectoqgﬁﬂﬂﬁmﬁ ChR| RRERDBSHING YAPPARARIS | S formed of
I /V conversion circuits roug 56 adders 57 through 60, subtracters 61
through 64, nultipliers 65 and 67 andﬁﬁsﬁﬁbeh 66. The current signals,
phot oel ectrically converted by the | i ght receiving areas da, db and dc of
the detector 4dl1 ama édpenliizgirt usedeEor nan asacadd regeoduding . apdrdatus
det ector 4d2,

performs an optimal equalizing operation in accordance with

the spatial frequency without needing an electrical

equalizer. The optical reproducing apparatus reproduces the

reproducing data in the following manner. A detector is

provided for receiving reflected light from a disc. The

detector is divided into a plurality of light receiving

dreas by a line perpendicular to the light receiving

direction corresponding to the disc track direction. Then,

calculations are made on the outputs from the respective

light receiving areas to specifically correct the spatial

frequency characteristics. The calculated signal is then

decoded.

Figure 3



are first converted into voltage signals by the I/V conversion circuits 51
t.hrough 56, respectively. Since the reflected light information fromthe
enbossed pit represents the anount of light, the information is normally

i ndi cated by the sumof the signals fromthe detectors 4dl and 4d2. To
performa nore precise oepration, however, calculations are nade on the
respective outputs of the respective light.receiving areas of the detectors
4d1 and 4d2. More specifically, the output fromthe |ight receiving area db
and the output fromthe light receiving area de are -36- added (db + de)
by the adder 60. Moreover, the outputysAgpmthe |ight receiving areas da
and dc are added by the adder 57, while the outputs fromthe |ight
receiving areas dd and df are added by the adder 58. The output fromthe
adder 57 and the output fromthe adder 58 are then added by the adder 59,
and the output- fromthe adder 59 is further nultiplied by the coefficient g

inthe nultiplier 67. Finally, th t;put fromthe multiplier 67 is
subtracted fromthe output 1:i 1. 1/&

4d

TRD F////

AR1 [—>I1«a

AR2 —>Ip

FIG. 1B
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fromthe adder 60 in the subtracter 61. The output fromthe subtracter 61
ks used as the enbossed-pit information signal S2 or S3. The output (db +
de) fromthe adder 60 corresponds to the output fromthe |ight receiving
area AR2 of the schematic configuration illustrated in Fig. 2, while the
output (da + dc) + (dd + df) fromthe adder 59 is associated with the sum
of the outputs fromthe light receiving areas ARl and AR3. The output from
the adder 59 is nultiplied by the coefficient g in the nultiplier 67, and
the output fromthe nmultiplier 67 ps/fggther subtracted fromthe output
fromthe adder 60 in the subtacter 61 (db + de) - g{(da + dc) + (dd + df)}.
Therefore, the output fromthe subtracter 61 is equal to I[err] - g(l[err]
+ I[err]) representing the frequency characteristics indicated by the curve
[err] of Fig. 2B. The output fromthe subtracter 61 is supplied to a tR

termnal of .the switch 66. The state of the switch 66 is -37- changed by
the signal used for differentiaF[@thQKJ\/l zone '
4d
TRD /
A

ARt [—>Ila

AR2 —>Ip

AR3 [—>Ivy

FIG. 2B
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fromthe rewitable zone of the disc 1. During the reproduction of the
enbossed pit data, the switch 66 is connected to the tR term nal.
Accordingly, the output fromthe subtracter 61 is fed as the pit
reproduci ng signal S3 to the subsequent stage, such as the clanp circuit
13, of the reproducing apparatus. The signal S3 is then to be decoded by
the data decoder 15 according to the partial response PR (1,. 1) nethod.
Since the signal S3 already has frequency characteristics conparable to

t hose obtained by a suitable equaliéi | operation, an electrical equalizing
operation can be omtted before the 3?3H%| S3 i s decoded. On the other
hand, the reflected light information fromthe magnetic pit js detected by
the aid of the magnetic Kerr effect, and is represented by a difference

