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TITLE OF THE INVENTION 

Optical Pickup Device Having Optica·l Element Exhibiting Polarized 

Light Selectivity Loaded Thereon. and Optical Apparatus Having the 

Optical Pickup Device Loaded Thereon 

BACKGROUND OF THE INVENTION 

Field of the Invention 

This invention -relates to an optical pickup device and a 

photodetector device suitably employed for a magneto-optical di.sc .. . 

apparatus or an optical disc apparatus. More particularly, it 

-
relates to such optical pickup device or photodetector device 

which, by employing an optical element exhibiting polarized light 

selectivity, allows to reduce the number of component parts and 

the optical leng~h of the optical system. 

Background of the invention 

The optical pickup device, employed in the magneto-optical 

disc apparatus or an optical disc apparatus, includes an optical 

system for detecting RF signals from a recording medium, an 

optical system for detecting focusing errors and an optical 

system for detecting tracking errors. 

Such optical pickup device includes an outgoing optical 

system on an outgoing path for causing the light to fall on a 

recording medium, as shown in Fig.1. The optical system for the 

outgoing light is comprised of a light source 1 for a laser 

beam, a collimator lens 3 arranged on an optical axis between the 

light source 1 and a _recording medium 2, a first beam splitter 
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4 and a first convex lens 5. The light from the light source 1 

is collimated by the collimator lens 3 and transmitted through 

the first beam splitter 4 so as to be incident on the first 

convex lens 5 and thereby converged on the recording medium 2. 

The optical pickup device also includes an optical system 

for the return light for detecting the return light reflected 

back from the recording medium 2. The return optical system is 

configured for detecting the return light from the recording 

medium 2 taken out by the first beam splitter 4, and includes, 

on an optical axis of the return light reflected fr.om the first 

beam splitter 4. a first half-wave plate 6, a second ·convex lens 

7, a concave lens 8 and a second beam splitter 9. In addition, 

the return optical system includes a two-segment photodetector 

10 for detecting the return light transmitted through the second 

beam spli.:tter 9 and a four-segment photodetee;,tor 12 for detecting 

the return light reflected by the second beam splitter 9 and 

transmitted through a·cylindrical lens 11. 

The return light reflected by the first beam splitter 4 has 

its plane of polarization rotated 45· by the half-wave plate 6 

and is transmitted throu·gh the second convex lens 7 and the 

concave lens 8 of pre-set focal lengths so as to fall on the 

second beam splitter 9. The return light transmitted through the 

second beam splitter 9 is directly detected by the two-segment 

photodetector 10. The return light reflected by the second beam 

splitter 9 is detected by the four-segment photodetector 12 after 
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astigmatism is produced by the cylindrical lens 11. 

The two-segment photodetector 10 detects the tracking error 

by a push-pull method, while the four-segment photodetector 12 

detects the focusing error signal by an astigmatic method. The 

four-segment photodetector 12 is also utilized for detecting RF 

signals from the recording medium 2. 

The above-described optical pickup device is in need of a 

large number of component parts since the cylindricaL lens 11 is . . 
required for detecting focusing error signals and a combination 

of the first convex lens and the concave lens is required for 

raising the multiplication factor in detecting the return light 

by the two-segment photodetector 10 and the four-segment 

photodetector 12. Thus it has been desired to reduce the number 

of the component parts and thereby the production cost. 

On the other hand, the above-described optical pickup device 

employs the combination of the first convex lens ·and the concave . 
lens for raising the multiplication factor in detecting the 

return light by the two-segment photodetector 10 and the four-

se.gment photodetector 12. Howe·ver, if such combination of the 

first convex lens and the concave lens is employed, the return 

optical path length is increased, thus ob.structing reduction in 

size of the device. For reducing the size of the device, an 

optical pickup device whose optical system may be designed with 

a shorter optical path length has been desired. 

In addition to the above-described optical pickup device, 
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there is also known such an optical pickup device employing e.g., 

a Wollaston polarizing prism. This· optical pickup device 

si'milarly suffers from an increased number of component parts and 

an increased optical path ~ength. 

In· 0 plus E, March issue, 1991, an optical pickup device 

that can be constituted with a smaller number of componen~ parts 

and a shorter optical path length .has been proposed by NIPPON 

ELECTRIC COMPANY LTD. In this optlcal pickup device, the return 

light is separated using a polarizable hologram optical element 

and the separated return light is detected by an eight-segment 

photodetector device. However, this optical pickup device suffers 

from a drawback that, since the photodetector employed for 

producing RF signals from the recording medium is divided into 

eight portions, the signal/nose ratio (S/N ratio) in detecting 

the RF signals from the recording medium is lowered. In 

addition, this optical pickup device is difficult to reduce in 

size because the laser light source or the photodetectors are 

independent units without bein~ integrated together. 

SUMMARY OF THE INVENTION 

It is therefore an object of the present invention to 

·provide an optical pickup device which ·is made up of a smaller 

number of component parts with-a shorter optical path length of 

the optical ~ystem and superior in the S/N ratio in detecting the 

RF signals from the recording medium, and in which respective 

component parts can be integrated together. 
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It is another object of the present invention to provide a 

phtodetector device suitable to be used with such optical pickup 

device. 

