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(57) ABSTRACT 

An optical pickup including a light source for radiating a 
light beam, a diffraction element for separating a light beam 
radiated from the light source into at least three beams, 
namely a main beam and tWo side beams, an objective lens 
for converging the light beams separated by the diffraction 
element on a signal recording surface of the optical record 
ing medium, a light receiving unit having a four-segment 
?rst light receiving portion for receiving the main beam 
re?ected by the recording surface of the optical recording 
medium and second and third light receiving portions 
arranged on both sides of the ?rst light receiving portion for 
receiving the side beams re?ected by the recording surface 
of the optical recording medium, and a calculation unit for 
generating a ?rst tracking signal based on respective outputs 
of the ?rst light receiving portion and for generating a 
second tracking signal based on outputs of the second and 
third light receiving portions. 
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OPTICAL PICKUP FOR DISCRIMINATING 
BETWEEN AND READING DIFFERENT TYPES OF 

OPTICAL DISCS 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] This invention relates to an optical pickup for 
recording and/or reproduction of an optical recording 
medium, a reproducing apparatus and a recording apparatus 
for an optical recording medium. More particularly, it relates 
to an apparatus capable of recording and/or reproducing 
plural sorts of optical discs different in track pitch by one 
and the same apparatus. 

[0003] 2. Description of the Related Art 

[0004] Heretofore, in an apparatus for reproducing an 
optical disc, such as a compact disc, a three-beam method 
has been in use as a system for detecting tracking error 
signals. This system splits a light beam radiated by a 
semiconductor laser element by a diffraction grating into 
three beams, namely a main beam and both side beams. The 
main beam is radiated on a recording track of an optical disc, 
While both side beams are radiated on the positions of the 
disc offset by one-fourth of a track to both sides of the 
recording track. The light beams radiated on the optical disc 
are re?ected by the recording surface of the recording 
medium so as to be received by a photodetector. This 
photodetector is made up of a ?rst photodetector portion for 
receiving a main beam and second and third photodetector 
portions for receiving both side beams. The tracking error 
signal is detected by ?nding the difference betWeen the 
signals received by the second and third photodetector 
portions. 

[0005] Recently, such an optical disc has been investigated 
in Which data may be recorded to a high density for 
recording data of high precision, such as still pictures or 
moving pictures. With such optical disc, it may be contem 
plated to set the track pitch to approximately 0.8 pm instead 
of to 1.6 pm conventionally used, or to form a recording 
layer of a narroWer track pitch as multiple layers. The optical 
disc, recorded to a high density, is not limited to a replay 
only type, but a reWritable optical disc, such as a phase 
change type disc, is also contemplated. Such a disc having 
a guide groove may also been envisaged as such reWritable 
optical disc. 

[0006] HoWever, it is difficult With the optical disc for high 
density recording to detect tracking error signals by the 
above-mentioned three-beam system. That is, since the track 
pitch is of a narroW Width, registration of the side spots of 
the three spots radiated on the recording surface of the 
optical disc becomes dif?cult. Also, if the high-density 
recording layer is formed as multiple layers, there is raised 
a problem that an offset be produced in the tracking error 
signal due to leakage of the re?ected light from the layer 
other than the layer being recorded or reproduced. In addi 
tion, if the reWritable optical disc is a phase change type 
disc, and recorded and unrecorded portions are produced on 
the disc, a noise is produced With the three-beam method due 
to differences in re?ectance in the recorded and unrecorded 
portions, thus making it dif?cult to detect correct tracking 
error signals. 
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OBJECT AND SUMMARY OF THE INVENTION 

[0007] In vieW of the above-depicted status of the art, it is 
an object of the present invention to provide an apparatus 
capable of performing selective recording and/or reproduc 
tion on or from plural sorts of optical discs, such as optical 
discs With different track pitches. 

[0008] An optical pickup according to the present inven 
tion includes a light source for radiating a light beam, a 
diffraction element for separating a light beam radiated from 
the light source into at least three beams, namely a main 
bean and tWo side beams, an objective lens for converging 
the light beams separated by the diffraction element on a 
signal recording surface of the optical recording medium, a 
light receiving unit having a four-segment ?rst light receiv 
ing portion for receiving the main beam re?ected by the 
recording surface of the optical recording medium and 
second and third light receiving portions arranged on both 
sides of the ?rst light receiving portion for receiving the side 
beams re?ected by the recording surface of the optical 
recording medium, and a calculation unit for generating a 
?rst tracking signal based on respective outputs of the ?rst 
light receiving portion and for generating a second tracking 
signal based on outputs of the second and third light receiv 
ing portions. 
[0009] A tracking servo system in an optical disc record 
ing and/or reproducing apparatus according to the present 
invention includes a light source for radiating a light beam, 
a diffraction element for separating a light beam radiated 
from the light source into at least three beams, namely a 
main beam and tWo side beams, an objective lens for 
converging the light beams separated by the diffraction 
element on a signal recording surface of the optical record 
ing medium, a light receiving unit having a four-segment 
?rst light receiving portion for receiving the main beam 
re?ected by the recording surface of the optical recording 
medium and second and third light receiving portions 
arranged on both sides of the ?rst light receiving portion for 
receiving the side beams re?ected by the recording surface 
of the optical recording medium, a calculation unit for 
?nding a plurality of tracking error signals based on outputs 
of the ?rst, second and third light receiving portions, a 
discrimination unit for discriminating the sorts of the optical 
discs, a sWitching unit for selecting one of the tracking error 
signals calculated by the calculation unit based on a signal 
from the discrimination unit, and a driving unit for driving 
an objective lens based on the tracking error signal selected 
by the sWitching means. 

