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DESCRIPTION 

Optical Pick-Up Device 

Technical Field 
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The present invention relates to an optical pick-up device 

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 
l 

reproducing apparatuses in which an optical disc is used as a 

recording medium, include a semiconductor laser as" a light source 

for emitting a light beam, a collimator lens which is disposed 

between the semiconductor laser and the optical disc and whose 

optical axis is aligned with optical axes of the semiconductor 

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 1 and a focusing lens which is 

disposed between the photo-detector and the polarizing beam 

splitter and whose optical axis is aligned with optical 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 
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2 
through the polarizing beam splitter and an objective lens so as 

to be radiated and focused onto an information signal storage layer 

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 
I 

substrate, 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 b7 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 likely to suffer from undesired warpage or 

corrugation due to a thermal distortion generated therein. 

Consequently, there occurs a dislocation of the information sign.al 

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 
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3 
layer, the surface of the information signal storage layer and the 

tracks thereon suffers from undesirable oscillation and deflection. 

Accordingly, in order to achieve an accurate read-out or 

reproduction 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 adequate 

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 

adjustment of the objective lens so as to follow the oscillation 

of a signal track formed on the signal recording region of the 

optical disc. 

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 optical 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 
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main surface of the disc substrate 5C, a spacer layer 5D made of 

a transparent resin material and disposed over the first 

information signal storage layer, a second information signal 

storage layer 5B disposed over the first information signal storage 

layer SA through the spacer layer 5D, and a protecting layer SE 

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 

second 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 5A. 

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 of 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, 
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include a main beam detector 33A for detecting a main beam which 

is a centrally radiated beam of three separated light beams, and 

first and second 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 5A 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 light component 35A having an expanded outer 

perimeter are radiated together onto the main beam detector 33A in 

a concentric relation to each other. 
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Accordingly, in such an optical pick-up device, a part of 

the stray light component 35A of the main beam radiated on the main 

beam detector 33A is overlappingly radiated over the side beam 

detectors 33B and 33C. Thus, when the part of the stray light 

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 tracki:ii'e~ror 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 mainta{ned. 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 33A 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. 
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Meanwhile, an intensity of stray light component of each 

side 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 negligible and therefore cause no significant problem. 

Disclo$Ure 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 a.fore-mentioned objects I 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 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 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 
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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 refleqted 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, the first side beam-receiving member and the 

second side beam-receiving member. The first side beam-receiving 

member and the second side beam-receiving 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. 
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In the optical pick-up device, a focusing error is detected 

based on a detection 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 

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, 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 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 quantity of light in 

response to the light received by the main beam-receiving member, 
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10 
the first side beam-receiving member and the second side beam-

receiving member. The first side beam-receiving member and the 

second side beam-receiving member 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. 

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 informa~ion signal. storage 

layers which are arranged in a overlapped manner and on each of 

which a desired information signal is recorded, an opti9al 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 information 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-
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receiving member for receiving the first side beam reflected from 

the multi-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 

sign.al 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 

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 
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having two information signal storage layers on which an 

information signal to be reproduced by an optical pick-up device 

according to the present invention is recorded; 

Fig. 2 is a plan view showing a photo-detector to explain 

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-detector 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 condition 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 
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the optical pick-up device according to the third embodiment of the 

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 provided 

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 

device 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 w'hich 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 and the focusing control 

is performed by detecting a focusing error by Using an astigmatism 

method. 

In addition, the two-layer optical disc 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 
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synthetic material such as polycarbonate (PC) or polymethyl-

methacrylate (PMMC), a first information signal storage layer 5A 

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 5A, 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 layer 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 

' formed 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 a 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 



s~ ... eQeQ e E>Qgs c:>WQllO 

• " "'" 9 6) 0 0 
e ';I' .., o g e e;,e aGY 
• v Q 89E)9 f.) E 
@wvc;I 6 ii e 

ve• &> fi) 91!J9 laS9 

15 
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 26A 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 radiated on 

opposite sides of the main beam. Accordingly, the first and second 

side beam detectors 26B and 26C of the photo-detector is arranged 

on opposite sides of the main beam such that the main beam detector 

26A is interposed therebetween. 