In one aspect, the present invention provides an optical 

pickup device for reading out a signal from a recording medium 

by radiating a light beam to the recording medium and by 

detecting a return light reflected from the recording medium. The 

optical pickup device· includes liiht emitti~g means~ first beam 

splitting means arranged on the light path of an incident light 

radiated by the light emission means and incident on the 

recording medium for taking out a return light beam from the 

light path of the incident light, second beam splitting means 

arranged on the light path of the return light beam split by the 

first beam splitting means for splitting the return light into 

two return light beams, first detection means for detecting one 

of the return light beams split by the second beam ~plitting 

means, polarization selective optical means arranged on the light 

path of the other return light beams split by the second beam 

s~litting means· for splitting the other return light beam into 

plural light beams having different polarized states, and second 

detection means for detecting the plural light beams split by the 

optical means. 

In another aspect, the present invention provides an optical 

apparatus for reading out a signal from a recording medium by 

radiating a light beam to a recording medium and by detecting a 
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return light beam reflected from the recording medium. The 

optical apparatus includes light emitting means, first beam 

splitting means arranged on the light path·of an incident light 

radiated by the light emission means and incident on the 

recording medium for taking out the return light beam from the 

light path of the incident light, second beam splitting means 

arranged on the light path of the return light beam split by the 

first light splitting means for s~litting the return light beam 

into two return light beams, first detection means comprised of 

a three-segment detector ABC for detecting one of the return 

light beams split by the second beam splitting means, 

polarization selective optieal means arranged on the light path 

of the other return 1 ight beam split by the second beam splitting 

means for splitting the other return light beam into a 0 order 

light beam, a +one order light beam and a -one order light beam 

having different polariz~d states, second detection means 

comprised of a three-segment detector DEF, a detector G and a 

detector H for detecting the 0-order 1 ight beam, +one order 1 ight 

beam and the -one-order light beam having different polarized 

states, respectively, and arithmetic means for executing 

arithmetic operations for finding a focusing error signal FE = 
{ (a+c)-b} - { (d+f)-e}, a tracking error signal THE = a-c, a 

photo-magnetic signal MORF = (d+e+f) (g+h) and an optical 

signal CORF = (d+e+f) + {g+h), where a, b,. c, d, e, f, g and h 

denote light volumes detected by said detectors A, B, C, D, E, · 
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F, G and H, respectively. 

In yet another aspect, the present invent ion provides an 

optical apparatus for reading out a signal from a recording 

medium by radiating a light beam to a recording medium and by 
. 

detecting a return light reflected from the recording medium. The 

optical apparatus includes light emitting: means, first beam 

splitting means arranged on the light path of an incident light 

radiated by the light emission means and incide,nt on· the 

recording medium for taking out the return light beam from the 

light path of the incident light, second beam splitting means 

arranged on the light path of the return light split by the first 

light splitting means for splitting the return light beam into 

two return light beams, polarization selective first optical 

means for splitting one of the return light beams split by the 

first optical means into a 0-order light beam, a +one order light 

beam and a -one-order light beam having different polarized 

states, first detection means having a first three-segment 

detector ABC for detecting the +one order light beam split by the 

f~rst optical means and a second three-segment detector DEF for 

detecting the -one order light beam split by the first optical 

means, polarization selective second optical means provided on 

the 1 ight path of the other return light beam split by the second 

beam splitting means for splitting ~he other return light beam 

into a 0-order light beam, a +one order light beam and a -one-

order light beam having different polarized states, second 



; 

8 

detection means having detectors H, I and J for detecting the 0-

order light beam, +one order light beam and the -one order light 

beam as split by the second optical means, and arithmetic means 

for executing arithmetic operations for finding a focusing error 

signal FE= {(a+c)-b} - {(d+f)-e}, a tracking error signal TE= · 

(a-c) + (d-f), a photo-magnetic signal MORF = g-(h+i) and an 

optical signal CDRF = g+(h+i), where a, b, c, d, e, f, g and h 
. 

denote light volumes detected by said detectors A, B, C, D, E, 

F, G and H, respectively. 

With the optical pickup device according to.the present 

invention, the return light from the recording medium is taken 

off the optical axis by the first beam splitter, while the return 

light taken by the first beam splitter is split by the second 

bean splitter. One of return light beams split by the second 

beam splitter is detected by the first photodetector device. The 

other return light beam split by the second beam splitter is 

split by a polarized light selective optical el~ment into a 0 

order light beam and ±one order light beams different in 

polarized state from the 0 order light beam. The 0 order light 

beam and the ±one order light beams from the optical element are 
. 

detected by the second photodetector device. 

With the optical pickup device according to a modification, 

the return light from the recording medium is split by the first 

beam splitter into two return light beams, one of which is split 

by the grating into the 0 order light beam and ± one order light 
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beams. These ± one order light beams from the grating are 

detected by the first photodetector device. The other return 

light beam split by the grating is split by the polarized light 

selective optical element into a 0 order light beam and ±one 

order light beams different in polarized state from the 0 order 

1 ight beam. The 0 order 1 ight beam and the ±one order 1 ight beams 

from the optical element are detected by the second photodetector 

device. With the photodetector device according to.Jhe present 

invention, one of the return light beams split by the beam 

splitter is detected by a three-segment photodetector made up of 

photodetector segments A, B and C. The other return light beam, 

split by the beam splitter, is transmitted through a polarized 

light selective grating to produce diffracted light beams, of 

which the 0 order 1 ight beam. is detected by a three-segment 

photodetector DEF while ~he ± order light beams are detected by 

photodetector segments G and H. The focusing error signal FE, 

tracking error signal TE,. photo-magnetic signal MORF and the 

optical signal CDRF are obtained in accordance with the equations 

(+) through to (4). 

