1 DESCRI PTI ON Opti cal
Pi ck- Up Devi ce Technical Field The

present | wendnoats rel ates to an optical pick-up device fopcyuapesionre
recordi ng and/ or reproduci ng apparatus capable of recording an information

signal on a so-called nulti-layer opticgal_. disc having a plurality of

I nformati on storage | ayers and/or reproducing the information signal from
respective information storage |layers of the nulti-layer optical disc.
Background Art Optical pick-up devi %@ésed i n conventional recording

and/ or
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reproduci ng apparatuses in which an optical disc is used as a recording
for emtting a

| i ght bwa86/284%30l | i mator | ens which is di sposed between REFEPOFIT@dHNnduct or
| aser and the optical disc and whose optical axis is aligned with optical
axes of the semi conductor |aser and &he optical disc, a diffraction

medi um i nclude a sem conductor |aser as a |light source

grating, a polarizing beamsplitter and an objective le

ns. The

opti cal

pi ck-up device further includes a photo-detector for receiving a |ight
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2 through the polarizing beamsplitter and an objective lens so as to be
radi ated and focused onto an information signal storage |ayer of the
eptical diwo963iaes | i ght beamreflected fromthe optical di CTIPISNE®ei ved
by the photo-detector. The optical disc used as a recording nedi um
for a recording and/or reproducing apparatus in which the afore-nentioned
optical pick-up device is incorporated and which is adapted to record an

i nformati on signal thereon and/or reproduce the signal therefrom
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resin material such as pol ycarbonate or pol ynethyl -nethacrylate, an

I nformati on signal storage |ayer forned on a nain surface of {he

subst ratE’,‘”&Hﬂg’& protecting |layer fornmed over the i nforth’dﬁ%l
storage layer to protect the | ayer against chemi cal. or nechanical attacks..
Such an optical disc has been produced4by using various shaping nethods

such as a thermal pressure-nolding nethod or a thermal casting nethod.
When subj ected-to the shaping nethod, the optical disc is likely to suffer

from undesi [Rp@ waRmRde0K . CBHEY& Fpre Yoo A ch greh bie il 3 & L4 ti on

generated therein. Consequently, there occurs a dislocation of the
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adversely affected. Wien the optical disc is rotated to reproduce the
I nformation signal stored on the information signal storage

3 layer, nface of the information signal storage | aygersid
tracks thereon s%?fers from undesirable oscillation and de??gctlo%bﬁ

Accordingly, in order to achieve an accyrate read-out or reproduction of
the information signal stored on a signdl  recording region of the optical
disc without being adversely affected by the oscillation of the optical
di sc surface and the deflection of the tracks, the optical gi ck-up device
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with a focusing control function for conducting an adequate focus

adj ustnent of the objective lens in response to a degree

osci | | aMO$/20473t he surface of the optical disc, and a tr
function for perform ng an adequate tracking adjustnent of the objective
lens so as to follow the oscillation 6of a signal track formed on the

signal rec
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The two-| ayer type optical disc 5 includes, as shown in Fig. 1, a disc
substrate 5C nade of a transparent synthetic resin material such as

pol ycar bo%wg or polynethyl-nethacrylate (PVMVR), a fipc§irpbdafa9fgrati on
signal stora ayer 5A fornmed on a

4 main surface of the disc substrate 5C, a spacer |ayer 5D nade of a
transparent resin material and disposed over the first information
si gnal storage Iayer a second information si gnal storage | ayer 5B
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protect the second information signal storage |ayer against nechanical and
chem cal attacks. In such a two-layer type optlcal disc, the |ight
beam eWQ@9&2W473 om t he seni conductor laser is transnitted Fﬁ’ﬂ%@ﬁmhe

first information signal storage |layer 5A and radiated to the second

i nformation signal storage |ayer 5B wfen the optical pick-up device 5
perfornms a read-out of the information signal fromthe second information
si gnal storage Iayer 5B di sposed over the first information signal storage

layer SA. ¢~ p— %tleaygufcplgpgq_kwgeg@@q‘sngwg Jotdh a4 acki ng

control is carrie by using a 3-spot nethod in which three | ght beans
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dptical disc is read out by nmeans of the optical pick-up device which
enpl oys the afore-nentioned 3 spot nethod to conduct a tracking control,

t.he followwépbﬂﬁﬂplens are caused. As shown in Fig. 2, a thhﬁﬁﬂﬁ?ﬁptor
used in such an optical pick-up device in which a tracking control is
performed by using the 3-spot nethod, _, _ I nclude a nmain beam
detector 33A for detecting a main beamwhich is a centrally radi ated beam
of three separated |light beans, and first and second si de-beam detectors

33B and 33C di sposed. on %ngsite sides of the main beam detector 33A,
nanel y arrandedBO¥ 5 B %,
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as to interpose the main beam detector 33A therebetween, for detecting
si de beans radi ated on opposite sides of the main beam When t he
i nf or "oO 9820473gnal stored on the first information signeCT/FRISOATE | ayer 5A -
of the two-layer type optical disc 5is read out, the main beam 34A and
the first and second side beans 34B 1@ard 34C are radi ated onto the first
I nformati on signal storage |ayer 5A. In course of the reading-out of the
i nformation signal stored on the first |nforrrat|on signal storage |ayer
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focused first information signal storage |ayer 5A but also a bloomng

| i ght conponent 35A of the nmain beam nanely a stray |ight
ref |l ect ed woognédys unfocused information signal storage
in the optical pick-up device,

conmponent,

| epcmIpdfiozrithat i s,
the main beam 34A and the stray |ight

conponent 35A having an expanded outer. jperineter are radiated together

onto the main beam detector 33A in
Accordingly, in such an optical pick-up device, a part of
stray light co
detect or 33A
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detectors 33B and 33C. Thus, when the part of the stray light conponent
35A of the main beamis radiated over the side-beam detectors 33B and 33C
and oveWOPHAMTHith t he respective side beans, there occBFEIRASOEEO- current
(DC) fluctuation in a tracking error signal, which occasionally makes it

i npossible to carry out an accurate-tlgacki ng control .

Consequently, in the optical pick-up device, such an advantage of the
3-spot nmethod that the tracking error signal is not adversely affected by
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35A of the main beamradi ated on the main beam detector 33A is changed.
Accordingly, a ratio of a |light quantity of the stray |ight conponent 35A
of the naiwobsagamadi ated over the respective side beam deuegires62738B and
33C to those of the side beans is also changed, so that the tracking error
signal suffers fromD.C. offset, therely .causing such a problemthat it is
no | onger possible to performthe accurate tracking control.

7 Meanwhi l e, an intensity of stray |ight conmponent of each
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side beamis considerably |ow as conpared with that of the stray |ight
component of the main beam In consequence, influence of the stray light
conponeWix9M413he si de beans on the main beam det ector iRCTRRISAYO| e and
therefore cause no significant problem Di scl osure of
the Invention It is an object4of the present I nvention to provide
an optical pick-up device capable of accurately reproducing an

i nformati on signal recorded on a plurality of information signal storage

ayers of S BdNAHYe ON IR ADE hT Wikyis aitey e grt of the

present invention to provide an optical pick-up device capa € of
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In order to acconplish the afore-nentioned objects, in accordance with
the present invention, there is provided an optical pick-up device

whi ch i naygd@seaas | i ght source for emitting a |ight beam tecTispsmadioat ed
toward the multi-layer optical disc having a plurality of information
signal storage |layers which are arranggd in a overlapped manner and on
each of which a desired information signal is recorded, an optical neans
for dividing the light beamenitted fromthe |light source into three
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8 beamreceiving nmenber for receiving the main beamreflected from the
mul ti-| r Lcal disc, a first side beamreceiving ne ecei vi ng.
the fi ryssqﬂg@}’%eam reflected fromthe multi-layer opti 22’?&@?&@;27@ second
si de beamreceiving nenber for receiving the second side beamreflected
fromthe nmulti-layer optical disc, andl® a means for out putting a detection

signal indicative of a quantity of light in response to the |light received
by the nmain beam receiving nenber, the first side beamreceiving nenber
and the seAdWdA&idetbedi 14DdH o fythrenhdl 7 T Piys2 8iBIFE B Rrdcei vi ng
menber and the second side beamreceiving nenber are di sposed spaced by a

T 005t e Ehar ot oo o e A B rom an

unf ocused ilIfARIT DIL SIF2IDWWMBES LRV S BHLrOERN I h R X
DEL1OYA FE—LARESSAK28BRUE2DY M kE—4
CESCEK28CHZRBTAANENS,

A4 VE—LBTFATI7Y 20 AlCARHIhBZAS L E—LICH
SENK28ARK. M5 (A) RUMS5 (B) Rt &35k, &1
DYA FE—LAFAFIP 26 ARUCE2DAA L E—LAF 4
S5 26BLEBAIVE—LAFAF IS 26AS. HBLE
XP3RALYE-ARESSEN2 B AOKEERB YR VWHEDOM
BEBVWTRILATVIAD, B1OYA FE—LAF45704
26BLRUSB2DYA RE—~LAF472426CLiczhzh
EBINRV, £/, H1OV 4/ FE—LARESS XX 2 8 BRY
B2OY A RE—ARRESSENE28Cl. RIRLRLM, ALY
E—Am¥4?7926ALt§§éntﬁo |

R, ChoB20MRESEBMSBroRNEWERY
KHEDEL1OY A FE—L RS EN28BRUS 201 kL
—ARESSEN28CR, AMVE—LAFIFIY26ALK
EEBIh3BETH-oTH, BEFAS VE—LICEITIKKX2S8
ALHBLTHARBVWAD, A/ VE—LEAF472526AK
BREERIEIR. -

ARWCHRIAL Y I 7y 7RRIB, YU FUALLY XL
SOEBIED, @5 (A) RUMS5 (B) RRTEIK., A4
P—ARESSANK28ALFERBENBELTAR Y PERFE
FRBRICR B, £, COALVE—ARESSENE2 8 AR, 2



| ayer of the nulti-layer optical disc, is caused. The opti cal
pi ck-up device used here is provided with a diffraction grating for

di vidi ng wWeedrradtd beamenitted fromthe |[|ight source intecthpesndife
separate beans conposed of the main beam and the first and second side

beams. The diffraction grating divi desyfhe light beamenitted fromthe
| ight source into the three separate beans which are spaced apart from
each other by such a given distance that the main beamreflected from an
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In the optical pick-up device, a focusing error i's detected based on a
detection result fromthe main beamreceiving nenber. Further, a
tracki nV@PEYM473 s det ected-based on a detection results PEHIRISNRTI0; r st

si de beamreceiving nenber and the second side beamreceiving nmenber.

I n anot her aspect of the present inved8ion, there is provided an optical
pi ck-up device which includes a light source for emtting a |ight beamto
be radiated toward the nmulti-layer optical disc having a plurality of

mmnner and B catier X ehr s A A A S ASEE ARSI an
optical meanr 2h2hBF ShEZLILLoT. A4 VE—LARES %K
28ANEIOYL FE—LHAFAFI Y26 BRUSB2DY 1 k
E—LEAF4775 26 CRBRENBYV. foT. ZOXLY Y
PyZEBIE. FSoX VIS —@BBEDCA Ty MHEL
B LBBIEENB D, 2BEFIRY FRBRENBNE—4
DERZRIN S vV THIBARITICLPTE S,

k. COREYIPyTERLE. 2WAT 1 XY 5 OHEIE «
SRRAMDBETIHBETEFELLTY, FSvFL IS |
—~EBEDCAT7ty FEECB EHBEIATVR D, 28
¥F1 XY ERBHENIKE—LOEMR 5 v ¥ VHBES
5T EHTED,

X, COXEYIPyTEE LR, EANERCL-T I+
—AY U IHAERGT LI REOT, BERLGENUETESLL
Y, 7+—HRATS—ESORHBEZRELTEIZILHALELT
B3 |

BB, PRORBAOXEY 7y 7ERE 1k, BEE—LRT
oy ORANERTVEH, COREE—AITY vy 9EY—
ARTV9HERABLEDE L /ARBIRIOZMOBRI LY
ﬂﬁfﬁ%oTtbﬁy:®%¢w77y7§ilﬁ\ﬁ%E—A
A7V HIBRE—LRATY P ERABIERE-T. 1 /4%
BIR10BFRELRD, BREKOMREMRET I LHTES
ridic, HEIXR M EERTEILNTE S,