The main beam detector 26A 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 separate lines Li and 11as shown 

in Fig. 4, which are perpendicular to each other and crossed at a 

center (optical axis) of the main beam 27A of the reflected light 

incident on the light receiving surface, namely a central point Pi 

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 26A 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 light beam radiated through the 
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16 
objective lens 11 is not focused and whose information signal is 

not intended to be read out. That is, the first and second side 

beam detectors 26B and 26C are so arranged such that reference 

center lines Ql and Q2 thereof and the separate line Li of the main 

beam detector 26A, which extends perpendicularly to the direction 

of a row of the detectors 26 A to 26C as shown in Figs. 4, 5A and 

6B, are spaced apart from each other by a distance A1 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 1 ight 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 from the semiconductor laser 

6 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 
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into 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 6 to pass toward 

the two-layer optical disc 5. The polarizing beam splitter 9 

reflects the light reflected from the two-layer optical disc 5, as 

described hereinafter. 

The respective light beams passing 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 

converted 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 5 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 disc 5 are reflected on 

the first information signal storage layer 5A and also reflected 
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18 
on the second information signal storage layer SB. That is, the 

1 ight beams radiated onto the first information signal storage 

layer 5A of the two-layer optical disc 5 are reflected not only on 

the first information signal storage layer 5A 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 light passing through the objective lens 11 is not 

focused. Each of the light 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 

The reflected light 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 beams and 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 9 are then incident on the. focus.i:µ.g lens 12 and 

condensed when passed therethrough. 

The reflected light beams and the stray light beams thereof 
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19 
passing through the focusing lens 12 is incident on the cylindrical 

lens 13. The reflected light beams and the stray light beams 

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 

signal 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 5, can be calculated from 

the following equation: 

FE = (El + E3) - (E2 + E4) 

where El, 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 focusing 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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signal TE, which is indicative of dislocation of the main beam 

relative to recording tracks formed on the first information signal 

storage layer SA of the two-layer optical disc 5, can be calculated 

from the following equation: 

TE ::: E5 - E6 

where ES and E6 represent detection outputs generated from the 

first and second side beam detectors 26B and 26C 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 SB, 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 26C, 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 26A, while stray light beams 28B 

and 28C attributed to the first and second side beams, 

respectively, and both contained in the light reflected from the 

second information signal storage layer SB, are incident on the 

first and second side beam detectors 26B and 26C, respectively, 

as shown in Figs. SA and 5B. 

As described above, the first and second side beam 
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21 
detectors 26A and 26B are spaced apart from the main beam detector 

26A by the given distance enough to avoid influence of the stray 

light beam 28A attributed to the main beam, so that the stray light 

beam 28A incident on the main beam detector 26A is prevented from 

being radiated over the first and second side beam detectors 26B 

and 26C as shown in Figs. 5A 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 26A 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 light 

reflected from the second information signal storage layer 5B is 

overlappedly radiated over the main beam detector 26A, no 

significant 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 attributed 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 5A or from the second information signal 
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22 
storage layer 5B. 

That is, in the optical pick-up device according to the 

present invention, in the event that the information signal to be 

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 objectl ve 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. SA. 

Conversely, in the event that the information signal to be 

read out and reproduced is stored on the first information signal 

storage layer 5A of the two-layer optical disc 5, which is located 

closer to the objective lens 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. 5B. 

In the optical pick-up device according 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. 5A, 5B and 6. However, the 
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23 
stray light 28A attributed to the main beam and shifted on the main 

beam detector 26A is not radiated over the first and second side 

beam detectors 26B and 260, so that no D.C. offset of the tracking 

error signal occurs. 