With a photodetector device, according to a modification, 

one of the return 1 ight beams split by the beam splitter is 

passed through a grating to produce diffracted light beams, of 

which the + one order light beam is detected by a three-segment 

photodetector ABC and the - one order light beam is detected by 

a three-segment photodetector DEF. The other return light 'beam, 
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split by the beam splitter, is transmitted through a polarized 

light selective grating to produce diffracted light beams, of 

which the 0 order light beam is detected by a photodetector G 

while the ± order 1 ight beams are detected by photodetector 

segments Hand I. The £ocusing error signal FE, tracking error 

signal TE, photo-magnetic signal MORF and the optical signal CDRF 

are obtained in accordance with the equations (5) through to (8). 

With the optical pickup device and the optical apparatus 

according to the present invention, the optical system can be 

fabricated using a smaller number of component parts, so that 

production .costs may be reduced. In addition, the optical path 

length of the optical system can be reduced, so that the device 

or apparatus can .be reduced in size, in particular if the 

components are unified as a compound element. 

· According to the present invention, since the number of 

segments of the photodetector employed for detecting the RF 

signals from the recording medium is small, it becomes possible 

to improve the S/N ra~io in detecting the RF signals from the 

recording medium. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig.1 is a plan view showing an illustrative arrangement of 

a conventional optical pickup device. 

Fig.2 is a schematic side view showing essential portions 

of an optical pickup device according to the present invention 

and an illustrative recording medium. 
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Fig.3 is a schematic plan view showing the optical pick-up 

device and the recording medium of Fig.2, looking from above. 

Fig.4 is a plan view showing an illustrative arrangement of 

an optical pickup device according to the present invention. 

Fig.5 is an enlarged plan view showing a compound element 

of the optical pickup device shown in Fig.4. 

Fig.6 is a plan view showing an illustrative light emitting· 

portion of the compound element shown in Fig.5. •• 

Fig.7 schematically shows the state of diffraction by a 

polarized light selective grating of the compound element shown 

in Fig.5. 

Fig.8 is an enlarged plan view showing first and second 

photodetectors of the compound element shown in Fig.5: 

Fig.9 is a plan view showing a modification of a compound 

element of an optical pickup device according to the present 

invention. 

Fig.10 is an enlarged plan view showing first and second 

photodetectors of the compound element shown in Fig.9. 

Fig.11 is a plan view showing a further modification of a 

compound element of·an optical pickup device according to the 

present invention. 

Fig.12 is an enlarged plan view showing first and second 

photodetectors of the compound element shown in Fig.11. 

Fig.13 is a side view showing the state of diffraction by 

a grating·of the compound element shown in Fig.11, looking from 
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the direction of arrow A in Fig.11. 

Fig.14 is a side view showing the state of diffraction by 

a polarized light selective grating of the compound element shown 

in Fig.11, looking from the direction of arrow B in Fig.11. 

Fig.15 is a plan view showing a still further modification 

of a compound element of an optical pickup device according to 

the present invention. 

Fig.16 is a side vie~ showing the state of diffraction by 

a grating of the compound element shown in Fig.15, looking from 

the direction of arrow C in Fig.15. 

Fi.g.17 is a side view showing the state of diffraction by 

a polarized light selective grating of the compound element shown 

in Fig.15, looking from the direction of arrow D in Fig.15. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Referring to the drawings, preferred embodiments of the 

present invention will be explained in detail. 

First Embodiment 

An optical pickup device 22 of the present embodiment is 

designed so that, by detecting the laser light incident on and 

reflected back from a recording medium 21, RF ·signals from the 

recording medium 21 are read out at the same time as tracking and 

focusing control operations are performed, as shown in Figs .2 and 

3. 

Referring to Fig.4, the optical pickup device 22 includes 

a compound element 26 and a lens 27 arranged on the optical axis 



13 

of the laser light outgoing from the compound element 26 for 

converging the laser light on a recording surface 21a of the 

recording medium 21. The compound element 26 is of a unitary 

construction and is comprised of a light emi~ting portion 23 for 

:r;-adiat ing the laser 1 ight towards the recording me di um 21, a 

compound prism 24 constituting an optical system and a light 

receiving portion 25 for detecting the return light from the 

recording medium 26. . . 
. . 

Fig.5 shows the compound element 26 to an enlarged scale. 

As shown therein, the compound element 26 includes, as the light 

emitting portion, a light source 23a radiating the laser light 

towards the recording medium 21. The outgoing direction of the 

laser light from the laser light source 23a need not be directly 

towards the recording medium 21. For example, the laser light 

.from the light source 23a may be reflected by a mirror 23b before 

being directed towards the recording medium 21, as shown in 

Fig.6. If the laser light is directed via the mirror 23b towards 

the recording medium 21, it becomes possible to increase the 

d~gree of freedom of the position of the light source ~3a and 
• 

hence to reduce the size of the compound element 26. 

The compound prism 24 of the compound element 26 is arranged 

on the optical axis of the laser light outgoing from the light 

source 23a, as shown in Fig.5. Thus the compound prism 24 is made 

up of a first prism 24a, a second prism 24b bonded via a first 

light polarizing film to the first prism 24a, a third prism 24c 
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bonded via a second light polarizing film to the second prism 

24b, and a polarized light selective grating 24d mounted on the 

third prism 24c. The first light polarizing film operates as a 

first beam splitter 24e for separating the incident light beam 

into a transmitted light beam and a reflected light beam, while 

the second light polarizing film ope:Pates as a second beam 

splitter 24f for separating ·the incident light beam into a 

transmitt~d light beam and a reflected light beam. 