FRULAS 1 ORBA2BET 4 A7 ARy I Py THE 1 i,
BHFBT8IL>T. LBkl —F 6D 5HHIN AR E—LE,



including a diffraction grating for dividing the light beamenitted from
the light source into three separate beans conposed of a mai n  beam and

first andg@iﬁﬁﬂg si de beans, and an objective lens for gbﬂ@*ﬂﬁ"@e t hree
separate i ded by the diffraction grating onto th yer
optical disc in such a manner that the respectlve beans are focused on the
i nformation signal storage |ayer of théS ful ti - | ayer optical disc, a main
beam receiving nmenber for receiving the main beamreflected from the

mul ti-layer optical disc, a first side beamreceiving nenber for receiving

the first mWﬁﬁﬁ@Wﬁ%%@ﬁﬁm%Qmmﬁlﬂﬁﬁwﬁmmﬁ%3&s&mm

si de beamreceiving nenber for receiving the second side beam reflected
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10 the first side beamreceiving nenber and the second side beam

recei ving nmenber. The first side beamreceiving nenber and the second side
beam r eCWO96RATdenber are di sposed spaced by a given di sP&TERIMAT® from
the main beam detector and | ocated at such positions that no interference
with the main beamreflected from anainfocused information signal storage
| ayer of the nmulti-layer optical disc, is caused. In a further
aspect of the present invention, there is provided an optical pick-up
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optical disc having a plurality of information signal storage |ayers which
are arranged in a overl apped manner and on each of which a desired

i nfornat iWO9sRUTAl i s recorded, an optical neans includi reRCEOPISAHIIM@ECE i ON
grating for dividing the |light beamenmtted fromthe |light source into
three separate beans conposed of a nmaig -beam and first and second side
beans, an objective lens for radiating the three separate beans divi ded by
the diffraction grating onto the nmulti-layer optical disc in such a manner
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or reflected on the polarizing beamsplitter, a first side beam

11 receiving nenber for receiving the first side beamref m the
mul ti - Idy@ﬁgﬂﬁﬂ?cal disc and transmitted through or reflekﬁgbsg%%gﬁhe

pol ari zing beamsplitter, a second side beamreceiving menber for
receiving the second side beamrefl ec®®d fromthe nulti- |ayer optical

disc and transmtted through or reflected on the polarizing beamsplitter,
and a neans for outputting a detection signal indicative of a quantity of
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recei ving nmenber and the second side beamreceiving nenber provided on
each of said first and second photo-detectors. The first side

beam r ecedogodnber and the second side beamreceiving nEeRsposoPReVi ded
on each of said first and second photo-detectors are disposed spaced by a
given di stance apart fromthe main beans detector and |ocated at such
positions that no interference with the main beamreflected froman
unfocused information signal storage |layer of the nulti-Ilayer optical
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I nvention when read in conjunction with the acconpanyi ng draw ngs.

Brief Description of the Draw ngs Fig. 1 i1s a cross-sectional view
showi ng WO MRABal di sc ' PCTAPISHZTRavi ng
two information signal storage layers on which an information

signal to be reproduced by an optical- g4 ck-up device according to the

present invention is recorded; Fig. 2 is a plan view showing a
phot o-detector to explain problens posed on a conventional optical pick-up
devi ce; AE D HE 3B LR side view schematically showi ng an opti cal
,
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pi ck-up device according to a first embodi ment of the present invention;
Fig. 4 is a plan view showi ng a photo-detector provided in the optical

pi ck-up deyd ording to the first enbodinment of the p ﬁﬁkm% ention
Figs. 5A 2%%5 are plan views showing the condition of a i,?tiray ?%ht
attributed to a main beamreflected f[8§1jespective i nf ormati on signal
storage |l ayers and incident on.a main am detector of the photo-detector;
Fig. 6 is a plan view showing the condition of a |light beam and a stray
light incident on a nmain beam detector and side beam detectors of the

phot o-detect &ry > X 1 7 2 BiB.U % 6 Yarphdh. vERIV D SglcaAm&¥ §L &at ect or
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present invention; Fig. 8 is a side view schematically show ng an
optical pick-up device according to a third enbodi nent of the present

i nventi OMO96/20473  Fig. 9 is a plan view showi ng a phot o PEEIR¥Y®I70pr ovi ded
in 13 the optical pick-up device
according to the third enbodi nent of-t26e- present invention; Fig.
10 is a schematic view serving for explaining equations for calculating a
spot dianeter of a stray |ight
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attributed to a main beam and radi ated onto a main beam detector provided
i n an optical pick-up device for an optical disc; and Fig. 11 is a
pl an vi enW€HA$047%F a phot o-detector provided in an optical PETARISHRTHevi ce
according to a fourth enbodi ment of the present invention.

Best Mode for Carrying Qut the Inventi@7 - In the foregoing, there

I s explained an optical pick-up device according to preferred enbodi nents
of the present invention. The optical pick-up device is adapted to be
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tracking error by using a 3-spot nethod and the focusing control is

perfornmed by detectlng a focusing error by using an astig t hod.
I n addi WP two- | ayer optical disc 5 used in the gﬁ'ﬁ%zgﬁd/ or

reprodUC|ng apparatus to which the opgjical pick-up deV|ce according to the

present invention is applied, include 8 “as  shown in Fig. 1, a disc
substrate 5C nade of a transparent

14 synthetic material such as polycarbonate or olynethyl

met hacryl affel(PVE & a 18 #HE Bk Mt bbiiTdn d%& ay%lﬁ $A4D f or ned
over a primary surface of the disc substrate 5C, a spacer
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| ayer 5D made of a transparent resin material and fornmed over the first

I nformati on signal storage |ayer 5A, a second infornmation signal storage

| ayer SBwovswdodspedl y formed over the first information BCEHBISO3TM8r age

"l ayer 5A through the spacer |ayer 5D, and a protecting |ayer 5E forned
over the second information signal st2rage |ayer 5B. In such an
optical disc, when the information signal stored on the second information
signal storage |ayer 5B overlappedly forned over the first information

si gnal storage DA is read out by neans of the optical pick-up device
accordi ng tgg(f'hiéabg?ie‘s'e‘r’\t I nvention, a light beamemtted froma

Sem conct o LA 2. B3 KO b £ e e = on
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enbodi ment of the present invention includes, as shown in Fig. 3, a

senicoan§§&5 %fser 6 serving as a |ight source for em ttpig Bosghbgt beam
a collimator T'ens 7 di sposed between the sem conductor | aser and t he

two-| ayer optical disc 5 such that ngggal axes thereof are aligned with
each other, a diffraction grating 8, pol ari zi ng beamsplitter (PBS) 9,
1/ 4 wave-length plate 10 and an objective lens 11. Furthernore, the
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detector 14 and the polarizing beamsplitter 9 such that optical axes
thereof aligned wth each other, and a cylindrical |ens 13. As
shown in W@9620473 he photo-detector 14 is conposed of a mpcwIpssaarAet ect or
26A for receiving a centrally-incident main beamof three separate |ight
beans, and first and second si.de beam- gletectors 26B and 26C for receiving
the side beans radiated on opposite sides of the nmain beam Accordingly,
the first and second side beam detectors 26B and 26C of the photo-detector
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in Fig. 4, which are perpendicular to each other and crossed at a center
(optical axis) of the main beam 27A of the reflected Iiggt | nci dent on the

| i ght rWeR62049d surface, nanely a central point P[err] #35'1’%76% .
recei ving surface, as shown in Fig. 4. As. shown in Figs. 4, 5A and
5B, the first beam detector 26B and ¥he second side beam detector 26C are
di sposed spaced apart fromthe main detector 26A by such a distance that

the side beam detectors are not radiated with a stray light attributed to
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16 objective lens 11 is not focused and whose information signal is not

I ntended to be read out. That is, the first and second side beam detectors
26B and 28®961284%D arranged such that reference center |i RCTIRNSOATE (2
thereof and the separate line L[err] of the main beam detector 26A, which
extends perpendicularly to the directi-o38 -of a row of the detectors 26 Ato
26C as shown in Figs. 4, 5A and 5B, are spaced apart from each other by a
di stance Alerr] enough to prevent the first and second si de beam detectors
frombeing radiated with the stray light 28A attributed to the main beam
of the light reflected fromthe unfocused information signal storage

| ayer whose information signal is %$§Hbm§?ﬁ?ed to be read out. An
optical path of the |ight beamem f the sem conductor |aser 6 and

the condition of the stray |ight 28A of
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the main beamincident on the main beam detector 26A upon reading- out and
reproduction of the information signal fromthe first information signal
storage VWAMSR04IB t he two-| ayer optical disc 1, are expl aiBf@@P8$0278Q ng the -
‘af ore-nmenti oned arrangenent of the optical pick-up device 1. ‘ '
First, the light beamenitted fromthe4seni conductor laser 6 is incident

.on the collimator lens 7. The collimator lens 7 permts the incident |ight
beam to pass therethrough to thereby convert it froma divergent light to
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17 into three separate |light beans including the main beam 27A, the first
si de beam 27B and t he second si de beam 27C, which in turn are incident on
t he pol arwoissgedrsam splitter 9. Thus, the polarizing bearwcyirsorme 9
permts the respective light beans split fromthe |ight beamemtted from
the sem conductor laser 6 to pass towamggl - the two-|ayer optical disc 5. The
pol arizing beamsplitter 9 reflects the light reflected fromthe two-I|ayer
optical disc 5 as described hereinafter. - The respective |ight
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converted fromthe linearly polarized light beamto the circularly

pol arized |ight beam The |ight beans passing through the 1/4 wave- |ength
pl.at e WO 9673047} ci dent on the objective |lens 11. PEIIPEW2E™ i ve 1 ens -
11 condenses the incident |ight beans and radiates themonto the first

i nformation signal storage |layer BA&6of the two-layer optical disc 5. At
this time, the respective 'light beans radiated on the first information
signal storage |layer 5A of the two-layer optical disc 5 are not only

focused gsEHETBIMSE 4 F o Fabi RISk CRERcE KRR GARat e tvo- | ayer

optical disc 5 but also passes therethrough and are al so radi ated onto the

second i @R ﬁvm&lﬁm%&&,py.y7§@°e | i ght beans -

radi ated onto the |rst ornatlon signal storage layer 5A of the
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on the second information signal storage |ayer 5B. That is, the |I|ight
beans radiated onto the first information signal storage |ayer 5A of the
two- | ayer WEp2620403 di sc 5 are reflected not only on the firBEEJRISBIRAL i on
signal storage |layer 5A on which the incident |ight passing through the
objective lens 11 is focused, but al se38n the second information signal
stroge layer 5B on which the incident |ight passing through the objective
lens 11 is not focused. Each of the |ight beans reflected fromthe second
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each of the light beams reflected fromthe first information signa
storage | ayer 5GA The reflected |ight beanms and the stray |ight beans

t her ef or ameoperiziagNt on the objective lens 11 and pass thegsﬁﬁﬁ%ﬂﬁ SO as
to be incident on the 1/4 wave-length plate 10. The 1/4 wavée- 7 at e
10 converts each of the incident reflected |ight beans and stray |ight
beans froma linearly polarized light to a circularly polarized |ight.
The reflected |ight beans and the strz» { ght beans therefor passing
through the 1/4 wave-length plate 10 is‘i hCident on the polarizing beam
splitter 9. The polarizing beamsplitter 9 reflected |ight beans and the
stray light beans thereof. The reflected |ight beans and the stray |ight
beans thereof reflected on the polarizing beans splitter 9 are then
incident on the focusing lens 12 and condensed when passed t heret hrough.
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The reflected |ight beanms and the stray |ight beams thereof

19 passing through the focusing lens 12 is incident on the cylindrical
Lens 13. wWisesilfsected Iight beanms and the stray |ight beagsy f
incident on the cylindrical lens 13 are further condensed a% ?ﬁéﬁp

radi ated onto the respective detectors of the photo- detector 14. At this
time, there occurs an astigmati smbetween the reflected |ight beans and

the stray |ight beans passing throuag(hse cylindrical |ens 13.
The mai n beam detector 26A of the p detector 14 serves
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for conducting a focusing control at the objective lens 11 by determning
an quantity of the light received by the first to fourth |ight receiving
régi ons 41WQ%6/204D t hereof. A focusing error signal FE, vvhgp S

i ndi cative of a defocusing degree of the Iight radiated oﬁk AP ce of
the first information signal storage |ayer 6A of the two-layer optical
disc 5, can be calculated from the follow ng equation: FE = (E1 +
E3) - (E2 + E4) where El, E2, E3 2 4 represent detection outputs
generated from the Iight-receivingp é ions 41A, 41B, 41C and 41D of the
mai n beam detector 26A, respectively, in response to the amobunts of the

| i ght beans received thereby. The focusing control of the
objective lens 11 can be perforned based on the thus-obtained focusing

error signal FE
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On the other

hand,

the first and second side beans 27B and 27C are

incident on the first and second si de beam detectors 26B and 26C of the
respectively. A tracking error

phot o- det 4,
&ﬁé?ﬁ%%?ch is indicative of dislocation of the
I nformati on signa