[0010] The discrimination unit discriminates the sorts of at 
least tWo sorts of the optical discs With different track 
pitches, and the signal processing unit is responsive to the 
results of discrimination to sWitch the calculation operations 
for obtaining a tracking error signal from a detection signal 
of the photodetector unit, so that at least tWo sorts of the 
optical disc can be reproduced by simpli?ed adjustment 
operations. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0011] FIG. 1 illustrates a schematic structure of an opti 
cal disc recording and/or reproducing apparatus embodying 
the present invention. 

[0012] FIG. 2 illustrates a schematic structure of an opti 
cal pickup embodying the present invention. 
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[0013] FIGS. 3 and 4 illustrate a bi-axial mechanism of an 
objective lens in the optical pickup. 

[0014] FIG. 5 illustrates a ?rst embodiment of a tracking 
servo system according to the present invention. 

[0015] FIGS. 6A and 6B illustrate the state of radiation of 
three beams on signal pits of an optical disc. 

[0016] FIG. 7 illustrates a second embodiment of a track 
ing servo system according to the present invention. 

[0017] FIG. 8 illustrates a third embodiment of a tracking 
servo system according to the present invention. 

[0018] FIG. 9 illustrates a schematic structure of an opti 
cal disc recording and/or reproducing apparatus having an 
aperture ratio varying unit according to an embodiment of 
the present invention. 

[0019] FIGS. 10A and 10B are perspective vieWs shoW 
ing a light shielding ring used as the aperture ratio varying 
unit of FIG. 9 and a movement mechanism for the light 
shielding ring. 
[0020] FIGS. 11A, 11B shoW the manner in Which the 
aperture ratio is varied by the light shielding ring shoWn in 
FIGS. 10A and 10B. 

[0021] FIG. 12 is a graph shoWing the relation betWeen 
the aperture ratio of the objective lens and the spatial 
frequency. 
[0022] FIG. 13 is a perspective vieW shoWing a light 
shielding plate used as the aperture ratio varying unit of 
FIG. 9 and a movement mechanism for the light shielding 
plate. 
[0023] FIG. 14 illustrates an objective lens and a move 
ment mechanism for the objective lens, in Which the objec 
tive lens has lens portions having different aperture ratios 
and used as the aperture ratio varying unit of FIG. 9. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0024] Referring to the draWings, preferred embodiments 
of an optical pickup device according to the present inven 
tion Will be explained in detail. 

[0025] FIG. 1 schematically shoWs an optical disc repro 
ducing apparatus according to the present invention. 

[0026] An optical disc reproducing apparatus 10 is a 
so-called compatible optical disc reproducing apparatus for 
reading out and reproducing information signals from an 
optical disc having a track pitch of 1.6 pm and a substrate 
thickness of 1.2 pm, such as a compact disc, and a double 
layer optical disc 11 having a track pitch of approximately 
0.8 pm and having tWo information signal layers oriented in 
the same read-out direction. 

[0027] An optical pickup device 13 radiates a laser light 
beam to these optical discs having different track pitches and 
different substrate thicknesses for reproducing information 
signals from tracks formed on the information signal layers. 

[0028] Referring to FIG. 2, the optical pickup device 3 
includes a light source 21 radiating a laser beam, such as a 
laser diode, and an objective lens 25 for focusing the laser 
beam on the information signal layers of plural sorts of 
optical discs having different track pitches, of Which only the 
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double-layer optical disc 11 is shoWn in FIG. 2. The 
double-layer optical disc 1 shoWn in FIG. 2 has a ?rst 
information signal layer 11a and a second information signal 
layer 11b. The optical pickup device 13 also includes a 
photodetector 24 for receiving the re?ected light from the 
optical disc for converting it into electrical signals, and a 
disc discrimination unit 27 for discriminating the sort of the 
optical disc. The optical pickup device 13 further includes a 
detection signal processor 26 responsive to the optical disc 
sort discriminated by the disc discrimination unit 27 to 
sWitch the calculation operations for calculating tracking 
error signals from the detected signals of the photodetector 
24 for producing tracking error signals, in addition to a 
focusing error signal and main playback signals. 