The first beam splitter 24e is arranged on the optical axis 

of the incident light incident from the light source 23a on the 

recording medium 21 and separates the incident light into the 

transmitted light beam and the reflected light beam while taking 

out the return light beam at the optical axis of the incident 

light .beam. The second beam splitter 24f is arrayed on the 

optical axis of the return light taken out by the first beam 

splitter 24e for splitting the return light into a transmitted 

light beam transmitted through the second beam splitter 24f and 

a reflected light beam.reflected by the second beam splitter. The 

direction of splitting of the return light by the second beam 

splitter 24f is perpendicular to the tracking direction of the 

recording medium 21, by way of an example. The polarized light 

selective grating 24d is arranged on the optical path of the 

return light transmitted through the second beam splitter 24f so 

that a 0 order light LBO will have a polarization direction HBO 

inclined by +45" relative to the polarization direction HB of the 
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return light LB and so that± one order light beams LBl, LB2 will 

have the polarization directions of -45 relative to the 

polarization direction HB of the return light LB. The grating· 24d 

splits the return light LB into the 0 order light beam LBO and 

± one order light beams LB!, LB2 having the polarization 

directions perpendicular to the 0 order light beam LBO, as shown 

in Fig.7. 

The polarization selective grating 24, employed for the 

compound prism 24, may be formed by forming a grat_ing on a double 

refraction medium. With this type of the polarization selective 

grating, the double refraction medium splits the incident light 

into a normal light beam and an abnormal light beam having 

different polarized states, while the grating splits the incident 

light into the 0 order 1 ight beam and ± one order 1 ight beams by 

diffraction. The polarization selective grating may, for 

example, be a polarizing hologram optical element prepared using 

a hologra~ technique. 

The light receiving portion 25 of the compound element 26 

is made up of a first photodetector device 25a, arranged on the 

optical path of the return light reflected .by the second beam 

splitter 24f, a second photodetector device 25b arranged on the 

light path of the return light transmitted through the second 

beam splitter 24f and separated by the polarization selective 

grating 24d, and a third photodetector device 25c arranged on the 

light path of the incident light reflected by the first beam 
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splitter 24e, as shown in Fig.5. 

The first photodetector device 25a is a three-segment 

photodetector, made up of three photodetector segments A, B and 

C, having light receiving regions extending parallel to the 

tracking direction T, as shown in Fig.8. The first photodetector 

25a is arranged so that the optical axis of the return light LA 

reflected by the second beam splitter 24f is coincident with the 

center of the photodetector segment B. The second photodetector 

25b is comprised of a three-segment photodetector DEF, arranged 

on the light path of the 0 order light beam LBO generated when 

the return light LB transmitted through the second beam splitter 

24f traverses the polarization selective grating 24d, and 

photodetector segments G, H arranged on the light path of the ± 

one order light beams LBl, LB2, respectively. The second 

photodetector DEF, arranged on the light path of the 0 order 

1 ight beam LBO, is a three.-segment photodetector made up of tl}ree 

photodetector segments D, E and F having three light receiving 

regions extending parallel to the tracking direction. The 

photodetector ~EF is arranged so that the light path of the 0 

order 1 ight beam LBO is coincident with the center of the 

photodetector segment E. 

With the above-described optical device, a smaller number 

of components suffices, while the optical path length of the 

optical system can be reduced. In particular, by integrating the 

compound prism 24 and the light receiving portion 25 with the 
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compound element 26, it becomes.possible to reduce the light path 

of the optical system and the overall size of the device. 

For reading out signals from the recording medium with the 

above-described optical pickup device, a laser light beam is 

radiated from the lig~t source 23a, as shown in Fig.5. The laser 

light beam is incident on the first prism 24a of the compound 

prism 24 and spilt by the first beam splitter 24e into a 

transmitted light beam and a reflected light beam. Th~ reflected 

light beam is reflected t.owards the first prism 24a and exits the 

first pr ism 24a towards the third photodetector 25c f.or detect ion 

thereby. The third photodetector 25c monitors the power of the 

laser light beam from the light source 23a and controls the power 

of the laser light from the light source 23a based upon the 

detected light volume. Thus, with the present optical pickup 

device, the laser light power can be set at al 1 times to an 

optimum level. 

On the other hand, the light transmitted through the first 

beam splitter 24e exits the second prism 24b to fall on the lens 

2 7 as shown in Fig. 4 so as to be converged thereby on the 

recording surface 21a of the recording medium 21. The incident 

light on the recording surface 21a ·of the recording medium 21 is 

reflected by.the recording surface 21a of the recording medium 

21 and returned as a return light containing signals from the 

recording medium 21. 

The return light follows the route which is a reversal of 
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that for the incident light and falls on the secon~ prism 24b of 

the compound prism 24. The return light incident on the second 

prism 24b is reflected by the first beam splitter 24e in a 

direction towards the second beam splitter 24f, as shown in 

Fig.5. The return light, reflected by the first beam splitter 

24e, is separated by the second beam splitter 24f into a return 

light beam LB transmitted through the second _beam splitter 24f 

and a return light beam LA reflected by the second beam splitter 

24f. 

The first beam splitter 24e and/or the second beam splitter 

24f desirably has an enhancement effect .. If the first beam 

splitter 24e and/or the second beam splitter 24f has an 

enhancement effect, the return 1 ight reflected by these beam 

splitters are subjected to the enhancement effect, so that it 

becomes possible to prohibit deterioration of the carrier to 

noise (C/N) ratio of the signal from the recording medium. 

The return light reflected from the second beam splitter 24f 

is radiated from the second prism towards the first photodetector 

device 25a so as to be detected by the photodetector segments A, 

B and C thereof, as shown in Fig.8. 