20 si gnal

to recording tracks fornmed on the first
5A of the two-layer optical

equati on:

out puts generated fromthe

mal n

PCT/IP95/02770

eam

rel ative

storage | ayer

disc 5, can be calculated fromthe follow ng
TE = E5 - E6 where E§JH@ E6 represent detection
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first and second side beam detectors 26B and 26C in response to the
quantities of the light beans received thereby. The tracking

gontrol of .t jective lens 11 can be perfornmed based
thus-obta&ﬁ@gﬁ@?gkking error signal TE Nbanmhilgac? e ﬁ%?% beam
27A of the light reflected from the first information signal storage |ayer
5A is incident on the nmain beam detector 26A, as shown in Figs. 5A and 5B,
while the first and second side begrz é?B and 27C of the light reflected
from the first information signal ﬁ ge layer 5A are incident on the

si de beam detectors 26B and 26C, respectively. Furthernore, the stray

|l i ght beam 28A attributed to the nain beamof the light reflected fromthe
second information signal storage |layer 5B is incident on the main beam
detector 26A, while stray light beans 28B and 28C attributed to the first
and second si de beans,

X 5(A) X 5(B)
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respectively, and both contained in the light reflected fromthe second
I nformati on signal storage |ayer 5B, are incident on the first and second
stde beam @& sxplogszs 26B and 26C, respectively, as shown in Figs. 5A and

5B. As described above, the first and second si de PEH#RISO2770
21 detectors 26A and 26B are spaced apart fromthe main beam detector 26A
by the given distance enough to avoid influence of the stray 1|ight beam

28A attributed to the main beam so t®a#IQ he stray |ight beam 28A incident
on the main beam detector 26A is pre\/@te from
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<

bei ng radi ated over the first and second side beam detectors 26B and 26C
as shown in Figs. 5A and 5B. Also, the stray light beans 28B and 28C
attributed to the first and second side beans cannot be o y
radi at ed HNEY20#E nmi n beam det ector 28A though not shomhﬁﬁﬁhgﬁgﬁa#gures.
In addition, even if the stray |light beans 28B and 28C attributed to the
first and second side beans in the light reflected fromthe second

i nformation signal storage | ayer 5B L? @verlappedly radi ated over the main
beam det ector 26A, no significant in (J nce is caused on the main beam
detector 26A because these stray |ight beans have a considerably | ower
light 1intensity as conpared to that Q?e stray |light beam 28A
attributed to the main beam n The optical pick-up device 1
according to the present
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i'nvention, the stray |ight beam 28A attributed to the main beam forns an
elliptic spot as shown in Figs. 5A and 5B, due to astigmatism by an

gf fect of ¢ jndrical lens 13. Further, nmajor and nng t he
elliptic spot /{Ogrmof the stray |ight beam 28A attributed %ﬁfﬁ@ ?r;.él n beam
appear in a reverse relation depending upon whether it reflects fromthe
first information signal storage |ayer 5A or fromthe second information

si gnal 8/10 22 storage | ayer 5B.

That is, in the optical pick-up ‘devi ce ~accor di ng to the

B 9

24




present invention, in the event that the information signal to be read out
and reproduced is stored on the second information signal storage |ayer 5B
aof the twq-layer optical disc 5 which is located renoter fromthe

obj ective 83 2473 t he stray |ight beam 28A attributed toROREPHI2eam in
the light reflected fromthe first information signal storage |ayer 5A
forms an elliptic spot form having a ngjor axis inclined at an angle of 45
degrees rightwardly as shown in Fig. 5é o Conversely, in the event
that the information signal to be read dﬁ? and reproduced is stored on the
first information signal storage |ayer 5A of the two-layer optical disc 5,
which is |ocated closer to the objective ns 11, the stray |light beam 28A

attributed to the nain beamin the light réfl ectied fromthe second
i nformation signal storage |ayer 5B fokns el lfi ptic spot form
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having a major axis inclined at an angle of 40 degrees leftwardly as shown
in Fig. 5B. In the optical pick-up device according to the present
i Avention, wh " two-| ayer optical disc 5 is caused to incline in a
radi al direction ereof or when the objective lens 11 undBFEdRESM02¥ange in
visual field thereof, the stray light 28A attributed to the main beam or
distribution of light intensity thereof is shifted on the main beam
detector 26A in the direction of an arrow Mas indicated in Figs. 5A 5B
and 6. However, the 10710 23 stray |ight
28A attributed to the main beam and shifted on the main
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beam-det ector 26A is. not radi ated over the first and second side beam

detectors 26B and 26C, so that no D.C. offset of-the 4rackigg..8cr0r signa
occurs. * As described above, in the optd cal s pi€ksgp*degvi-gce
according to this enbodiment of the present invention, tReskftst and
second side beam detectors 26B and 26¢ are di sposed outside of a spot

di aneter of the stray |ight 28A, Wﬁﬁf first and second side beam
detectors 26B and 26C are exposed toc§§¥gégﬁlapped radi ation of the stray

light 28A attributed to the ko DR IAGHO AL y, in the optical pick-up
devi ce according to the presggt ?nvent?%ﬁ?g)qgkﬁgé the D.C. offset of the

tracking error signal is effectingHﬁicQ&ergghfd, accurate tracking control
of the Iight beamradiated over the two-layer optical disc 5 can be

fﬁ;ri ed out. The prekeiit Nifvenitfoh e QRIsCRL Pi JotURadeBk ER-AECRIF T tO
for use in a recording and/or reproducing apparatus capable of
recording an information signal on a so-called multi-layer optical
disc having a plurality of information storage layers and/or
reproducing the information signal from respective information
storage layers of the multi-layer optical disc.
Background Art

Optical pick-up devices used in conventional recording and/or
repro‘ducing apparatuses in which an optical dis¢ is used as a
recording medium, include a semiconductor laser as a light source
for emitting a light beam, a collimator lens which i.s disposed
between the semiconductor laser and the optical disc and whose
optical axis is aligned with optical axes of the semicondﬁctor
laser and the optical disc, a diffraction grating, a polarizing
beam splitter and an objective lens. The optical pick—up device
further includes a photo-detector for 'receiving a light beam
reflected from the optical disc, and a focusing lens which is
disposed between the photo-détector and the prolarizing beam
splitter and whose optical axis is aligned with opfical axes of the
photo-detector and the polarizing' beam splitter.

In such conventional optical pick-up devices, the light

beam is emitted from the semiconductor laser and transmitted



present invention, even, if the focal point of the |light beam radiated onto
tﬁﬁ’?ﬁn-layer optical disc is switched from one--inf eriggti oR-sd-gnal storage
| ayer to another |ayer due to change in |nforuatldm siglaﬁ°h9°he read out
and reproduced, no D.C. offset of the tracking--€r¢oresi ghalsocelrs.
Consequently, the tracking control of _the |ight beamradi ated over the
A bt o Lt s AR L
R RRTOR A W g TN

of the optical disc. The light beam reflected from the optical disc

is received by the photo~detector.

The optical disc used as a recording medium for a recording
and/or reproducing apparatus in which the afore-mentioned optical
pick-up device is incorporated and which is adapted to record an
information signal thereon and/or reproduce the signal therefrom,
generally includes a substrate made of a transparent synthetic
resin material such as polycarbonate or polymethyl-methacrylate,
an information signal storage layer formed on a main surface of the
subsérate, and a protecting layer formed over the information
signal storage layer to protect the layer against chemical or
mechanical attacks.

Such an optical disc has been produced by using various
shaping methods such as a thermal pressure-molding method or a
thermal casting method. When subjected to the shaping method, the
optical disc is 1likely to suffer from undesired warpage or
corrugation due to a thermal distorfion generated therein.
Consequently, there occurs a dislocation of the information signal
storage layer in the direction perpendicular to the main surface
thereof. Further, there occurs such a phenomenon that a circularity
of tracks formed on the information signal storage layer is

adversely affected. When the optical disc is rotated to reproduce

the information signal stored on the information signal storage



24 apparatus as a whoel.e.but also inprovenent in sensitivity for detection
of the focusing error signal. I'n the af-er eznenatjoned.arktangement
of the optical pick-up device according to this Enbodﬁnant°vt st-ne present
invention, the polarizing beamsplitter 9 is enpl oyed. HEWesm&t,.°t he
polarizing beamsplitter 9 is replaceq with a normal beamsplitter,

whereby . the 1/4 wave: Ieng th Iate 10 can be, omtted. That is, by using the

nor mal - bERRTsp PRt %Vrﬁarfep %f“’tfﬁ’é’"ﬁaf‘%l SigRplosdmregri {pEeT oend ithe s not
Te e Yl e RS el B Ao, 2 1
e g o AR oo, WA FRRRROE BRI v
light beam oquction of the information signal stored on a signal
recording region of the optical disc without being adversely
affected by the oscillation of the optical disc surface and the
deflection of the tracks, the optical pick-up device is provided
with a focusing control function for conducting an adeguate
focusing adjustment of the objective lens in response to a degree
of the eventual oscillation of the surface of the optical disc, and
a tracking control function for performing an adequate tracking
adju;tment of the objective lens so as to follow the oscillation
of a signal track formed on the signal recording region of the
optical disec.
Meanwhile, there has been a demand for high densification
of the information signal to be stored, so that proposals has been
made to provide a multi-layer optical disc having a multiple of
information signal_ storage layers arranged in an overlapped
relation to each other. The multi-layer opfical disc conventionally
known is of a two-layer type having two overlapped information
signal storage layers.
The two-layer type optical disc 5 includes, as shown in
Fig. 1, a disc substrate 5C made of a transparent synthetic resin

material such as polycarbonate (PC) or polymethyl-methacrylate

(PMMA), a first information signal storage layer 5A formed on a



egitted fromthe sem conductor laser 6 is introduced to the diffraction
grating 8 so as to be divided into the main beam27A -and the.tirst and
second side beans 27B and 27C, which are spaced by:a glmgn ‘oh, S¢-ance apart
from each other. The main beam detector 26A and-thé-fdrstd and.second side
beam detectors 26B and 28C are so arr%nged as to be spaced by a constant

di stance Al corres ondj n to the given distance apart from each other, as
shown i ¢ty syrta ‘%O\ﬁé'végl AAser Hebs txpte Sfente tsﬁécﬁrr§ﬁyahd5%é&#ﬁj ofi de
beam detec%ors fron1be|n adversely affected by the stray lig -
attributdd tPITRATREY BEEHP tﬂ%F%rgann FRdy| 93 sprseideaveh ob‘?? caﬂlrspﬁ ck-up

devi ce 2, agcc ng to s cond enbodi nent of the present invention, as
explalnedgﬁ mguléh Slgna storage Qayer, a secoé) fhformatlon signal

storage layer 5B disposed over the first information signal storage
layer 5A through the spacer layer 5D, and a protecting layer 5E
formed over the second information signal storage layer 5B to
protect the second information signal storage layer against
mechanical and chemical attacks.

In such a two-layer type optical disc, the light beam
emitted from the semiconductor laser is transmitted through the
first information signal storage layer 5A and radiated to the
secon& information signal storage layer 5B when the optical pick~up
device 5 performs a read-out of the information signal from the
second information signal storage layer 5B disposed over the first
information signal storage layer bA.

In the optical pick-up device used here, the tracking
control is carried out by using a 3-spot method in which three
light beams are radiated to the optical disc to obtain a tracking
control signal. When the 'information' signal stored on the
individual information signal storage layers éf the multi-layer
optical disc is read out by means of the optical pick—up device
which employs the afore-mentioned 3 spot method to conduct a
tracking control, the following problems are caused. As shown in

Fig. 2, a photo—detector used in such an optical pick-up device in

which a tracking control is performed by using the 3-spot method,



25 . The optical pick-up device according to the ,.second

L] 0"

enbodi ment of the present invention has essentfhl.p b? gdnuﬁh to those of
the optical pick-up device 1 according to thesfisrst °eﬁﬂéd|qenL of the
present invention. Therefore, like parts are Trdentified by i ke reference
nunefal s and detail ed explanation thegeof are omtted here. I n

the ot ifigl Lol W APhGE BEE0LELNGLO dlle 3360Nh e SUPAIBN orP il

present |nvent|on as s phot o- ect o conposed of

a main bearg d@é@&taquyS@AdaQ@eé'ﬁé&;m uﬁ%@ogq 8k A€o CRIRfe! S adfih and
36B di sposed on opposite sides of the main 6am det ect of A sudh at the
mai n beaf (Y egH@" s38And side-beam detectors 33B and 33C disposed on
opposite sides of the main beam detector 33A, namely arranged so
as to interpose the main beam detector 33A therebetween, for
detecting side beams radiated on opposite sides of the main beam.

When the information signal stored on the first information
signal storage layer B5A of the two-layer type optical disc 5 is
read out, the main beam 34A and the first and second side beams 34B
and 34C are radiated onto the first information signal storage
layer 5A. In course of the reading-out of the information signal
stored on the first information signal storage layer 5A, these
light beams are transmitted through the first information signal
storage layer 5A and also radiated onto the second information
signal storage layer 5B whose information signal is not intended
to be read out.