[0029] The tracking error signals and the focusing error 
signal, obtained by the detection signal processor 26 of the 
optical pickup device 13, are supplied to a servo circuit 16 
of FIG. 1. The servo circuit 16 manages tracking control and 
servo control responsive to these signals. Speci?cally, a 
focusing driving signal is applied in the optical pickup unit 
13 to a bi-axial mechanism 20 holding the objective lens 25 
for driving the objective lens 25 in a direction into and out 
of contact With, for example, the double-layer optical disc 11 
for managing focusing control. Also, a tracking driving 
signal is applied to the bi-axial mechanism 20 for driving the 
objective lens 25 radially of, for example, the double-layer 
optical disc 11 for managing focusing control. A thread 
driving signal is generated by extracting loW-frequency 
components of the tracking error signal for driving a thread 
mechanism for moving the optical pickup device 13 in its 
entirety radially of, for example, the double-layer optical 
disc 11. The main playback signal, obtained by the detection 
signal processor 26, is processed With demodulation for 
EFM and CIRC decoding into playback digital data Which is 
then converted by a D/A converter 14 into an analog signal 
Which is outputted at an output terminal 15. The servo circuit 
16 controls rotation of a spindle motor 18 based on clocks 
obtained from the man playback signals. 

[0030] The detailed structure and operation of the optical 
pickup device 13 Will noW be explained. Referring to FIG. 
2, a diffused laser beam, radiated by the optical source 21, 
is diffracted by a diffraction grating 22 and thereby separated 
into three beams, namely a 0 order beam and :1 order 
beams. The laser beams, diffracted by the diffraction grating 
22, are re?ected by a beam splitter 23 and collimated by a 
collimator lens 19 so as to enter the objective lens 25. The 
objective lens 25 is tracking- and focusing-controlled by the 
bi-axial mechanism 20 for converging the laser beams on 
information signal layers of the optical disc, such as the ?rst 
information signal recording layer 11a and the second 
information signal layers 11b of the double-layer optical disc 
11 for forming three spots. The three re?ected laser beams 
from the ?rst information signal recording layer 11a and the 
second information signal layers 11b of the double-layer 
optical disc 11 reach a light receiving surface of the photo 
detector 24 via objective lens 25 and beam splitter 23. 

[0031] The bi-axial mechanism 20 is of an axial sliding 
type as shoWn in FIGS. 3 to 5, Wherein a movable part 30 
is constituted by a bobbin 30A formed of a non-magnetic 
material. At a mid position of the bobbin 30A is formed an 
axially ?tted tubular bearing 31. On the outer peripheral 
surface of the bobbin 30A is Wound a focusing coil 32 for 
forming a ring about the bearing 31. The focusing coil 32 is 
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used for moving the movable part 30 in the focusing 
direction, that is in a direction perpendicular to the disc 
surface. On the surface of the focusing coil 32 are formed 
tWo sets of tracking coils 33A, 33B in tight contact With the 
focusing coil 32 for moving the movable part 30 in the 
tracking direction, that is along the radius of the disc. These 
tracking coils 33A, 33B are Wound about an axis extending 
perpendicular to the Winding axis of the focusing coil 32 so 
that four rings are formed on the outer peripheral surface of 
the bobbin 30A. 

[0032] The mid portion of the bi-axial mechanism 20 is 
traversed by a supporting shaft 39. A stepped hole 43 is 
formed parallel to the center axis of the supporting shaft 39 
in the bobbin 30A at an offset position With respect to the 
supporting shaft 39. Within this hole 43 is mounted a lens 
barrel 35 Within Which is secured the objective lens 25. 

[0033] The movable part 30, thus constructed, has the 
supporting shaft 39 set upright at a mid portion of a 
stationary yoke 38 of a magnetic material guided and 
introduced into a center hole of the bearing 31, so that the 
movable part 30 is supported for sliding along and for 
rotation about the supporting shaft 39. On the loWer surface 
of the stationary yoke 38 is secured an annular permanent 
magnet 40 in intimate contact thereWith about the supporting 
shaft 39 as center. On the loWer end face of the permanent 
magnet 40 is secured a ?rst yoke 42 having a lug 41. On the 
stationary yoke 38 is protuberantly formed a second yoke 44 
for facing the lug 41 of the ?rst yoke 42 on the inner side of 
the bobbin 30A. The stationary yoke 38, permanent magnet 
40, the ?rst yoke 42 and the second yoke 44 make up a 
magnetic circuit. The focusing coil 32 and the tracking coils 
33A, 33B are arranged in a magnetic gap de?ned betWeen 
the ?rst yoke 42 and the second yoke 44. The stationary yoke 
38 has the hole 43 larger in diameter than the outer diameter 
of the lens barrel 35 held by the bobbin 30A. Into this hole 
43 is guided and introduced an upper end of the lens barrel 
35. 

[0034] FIGS. 5 and 6 shoW a ?rst embodiment of tracking 
servo for reproducing plural discs having different track 
pitches. 