The return light LB transmitted through the second beam 

splitter 24f falls on the third prism 24c and reflected within 

the prism 24c to exi~ the prism 24c in a direction towards the 

second photodetector 25b via the polarization selective grating 

24d, as show~ in Fig.5. The return light LB is diffracted by the 
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polarization selective grating 24d and split in this manner into 

the 0 order light beam LBO and± one order light beams LBl, LB2 

having the directions of polarization· perpendicular to the 0 

order light beam LBO. The 0 order light LBO from the 

polarization selective grating 24d is detected by the 

photodetector segments D, E and F of the second photodetector 

device 25b, while the± one order l"ight beams LBl, LB2 are 

detected by photodetector segments G · and H ·of .-;the second 

photodetector device 25b, as shown in Fig.8. 

Since the tracking direction of the recording medium 21 

corresponds to the splitting direction of the return light by the 

second beam splitter 24f, the arraying direction of the 

photodetector segments A, B and C, the photodetector segments D, 

E and F and the photodetector segment H corresponds. to a 

direction perpendicular to the tracking direction T of the 

recording medium 21, as shown in Fig. 8. The di,rection of 

polarization HBO of the return light incident on the 

photodetector segments D, E and F is inclined +4~ relative to 

tqe direction of polarization HA of the return light incident on 

the photodetector segments A, B and C, while the directions of 

polarization HBl and HB2 of the return light 'incident on the 

photodetector segments G and H are inclined -45' relative to the 

direction of polarization HA of the return light incident on the 

photodetector segments A, B and C, as also shown in Fig.8. 

If the light volumes detected by these photodetector 
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segments A through to Hare denoted a through to g, respectively, 

the focusing error signal FE, specifying the amount of defocusing 

of the incident I ight beam on the 'recording surface 21a of the 

recording medium 21, the tracking error signal TE, specifying the 

amount of detracking of the incident 1 ight on the recording 

surface 21a of the recording medium 21 based upon the push-pull 

method, the photo-magnetic signal MORF and the optical signal 

CDRF, that is an RF signal from the recording medium 21, may be 

obtained by the fol lowing equations ( 1-1), ( 1-2}, ( 1-3) and ( 1-

4), respectively: 

FE = {(a+c)-b} { (d+f)-e}· .... (1-1) 

THE = a-c .... (1-2) 

MORF = (d+e+f) - (g+h) .... ( 1-3) 

CDRF = (d+e+f) + (g+h) .... (1-4) 

It is noted that the pp-value of an S-curve, specifying the 

relation between the value of the focusing error and the focusing 

error signai, is determined by the optical path length between 

the second beam splitter 24f and the polarization selective 

grating 24d and the longitudinal magnification of the lens 27. 

With the above-described optical pickup d~vice, the light 

volume, from _which the photo-magnetic signal MORF and the optical 

signal CDRF are derived, are detected by the five photodetector 

segments D through to H. Thus, with the optical pickup device, 

the number of photodetector segments is small, thus giving an 

excellent signal/noise ( S/N) ratio in detecting .the RF signals 
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from the recording medium 21. 

In the present embodiment, the direction of diffraction by 

the polarization selective . grating 24d is the same as the 

splitting direction of the return l.ight py the second beam 

splitter 24f, while the return light LA reflected by the second 

beam splitter 24f and the 0 order light beam LBO as well as the 

± ·one order 1 ight beams ·LBl and LB2 transm~ t ted through the 

second beam splitter 24f and diffracted by the grat4ng 24d are 

arrayed side-by-side. However, this is merely illustrative and 

th·e direction of diffraction by the polarization selective 

grating 24d may be a direction perpendicular to the splitting 

directfon of the return light by the second beam splitter 24f, 

while the photodetector segments G and H of the second 

photodetector 25b may be arr.ayed on both sides of the 

photodetector segments D, E and F. 

Second Embodiment 

The optical pickup device of the present embodiment is based 

upon a three-spot method for detecting the tracking error by 

tnree laser light beams incident on a recording medium, and is 

configured similarly to the optical pickup device of the first 

embodiment except that it· includes a grating for splitting the 

laser light beam from a light source before incidence thereof on 

the recording medium into a 0 order light beam and ± one order 

light beams and a photodetector segment of the first 

photodetector for detecting the ± one order light beams from the 
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That is, the optical pi ck up device of the present embodiment 

includes a grating 24g mounted on the bottom surface of the first 

prism 24a on which falls the laser light beam from the light 

source 23a, and photodetector segments I and J on both sides of 

the photodetector segments A, B and C of the first photodetector 

device 25a, that is on the light path of the return light 

reflected by the grating 24g, or th~ ±'order light beam reflected 

by the grating 24g, as shown for example in Fig.9. 

The spot pattern .on the fist photodetector 25a and on the 

second photodetector 25b is such that, in the diffracted light 

diffracted by the grating 24g, the 0 order light beams LAOO, 

LBOO, LBlO and LB20 are incident on the segments A, B and C of 

the photodetector device 25a, segments D, E and F of the second 

photodetector device 25b·and on the segments G and Hand, in the 

diffracted light diffracted by the grating 24g, the ± 1 order 

light beams LAOl, LA02, LBOl, LB02, LBll, LB12, LB21 and LB22 are 
" 

incident on both sides of the 0 order light beams LAOO, LBOO, 

LBlO and LB20, as shown in Fig.10. In addition, in the return 

light reflected by the second beam splitter 24f, the± one order 

light b~ams LAO! and LA02 from the grating 24g are incident on 

the photodetector segments I and j ~f the first photodetector 

device 25b. 