In consequence, the photo—detector of the optical pick-up
device receive not only the main beam 34A reflected from the
focused first information signal storage layer 5A but also a
blooming light component 35A of the main beam, namely a stray light
component, reflected from the unfocused information signal storage
layer 5B. That is, in the optical pick-up device, the main beam 34A
and the stray 1light component 35A having an expanded outer
perimeter are radiated together onto the main beam detector 83A in

a concentric relation to each other.



i's interposed therebetween. The mai n beam det ector, 36A.of the
photo-detector 15 is of four-segnent construgtt.ons ange %@sgefalrst_ to fourth
light-receiving regions 47A to 47D divided along sepzar?fl%éefjsp pges L[err] and
I [err] which extend perpendicularly to each other arnd are crossed at a
center (optical axis) of the main beam 27A of the light reflected fromthe
two-|ayer optical disc 5 and radiated (§nt9 a light-receiving surface
thereof, nanely 4°co2Wirgly polmtsimberep) optical pickryp Hevicesi derdrtarnt
detector 36B is partially cut out as indicated by a broken Iline in Fig. 7
on a si dEPSufdTevt hieht refpropeyht 3B AL $he Jopin dgamnrati akrsk PApHRY BaEimt i on
to the sjde beaps, n%y,the mai n beam detector 36A is | ocated. The stray
light 28 ea’l‘ﬁ?ﬂ%"?%’f 48 pRYAT SFRR 1B Va1 ka4 s tedd V6™t Hrenei it RAf™f t he
' f sed information signal storage

i ght be&@?eééﬂ%§“%§§lgﬁgnkggg %ﬂug?uwﬁen the part of é%e strayiﬁ%ght

component 35A of the main beam is radiated over the side-beam

detectors 33B and 33C and overlapped with the respective side

beams, there occurs direct—current {DC) fluctuation in a tracking

error signal, which occasionally makes it impossible to carry out

an accurate tracking control.

Consequently, in the optical pick-up device, such an

advantage of the 3-spot method that the trackifig error signal is

not adversely affected by a skew of the disc and a deflection of.

a view field of the objective lens and therefore does not suffer

from D.C. fluctuation, cannot be maintained. Further, when the

radiation of a read light beam focused through the objective lens

is switched between the information signal storage layers of the

two-layer type optical disc, a form of the stray light component

35A of the main beam radiated on the main beam detector 334 is

changed.

Accordingly, a ratio of a light quantity of the stray light

component 35A of the main beam radiated over the respective side

beam detectors 33B and 33C to those of the side beams is also

changed, so that the tracking error signal suffers from D.C.

offset, thereby causing such a problem that it is no longer

possible to perform the accurate tracking control.



26 | aygr whose information signals are not intended to be read.out, and

I nci dent on the main beam detector 36A. The secnnd‘§f@@ baagludetector 36C
is also partially cut out as indicated by a brioken: lsl NS n Fig: 7, on a
side where the stray |ight 28A incident on t he -~ mafn *beam det ect or 36Ais
radi ated in an overl apped relation to the side beans, nanmely the nmain beam
detector 36A is _| ocat ed. That7|s both the flrst and second side
beam det ect or s Ys@ovhidezcenaivtensitnldly ségeyolicht pempimarst |ofc@eed on

i nner sides _thereof relative to reference center lines Qerr] and Jerr]
extendirﬁ}de beam is considerably low as compared with that of the stray

light component of the main beam. In consequence, influence of the

stray light components of the side beams on the main beam detector

is négligible and therefore cause no significant problem.
Disclosure of the Invention

It is an object of the present invention to provide an
optical pick-up device capable of accurately reproducing an
information signal recorded on a plurality of information signal
storage layers of a multi~layer optical disc.

It is another object of the present invention to provide
an optical pick-up device capable of conducting a tracking control
with a high accuracy when an information signal stored on a multi-
layer optical disc is read out, whereby an accurate reproduction
of the information signal can be achieved.

In order to accomplish the afore-mentioned objects, in
accordance with the present invention, there is provided an
optical pick-up device which includes a light source for emitting
a light beam to be radisted toward the ﬁulti~la§er optical disc
having a plurality of information signal storage layers which are
arranged in a overlapped manner and on each of which a desired
information signal is recorded, an optical means for dividing the
light beam emitted from the light source into three separate beams
composed of a main beam and first and second side beams and

radiating these beams onto the multi-layer optical disc, a main



perpendicularly to the direction of the row-of the respectiyve. .detectors

eve ©F

36A to 36C, as shown in Fig. 7. The optical "ﬁféélg- gp device 2
having the afore-nentioned arrangenent can be:aksc pg eVé%*?tggsci fr-om bei ng
adversely affected by the stray |ight 28A attfi-buted"to the main beam of
the Iight reflected fromthe information signal storage |ayer on which the
| ight beans are not focused and whose ispformation' signals are not intended
to be rehdemureceiving memyext foznrepeivine pthsk-majinddsiafe refieebedi fitCRo a
third enbodinent of the present invention is explained below In the
optical phekmuptirelaver epticadkidigecont £6Fst ssidg rheangocenyingi RemPehe
3-spot nethod while a focusing control is carried out by usi n% .a
di f f er enfiP&l T€GRE¥HRE| Ehej Firels shdenbgam reflecte ipRyihe, mlyi-haver
simlarly to those of the precedin
%pt?cal isc, a secghd side geam—receiving member for receiving the
second side beam reflected from the multi-layer optical disc, and
a means for outputting a detection signal indicative of a quantity
of light in response to the light received by the main beam-
receiving member, the first side beam-receiving member and the
second side beam-receiving member. The first side beam—receiving
member and the second side be@m4receiving member are disposed
spaced by a given distance apart from the main beam—receiving
member and located at such positions that no interference with the
main beam reflected from an unfocused information signal storage
layer of the multi~layer optical disc, is caused.

The optical pick-up device used here is provided with a
diffraction grating for dividing the light beam emitted from the
light source into the three separate beams composed of the main
beam and the first and second side beams. The diffraction grating
divides the light beam emitted from the light source into the three
separate beams which are spaced apart from each other by such a
given distance that the main beam reflected from an unfocused
information signal storage layer causes no interference with said
first side beam-receiving member and said second side beam-

receiving member. In addition, the optical pick—-up device is

provided with an optical element for generating an astigmatism.



embodi nents, the optical pick-up device 3 according tootahi s ...enhodi nent

al so includes a senmiconductor |aser 16 serving,®s & *% 6 S0 s

27 light ~source for emitting a |ight beam a Gollijator°t®enss 17« di sposed
bet ween the seniconductor |aser 16 and the two-tdayer “optical disc 5 such
that_’optical axes thereof are aligned V\A'lth each other, a diffraction
grating 18, a beamsplitter (BS) 19, a“1/4 wave-length plate 20 and an
obj ective lens 2in Fﬁ?t%l,caéh@@muﬂ’céﬁ"i?ﬁcl& dpcueing eryorsiprdnhegdadwi t h
a photo-detector 24 for receivin a light beamreflected fromthe
tmo-layepaﬁﬁgiEEIadﬁgﬁe?le¥ result from the main beam—receiving member.

Further, a tracking error is detected based on a detection
results from the first side beam-receiving member and the second
side beam—receiving member.

In another aspect of the present invention, there is
provided an optical pick-up device which includes a light source
for emitting a light beam to be radiated toward the multi-layer
optical disc having a plurality of information signal storage
layers which are arranged in a overlapped manner and on each of
which a desired information signal is recorded, an optical means
incluﬁing a diffraction grating for dividing the light beam emitted
from the light source into three separate beams composed of a main
beam and first and second side beams, and an objective lens for
radiating the three separate beams divided by the diffraction
grating onto the multi-layer optical disc in such a manner that the
respective beams are focused on the information signal storage
layer of the multi-layer optical disc, a main beam—receiving member
for receiving the main beam reflected froﬁ the multi-layer optical
disc, a first side beam-receiving member for receiving the first
side beam reflected from the multi-layer optical disc, a second
side beam—receiving member for receiving the second side beam
reflected from the multi-layer optical disc, and a means for

outputting a detection signal indicative of a quantity of light in

response to the light received by the main beam-receiving member,



focusing lens 22 disposed between the photo-detector 24 and_thg.. beam
spl'itter (BS) 19 such that optical axes thereofesare éfwgnedeaWLth each

other, and a polarizing beamsplitter (PBS) 23s : L °“The*pngto det ect or
24 is conposed of a first photo-detector 24A and a“s&cond photo det ect or
24B, ‘as shown in Fig. 8 As shown in E'g. 9, each of the first and second
photo detectors 24A and 24B has a_nmain beam detector 30A and first and
second sit®8 Hedmt FddectRAI6BANERB0BeNPRDo.RY She ofpBeRt eSifiteRe BTt he
mai n beam det ect or A so_as to i Nt er,Qos t he nmpin beam det ect

therebetﬁﬁ@ﬁlVIHg memge’FheT f 1584msdédee 8P"§6$P?§1Q§nﬁﬁﬂﬁﬁro?n¥hF§%

separate _str at es mhlch are.dis ose th each ot her
and el | Re°perCe 98chByR S ik e REECFiof Pk dmafe il GRETednd
44C, respRlibNelY aplle bRl +209,38500d5 48428301 I8LEC1052480Bat suen
positions that no interference with the m@in beam reflected from
an unfocused information signal storage layer of the multi-layer
optical disc, is caused.

In a further aspect of the present invention, there is
provided an optical pick-up device which includes a light source
for emitting a light beam to be radiated toward said multi-layer
optical disc having a plurality of information signal storage
layeés which are arranged in a overlapped manner and on each of
which a desired information signal is recorded, an optical means
including a diffraction grating for dividing the light beam emitted
from the light source into three separate beams composed of a main
beam and first and second side beams, an objective lens for
radiating the three separate beams divided by the diffraction
grating onto the multi-layer optical disc in such a manner that the
respective beams are focused on the informatioh signal storage
layer of the multi-layer optical disc, and a polarizing beam
splitter on which the light beam reflected from the multi-layer
optical disc is incident, first and second photo-detectors each
having a main beam-receiving member for receiving the main beam

reflected from the multi-layer optical disc and transmitted through

or reflected on the polarizing beam splitter, a first side beam-



and 30C is in the formof a single plate and therefore has one

LA

| i ght-receiving region only. The first and secqrd sjdéﬁbegmhqdetectors 30B
and 30C are di sposed outside of a spot dlanete@ éf -as st*&& Iiggi 32A

attributed to the main beamreflected fromthe “es” ~=~ °

28 information signal |layer on which the |ight beam are not focused and

whose information signals are not i nterided to be read out, and

i nci dent on

t he mai n IReehvdagemewbeBofor receivingThhe fsrsQﬁ?hﬁﬁohﬁamnrﬁitﬁcﬁpdtﬂﬁ@mflrst

and second side beam detectors 30B and 30C are spaced by a given di stance
apart frovhe palti-layer optical disc and transmitted through or reflected

on the polarizing beam splitter, a second side beam-receiving

member for receiving the second side beam reflected from the multi-

layer optical disc and transmitted through or reflected on the

polarizing beam splitter, and a means for outputting a detection

signal indicative of a quantity of light in response to the light

received by the main beam-receiving member, the first side beam-

receiving member and the second side beam—receiving member

provided

on each of said first and second photo-detectors. The first side

beam—receiving member and the second side beam—receiving member

H

provided on each of said first and second photo—detectors are

disposed spaced by a given distance apart from the main beam

detector and located at such positions that no interference with

the main beam reflected from an unfocused information signal

storage layer of the multi-layer optical disc, is caused.

Here, the main beam-receiving member provided in each of

the first and second photo~detectors is divided into three strip-—

like light-receiving sub-members.

Further and other objects and advantages of the present

invention will become more apparent by referring to the following

detailed description of the preferred embodiment of the present

invention when read in conjunction with the accompanying drawings.

Brief Description of the Drawings

Fig. 1 is a cross-sectional view showing an optical disc



mai n beam detector 30A, nanely so arranged that such a distance..A[err] as
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not to receive the stray light 32A attributed to.tdie anm Ream.- refl ect ed
fromthe.information signal storage |ayer fronfwhich ﬁo“”?n@ﬁug&tion si gna
is intended to be read out, is formed between wactr“of ‘the reference center
lines (ferr] and JQerr] of the first apd second side beam detectors and
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conducting a focyskngs AN ghan LGk dGNhANEY & BhoBOONEddtdd o LQp1hint he
equation (1):

problems posed on a conventional optical pick-up device;

Fig. 3 is a side view schematically showing an optical
pick-up device according to a first embodiment of the present
invention;

Fig. 4 is a plan view showing a photo-detesctor provided in
the optical pick-up device according to the first embodiment of the
present invention;

' Figs. 5A and 5B are plan views showing the §ondition of a
stray light attributed to a main beam reflected from respective
information signal storage layers and incident on a main beam
detector of the photo-detector;

Fig. 6 is a plan view showing the condition of a light beam
and a stray light incident on a main beam detector and side beam
detectors of the photo—detector;

Fig. 7 is a plan view showing a photo—detector provided in
an optical pick-up device according to a second embodiment of the
present invention;

Fig. 8 is a side view schematically showing an optical
pick-up device according to a third embodiment of the present

invention;

Fig. 9 is a plan view showing a photo-detector provided in



d: distance between two information signal storage layers of the two-layer

optical “disc 5 (a thickness of the spacer | ayer?~,50) ;**°se o, z.t[err]:

focal distance of the objective |l ens 21; s - f{eg?ﬁ?%fggagaﬂistance of
the focusing |l ens 22; [err]f: distance-betweén a‘focal poi nt 29A
of the stray |ight 29 32A attributed

to the main beam and a focal plane 20C %% the focusing | ens 22;
x: di stande w@theah »idk-yet deeics vicegrdimg doe thoBthird sabodimenbadmthe
detector 30A and the focal plane 29C of the focusing | ens

present invention;

Fig. '10 is a schematic view serving for explaining
equations for calculating a spot diameter of a stray light
attributed to a main beam and radiated onto a main beam detector
provided in an optical pick-up device for an optical disc; and

Fig. 11 is a plan view showing a photo-detector pravided
in an optical pick-up device according to a fourth embodiment of
the present invention.