[0035] With the present ?rst embodiment of the optical 
disc recording and/or reproducing apparatus, it is possible to 
reproduce an optical disc having a substrate thickness of 1.2 
mm and a track pitch of 1.6 pm, an optical disc having a 
substrate thickness of 1.2 mm and a track pitch of 0.8 pm and 
an optical disc having a substrate thickness of 0.6 mm and 
a track pitch of 0.8 pm. It is in addition possible to record a 
reWritable phase-change type optical disc having a substrate 
thickness of 0.6 mm and a track pitch of approximately 0.8 
pm. 

[0036] Referring to FIG. 5, the optical disc recording 
and/or reproducing apparatus of the ?rst embodiment has a 
light receiver 24 for receiving the light beam radiated from 
the light source 21 and re?ected from the signal surface of 
the optical disc 11 via the objective lens 25, collimator lens 
19 and the beam splitter 23 after irradiation of the optical 
disc 11 via the diffraction grating 22, beam splitter 23, 
collimator lens 19 and the objective lens 25, and a signal 
detector 26 for generating tWo sorts of tracking error signals 
based on a light volume detection signal from the receiver 
24. The optical disc recording and/or reproducing apparatus 
also includes a disc discrimination unit 27 for discriminating 
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the sorts of the optical discs recorded or reproduced, a 
changeover sWitch 28 for selecting the tracking error signals 
from the signal detector 26 and an objective lens driving unit 
29 for driving the objective lens 25 based on the selected 
tracking error signal. 

[0037] The light receiver 24 has ?rst to third light receiv 
ers 51 to 53 for receiving the light beams split by the 
diffraction grating 22 into three portions and re?ected by the 
optical disc 11. The ?rst light receivers 51 receives the main 
beam (0-order light) of the three split light beams and is 
divided into at least tWo areas of A1 and B1. The second and 
third light receivers 52, 53 receive tWo side beams (11 order 
light beams) of the three split light beams and have tWo split 
portions each of Which is divided into areas E1, G1 and F1, 
H1. 

[0038] Of the outputs of the receivers 51 to 53, the outputs 
E1, G1 of the receiver 52 and the outputs F1, H1 of the 
receiver 53 are summed respectively at adders 54 and 58, 
outputs of Which are supplied to a comparator 61 for 
generating a ?rst tracking error signal. The outputs E1, G1 
of the receiver 52 are supplied to a comparator 55, While the 
outputs F1, H1 of the receiver 53 are supplied to a com 
parator 57. A difference output of the comparator 55 and a 
difference output of the comparator 57 fed via a variable 
gain ampli?er 59 are summed together and a resulting sum 
output is supplied further via a variable gain ampli?er 60 to 
a comparator 62. A difference output of the comparator 62 
gives a second tracking error signal. 

[0039] FIGS. 6A and 6B illustrate the state of irradiation 
of the discs of different track pitches With the three split light 
spots. 

[0040] FIG. 6A illustrates an example of an optical disc 
having a track pitch of approximately 0.84 pm, in Which side 
beams are illuminated at the positions offset by one-half the 
track pitch With respect to the main beam. FIG. 6B shoWs 
an example of an optical disc having a track pitch of 1.6 pm 
in Which side beams are illuminated at the positions offset by 
one-fourth the track pitch With respect to the main beam. 
With the optical disc of FIG. 6A, since the track pitch is 
one-half that of the optical disc of FIG. 6B, offset due to 
optical axis deviation of the objective lens 25 of offset due 
to tilt of the optical disc are produced frequently. 

[0041] If an optical disc is judged by the disc discrimina 
tion unit 27 to be an optical disc having a track pitch of 1.6 
pm, a ?rst tracking error signal, Which is a differential output 
of the comparator 61, is selected. On the other hand, if an 
optical disc is judged by the disc discrimination unit 27 to be 
an optical disc having a track pitch of 0.8 pm, a second 
tracking error signal, Which is a differential output of the 
comparator 62, is selected. 

[0042] By detecting the tracking error signals as described 
above, a three-beam method is applied to reproduction of a 
compact disc, While a differential push-pull method, remov 
ing unneeded offset, is applied to reproduction of a high 
recording density replay-only disc or a recording/reproduc 
ing disc. Thus, a compatible optical disc recording and/or 
reproducing apparatus may be realiZed by employing a 
common optical system and by simply sWitching the calcu 
lation operations. 

[0043] FIG. 7 shoWs a second embodiment of tracking 
servo for recording or reproducing plural discs having 
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different track pitches. The optical disc recording and/or 
reproducing apparatus in the present second embodiment is 
similar to that of the ?rst embodiment except for the 
structures of the light receiver 24 and the signal detector 26. 