As described above, in the optical pick-up device according 

to this embodiment of the present invention, the first and second 

side beam detectors 26B and 26C are disposed outside of a spot 

diameter of the stray light 28A, 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 beam. Accordingly, 

in the optical pick-up device according to the present invention, 

since 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 reproduced, 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 

5 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 
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apparatus as a whole but also improvement in sensi ti vi ty for 

detection of the focusing error signal. 

In the afore-mentioned arrangement of the optical pick-up 

device according to this embodiment of the present invention, the 

polarizing beam splitter 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 in place 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 cost thereof. 

In the afore-mentioned optical pick-u~ 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 th~· m~in beam 27A 

and the first and second side beams 27B and 27C, dfch are spaced 

by a given distance apart from each other. The mai:fi beam detector 

26A and the first and second side beam detectors' 26B and 26C are 

so arranged as to be spaced by a constant distance Al corresponding 

to the given distance apart from each other, as shown in Fig. 4. 

However, in order to prevent the first and se~ond 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. 
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The optical pick-up device according to the second 

embodiment of the present invention has essential parts conunon to 

those of the optical pick-up device 1 according to the first 

embodiment of the present 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. 7t a photo-

detector 15 is composed of a main beam detector 36A and first and 

second side beam detectors 36A and 36B disposed on opposite sides 

of the main beam detector 36A such that the main beam detector 36A 

is interposed therebetween. 

The main beam detector 36A 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 La and la which 

extend perpendicularly to each other and are crossed at a center 

(optical axis) of the main beam 27A of the light reflected from the 

two-layer optical disc 5 and radiated onto a light-receiving 

surface thereof, namely a central point Pa. 

The first side beam detector 36B is :Par'tia11y 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 the 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 information sign.al storage 
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26 
layer whose information signals are not intended to be read out, 

and incident on the main beam detector 36A. The second side beam 

detector 36C 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 reference center lines ~ and Q4 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 layer 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 explained 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 
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27 
light source for emitting a light beam, a collimator lens 17 

disposed between the semiconductor laser 16 and the two-layer 

optical disc 5 such that optical axes thereof are aligned with each 

other, a diffraction grating 18, a beam splitter (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 photo-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) 19 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 one 

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 
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information signal layer on which the light beam are not focused 

and whose information signals are not intended to be read out, and 

incident on the main beam detector 30A. 

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 A2 

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 Qa and Q4r of the first and second 

side beam detectors and the center line L3 of the main beam 

dete~tor 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); 

f1: focal distance of the objective lens 21; 

fi: focal distance of the focusing lens 22i 

Af: distance between a focal point 29A of the stray light 
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29 
32A attributed to the main beam and a focal plane 29C of the 

focusing lens 22; 

x: distance between a light-receiving surface 29B of the 

main beam detector 30A and the focal plane 29C of the focusing lens 

22; 

b: spot diameter of the stray liglit 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 
I 

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 32A is 

given by the following equation (1): 

x -.{).f 
b :; --- ·2 f 1 ·NA =2 ... ( 1 } 

f z+Af 

where h represents a lateral magnification of the reflected light 

detection system and satisfies the relationships of Af=211
2d and 

TJ=f2/f1. Therefore, a spot radius b/2 of the stray light is 

expressed by the f~llowing equation (2): 
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b _._ .... 
2 

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 I =Ind I ( d I > 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.a between each of the reference center lines Q3 and 

Q4 of the first and second side beam detectors 30B and 30C and the 

center line L3 of the main beam detector 30A is given by the 

following equation (3): 

x -2 11 2 ct 11 n 
------------ ·f 1 ·NA ··· ( 3 ) 
f 2 +2 T} 2 d 11 n 

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 11 2 ct 11 n ---=----- ·f 1 ·NA ··· ( 4 ) 
f 2 -2 T} 2 d / I n 
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The minimum value of the distance AJ between each of the 

reference centerlines Q3 and Q4 of the first and second side beam 

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 30A 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 a 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 

pass through the beam splitter 19. The light beams passing 

through the beam splitter 19 are then incident on the objective 
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32 
lens 21. The 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 light beams directed to the first information 

signal 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 signal storage layer 

5A and also radiated onto the second information signal storage 

layer 5B. 