The optical pickup device of the second embodiment is 

similar to the ~irst emboaiment with respect to the RF signals 
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and the focusing error signals from the recording medium 21. 

However, as for the tracking error signal, the tracking error 

signal THE derived form the three-spot method and a push-pull 

signal PP derived from the push-pull method may be taken out 

in the present second embodiment. That is, if the light volumes 

detected by the photodetectors A, C, I and J are denote a, c, i 

nd j, the ·tracking error signal TE derived from the three spot 

method and the push-pull signal derived from the push~pull method 

may be obtained by the fo ! lowing equations ( 2-1) and ( 2-2) , 

respectively: 

TE = i-j 
PP = a-c 

Third Embodiment 

..•• ( 2-1) 

.... ( 2-2) 

The optical pickup device of the present ·embodiment is 

configured· for splitting the return light from the recor_ding 

medium and detecting the split portions of the return light from 

the recording medium. The optical pickup device of the present 

embodiment is similar to the optical pickup device of the first 

embodiment except that the photodetector pattern of the light 

receiv_ing portion of the compound element is modified as a result 

of such splitting of the return light by the grating. 

That is, the optical pickup device of the present embodiment 

has a grating 24h mounted on the bottom surface of the second 

prism 24b of the compound prism 24 on the light path of the 

return light reflected by the second beam splitter 24f, as shown 
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in Fig.11. The compound element 26 has a first photodetector 

device 25a and a second photodetector device 24b, as shown in• 

Fig.12. The first photodetector 25a has two photodetectors ABC 

and DEF on the light paths of the ± one order light beams LAl, 

LA2 from the grating 24h, while the second photodetector device 

24b has a photodetector segments G on the light path of the O 

order light beam LBO from the polarization sel~ctive grating 24d 

and photodetector segments H and I on the light paths of the ± 

one order light beams LBl and LB2 from the polarization selective 

grating 24d, respectively. The photodetectors ABC and DEF of the 

first photodetector device 25a are each three-segment 

photodetectors having the light receiving regions extending 

parallel to one another, and .are each comprised of three 

photodetector segments A, B and C and three photodetector 

segments D, E and F, respectively. The photodetector device 25a 

is so arranged that the light paths of the ± one or.der light 

beams LA2 and LA2 from the grating 24h coincide with the centers 

of the photodetectors B and E, respectively. 

Referring to Fig.13, showing the compound element 26 in a 

direction of arrow .A in Fig.11 and is a direction of arrow B in 

Fig.11, the direction of diffraction by the grating 24h, that is 

the direction in which the + one order light beam LAl, 0 order 

light beam LAO and the -1 order light beam LA2 from the grating 

24h are arrayed, is set so as to be the same as the .direction of 

diffraction by the grating 24d, that is the direction in which 
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the+ one order light beam LBl, 0 order light beam LBO and the -

1 order light beam LB2 from the grating 24d are arrayed, and 

these diffraction directions are set so as to be perpendicular 

to the splitting direction of the return light by the second beam 

splitter 24f. Thus the light receiving portion 25 of the 

compound element 26 is arranged so that the photodetector 

segments are in register with these light bea~s, that is so that 

the segments A, B and c and the segments D, E and F ~re arrayed 

transversely and the segments H, G and I of the second 

photodetector device 25b are arrayed transversely in this order 

below the first photodetector device 25a, as shown in Fig.12. 

Consequently, the spot pattern on the first photodetector 

device 25a and the second photode~ector device 25b is such that, 

in the diffracted light by the grating 24h, the ± one order light 

beams LAl, LA2 are incident on the photodetectors ABC and the 

photodetectors DEF of the first photodetector device 25a, and 

that, in the diffracted light by the gratin~ 24d, the O order 

light beam LAO is incident on the photodetector segment G of the 

se,cond photodetector device 25b, whereas, in the diffracted light 

by the grating 24d, the ± one order light beams LAl and LB2 are 

incident on the photodetector segments H and I of the second 

photodetector device 25b, as shown in Fig.12. 

If, with the above-described optical pickup device, the 

light volumes detected by the photodetector segments A through 

to I are denoted a through to i, respectively, the focusing error 



26 

THIS SHEET HAS BEEN 
REPLACED 

signal FE, tracking error signal TE derived from the push-pull 

method, photo-magnetic signal MORF and the optical signal CDRF, 

are obtained by the following equations (3-1), (3-2), (3-3) and 

(3-4), respectively: 

FE= {(a+c)-b} - {(d+f)-e) 

THE = (a-c) + (d-f) 

MORF = g-(h+i) 

CDRF. = g+ ( h+i) 

.... (3-1) 

.... ( 3-2) 

.... (3-3') 

.... ( 3-4) 

In the optical pickup device of the instant embodiment, the 

light volume, based on which the photo-magnetic signal MORF and 

the optical signal CDRF are produced, are detected by the three 

photodetector segments G, Hand I. Thus, with the optical pickup 

device, the number of photodetector segments is smal 1, thus 

giving an excellent signal/noise (S/N) ratio in detecting the RF 

signals from the recording medium. 

Fourth Embodiment 

The optical pickup device of the present fourth embodiment 

is provided with only one beam splitter, and is configured 

similarly to the optical pickup device of the third embodiment 

except that the second prism is ·removed from the compound prism 

and the first prism is directly bpnded to the third prism, while 

there is provided only one beam splitter. 

The compound prism of the optical pickup device of the 

instant embodiment has a first prism 24a, a third prism 24c 

bonded to the first prism 24a via a polarization film, a grating 
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24h bonded to the first prism 24a and a polarization selective 

grating 24d bonded to the third prism 24c, as shown in Fig.15. 