[0044] The light receiver 24 has ?rst to third light receiv 
ers 71 to 73 for receiving the three light beams split by the 
diffraction grating 22 and re?ected by the optical disc 11. 
The ?rst light receiver 71 receives the main beam (0-order 
light) of the three split light beams and is divided into four 
areas of A2, B2, C2 and D2. The second and third light 
receivers 72, 73 receive tWo side beams (11 order light 
beams) of the three split light beams and have portions E2, 
F2 for receiving the :1 order side beams of the three split 
light beams. 

[0045] Of the outputs of the light receivers 71 to 73, the 
outputs of the light receivers 72 and 73, that is the outputs 
of the areas E2 and F2, are supplied to a comparator 74 
Where a difference output E-F, that is the ?rst tracking error 
signal, is produced. Of the outputs of the ?rst light receiver 
71, the outputs of the areas A2 and C2 are summed by an 
adder 75, While the outputs of the areas B2 and D2 are 
summed by an adder 76. The phase differences of the outputs 
of the adders 75, 76 are compared by a phase comparator 77 
to produce the second tracking error signal. 

[0046] If a disc is judged by the disc discrimination 
portion 27 to be an optical disc having a track pitch of 1.6 
pm, the ?rst tracking error signal, Which is a difference 
output from the comparator 74, is selected. If a disc is judged 
to be an optical disc having a track pitch of 0.8 pm, the 
second tracking error signal, Which is a difference output 
from the comparator 77, is selected. 

[0047] In the second embodiment, similarly to the ?rst 
embodiment, a three-beam method is applied for reproduc 
ing, for example, a compact disc, While a phase difference 
based tracking error detection system, advantageous for 
removing the offset, is applied for recording or reproducing 
a high recording density optical disc. 

[0048] FIG. 8 shoWs a third embodiment for a tracking 
servo for recording or reproducing plural discs With different 
track pitches. The optical disc recording and/or reproducing 
apparatus in the present third embodiment is similar to that 
of the ?rst and second embodiments except for the structures 
of the light receiver 24 and the signal detector 26. 

[0049] The light receiver 24 has ?rst to third light receiv 
ers 81 to 83 for receiving the three light beams split by the 
diffraction grating 22 and re?ected by the optical disc 11. 
The ?rst light receiver 81 receives the main beam (0-order 
light) of the three split light beams and is divided into four 
areas of A3, B3, C3 and D3. The second and third light 
receivers 82, 83 receive tWo side beams (11 order light 
beams) of the three split light beams and have tWo portions 
each of Which is divided into E3, G3 and F3, H3. 

[0050] Of the outputs of the light receivers 81 to 83, the 
outputs E3 and G3 of the light receiver 82 and the outputs 
F3 and H3 of the light receiver 83 are summed by adders 84, 
92, respectively. The outputs of the adders 84, 92 (E3+G3, 
F3+H3) are supplied to a comparator 95 for producing a ?rst 
tracking error signal. 

[0051] Of the outputs of the ?rst light receiver 81, the 
outputs A3, C3 are summed by an adder 86, While outputs 
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B3 and D3 are summed by an adder 89. The phase differ 
ences of the outputs of the adders 86 and 89 are compared 
by a comparator 96 for producing a second tracking error 
signal. 

[0052] The outputs E3, G3 of the light receiver 82 are sent 
to a comparator 85, While the outputs F3, H3 of the light 
receiver 83 are supplied to a comparator 91. A difference 
output of the comparator 85 is summed to a difference output 
of the comparator 91 passed through a variable gain ampli 
?er 93 and the resulting sum output is supplied via a variable 
gain ampli?er 94 to a comparator 97. The outputs A3, D3 of 
the light receiver 81 are summed by an adder 88, While the 
outputs B3, C3 of the light receiver 81 are summed by an 
adder 87. Outputs of the adders 87 and 88 are supplied to a 
comparator 90, an output of Which is sent to a comparator 
97. With an output of the comparator 97, a third tracking 
error signal is detected. 

[0053] With the present third embodiment, the three-beam 
method is applied for reproducing a compact disc, for 
example, While the phase difference based tracking error 
signal detection method, advantageous for removing the 
offset, is applied to recording or reproduction of a high 
density optical disc. In addition, in the present embodiment, 
tracking error signal detection of the differential push-pull 
system is applied for recording or reproduction of, for 
example, a phase change type reWritable optical disc. Thus 
the same optical pickup may be used for recording or 
reproducing plural sorts of optical discs. 

[0054] Next, With the optical disc recording and/or repro 
ducing apparatus of the present invention, an optical disc 
With a substrate thickness of 0.6 mm may be recorded or 
reproduced as a ?rst optical disc With, for example, a track 
pitch of approximately 0.8 pm. For such recording or 
reproduction, a semiconductor laser radiating a laser beam 
With a Wavelength of, for example, 635 nm, is used as the 
light source 21. The objective lens 25 has an aperture ratio 
of, for example, 0.52. Therefore, if a second optical disc 
having a substrate thickness of 1.2 mm, such as a compact 
disc, is used, spherical aberration is generated due to errors 
in substrate thickness, so that correct reproduction of the 
recorded data cannot be achieved. Consequently, With the 
present embodiment of the optical disc recording and/or 
reproducing apparatus, the disc discrimination unit 27 sends 
a detection output of the optical disc both to the changeover 
sWitch 28 selecting the desired tracking error signal and to 
an aperture ratio variable control unit 100, as shoWn in FIG. 
9. 