The light beams radiated onto the first information signal 

storage layer 5A are reflected therefrom and the light beams 

radiated 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 



8A " 1'>9€10 " 1:!11ilo1'0t0 _,llii)i;;)'iil 

g 0 .... e " " " ., - .. " 
., 

" ...... """ 
" . ., QQ!iliC:,, .. . .. .. - " .. ~ " ... - .. " ...... """ 

33 
respective incident light beams reflected from the first 

information signal storage layer 5A and the second information 

signal storage layer 5B are reflected thereon and directed towards 

the focusing lens 22 so as to be incident thereon. The incident 

light beams are converged by the focusing lens 22 when transmitted 

there through. 

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 

information 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 light 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 on the thus-obtained 

focusing error signal. 

In the foregoing, the condition for obtaining the focusing 



34 

ee 
e s 
e e 
e '" .. . .... 

C9 9SEl0 C;ll ""~Yt::I ~11>1'°9 

se a GI t::1 t::1 

e ra '"" = ~Gaw oe>=' 
w ~ EIW~t::I t::I 9 

~ El ~ s 
t11UH ~ ti e&Giil 11iiHi;Jl9 

error signal in the optical pick-up device 3 according to the 

present embodiment is specifically explained below. 

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 1 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 Ell, 

E12 and E13 1 respectively, a first focusing error signal EFl can 

be obtained from the detection output of the main beam detector 30A 

according to the following equation (5): 

EFl = Ell - (E12 + El3) (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, 

e12 and el3, respectively, a second focusing 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 + el3) (6} 

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 EFl according to 
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35 
the following equation (7): 

EF == EFl - EF2 (7) 

On the other hand, a tracking error signal of the optical 

pick-up device 3 can be obtained 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 E14 and E15, and 

detection outputs generated by the second side beam detectors 31C 

' of the respective first and second photo-detectors 24A and 24B are 

indicated by E16 and E17, a tracking error sign.al 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-

layer optical disc 5 from which the information signal is intended 

to be read out, can be obtained according to the following equation 

( 8) : 

TE == (El4 + E15) - (E16 + 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 30A, 

the first side beam detector 30B and the second beam detector 30C, 
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36 
respectively. In addition to these focused light beams, the main 

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

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 the 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 

5A or 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 SOC in an 

overlapped relation to the side beams. Similarly, the stray lights 

32B and 32C attributed to the first and second side beams, are not 

radiated over the main beam detector 30A in an overlapped relation 

to the main beam. 

Even if the stray lights 32B and 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. 
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37 
As described above. in the optical pick-up device 3 

according to the third embodiment of the present invention, the 

first side 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 5B. 

Accordingly, the tracking control for the objective 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 
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38 
optical pick-up device 3 according to the present embodiment, in 

case that the multi-layer optical disc used is of a magneto-optical 

type, the polarizing beam splitter 23 also functions as an 

apparatus for analyzing the information signal of the multi-layer 

magneto-optical disc. Thus, the polarizing beam splitter 23 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 

embodiment 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 30A, the first side beam 

detector 30B and the second side beam detector 300 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 four th 

embodiment of the present invention, which has such a simplified 
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39 
construction that the stray light attributed to the main beam and 

radiated over the first and second side beam detectors does not 

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 beam detectors 38B 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 50A, 

SOB and SOC. The first and second side beam 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 
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side beam detector in an overlapped relation to the side beams. 

Similarly, the light-receiving region of the second side beam 

detector 38C 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 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 
l 

detector 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 circles 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 

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 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 quantity 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 multi-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. 