The polarization film portion between the first prism 24a and the 

third prism 24d operates as a beam splitter 24i for splitting the 

incident 1 ight beam into a transmitted 1 ight portion and a 

reflected light portion. If only one beam spli~ter is used in 

this manner, the compound element 24 may be compact in size and 
. . 

hence the optical pickup device may be reduced in s i.·r-e. 

With the above-described arrangement of the compound prism 

24, the mounting positions of the first photodetector 25a and the 

second photodetector 25b of the light receiving portion 25 of 

the compound element 26 are also changed. That is, the first 

photodetector device 25a is arranged in the vicinity of the 1 ight 

emitting portion 23, for detecting the diffracted light from the 

grating 24h, while the second photodetector device 25b is 

arranged so as to be closer to the light emitting portion 23 than 

in the third embodiment for detecting the diffracted light from 

the grating 24d. 

The compound element 26 is arranged so that the ± one order 

light beams LAl and LA2 from the grating 24h are incident on the 

photodetectors ABC and DEF of the first photodetector device 25a, 

while the photodetectors ABC and DEF are arranged on both sides 

of the light emitting portion 23, as shown in Fig.16, showing the 

compound element 26 from the direction of arrowC in Fig.15. The 

photodetector segments H, G and I are arranged in this order 
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parallel to the photodetectors ABC and DEF of the first 

photodetector device 25a, so that the 0 order 1 ight beam LBO from 

the polarization selective grating 24d is incident on the segment 

G of the second photodetector· device 25b and the ± one order 

light beams LBl and LB2 from the polarization selective grating 

24d are incident on the segments H and I of the second 

photodetector device 25b, as shown in Fig.17, showing the 

compound element 26 from the direction of arrow D in Fig.15. 

For reading out signals from the recording medium from the 

above-described optical pickup device, a laser light beam is 

radiated from the light emitting portion 23, as shown in Fig.15. 

The laser light beam is incident on the first prism 24a of the 

compound prism 24 and split by the beam splitter 24i into a 

transmitted light beam and a reflected light beam. The reflected 

light beam is reflected within the first prism 24a as in the 

first embodiment and radiated from the first prism 24a towards 

the third photodete~tor device 25c for detection thereby. The 

light beam transmitted through the beam splitter 24i exits the 

third prism 24c. Similar~y to the outgoing light from the second 

prism 24b in the above-described embodiment, the outgoing light 

-
from the third prism 24c is incident on the recording medium 21 

and reflected by the recording surface 21a of the recording 

medium 21. The reflected light is a return light containing the 

signals from the recording medium 21. 

This return light is incident on the third prism 24c by 
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following the route reversed from that of the incident light. The 

return light incident on the third prism 24c is split by the beam 

splitter 24i into the return light transmitted through the beam 

splitter 24i and th~ return light reflected ~y the beam splitter 

24i. 

The return light transmitted through the beam splitter 24i 

exits the third prism 24c in a direction towards the fiI:'st 

photodetector device 25a via the grating 24h. The r.eturn light 

is split into the 0 order light beam and± one order light beams 

LAl and LA2, by diffraction by the grating 24h. The± one order 

1 ight beams are detected by the photodetectors ABC and DEF of the 

first photodetector 25a, respectively, as shown in Fig.15. 

The return light reflected by the beam splitter 24i is 

reflected within the third prism 24c, and exits the third prism 

24c in a direction towards the second photodetector device 25b 

via the polarization selective grating 24d, as shown in Fig.15. 

The return light is split into the O order light beam LBO and ± 

one order light beams LB! and LB2 having the polarization 

d~rection perpendicular to the" 0 order light beam LBO by 

diffraction by the polarization selective grating 24d, as shown 

in Fig.17. The 0 order light beam LBO and the± one ordei light 

beams LB! and LB2 from the polarization selective grating 24d are 

detected by the. segment G of t·he second photodetector device 25b 

and by the segments H and I of the second photodetector device 
e 

25b, respectively. 
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With the optical pickup device of the present embodiment, 

the focusing error signal FE, tracking error signal MORF and the 

optical signal CDRF may be produced as in the third embodiment. 
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WHAT IS CLAIMED IS: 

1. An optical pickup device for reading out a signal from a 

recording medium by radiating a light beam to the recording 

medium and by detecting a retuI'n light I'ef lected from the 

I'ecording medium. comprising: 

light emitting means; 

first beam splitting means arranged on the light path of an 

incident light radiated by said light emission means and incident 
. .. 

on the recording medium for taking out a return light beam from 

the light path of the incident light; 

second beam splitting means arranged on the light path of 

the return light beam split by said first beam splitting means 

for splitting the return light into two return light beams; 

first detection means for detecting one of the return light 

beams split by said second beam splitting means; 

polarization selective optical means arranged on the light 

path of the other return light beams split by said second beam 

splitting m~ans for splitting the other return light beam into 

plural light beams having different polarized states; and 

second detection means for detecting the plural light beams 

split by said optical means. 

2. The optical pickup device as claimed in claim 1 wherein 

said first detection means and said second detection means are 

arranged in the same plane. 

3. The optical pickup device as claimed in claim 1 wherein said 

• 
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polarization .selective optical means splits the other return 

light beam into a 0 order light beam, a +one order light beam and 

a -one order light beam. 

4. The optical pickup device as claimed in claim 1 wherein said 

second detection means ·include a three-segment detector for 

detecting the 0 order light beam, a detector for detecting the 

+1 order light beam and a detector for detecting the -one order 

light beam. 