[0055] If fed With a detection output specifying a ?rst 
optical disc With a substrate thickness of 1.2 mm, the 
aperture ratio variable control unit 100 forms a correspond 
ing motor driving pulse and routes the pulse to a stepping 
motor 102 of a variable ratio varying unit 101 shoWn in FIG. 
10a. This rotates the stepping motor 102 in a direction of 
moving a light shielding ring 103 into a light path of the laser 
beam, so that the rotary force of the stepping motor 102 is 
transmitted via a gear portion 105a meshing With a gear 
104a of a rotary gear 104 to a ring slider 105. Thus the light 
shielding ring 103 is controlled to be moved over the 
objective lens 25 along With the ring slider 105 as shoWn in 
FIG. 10B. The light shielding ring 103 thus shields a portion 
of the laser beam radiated from the objective lens 25 by its 
light shielding portion 103b for varying the aperture ratio of 
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the objective lens 25 to 0.37 (corresponding to 70% of the 
aperture ratio of 0.52) for the ?rst optical disc. The shielded 
portion of the laser beam is by the outer peripheral portion 
and corresponds to 30% of the entire laser beam. Thus, 
during reproduction of the second optical disc, the light 
shielding ring 103 is controlled to be moved over the 
objective lens 25 so that a portion of the laser beam from the 
objective lens 25 is shielded as the laser beam is illuminated 
on the second optical disc, as shoWn in FIG. 11a. This 
prohibits spherical aberration from being produced during 
reproduction of the optical disc having a substrate of an 
increased thickness due to errors in the substrate thick 
nesses. 

[0056] Speci?cally, if the second optical disc having the 
objective lens 25 With the aperture ratio kept at 0.52 is 
reproduced, Wavefront aberration of approximately 0.3 rms)» 
is produced due to substrate thickness error of 0.6 mm, thus 
producing signi?cant distortion in the spatial frequency 
characteristics, as indicated by circle marks 0 in the graph of 
FIG. 12. Conversely, if the aperture ratio of the objective 
lens 25 is controlled to 0.37 by the light shielding ring 103, 
the Wavefront aberration is decreased to approximately 0.07 
rms)», thus eliminating the distortion in the spatial frequency 
characteristics, as shoWn by III marks in the graph of FIG. 
12. MeanWhile, marks <> indicate spatial frequency char 
acteristics in case reproduction is performed using the 
optical system dedicated to the second optical disc. Com 
parison of the marks O and III reveals that the tWo charac 
teristics are similar to each other at approximately 1100/mm. 
If the aperture ratio of the objective lens 25 is controlled by 
the light shielding ring 103 to 0.37, the spherical aberration 
may be decreased to a fourth poWer of the aperture ratio, that 
is about 25%, as compared to the spherical aberration 
generated on reproducing the second objective lens With the 
aperture ratio of the objective lens 25 remaining unchanged 
at 0.52. Thus it becomes possible to sufficiently reproduce 
the second optical disc having the substrate thickness dif 
ferent from that of the ?rst disc using the optical system for 
the ?rst optical disc. 

[0057] If fed With a detection output specifying a ?rst 
optical disc With a substrate thickness of 0.6 mm, the 
aperture ratio variable control unit 100 forms a correspond 
ing motor driving pulse and routes the pulse to the stepping 
motor 102 of a variable ratio varying unit 101 shoWn in FIG. 
10a. This rotates the stepping motor 102 in a direction of 
moving the light shielding ring 103 out of the light path of 
the laser beam, so that the rotary force of the stepping motor 
102 is transmitted via the gear 105a meshing With the gear 
portion 104a of the rotary gear 104 to the ring slider 105. 
Thus the light shielding ring 103 is moved aWay from the 
objective lens 25 along With the ring slider 105. Thus the 
laser beam from the objective lens 25 may be illuminated on 
the ?rst optical disc With the substrate thickness of 0.6 mm, 
Without being shielded, as shoWn in FIG. 11B. In this case, 
the Wavelength of the laser beam is 635 nm, and the aperture 
ration of the objective lens 25 is 0.52, so that the spatial 
frequency is equal to 1500/mm, as shoWn by marks X in 
FIG. 12, and hence the ?rst optical disc having a small 
recording pit siZe can be reproduced satisfactorily. 