signal between the detectors 4 : however,
cal cul ations are further nmade jon the respective outputs ojdthe Iight
recei ving areas of the detectqrs[4dl and 4dZ SPpecifi €] out put
fromthe light receiving area|dejis subtpactjed fr&mthe ou he
light receiving area db in thd subtracter 64. Further | the] di fferencg
between the outputs fromthe addfrs 57 and 38 i%gbt ailned Ry a subtrhpcter
63, nanely, the sum of t&e out]pug s ZE
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fromthe light receiving areas dd and df is subtracted fromthe sumof the
outputs fromthe |light receiving areas da and -38- dc ((da + dc) - (dd +
df)). The output (db - de) fromthe subtracter 62 is conparable to the
output fromthe light receiving area AR2 of the schematic configuration of
the detector 4d shown in Fig. 2A, while the output (da + dc) - (dd + df)
fromthe subtracter 63 is equivalent to the sumof the outputs fromthe

|l ight receiving areas ARL and AR3. The output fromthe subtracter 63 is
multiplied by the coefficient g in the mul'tiplier 65, and the output from
the multiplier 65 is further subtracted fromthe output fromthe subtracter
62 in the subtracter 64 (db - de) - {da + dc) - (dd + df)). Thus, the
output fromthe subtracter 64 is e 1120 I[err] - g(l[err] + I[err])
representing the frequency characteristics indicated by the curve [err] of
Fig. 2B. The output fromthe subtracter 64 is supplied to a tNIternlnaI of
the switch 66. During the reproduction of the

FIG. 4




magnetic pit data, the swtch 66 is connected to the tMterm nal. Thus, the
output fromthe subtracter 64 is supplied as the magnetic pit reproducing
signal S3 to the subsequent stage, such as the clanp circuit 13, of the
reproduci ng apparatus. The signal S3 is then to be decoded by the data
decoder 15 in accordance with the partial response PR (1, 1) nmethod. Since
the signal S3 already has frequency characteristics conparable to those
obt ai ned by an appropriate equalizing operation, an electrical equalizing
-39- operation by nmeans of filtering is made unnecessary. Wile the present
i nvention has been explained with reference to the preferred enbodi nents,
it is to be understood that the invention is not limted to the disclosed
enbodi ments. On the contrary, the idvedion is intended to be changed and
nodi fied. For exanple, nethods other than the partial response PR-(1, O,
-1) and (1, 1) nethods may be perforned. In this case, calcul ations may be
made on.the outputs froma plurality of light receiving

FIG. 5
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areas divided by lines perpendicular to track directions, thereby achieving
a-sui tabl e equalizing operation in accordance with the spatial frequency
characteristics. Mreover, the present invention nay be used not only for
perform ng an equal.izing operation suitable for the partial response
transmtting nethod, but also for correcting the frequency characteristics
of a reflected-light information signal froma disc. Further, although the
repr oduci ng -apparatus conpatible with CAV-type discs are used in the

f oregoi ng enbodi nents, constant linear velocity (CLV)-disc- conpatible
reproduci ng apparatuses may be used #0l2the present invention. As is seen
fromthe foregoing enbodi nents, the present invention offers the follow ng
advant ages. The detector of the optical pickup used in the present
invention is divided into a plurality of light receiving -40- areas by a
| i ne perpendicular to the track direction of a disc-like recording nmedium

Then, cal cul ations are
FIG. 6
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performed on the outputs fromthe respective light receiving areas in order
t.o specifically correct the spatial frequency characteristics. The

cal cul ated signal is then decoded, thereby obtaining the reproduci ng data.
Nanely, the above operation is perfornmed to obtain the required frequency
characteristics for the reproducing data signal. Al so, by this operation,
equal i zing characteristics are naturally controlled in response to changes
in the linear velocity (spatial freqfe gz) caused by the different radial
positions of the disc. This nmakes it 6@ ible to sinplify the configuration
of the circuitry of the partial response transmtting system The
sinplicity of the partial response transmtting system (an el ectrical
equal i zing operation is unnecessary) is particularly advantageous for