5. The optical pickup device as claimed in claim 1 wherein the 

first detection means comprises a three-segment detector. 

6. The optical pickup device as claimed in claim 1 further 

comprising second polarization selective optical means between 

said light emission means and said first beam slitting means for 

further splitting into plural light beams having different 

polarization states. 

7. The optical pickup device as claimed in claim 3 wherein said 

first detection means include a three-segment detector for 

detecting the 0 order light beam, a detector for detecting the 

+1 order light beam and a detector for detecting the -one order 

light beam. 

8. The optical pickup device as claimed in claim 1 further 

comprising second polarization selective optical means between 

said second beam splitting means and said first detection means 

for further splitting into plural light beams having different 

polarization states. 
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9. The optical pi·ckup device as claimed in claim 8 wherein said 

first detection means comprises a first three-segment detector 

for detecting the +one order 1 ight beam and a second three-

segment detector for detecting the -one order light beam. 

10. An optical pickup device for reading out a signal from a 

recording medium by radiating a light beam to a recording medium 

and by detecting a return light reflected from the recording 

medium, comprising: .. 
light emitting means; 

first beam splitting means arranged on the light path of an 

incident light radiated by said light emission means and incident 

on the recording medium for taking out a return light from the 

light path of the incident light; 

first optical means provided between said first beam 

splitting means and said light emitting portion for splitting the 

return light beam into· plural light beams having different 

polarized states; 

first detection means provided adjacent to said light 

en;ti t ting port ion for detecting the plural light beams having 

different polarized states; 

second beam splitting means arranged on the light path of 

the return light split by said first light splitting means for 

guiding the return light beam to second detection means; and 

first optical means provi~ed between said second detection 

means and said second beam splitting portion for splitting the 
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return light beam guided thereto into plural light beams having 

different polarized states. 

11. An optical apparatus for reading out. a signal from a 

recording medium by radiating a light beam to·a recording medium 

and by detecting a return light beam reflected from the recording 

medium, comprising: 

light emitting means; 

first beam splitting means arranged on the light path of an 

incident light radiated by said light emission means and incident 

on the recording medium for taking out the return light beam from 

the light path of the incident light; 

second beam splitting means arranged on the light path of 

the return light beam split by said first light splitting means 

for splitting the return light beam into two return light beams; 

first detection means comprised of a three-segment detector 

ABC for detecting one of the return light beams split by said 

second beam splitting means; 

polarization selective optical means arranged on the light 

path of the other return light beam split by said second beam 

split~ing means fo~ splitting the other return light beam into 

a 0 order light beam, a +one order light beam and a -one order 

light beam having different polarized states; 

second detection means comprised of a three-segment detector 

DEF, a detector G and a detector H for detecting the 0-order 

light beam, +one order light beam and the -one-order light beam 
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having different polarized states, ·respectively; and 

arithmetic means for executing arithmetic ope rat ions for 

finding a focusing error signal FE = {(a+c)-b} - {(d+f)-e}, a 

tracking error signal THE = a-c, a photo-magnetic signal MORF = 
(d+e+f) - (g+h) and an optical signal CDRF = (d+e+f) + (g+h), 

where a, b, c, d, e, f, g and h denote light volumes detected by 

said detectors A, B, C, D, E, F, G and H, respectively. 

12. The optical a-pparatus as c !aimed in cl aim ··11 further 

comprising: 

second optical means between said light emission means and 

said first beam splitting means for further splitting into a 0-

order light beam, a +one order light beam and a -one order light 

beam having different polarized states; 

said first detection means having _a three-segment detector 

for detecting the one return light beam split by said second beam 

splitting means; 

a three-segment detector ABC for detecting the 0-order light 

beam; a detector I for detecting the +one order light beam; and 

a detector J for detecting the -one order light beam; said 

arithmetic means executing arithmetic operations for finding the 

tracking error TE = i-j and a push-pull signal PP = a-c. 

13 An optical apparatus for reading out a signal from a 

recording medium by radiating a light beam to a recording medium 

and by detecting a return light reflected from the recording 

medium, comprising: 
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light emitting means; 

first beam splitting means arranged on the light path of an 

incident light radiated by said light emission means and incident 

on the recording medium for taking out the return light beam from 

the light path of the incident light; 

second beam splitting means arranged on the light path of 

the return light split by said first light splitting means for 

splitting the return light beam into two return light beams; 

polarization selective first optical means for splitting one of 

the return light beams split by said first optical means into a 

0-order light beam, a +one order light beam and a -one-order 

light beam having different polarized states; 

first detection means having a first three-segment detector 

ABC for detecting the +one order light beam split by said first 

optical means and a second three-segment detector DEF for 

detecting the -one order light beam split by said first optical 

means; 

polarization selective second optical means provided on the 

light path of the other return light beam split by said second 

beam splitting means for splitting the other -return light beam 

into a 0-order light beam, a +one order light beam and a -one-

order light beam having different polarized states; 

second detection means having detectors H, I and J for 

detecting the 0-order light beam, +one order light beam and the -

one order light beam as split by said second optical means; and 
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arithmetic means for executing arithmetic operations for 

finding a focusing error signal FE = {(a+c)-b} - {(d+f}-e}, a 

tracking error signal THE.= (a-c) + (d-f), a photo-magnetic 

signal MORF = g-(h+i) and an optical signal cpRF = g+(h+i), where 

a. b, c, d, e, f, g and h denote light volumes detected by said 

detectors A, B, C, D, E, F, G and H, respectively. 

•• 