Best Mode for Carrying Out the Invention

In the foregoing, there is explained an optical pick-up
deviée according to preferred embodiments of the present invention.
The optical pick-up device is adapted to be incorporated in a
recording and/or reproducing apparatus in which a multi-layer
optical disc having two information signal storage layers is used
as a recording medium.

With the optical pick-up device according to the present
invention, the tracking control is performed by detecting a
tracking error by using a 3-spot method ﬁnd the focusing control
is performed by detecting a focusing error by using an astigmatism
method.

In addition, the two-layer optical dise 5 used in the
recording and/or reproducing apparatus to which the optical pick-up

device according to the present invention is applied, includes, as

shown in Fig. 1, a disc substrate 5C made of a transparent



22; b: spot diameter of the stray light 32A attributed to the

mai n beam and radi ated on the | i ght-receiving ,surface- QQB pfetthe main beam
det ect or -30A; and NA: numerical aperture of .fhesobj etthve | ens 21.
Here, the value d is obtained by using the focat™ pfane as °=a reference

pl ane while the values [err]f and x arggdeterm ned by using the focal
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of the stra gi ven OW ng equat
formed over a primary surface of the disc substrate 5C, a spacer

layer 5D made of a transparent resin material and formed over the
first information signal storage layer bA, a second information
signal storage layer 5B overlappedly formed over the first
information signal storage layer 5A through the spacer layer 5D,
and a protecting léyer 5E formed over the second information signal
storage layer 5B.

In such an optical disc, when the information signal stored
on the second information signal storage layer 5B overlappedly
forméd over the first information signal storage layer 5A is read
out by means of the optical pick-up device according to the present
invention, a light beam emitted from & semiconductor laser is
transmitted through the first information signal storage layer 5A
and radiated onto the second information signal storage layer 5B.

The optical pick-up device 1 according to a first
embodiment of the present invention includes, as shown in Fig. 3,
a semiconductor laser 6 serving as a light source for emitting a
light beam, a collimator lens 7 disposed between the semiconductor
laser 6 and the two—layer optical disc 5 such that optical axes
thereof are aligned with each other, a diffraction grating 8, a
polarizing beam splitter (PBS) 9, 1/4 wave—-length plate 10 and an
objective lens 11. Furthermore, the optical pick-up device 1 has

a photo—detector 14 for receiving a light beam reflected from the



where h

represents a lateral magnification of the reflected Iight

detecti'on system and satisfies the rel ationshi,ps of “pere]f=2{err]d and

G 29

[err]=f[err]/f[err]. Therefore, a spot radius:b/2 pf:?ﬁbgstrpy“jight S
expressed by the foll ow ng equation (2): eo ses © » sve oese

30 [err]
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optical disc 5, a focusing lens 12 provided between the photo-

detector 14 and the polarizing beam splitter 9 such that optical
axes thereof aligned with each other, and a cylindrical lens 13.

As shown in Fig. 4, the photo-detector 14 is composed of
a main beam detector 28A for receiving a centrally-incident main
beam of three separate light beams, and first and second side beam
detectors 26B and 26C for receiving the side beams radiasted on
opposite sides of the main beam. Accordingly, the first and second
side beam detectors 26B and 28C of the photo—detector is arranged
on opposite sides of the main beam such that the main beam detector
26A is interposed therebetween.

l The main beam detector 28A which is a constituent of the
photo-detector 14 is composed of'four segments, whereby a light
receiving surface thereof is divided into first to fourth light
receiving regions 41A to 41D along sepérate lines Ly and lias shown
in Fig. 4, which are perpendicular to each other and c¢rossed at a
center (optical axis) of the main beam 27A of the reflected light
incident on the light receiving surface, namely a central point P
of the light receiving surface, as shown-in Fig. 4.

As shown in Figs. 4, 5A and 5B, the first beam detector 26B
and the second side beam detector 26C are disposed spaced apart
from the main detector 28A by such a distance that the side beam
detectors are not radiated with a stray light attributed to the
main beam of the reflected light coming from the information signal

storage layer, on which the 1light beam radiated through the



Further, if an actual value of d is d and a refractive index of the disc
substrate is n, the following relationship is ecestablstshedsee>z<=- d=nd
(d'>0) - Accordingly, when the informatian siynaf &got'éd™8n the first
i nformation signal storage |ayer 5A of the towetayér optEcel *disc 5 is

I ntended to be read out and reproduced, a m nimumval ue of the distance

Al err] between each of the reference cafter lines Qerr] and Qerr] of the
first an®iecdridesileaspéaniscrett trwieeB sadd whoee appf etieat ioantsdgnplnés

L[err] of the main beam detector 30A is given by the follow ng equation
(3): [ &9 intended to be read out. That is, the first and second side

beam detectors 28B and 26C are so arranged such that reference
center lines Ql and Q2 thereof and the separate line In of the main
beam detector 26A, which extends perpendicularly to the direction
of a row of the detectors 26 A to 28C as shown in Figs. 4, 5A and
5B, are spaced apart from each other by a distance A: enough to
prevent the first and second side beam detectors from being
radiated with the stray light 28A attributed to the main beam of
the light reflected from the unfocused information signal storage
layer whose information signal is not intended to be read out.

' An optical path of the light beam emitted from the
semiconductor laser 6 and the condition of the stray light 28A of
the main beam incident on the main beam detector 26A upon reading-
out and reproduction of the information signal from the first
information signal storage layer of the two—layer optical disc 1,
are explained by using the afore-mentioned arrangement of the
optical pick-up device 1.

First, the light beam emitted froﬁ the semiconductor laser
8 is incident on the collimator lens 7. The collimator lens 7
permits the incident light beam to pass therethrough to thereby
convert it from a divergent light to a parallel one. The light beam
passing through the collimator lens 7 is then incident on the

diffraction grating 8.

The diffraction grating 8 divides the incident light beam



On the other hand, if the information signal stored on the second

i nf ormdtion signal storage layer of the tow | gyer pprixal dise-5 is
intended-to be read out and reproduced, the miniimuin valué "7 gf ven by the
foll owi ng equation (4): [err] e wsw e s ses ses
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info three separate light beams including the main beam 27A, the
first side beam 27B and the second side beam 27C, which in turn are
incident on the polarizing beam splitter 9. Thus, the polarizing
beam splitter 9 permits the respective light beams split from the
light beam emitted from the semiconductor laser 8 to pass toward
the two—-layer optical disc 5. The polarizing heam splitter 9
reflects the light reflected from the two-layer optical disc 5, as
described hereinafter.

The respective light beams ﬁassing through the polarizing
beam splitter 9 is incident on the 1/4 wave—length plate 10. When
passing through the 1/4 wave-length plate 10, each light beam is
convé}ted from the linearly polarized light beam to the circularly
polarized light beam. The light beams passing through the 1/4 wave-
length plate 10 is incident on the objective lens 11.

The objective lens 11 condenses the incident light beams
and radiates them onto the first information signal storage layer
5A of the two—-layer optical disc 5. At this time, the respective
light beams radiated on the first information signal storage layer
5A of the two-layer optical disc b are.not only focused on the
first information signal storage layer 5A of the two—layer optical
disc 5 but also passes therethrough and are also radiated onto the
second information signal storage layer 5B.

The light beams radiated onto the first information signal
storage layer 5A of the two—layer optical disec 5 are reflected on

the first information signal storage layer EA and also reflected



The m ni num val ue of the distance Alerr] between each of the reference
centerlines err] and Qerr] of the first and-second-sj dezbegnmr detectors
30B and 30C and the center line L[err] of the ima n:beani.cd¥rettor 30A is
determi ned as a | arger one of the val ues obtaired-=f rrom thesseguat i ons (3)
and (4). In the aforenmenti oned arrangenent of the optical pick-up
device 3 according to the third embodi #ént of the present invention, an
optical pththd serond gmfopmatieni sigunel rotondee loweircSBdudhet Hgsethe6s and
the condition of the stray Iight 32A of the main beamradi ated on the main
beam det ck&yt Jorems eraddstteidneanton the réfesteninf arnatilgn. sdsand Stiogagase th
ththe information signal stored on the first information signal storage
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The light, beamemited fromthe sem conductor laser 16 .is  first .incident
on the coils FarsF 1RAAImeFionlengl sharese |layer1ys on which the incident

light passing through the objective lens 11 is focused, but also
on the second information signal storage layer 5B on which the
incident 1light passing through the objective lens 11 is not
focused. Each of the 1light beams reflected from the second
information signal storage layer 5B constitutes a stray light for
each of the light beams reflected from the first information signal
storage layer 5A.

' The reflected 1light beams and the stray light beams
therefor are incident on the objective lens 11 and pass
therethrough so as to be incident on the 1/4 wave~length plate 10.
The 1/4 wave~length plate 10 converts each of the incident
reflected light Dbeams ahd stray light beams from a linearly
polarized light to a circularly polarized light. The reflected
light beams and the stray light beams therefor passing through the
1/4 wave~length plate 10 is incident ~on the polarizing beam
splitter 9. The polarizing beam splitter 9 reflects the reflected
light beams and the stray light beams thereof. The reflected light
beams and the stray light beams thereof reflected on the polarizing
beams splitter 8 are then incident on the. focusing lens 12 and
condensed when passed therethrough.

The reflected light beams and the stray light beams thereof



transmts the incident |aser beam and converts it froma divergent [ight
to a parallel light. The |light beam passed tfitough*the sculdFi-mator |ens
17 is then incident on the diffraction grating 18.: Whém-t'T3ishitted
through the diffraction grating 18, the |light beam- rs di vrded®*into three
separate beans conposed of a main bea 1A and two side beans 31B and 31C.
The three se argﬁg}begns are incident on the beamsplitter 1
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thereof incident on the cylindrical lens 13 are further condensed
and then radiated onto the respective detectors of the photo-
detector 14. At this time, there occurs an astigmatism between the
reflected light beams and the stray light beams passing through the
cylindrical lens 13.

The main beam detector 26A of the photo—~detector 14 serves
for conducting a focusing control at the objective lens 11 by
determining an quantity of the light received by the first to
fourth light receiving regions 41A to 41D thereof. A focusing error
signgl FE, which is indicative of a defocusing degree of the light
radiated onto a surface of the first information signal storage
layer 5A of the two-layer optical disc 6, can be calculated from
the following equation:

FE = (E1 + E3) - (E2 + E4)
where E1, E2, E3 and E4 represent detection outputs generated from
the light-receiving regions 41A, 41B, 41C and 41D of the main beam
detector 26A, respectively, in response to.the amounts of the light
beams received thereby.

The focusing control of the objective lens 11 can be
performed based on the thus—obtained focusipg error signal FE.

On the other hand, the first and second side beams 27B and
27C are incident on the first and second side beam detectors 26B

and 26C of the photo-detector 14, respectively. A tracking error
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TE = E5 - E8
where E5 and EB represent detection outputs generated from the
first and second side beam detectors 26B and 28C in response to the
quantities of the light beams received thereby.

The tracking control of the objective lens 11 can be
performed based on the thus—obtained tracking error signal TE.

Meanwhile, the main beam 27A of the light reflected from
the first information signal storage layer 5A is incident on the
main beam detector 26A, as shown in Figs. 5A and 5B, while the
first and second side beams 27B and 27C of the light reflected from
the first information signal storage layer 5A are incident on the
side beam detectors 26B and 28C, respectively, Furthermore, the
stray light beam 28A attributed to the main beam of the light
reflected from the second information signal storage layer 5B is
incident on the main beam detector 28A, while stray light beams 28B
and 28C attributed to the first and second side beans,
respectively, and both contained in the light reflected from the
second information signal storage layer 5B, are incident on the
first and second side beam detectors 26B and 26C, respectively,

as shown in Figs. BbA and 5B.