di scs, such as zone CAV-type discs, of the type which is able to switch the
cl ock frequency between the zones in rn;fg a decodi ng operation.
Moreover, the detector is divided intbi&Adrdt |ight .receiving area and a
second light receiving area by a line perpendicular to the |light receiving
direction corresponding to the disc track direction. Then, _a difference
between the output fromthe first |ight receiving area and?the out put:
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fromthe second light receiving area is cal cul ated, thereby -41-

i.npl ementing an equalizing operation suitable for the partial response PR
(1, O, -1) nethod. Further, the detector is divided into a first |ight
receiving area, a second light receiving area, and a third |light receiving
area by lines perpendicular to the light receiving direction corresponding
to the disc track direction. The output fromthe first light receiving area
and the output fromthe third light receiving area are first added. The
resulting output is then nultiplied by a coefficient, and the nultiplied
output is subtracted fromthe out put frqg:the second light receiving area.
It is thus possible to achieve an eq a(' i ng operation suitable for the
partial response PR (1, 1) nethod. The coefficient used in the above

mul tiplying operation is set so that the output |evel of the second |ight
receiving area is equivalent to that cof the sum of tqg out put levels of the
first and third light receiving area Then, the connﬁn-nnde noi se can be
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cancel ed. -42- WHAT IS CLAIMED I S: 1. An optical reproduci ng appar atus
conprising: laser emtting neans for emtting |laser |ight to an opti cal
recordi ng nmedi um novement neans for noving the laser light along a track
of said optical recording nmedium |ight receiving nmeans having a plurality
of light receiving areas which are divided by a |ine perpendicular to the
track direction, each of said |light receiving areas receiving |aser |ight
reflected by said optical recording nmedium and outputting an el ectri cal
signal at a level in accordance with th réuantity of light; calculation
means for calculating the electrical sié} s fromsaid plurality of |ight
recei ving areas based on a predeterm ned mat henmati cal expression and
outputting the cal cul ated si-gnal as a reproducing signal in which spatial
frequency characteristics are corrected; and
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decodi ng nmeans for decoding an information signal in accordance with a
partial response nethod based on the reproducing signal output fromsaid
cal cul ation neans. 2. An optical reproducing apparatus according to claim
1, wherein said light receiving neans is divided into a first '
light-receiving area, a second |ight-receiving. area, -43- and a third
light-receiving area by lines perpendicul.ar to the track direction. 3.  An
optical reproducing apparatus according to claim2, wherein said

cal cul ati on neans cal cul ates electriiél signals output fromsaid first,
second and third light receiving are /643ed on the follow ng equation: lo
=1lb - g(la + 1c) wherein la indicates a signal |level of the electrical
signal output fromsaid first light-receiving area; |b represents a signa
| evel of the electrical signal output fromsaid second |ight-receiving
area; |lc designates a-signal |evel of the electrical signal output from

said third |light-receiving
FIG. 10
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area; lo indicates an output signal |evel of said calculation nmeans; and g

represents a constant. 4. An optical reproducing apparatus according to
claim 3, wherein said decodi ng neans decodes the information signal in
-accordance with a partial response PR (1, 1) nethod. 5. An opti cal

reproduci ng apparatus according to claim 1, wherein said |ight receiving
nmeans is divided into a first |ight-receiving area and a second
light-receiving area by a line perpendicular to the track direction.

-44- 6. An optical reproducing appgrAatygs according to claimb5, wherein
said cal cul ation neans cal cul ates the electrical signals output fromsaid
first and second |ight receiving areas based on the follow ng equation: |o
=la - Ib wherein la indicates a signal |evel of the electrical signa
output fromsaid first light-receiving area; Ib represents a signal |eve

of the electrical signal output fFoIGai c“
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second light-receiving area; and |o indicates an output signal |evel of
;sai'd cal cul ati on neans. 7. An optii cal reproduci ng apparatus according to

~claim6, wherein said decoding neans decodes the information signal in
accordance with a partial response PR (1, O, -1) nmethod. 8. An opti cal
reproduci ng apparatus according to claim 1, wherein said optical recording
medi um conpri ses an optical disc. 9. An optical reproducing apparatus
according to claim8, wherein said optical recording medi umconprises a
zone CAV-type optical disc. 12/12
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