[0058] It is seen from above that, With the optical disc 
recording and/or reproducing apparatus according to the 
present invention, the light shielding ring 103, shielding a 
portion of a laser beam from the objective lens 25, is 
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provided in the optical system for the ?rst optical disc 
having the substrate thickness of 0.6 mm, and is used only 
for reproduction of the second optical disc having the 
substrate thickness of 1.2 mm for shielding a portion of the 
laser beam radiated from the objective lens 25 for variably 
controlling the aperture ratio of the objective lens 25 for 
conformity to the second optical disc for enabling reproduc 
tion of the tWo different sorts of the optical discs having 
different substrate thicknesses. Since the tWo sorts of the 
optical discs With different substrate thicknesses may be 
reproduced in this manner, the optical disc reproducing 
apparatus may be improved in universality in application. 

[0059] A second embodiment of the present invention 
concerning the varying of the aperture ratio in the optical 
disc recording and/or reproduction according to the present 
invention is noW explained. In the previous ?rst embodi 
ment, the aperture ratio of the objective lens 25 is variably 
controlled by the light shielding ring 103 and the ring slider 
105. In the present second embodiment of the optical disc 
recording and/or reproducing apparatus, a pair of light 
shielding plates 106, 109 as shoWn in FIG. 13 are used for 
shielding a portion of the laser beam from the objective lens 
25, using a pair of light shielding plates 106, 109 as shoWn 
in FIG. 13, for variably controlling the aperture ratio of the 
objective lens 25. 

[0060] Except for the mechanism related With this con 
struction, the optical disc recording and/or reproducing 
apparatus of the preset second embodiment is similar in 
structure to the optical disc recording and/or reproducing 
apparatus of the previous ?rst embodiment, only the above 
mechanism is explained in connection With the optical disc 
recording and/or reproducing apparatus of the preset second 
embodiment, While detailed description of the remaining 
portion is omitted for clarity. 

[0061] The aperture ratio varying unit 101, provided in the 
present second embodiment of the optical disc recording 
and/or reproducing apparatus, is made up of stepping motors 
107, 110 for controlling the movement of the light shielding 
plates 106, 109, as shoWn in FIG. 13. 

[0062] The light shielding plates 106, 109 are arranged on 
a straight line perpendicular to a laser beam radiated from 
the objective lens 25 so that one ends of the plates face each 
other. Part of the bottom surface portions consecutive to the 
facing ends of the light shielding plates 106, 109 is designed 
as light shielding portions 106b, 109b for shielding a portion 
of the laser beam radiated from the objective lens 25. The 
bottom sides of the light shielding plates 106, 109 are 
provided With rack gears 106a, 109a, respectively, so as not 
to contact With the light shielding portions 106b, 109b, 
respectively. These rack gear portions 106a, 109a are 
designed to mesh With gear portions 108a, 111a of rotary 
gears 108, 111 provided on rotary shafts 107a, 110a of the 
stepping motors 107, 110, respectively. 

[0063] The above-described structure of the aperture ratio 
varying unit 101 is controlled to be driven by a motor 
driving pulse supplied from the aperture ratio varying con 
trolling unit 100 responsive to a detection output of the disc 
discrimination unit 27. That is, if fed from the disc discrimi 
nation circuit 27 With a detection output specifying the 
reproduction of the ?rst optical disc having the substrate 
thickness of 1.2 mm, the aperture ratio variable control unit 
100 generates motor driving pulses for rotating the stepping 
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motors 107, 110 in a direction of reducing the gap delimited 
between the facing ends of the light shielding plates 106, 
109. These motor driving pulses are supplied to the stepping 
motors 107, 110. This drives the stepping motors 107, 110 
into rotation. The rotational force of the stepping motors is 
transmitted via the gear portions 108a, 111a of the gears 108, 
111 to the rack gear portions 106a, 109a of the light 
shielding portions 106, 109. The light shielding plates 106, 
109 are controlled to be moved for hiding part of the 
objective lens 25. The range of hiding of the objective lens 
25 by the light shielding plates 106, 109 is set to a range 
Which Will give an aperture ratio of the objective lens 25 of 
0.37 equal to the aperture ratio for the second objective lens 
25. By controlling the movement of the light shielding plates 
106, 109 in this manner, part of the laser beam radiated from 
the objective lens 25 is shielded by the light shielding 
portions 106b, 10% of the light shielding plates 106, 109 for 
setting the aperture ratio of 0.37 of the objective lens 25. 
Thus, the second optical disc With the substrate thickness of 
1.2 mm may be reproduced correctly, as in the ?rst embodi 
ment described above. 