As described above, the first and second side beam
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gnal



information signal storage layer 5A are mixed with the stray light beans
reflected fromthe second information signal storageesgyers==%B-on whi ch the
focusing-of the objective lens 21 is not perfbred. o° Seo°""s"Thus, the

m xed |ight beams reflected fromthe first inforsmatton sicgnak- st orage

| ayerr 5A and the second information signal storage |ayer 5B are incident
on the objective lens 21. The objecti% lens 21 transmts the incident

|i ght bedfgefbereR08d anfof§B tare sppeed iapeaitnArPBnthe grmiin degmagdetraler 5A
and the second .information signal storage |ayer 5B. The |ight beans are

di r ect ed 28Aob¥nébpeBivep| §13ancey eagugh 26 pEoidcinfdmerncrepdofhe stray

When transmtited rough,, the beam splitter 19 th
%QgH% beam £§ a%gributed to ghe mé%n edm, SO that Ehe stray light

beam 28A incident on the main beam detector 26A is prevented from
beiﬁg radiated over the first and second side beam detectors 26B
and 26C as shown in Figs. 54 and 5B. Also, the stray light beams
28B and 28C attributed to the first and second Side beams cannot
be overlappedly radiated over the main beam detector 286A though not
shown in the figures.

In addition, even if the stray light beams 28B and 28C
attributed to the first and second side beams in the 1light
reflécted from the second information signal storage layer 5B is
overlappedly radiated over the main beam detector 28B4, no
gignificant influence is caused on the main beam detector 26A
because these stray light beams have a considerably lower light
intensity as compared to that of the stray light beam 28A
attributed to the main beam.

In the optical pick-up device 1 according to the present
invention, the stray light beam 28A attx-ibuted to the main beam
forms an elliptic spot, as shown in Figs. 5A and 5B, due to
astigmatism by an effect of the cylindrical lens 13. Further, major
and minor axes of the elliptic spot form of the stray light beam
28A attributed to the main beam appear in a reverse relation
depending upon whether it reflects from the first information

signal storage layer BA or from the second information signal



33 respective incident |light beans reflected from the first

I nformati on signal storage |ayer 5A and the seegng ierfegr mgeteai® si gnal
storage layer 5B are reflected thereon and ditected towat-d8’s The focusing
| ens 22 so as to be incident thereon. The incidénts- Fight sbeass are
converged by the focusing |l ens 22 mhenE%ransnitted t her et hr ough.

The |i

ght beans reflected fromthe fir

I nformati on signal storage

5A and t K&oZEEBNYATHF otfrati on signal storage |ayer 5B are incident on
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| ayer 5A_and tpg.second |nforﬂgt|on Si n@ & tonage | ayer 5B in otgmge
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§nvention, in t event a e information signsa

read out and reproduced is stored on the second information signal
storage layer 5B of the two-layer optical disc 5, which is located
remoter from the objective lens 11, the stray light beam 28A
attributed to the main beam in the light reflected from the first
information signal storage layer 5A forms an elliptic spot form
having a major axis inclined at an angle of 45 degrees rightwardly
as shown in Fig. 5A.

Conversely, in the event that the information signal to be
read Lut and reproduced ié stored on the first information signal
storage layer 5A of the two-layer optical disc 5, which is located
closer to the objective 1lens 11, the stray light beam 28A
attributed to the main beam in the light reflected from the second
information signal storage layer &5B forms an elliptic spot form
having a major axis inclined at an angle of 40 degrees leftwardly
as shown in Fig. 6B.

In the optical pick~up device Qccording to the present
invention, when the two-layer optical disc 5 is caused to incline
in a radial direction thereof or when the objective lens 11
undergoes change in visual field thereof, the stray light 28A
attributed to the main beam or distribution of light intensity

thereof is shifted on the main beam detector 26A in the direction

of an arrow M as indicated in Figs. bA, 5B and 6. However, the

ayer

t he
each
e



reflecting a part of each light beamon a separating surface S thereof and
transnlttlng the remai nder of the |ight bean1°PhaPthg©ugH”“Yﬁ@ di vi ded
beans are respectively radiated onto the flr%t plot<s- 8ebECRAF 224A and t he
second photo-detector 24B of the photo- det ectror +$4.° ° ®°® ®*°°The nmmi n beam
detector 30A provided on each of the figst photo- detector 24A and the
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thus- oDt iRce {AYIENIF LR 2360NE) that no 0.l NoHed YPURENUrabitng

condi tion alnin ocusi
error signal occurs.

As described above, in the optical pick-up device according
to this embodiment of the present invention, the first and second
gide beam detectors 26B and 28C are disposed outside of a spot
diameter of the stray light 284, whereby the first and second side
beam detectors 26B and 26C are exposed to no overlapped radiation
of the stray light 28A attributed to the main beaﬁ. Accordingly,
in the optical pick~up device according to the present invention,
sincé the D.C. offset of the tracking error signal is effectively
prevented, accurate tracking control of the light beam radiated
over the two~layer optical disc 5 can be carried out.

Further, in the optical pick-up device according to the
present invention, even if'the focal point of the light beam
radiated onto the two—-layer optical disc is switched from one
information signal storage layer to another layer due to change in
information signal to be read out and rebroduced, no D.C. offset
of the tracking error signal occurs. Consequently, the tracking
control of the light beam radiated over the two-layer optical disc
b can be accurately carried out even in such a case.

Furthermore, in the optical pick-up device according to the
present invention, the focusing control is performed by using an

astigmatism method, which enables not only miniaturization of the



34 errog signal in the optical pick-up device 3 according to the present
enbodi nent is specifically explained bel ow es 2 eoctp tprec @pFi cal pick-up

device 3, the focusing error signal can be dbtai Bed’b&gel °9f"the detection
outputs generated fromthe main beam detectore30A of the*f pst
phot 0- det ector 24A and the main bean19&;ector 30B of the second

phot o- det ect or 24B. In a case“Where the detection outputs based on
light q&@RRETETES S t e PPyAt Midandsl sectnRirvaRenthels | FeRsitbebiit 48
third light-receiving regions 44A, 44B and 44C of the nmain beam detector
30A of t BETPPELOR oDt BAGICIORISPEL AT oF & | Fithlcat ed by ELL,

In the afore-mentioned arrangement of the optical pick-up
device according to this embodiment of the present invention, the
polarizing beam splittef 9 is employed. However, the polarizing
beam splitter 9 is replaced with a normal beam splitter, whereby
the 1/4 wave—length plate 10 can be omitted. That is, by using the
normal beam splitter inlplace of the polarizing beam splitter 9,
it is not necessary to use the 1/4 wave~length plate 10. This
permits not only a simplified construction of the apparatus as a
whole, but also reduction in manufacturing cést thereof.

l In the afore-mentioned optical pick—uﬁ device according to
the first embodiment of the present invention, the light beam
emitted from the semiconductor laser 6 is introduced to the
diffraction grating 8 so as to be divided into thé méin beam 27A
and the first and second side beams 27B and 27C, ﬁﬁfch are spaced
by a given distance apart from each other. The ﬁﬁiﬁJﬁeam detector
26A and the first and second side beam detectors 26B snd 26C are
so arranged as to be spaced by a constant aistance Al corresponding
to the given distance apart from each other, as shown in Fig. 4.
However, in order to prevent the first and second side beam
detectors from being adversely affected by the stray light
attributed to the main beam, there can be also provided an optical
pick-up device 2 according to a second embodiment of the present

invention, as explained below.



El2 and EI13, respectively, a first focusing error signal EFl can be

obt ai ned fromthe detection output of the nmaipnspeantsdet ector33OA according

to the followi ng equation (5): EF1 = EllS-ZCE&%eﬁwgiﬁh (5)

Next, in a case where the detection outputs basedsors | i ghtee guantities of

t he I'i ght beans received by the first, _second and third |ight-receiving

regi ons 44A, 44B and 44C of the main b m detector 30B of the second

phot o- det ect or 2EBear PRkl aPdgkpyrerdevice 2 agaardine (spdbei vepgond

second focusing error signal EF2 can be obtained fromthe detection output

of the m&MR°H ‘?ﬁ'ﬁé’tfeét%ﬁr pIgEenl IR R G S2Enes s iRl RFrdGusPTBeR (69 :

EF2 = elé - elé + e13§ . . (6 . Further, a focusing, error

signal E hE?]“'gt 1P _o'f}f‘? c ?tb??:k-ﬁbc}gﬁ%ﬁ/i geviceah BEo8BEArRed byt RaUbE IR ng

the Secog%bgggﬂghpgogrggg rregsent invention. Therefore, like parts are
identified by like reference numerals and detailed explanation
thereof are omitted here.

In the optical pick—up device according to the second
embodiment of the present invention, as shown in Fig. 7, a photo-
detector 15 is composed of a main beam detector 3BA and first and
second side beam detectors 36A and 38B disposed on opposite sides
of the main beam detector 38A such that the main beam detector 36A
is interposed therebetween.

The main beam detector 38A of the photo-detector 15 is of
four-segment construction and has first to fourth light-receiving
regions 47A to 47D divided along separate lines L:; and 1. which
extend perpendicularly to each other and are crossed at a center
(optical axis) of the main beam 27A of the light refiected from the
two—layer optical disc 5 and radiated onte & light-receiving
surface thereof, namely a central point Pi.

The first side beam detector 36B is partially cut out as
indicated by a broken line in Fig. 7 on a side where the stray
light 28A is radiated in an overlapped relation to the side beams,
namely thé main beam detector 36A is located. The stray light 28A

in the form of a beam spot is attributed to the main beam of the

light beams reflected from the unfocused informétion signal storage



signal EF2 fromthe first focusing error signal EF1 according to

35 the followi ng equation (7): EF = BRl.: ERZ%  See- e

(7) : On the other hand, a tracking e@ror $i ghalesof" " é: opt i cal

pi ck-up device 3 can be obt ai ned fromthe det’ect Fon=out puts of the first
si de beam det ect or 30B and the second de beam det ector 30C provided on
each of the first and second phot o-det ctors 24A and 24B. Her e,
in a casthHBrEPRs e’é’(f°(¥ﬁ‘at§&f’ﬁu§ég’g%h%raeﬁeedl°ﬁy ipfended to be read out,

and incident on the main beam detector 36A. The second side beanm
detector 38C is also partially cut out as indicated by a broken
line in Fig. 7, on a side where the stray light 28A incident on the
main beam detector 36A is radiated in an overlapped relation to the
side beams, namely the main beam detector 36A is located.

That is, both the first and second side beam detectors 36B
and 36C are partially cut out at portions located on inner sides
thereof relative to reférence center lines Qs and Q extending
perpendicularly to the direction of the row of the respective
detectors 36A to 36C, as shown in Fig. 7.

’ The optical pick-up device 2 having the afore-mentioned
arrangement can be also prevented from being adversely affected by
the stray light 28A attributed -to the main beam of the light
reflected from the information signal storage iayer on which the
light beams are not focused and whose information signals are not
intended to be read out.

Next, an optical pick-up device 3 according to a third
embodiment of the present invention is éxplained below. In the
optical pick-up device, a tracking control is carried out by using
the 3-spot method while a focusing control is carried out by using
a differential concentric circles method.

As shown in Fig. 8, similarly to those of the preceding
embodiments, the optical pick-up device 3 according to this

embodiment also includes a semiconductor laser 16 serving as a



first side beam detectors 30B of the respective first and second

phbt o- det ect ors 24A and 24B are indicated by Bk gnde€t5, sang="°det ecti on

outputs generated by the second side beam detectors g”fl@e%gdf"gt“ﬁ"&; respective

first and second photo-detectors 24A and 24B &€ -srndi cat ed® kry* E16 and E17,

a tracking error signal TE indicating a_ degree of offset of a scanning

l'i ght beamfromthe ained recording t@gck on the first information signal

storage |ldglt Syougfee heox wemitt iyer aopilighdl bdisme 3 f eohd imatdr thens 17

information signal is intended to be read out, can be obtained according

to the fAispmised Rpfgtaedn the)semiconductore Laseg4l6 gnd) the pwg—lapey)

(8) . The_main beam 31A the first side beam 31B_and t he second

si de bearfiP¥iead| #15%1 suckathetoprtisat | 3xas theseahtaton 2digned widhopragh

| ayer 5A or. the second information signal storage |ayer 5B

y other, a éﬁffraction grating 9 , a beamELplié%er ?BS) 19, a 1/4

wave—length plate 20 and an objective lens 21. Further, the optical
pick-up device 3 is provided with a pboto-detector 24 for receiving
a light beam reflected from the two-layer optical disc 5, a
focusing lens 22 disposed between the photo-detector 24 and the
beam splitter (BS) 18 such that optical axes thereof are aligned
with each other, and a polarizing beam splitter (PBS) 23.

The photo—detector 24 is composed of a first photo-detector
24A and a second photo-detector 24B, as shown in Fig. 8. As shown
in Fig. 9, each of the first and second photo~detectors 24A and 24B
has a main beam detector 30A and first and second side beam
detectors 30B and 30C disposed on opposite sides of the main beam
detector 30A so as to interpose the main beam detector 30A
therebetween.

The main beam detector 30A is composed of three separate
strip~like plates which are disposed in parallel with each other
and define first, second and third light-receiving regions 44A, 44B
and 44C, respectively. The first and second side beam detectors 30B
and 30C is in the form of a single plate and therefore has omne
light-receiving region only. The first and second side beam

detectors 30B and 30C are disposed outside of a spot diameter of

a stray light 32A attributed to the main beam reflected from the



on which the light beamis focused to read out the information signa
st'ored thereon, are incident on the main bearp tet.ect°6ss 30&""-The first side
beam det ect or 30B and the second beam detect dr 30T, o L€=““ e

36 respectively. In addition to these f ocused® Flgﬁt=beaﬁs“”thé main  beam
detector 30A, the first side beam dete@igor 30B and the second beam

det t t t h b
ot the! SHoARTohCSTENEL Ioy St 'Y il cHE M FERE DU b nof 3oBBLBabEEM
beans, V"‘Hn@hwﬁ%@ynﬁ%}%t%ﬂ @fggl &sf heet ek rt%ﬁhkﬁetéeﬁ‘é)%dd"fo%rt”a‘éhﬁn

S|gnal storage |l ayer 5B or the
incident on the main beam detector 304,

That is, as shown in Fig. 9, the first and second side beam
detectors 30B and 30C are spaced by a given distance apart from the
main beam detector 30A, namely so arranged that such a distance A:
as not to receive the stray light 32A attributed to the main beam
reflected from the information signal storage layer from which no
information signal is intended to be read out, is formed between
each of the reference center lines Qs and Qs of the first and second
side beam detectors and the center line Ls of the main beam
detector 30A.

A spot diameter b of the stray light 32A attributed to the
main beam, which is reflected from the information signal storage
layer from which no information signal is intended to be read out
and radiated onto the main beam detector 30A, is calculated from
the following equation (1), in the event that the afore—mentioned
astigmatism method is not used for conducting a focusing control.
Incidentally, as shown in Fig. 10, in the equation (1):

d: distance between two information signal storage layers
of the two—layer optical disc 5 (a thickness of the spacer layer
5D);

fi: focal distance of the objective lens 21;

f2: focal distance of the focusing lens 22;

of: distance between a focal point 294 of the stray light



information signal storage |ayer 5A on which the light beamis not focused
and from which no infornmation signal is intenged {:0°be:rege- out.

In this case, the stray beam 32A attributed to the mal d.3.585M Which is
reflected fromthe information signal storage’i-dyer =5A or-*5B*fT om whi ch no
information signal is intended to be regd out, and radiated onto the nain
beam det ect or 30A, not radl ated _over the fII’St and secaon S|de beam
det ector(é%éo *a"erlbé%G FoanthevBrinppedm r and: porforslt 3a§1edg

.Simlarly, ;Jhe st _hts 32B and 32C attributed to the flrst and second
si de beartg’ gﬁﬁgn{) i ated over the main beam detector 30A in an

over | apped rel at lxon

32B and 32C attri bufieag? ?hlga%’“%e?’gt &r’féhéet"%%%ll E].]vn%g sb‘&zft?g’e gﬁgaggdjflg‘?teg

over thenﬁﬁhnbgﬁﬁnﬁetector 30A and the focal plane 29C of the focusing lens
22;

b: spot diameter of the stray light 32A attributed to the
main beam and radiated on the light—receiving surface 29B of the
main beam detector 30A; and

NA: numerical aperture of the objective lens 21.

Here, the value d is obtained by using the focal plane as
a reference plane while the values af and x are determined by using
the focal plane 29C of the focusing lens 22 as a reference plane.
Incidentally, a dimension taken in the proceeding direction of the
reflected light is represented in a positive (+) value.

That is, the spot diameter b of the stray light 82A is
given by the following equation (1):

- - 2
puof X22L o5 wal=—|X20d

£ ;'NA ~(1)

£ ,+af £ ,+2 n%d
where h represents a lateral magnification of the reflected light
detection system and satisfies the relationships of af=2n%d and
n=f:/f:. Therefore, a spot radius b/2 of the stray light is

expressed by the following equation (2):



detector 30A in an overl apped relation to the main beam the main beam
det'ector 30A is not adversely affected by the radiation:of ;-sisde beans
because a°light intensity of each side beamisgsguald .-engughr.as°.conpared
with that of the stray light 32A attributed to’ssf hg.nhin beamess
37 ’ As described above, in the optical pick-up device 3
according to the third enbodi nent of théopresent I nvention, the first side
beam det ector 30B and the second side beam detector 30C are disposed
out si de of the spot dianeteg the sfray |ight 32A
: X -2 1n“d

—& ‘£, NA| (2}

2 |£,+2n2%4

Further, if an actual value of d is d’ and a refractive
index of the disc substrate is n, the following relationship is
established:

d’=hdl (d’>0)

Accordingly, when the information signal stored on the
first information signal storage layer 5A of the tow-layer optical
disc 5 is intended to be read out and reproduced, a minimum value
of the distance A: between each of the reference center lines Qs and
Qu of‘the first and second side beam detectors 30B and 30C and the
center line Ls of the main beam detector 30A is given by the

following equation (3):

x-21n%d’/n
£f,+20%d /n

‘£ 'NA| ~(3)

On the other hand, if the information signal stored on the
second information signal storage layer of the tow-layer optical
disc 5 is intended to be read out and reproduced, the minimum value

is given by the following equation (4):

X +2 qzd ‘/ n
£f,20%d//n

‘£ NA| ~(4)



attributed to the main beam so that the stray |ight 32A attributed to the

mai'n beamis not radiated over the first and seeond si-de detget-ors 30B and

30C in an-overl apped relation to the side beans.: ‘Accordisngty°°i.n the
optical pick-up device 3 according to the preSeht.:enboditmesnt’ .D. C. of f set
of thé tracking error signal is also prevented fromoccurring, whereby the
tracking control for the objective | end111 can be accurately carried out.
Thus, the recording track is accurately tracked by the Iight beam bei ng
radi at ed. Further, the optical pick-up device 3 according the
present enbodi reRtei Bipinwenyi e faforhheufdistienge f Aorhelbweenokisbt 06f thée
tracking error signal irrespective of whether an information signal to be
r epr oduced i repseegeBher hings 1t apdr Quroifokhei §hnst sang mpeondagddespedn t he

second i nformation si%nal st or age | ayer 5B.
detectors 30B and 30C 'and the center line Ls of the main beam

detector 30A is determined as a larger one of the values obtained
from the equations (3) and (4).

In the aforementioned arrangement of the optical pick-up
device 3 according to the third embodiment of the present
invention, an optical path of the light beam emitted from the
semiconductor laser 16 and the condition of the stray light 32A of
the main beam radiated on the main beam detector 304 are explained
with reference to Figs. 8 and 9 in case that the information signal
stored on the first information signal storage layer 5A of the two-
layer optical disc 5 is intended to be read out.

The light beam emitted from the semiconductor laser 16 is
first incident on the collimator lens 17. The collimator lens 17
transmits the incident laser beam and converts it from a divergent
light to a parallel light. The light beam passed through the
collimator lens 17 is then incident on the diffraction grating 18.
When transmitted through the diffraction grating 18, the light beam
is divided into three separate beams composed of & main beam 31A
and two side beams 31B and 31C. The three separate beams are
incident on the beam splitter 19. The respective beams are allowed
rass through the beam splitter 189. The light beams passing

through the beam splitter 19 are then incident on the objective



Accordingly, the tracking control for the objective | ens 11 can be
accurately carried out. Sinmlarly, the recording tr.acke.i.s .accué-ately
tracked by the |ight beam being radi at ed. S : “Fur<'Rermeres-the optical
pi ck-up device 3 according to the present inveantiagn ts pravidded with the
pol ari*zi ng beam splitter 23, because a differential concentric circles
met hod is enployed as a systemfor det@&tion of the focusing error.
Accordingﬂypsiﬁltfﬁhe objective lens 21 condenses the incident light beams
and radiates the condensed light beams onto the first information
signal storage layer 5A of the two-layer optical disc 5. At this
time, the respective 1light beams directed to the first information
_signél storage layer 5A of the two—layer optical disc 5 is radiated
not only onto the first information signal storage layer 5A but
also transmitted through the first information siénal storage layer
6A and also radiated onto the second information signal storage
layer 5B.

The light beams radiated onto the first information signal
storage layer B5A are reflected therefrom and the 1light beams
radi;ted onto the second information signal storage layer 5B are
also reflected therefrom. That is, the reflected light attributed
to the light focused by the objective lens 21 on the first
information signal storage layer 5A are mixed with the stray light
beams reflected from the second information signal storage layer .
5B on which the focusing of the objective lens 21 is not performed.

Thus, the mixed light beams reflected from the first
information signal storage layer 5A and the second information
signal storage layer 5B are incident on the objective lens 21. The
objective lens 21 transmits the incident light beams reflected from
the first information signal storage layer 5A and the second
information signal storage layer 5B. The light beams are directed

to the beam splitter 19 so as to be incident thereon.

When transmitted through the beam splitter 19, the



optical pick-up device 3 according to the present enbodi nent, in case that
thé nul'ti-layer optical disc used is of a magneto-pptixal fyp3°“ t he

pol arizing beam splitter 23 also functions : as aanusaﬁbaTatus for

anal yzing the information signal of the multi-bdyef- “naghet-o-optical disc.
Thus, "t he pol ari zing beamsplitter 23 s :{]ve for detecting both the
focu5|ng error signal_and the informati gnal of the nulti-Ilayer
magnet o- optFRAE IR scincideadr dilighy, b§Fﬁ§I|FP€h§?Yﬁ¢ i f¥omyn 49n|#¥¥5t
structure, of the apparatus is acconplished, so that reduction in S|ze
‘of an entiRECHRRNI DY 1P lapHAtasss layetheh afid sthe second informafdon

opti cal pICk evice 3 according to.the third nt gf theiggesent

i nvention? IOI$| GREED et Bt BEF fI}e&r}PO{tﬁ% E]%?ﬁ%&ﬁ‘gt FrPgER? Y

chrected Loet BSrlhkie EE A 00 i e B AR RIS AR

and the Sfcéﬁgj gs Qggugonverged by the focusing lens 22 when transmitted
therethrough.

The light beams reflected from the first information signal
storage layer 5A and the second information signal storage layer
5B are incident on the polarizing beam splitter 23, The polarizing
beam splitter 23 divides each of the light beams reflected from the
first information signal storage layer 5A and the second
infoémation signal storage layer 5B into two separate beams by
reflecting a part of each light beam on a separating surface S
thereof and transmitting the remainder of the 1light beam
therethrough. The divided beams are respectively radiated onto the
first photo—detector 24A and the second photo—detector 24B of the
photo—detector 24.

The main beam detector 30A provided on each of the first
photo-detector 24A and the second photo;detector 24B produces a
focusing error signal in response to a detection output indicative
of a light quantity of the main beam 31A incident on first to third
light-receiving regions 44A to 44C thereof. The focusing control
for the objective lens 21 is performed based Qn the thus—obtained

focusing error signal.

In the foregoing, the condition for obtaining the focusing



31C. The main beam 31A, the first side beam 31B and the second side beam
31C are'radiated to the main beam detector 30Asethe fd-fst gi-de---beam
detector 30B and the second side bean1detector3396: Jrespeeti.vel.y. The main
beam detector 30A, the first side beam detectBr” 30B @and it ke seCond si de
beam det ector 30C are di sposed spaced gﬁart from each other by the
constant di stance A2_ corresponding to that between the main beam 31A, the
first sid8@TTBBamigEBladd tthe seRbifdlsivickra@mdrdce B t#eTestidgoi 1y, thhere
is described an optical pick-up device 4 according to a fourth

"enbodi nenPTEF R he® RN e APPOAT 14 1oh R 2dneR BeXeWipl ifi ed

In the optical pick-up device 3, the focusing error signal
can be obtained based on the detection outputs generated from the
main beam detector 30A of the first photo—detector 24A and the main
beam detector 30B of the second photo-detector 24B.