[0064] Next, if fed from the disc discrimination circuit 27 
With a detection output specifying the reproduction of the 
?rst optical disc having the substrate thickness of 0.6 mm, 
the aperture ratio variable control unit 100 generates motor 
driving pulses for rotating the stepping motors 107, 110 in 
a direction of enlarging the gap delimited betWeen the facing 
ends of the light shielding plates 106, 109. The motor 
driving pulses are supplied to the stepping motors 107, 110. 
This drives the stepping motors 107, 110 into rotation. The 
rotational force of the stepping motors is transmitted via the 
gear portions 108a, 111a of the gears 108, 111 to the rack 
gear portions 106a, 109a of the light shielding portions 106, 
109. The light shielding plates 106, 109 are controlled to be 
moved to positions not shielding the laser beam radiated 
from the objective lens 25. This gives the aperture ratio of 
the objective lens 25 of 0.52 Which is equal to the aperture 
ratio for the ?rst optical disc. Thus the ?rst optical disc may 
be reproduced correctly. 

[0065] A third embodiment of the present invention con 
cerning the varying of the aperture ratio in the optical disc 
recording and/or reproduction according to the present 
invention is noW eXplained. With the optical disc recording 
and/or reproducing apparatus according to the present third 
embodiment, an objective lenses having tWo sorts of the 
aperture ratio as shoWn in FIG. 14 is employed in place of 
the objective lens 25 and the aperture ratio variable control 
unit 101 and the objective lens having the aperture ratio 
corresponding to the substrate thickness of the optical disc 
being reproduced is used by sWitching. Since the optical disc 
recording and/or reproducing apparatus of the present third 
embodiment is similar in structure to the optical disc repro 
ducing apparatus of the ?rst and second embodiments eXcept 
the objective lens, the folloWing description of the third 
embodiment is centered about the objective lens, While 
explanation of the remaining portions is not made for clarity. 

[0066] That is, the above objective lens has a ?rst light 
condensing portion 112 having an aperture ratio (0.52) for 
the ?rst optical ?sc having the substrate thickness of 0.6 mm 
and an aperture ratio (0.37) for the second optical disc 
having the substrate thickness of 1.2 mm. The objective lens 
has a slider 114 for moving the objective lens on an optical 
path of the laser beam. The bottom portion of the slider 114 
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has a rack gear meshing With a rotating gear formed on the 
stepping motor. The force of rotation of the stepping motor 
is transmitted via the rotating gear and the rack gear to the 
slider 114 for controlling movement of the objective lens. If 
fed With a detection output from the disc discrimination unit 
27 With a detection output specifying the reproduction of the 
?rst optical disc With the substrate thickness of 0.6 mm, the 
aperture ratio variable control unit 100 supplies a motor 
driving pulse to the stepping motor for controlling move 
ment of the ?rst light condensing portion 112 onto the light 
path of the laser beam. This drives the stepping motor into 
rotation so that the ?rst light condensing portion 112 of the 
objective lens is moved by the slider 114 on the light path of 
the laser beam. Since the ?rst light condensing portion 112 
has the aperture ratio of 0.52 for the ?rst optical disc, the ?rst 
optical disc may be correctly reproduced by controlling 
movement of the ?rst light condensing portion 112 on the 
light path of the laser beam. 

[0067] If fed With a detection output from the disc dis 
crimination unit 27 With a detection output specifying the 
reproduction of the second optical disc With the substrate 
thickness of 1.2 mm, the aperture ratio variable control unit 
100 supplies the motor driving pulse to the stepping motor 
for controlling movement of the second light condensing 
portion 113 onto the light path of the laser beam. This drives 
the stepping motor into rotation so that the second light 
condensing portion 113 of the objective lens is moved by the 
slider 114 on the light path of the laser beam. Since the 
second light condensing portion 113 has the aperture ratio of 
0.37 for the second optical disc, the second optical disc may 
be correctly reproduced by controlling movement of the 
second light condensing portion 113 on the light path of the 
laser beam. 

[0068] In the above embodiments, the aperture ratio is 
variably controlled for the ?rst and second optical discs 
having different substrate thicknesses. HoWever, since it is 
suf?cient in the case of the light shielding plates 106, 109 
shoWn in FIG. 13 to variably control the laser beam light 
shielding range depending on the substrate thickness of the 
optical disc, it is possible to variably control three or more 
aperture ratios of the light shielding ranges of the objective 
lens for enabling reproduction of three or more optical discs 
having different substrate thicknesses. In the embodiment of 
FIG. 14 of an objective lens having the light condensing 
portions 112, 113 With tWo different aperture ratios, light 
condensing portions With three or more different aperture 
ratios may be provided for enabling reproduction of three or 
more optical discs having different substrate thicknesses. 

[0069] In the above description of the third embodiment, 
the light condensing portions 112, 113 are controlled to be 
moved by the slider 114. It is hoWever possible to provide 
a rotary shaft betWeen the light condensing portions 112, 
113, using the shaft sliding type biaXial mechanism shoWn 
in FIG. 3, and to control the objective lens to be rotated 
about the rotary shaft as the center of rotation for controlling 
movement of the light condensing portions 112, 113 on the 
light path of the laser beam. 

1. An optical pickup comprising: 
a light source for radiating a light beam; 

a diffraction element for separating a light beam radiated 
from said light source into at least three beams, namely 
a main beam and tWo side beams; 