In a case where the detection outputs based on light
quantities of the light beams received by the first, second and
third light-receiving regions 44A, 44B and 44C of the main beam
detector 30A of the first photo-detector 24A are indicated by El1,
E12 and E13, respectively, a first focusing error signal EFl can
be o{tained from the detection output of the main beam detector 30A
according to the following equation (5):

EFl = E11 - (El12 + E13) (5)

Next, in a case where the detection outputs based on light
quantities of the light beams received by the first, second and
third light-receiving regions 44A, 44B and 44C of the main beam
detector 30B of the second photo-detector 24B are indicated by ell,
el2 and el3, respectively, a second focuéing error signal EF2 can
be obtained from the detection output of the main beam detector 30B
according to the following equation (6):

EF2 = ell - (el2 + e13) {8)

Further, a focusing error signal EF of the optical pick-up

device 3 can be obtained by subtracting the second focusing error

signal EF2 from the first focusing error signal EF1 according to



v

39 construction that the stray light attributed to the main beam and

radi ated over the first and second side bean1deLect@ns“doe&enan,adversely

affect the function thereof. InC|dentéIhy,gsgﬂg gléements or

menbers of the optical pick- up device 4 accor'drng td the Low.th

enbodi‘nent of the present invention ar |dentical to those of thekoptical
I ck-up deyic according to the thir enbodinent Therefore, like

Fef or ence THRUABLAP (34

ref erence WIDg RAUSYLORe (Fdits and the detail ed expl anations t her eof
are omtted. éF: hot Q- detector 37 of the optlcal | ck-up device

i ncl udes, as sho%ﬁ n , a main beam detector d first and
second side bea ect s 3 nd 38C di.sposed adj t to |n eam
detector 38A on t posﬁf@ gﬁﬂgs % Nehas 1n§h8ﬁr9ﬁa% ﬁ%ﬁea af

det ect or %%%‘ki—ﬁp'&gv%rc%()%egaﬁ hneer %%%%\{\Egc{' ‘from the detection outputs of the

first side beam detector 30B and the second side beam detector 30C
provided on each of the first and second photo—detectors 24A and
24B.

Here, in a case where detection outputs generated by the
first side beam detectors 30B of the respective first and second
photo-detectors 24A and 24B are indicated by El4 and E15, and
detection outputs generated by the second side beam detectors 31C
of tﬂe respective first and second photo—detectors 24A and 24B are
indicated by E16 and El17, a tracking error signal TE indicating a
degree of offset of a scanning light beam from the aimed recording
track on the first information signal storage layer 5A of the two-
layef optical disc 5 from which the information signal is intended
to be read out, can be obtained according to the following equation
(8):

TE = (E14 + E15) - (El16 + E17) (8)

The main beam 31A, the first side beam 31B and the second
side beam 31C all reflected from the first information signal
storage layer 5A or the second information signal storage layer 5B
on which the light beam is focused to read out the information
signal stored thereon, are incident on the main beam detector 304,

the first side beam detector 30B and the second beam detector 30C,



As shown in Fig. 11, the main beam detector 38A has a |ight-receiving
surface 'which is divided into three strip-like .dightsdeceining.d egi ons

di sposed irn parallel with each other and conpdsédof i3 sts-seeond and
third Iight-receiving regions 50A, 50B and 50€,.°The tirs} ad.second side
beam detectors 38B and 38C wused in this enbodi mrent each have a single
non-separated |light- receiving regi on. 36 The light-receiving region
of the fi*r§ePsrdevebam Betatdidrion38B hthesa tedusnd limhti beaws, atbedeaimci ng

the main beam detector 38A where the stray light 32A attributed to the
nmai n beanP8A® defiacderedOio thfe fhaph petanbeenede becBon IR wndhsheadearnd

over the
beam detector 30C also receive the stray light 32A attributed to

the main beam, and the stray lights 32B and 32C attributed to the
first and second side beams, which stray beams all are reflected
from the second information signal storage layer 5B or tﬁe first
information signal storage layer 5A on which the light beam is not
focused and from which no information signal is intended to be read
out.

In this case, the stray beam 32A attributed to the main
beam which is reflected from the information signal storage layer
BA o£ 5B from which no information signal is intended to be read
out, and radiated onto the main beam detector 30A, are not radiated
over the first and second side beam detectors 30B and 30C in an
overlapped relation to the side beams. Similarly, the stray lights
32B and 32C attributed to the first and second side beams, are ﬁot
radiated over the main beam detector 30A in an overlapped relation
to the main beam.

Even if the stray lights 32B aﬁd 32C attributed to the
first and second side beams, are radiated over the main beam
detector 30A in an overlapped relation to the main beam, the main
beam detector 30A is not adversely affected by the radiation of
side beams because a light intensity of each side beam is small
enough as compared with that of the stray light 32A attributed to

the main beam.



40 side beam detector in an overl apped relation to the side beans.

Similarly, the light-receiving region of the second sige beam--detector 38C-
has a cut-out portion on a side facing the main béam ,cdereetor--38A where

the stray light 32A attributed to the main beam.° and «di récted.i-6 the nmain
beam det ector 38A might be radi ated over the side beam detectors in an
over|l apped relation to the side beans. 37 In the afore-nentioned
arrangenent of thasoptescatibsidckakgve devncetteccoptlierl t ickeubodeavtice 3
enbodi nent of the present invention, since a part of each light-receiving
surface ofccREdipgstoanlie $hdsAdenbodinanmafetiet ATes38R Ap¥eB8Iowhi the

faces the main beam detector 38A _is cut out to_avoid the overlapped
radi ati on fdrstheide beam detector 30B and the second side beam detector 30C

are disposed outside of the spot diameter of the stray light 32A
attributed to the main beam, so that the stray light 32A attributed
to the main beam is not radiated over the first and second side
detectors 30B and 30C in an overlapped relation to the side beams.
Accordingly, in the optical pick-up device 3 according to the
present embodiment, D.C. offset of the tracking error signal is
also prevented from occurring, whereby the tracking control for the
objective lens 11 can be accurately carried out. Thus, the

recording track is accurately tracked by the light beam being
radiated. .

Further, the optical pick-up device 3 according the present
embodiment is preventing from suffering from D.C. offset of the
tracking error signal irrespective of whether an information signal
to be reproduced is stored on the first formation signal storage
layer 5A or the second information signal storage layer G&B.
Accordingly, the tracking control for the ijective lens 11 can be
accurately carried out. Similarly, the recording track is
accurately tracked by the light beam being radiated.

Furthermore, the optical pick—up device 3 according to the
present invention is provided with the polarizing beam splitter 23,

because a differential concentric circles method is employed as a

system for detection of the focusing error. Accordingly, in the



stray light 32A attributed to the main beam each side beam detector is
ef’fectively prevented from being adversely afhectedwa the-siskay |ight 32A
attributed to the main beam Meanwhi§ €3 en thesafore=nentioned
optical pick-up devices according to the preﬂe?ned enbddiaBris of the
present invention, the focusing error signal is detected by using an
astigmatism nethod or a differential é8ncentric circles nethod. However,
the det @Wiignlopipheupo@%mﬁg Eracpordiggako ctine ereded wanblodimedtbyinusi ng
Foucault's nmethod, a critical angle nmethod, a knife-edge nethod, or the
like. case that the mnltl"l%ﬂﬁ@sppta¢a¥¥ﬂﬂ8pcab$¢|1%/°f a magnetesogsierl bed
above, the optical pick-up device according to the present invention

i ncl udes tgpppgh'fh%ogpégr#g;n@mbte@.mngsg‘l1tter 23 also functions as an

apparatus for analyzing the information signal of the multi-layer
magneto—optical disc. Thus, the polarizing beam splitter 28 serves
for detecting both the focusing error signal and the information
signal of the multi-layer magneto—optical disc. Accordingly,
simplification in an entire structure of +the apparatus is
accomplished, so that reduction in size of an entire body of the
apparatus can be realized.

In the optical pick-up device 3 according to the third
emboéiment of the present invention, the light beam emitted from
the semiconductor laser 6 is directed to the diffraction grating
18 where the light beam is divided three separate beams including
the main beam 31A, the first side beam 31B and the second side beam
31C. The main beam 31A, the first side beam 31B and the second side
beam 31C are radiated to the main beam detector 30A, the first side
beam detector 30B and the second side beam detector 30C,
respectively. The main beam detector 36A, the first side beam
detector 30B and the second side beam detector 30C are disposed
spaced apart from each other by the constant distance A:
corresponding to that between the main beam 31A{ the first side
beam 31B and the second side beam 31C. In the foregoing, there is
described an optical pick-up device 4 according to a fourth

embodiment of the present invention, which has such a simplified



41 light beamto be radiated toward a nulti-layer optical disc having a
plurality of information signal storage |ayerg-whicch--are di-spesed in an

©

over | apped manner and on each of which a desigetl ienforeatfon==signal is
recorded, an optical systemfor dividing the Tdght-beams e tt€d fromthe
li ght” source into three separate beans §onposed of a main beam and first
and second si de beans and radiating théSe beams onto the mul ti-layer

opti cal @CREITAcChEh headmthecsitypriglighhinditribptedcke iy maia beenm pedm
reflected fromthe nulti-layer optical disc, a first side beamreceiving
nmember f Jadia@tedyoNgTt hBe £irst andyesoeenf rerdededd [dedtctresndres - raer

optical disc, a, second side beamreceiving nenber for receiving the second
si de adversely affect the function thereof.

Incidentally, some elements or members of the optical pick-
up device 4 according to the fourth embodiment of the present
invention are identical to those of the optical pick-up device 3
according to the third embodiment. Therefore, like reference
numerals denote like parts and the detailed explanations thereof
are omitted.

A photo-detector 37 of the optical pick-up device includes,
as shown in Fig. 11, a main beam detector 38A and first and second
side %eam detectors 388B and 38C disposed adjacent to the main beam
detector 38A on the opposite sides thereof such that the main beam
detector 38A is interposed therebetween.

As shown in Fig. 11, the main beam detector 38A has a
light-receiving surface which is divided into three strip-like
light-receiving regions disposed in parallel with each other and
composed of first, second and third light-receiving regions 504,
50B and 50C. The first and second side béam detectors 38B and 38C
used in this embodiment each have a single non-separated light-
receiving region.

The light—-receiving region of the first side beam detector
38B has a cut-out portion on a side facing the main beam detector
38A where the stray light 32A attributed to the main beam and

directed to the main beam detector 38A might be radiated over the



beamreflected fromthe mlti-layer optical disc, and a means for

olit put'ting a detection signal indicative of acqguanter ey of“fﬁght I n
response  to the light quantity received by tfe:fi¥st” danb "$8C6 id  si de beam
detectors. Further, the first side beam deteétdr-ané the --second si de beam
detettor are disposed spaced by a givefydistance apart fromthe main beam
det ect or ppSi n I nt erference h th I n eflected
from an u%ﬁaocgég geé?vglr%‘at]l!b PI | HPAIL 2P aﬁgwi"%&%? g?rr?}h %‘?‘?l

opti cal C e requt the, gamJ. flect fr.om t he
unf ocuse mh?ﬂc’)ﬁﬁt ?%{% gll ﬁ%l rPebs gneg I Iéty%m % ﬁulste%Opgyésfi%gpt]?ecaq

di sc, gs err%'etehqeya &chan eLRATIHY sﬂie% ﬂv é\gﬁg%dahd’g'y

a deS|re mat | on S| gna e accurately reproduc rom

i nt e”deddbﬂé&wiats'sﬁnwﬁéﬂé“%'hesk9{'&9611'g%366'ézﬂna%!%fﬁhéé&e tlo ”ftﬁé "REiQbea INal

is recorded
and directed to the main beam detector 38A might be radiated over

the side beam detectors in an overlapped relation to the side
beams.

In the afore-mentioned arrangement of the optical pick-up
device according to the fourth embodiment of the present invention,
since a part of each light-receiving surface of the first and
second side beam detectors 38B and 38C which faces the main beam
deteétor 38A, is cut out to avoid the overlapped radiation of the
stray light 32A attributed to the main beam, each side beam
detector is effectively prevented from being adversely affected by
the stray light 32A attributed to the main beam.

Meanwhile, in the afore—-mentioned optical pick-up devices
according to the preferred embodiments of the present invention,
the focusing error signal is detected by using an astigmatism
method or a differential concentric circies method. However, the
detection of the focusing error signal can be also performed by
using Foucault’s method, a critical angle method, a knife-edge
method, or the like.

Industrial Applicability
As described above, the optical pick—up device according

to the present invention includes a light source for emitting a
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. 41
light beam to be radiated toward a multi-layer optical disc having

a plurality of information signal storage layers which are disposed
in an overlapped manner and on each of which a desired information
signal is recorded, an optical system for dividing the light beam
emitfed from the light source into three separate beams composed
of a main beam and first and second side beams and radiating these
beams onto the multi-layer optical disc, a main beam—-receiving
member for receiving the main beam reflected from the multi-layer
optical disc, a first side beam—receiving member for receiving the
first side beam reflected from the multi—-layer optical disc, a
second side beam~receiving member for receiving the second side
beam’reflected from the multi-layer optical disc, and a means for
outputting a detection signal indicative of a gquantity of light in
response to the light quantity received by the first and second
side beam detectors. Further, the first side beam detector and the
second side beam detector are disposed spaced by a given distance
apart from the main beam detector at positions where no
interference with the main beam reflected from an unfocused
information signal storage layer of the ﬁulti—layer optical disc,
is caused. As a result, the light beam reflected from the unfocused
'information signal storage layer of the multi-layer optical disc,
does not give any influence on function of the device. Accordingly,
a desired information signal can be accurately reproduced from the
intended information signal storage layer on which the information

signal is recorded.
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