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DESCRI.PTJ:ON 

OPTICAL SPOT GENERATION DEVICE FOR RECORDING MEDI.UM 

BACKGROUND OF THE INVENTION 

5 1. Field of the Invention 

The present invention relates to an optical spot 

generation device for writing and reading data to and from 

a recording medium such as an optical disc and an optical 

card, and more particularly to an optical spot generation 

10 device for a recording medium capable of being made 

compact. 

2. Description of the Related Art 

With an optical spot generation device for writing and 

reading data to and from a .recording medium such as an 

15 optical disc and an optical card, collimated light is 

formed by a collimator lens and passed through an objective 

lens to apply an optical spot on a target . track of a 

recording mediWJl. In order to apply an optical spot on a 

target track of a recording medium, the objective lens is 

20 con_trolled through tracking serve to move it in a direction 

perpendicular to the track. 

25 

The collimator lens has a size which al.lows the 

objective lens to receive the collimated light on the whole 

surface of the objective lens, irrespective of the position 

of the objective lens in its motion range. From this 
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reason, a conventional collimator lens is circular. 

Since a conventional collimator lens is circular, its 

diameter is set so that the objective lens can receive the 

collimated light from the collimator lens on the whole 

5 surface of the objective lens, irrespective of the position 

of the objective lens in its motion range along the 

direction perpendicular to the track. 

SUMMARY OF THE INVENTION 

10 J:t is an object of the present invention to provide an 

optical spot generation device for a recording mediwn 

capable of being made compact. 

According to an optical spot generation device for a 

recording medium of this invention,. a light converging 

15 optical element receives light from a collimator and forms 

an optical spot on a track of the recording medium,. the 

optical spot being displaced in a direction perpendicular 

to the track during tracking servo. In the optical spot 

generation device for a recording medium,. the collimator 

20 has a size which allows the light converging optical 

element to receive collimated light from the collimator on 

a whole surface of the light converging optical element, 

irrespective of a position of the light converging optical 

element in its motion range. A length of the collimator in 

25 a track direction is cut shorter than a length in the 
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direction perpendicular to the track, by an amount 

corresponding to that the light converging optical element 

is displaced in the direction perpendicular to the track 

and is not displaced in the track direction. 

The collimator may be a collimator lens, an aspheric 

press lens, a lens with its aspheric surface being formed 

with a replica, a lens having a refractivity distribution 

in an optical axis direction, a lens with a refractivity 

distribution in a radial direction, a lens made of glass 

10 spherically polished lenses having different refractivities 

and attached together, and a lens made of a Fresnel zone 

plate. 

This optical spot generation device is applied not 

only to a read only optical pickup device but also to a 

15 read/write optical spot generation device and a write only 

optical spot generation device. In writing data to a 

recording medium, the power of a laser output is made lager 

than in reading data from the recording medium. A light 

beam applied from the c~llimator to the light converging 

20 optical element is not limited only to one beam, but two or 

more beam~ may be used. The spot (M, E, F, G, ,H, I, J} on 

a recording medium may be a single spot or a plurality of 

spots. 

The length of the collimator in the track direction 

25 can be made shorter than that in the direction 
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perpendicular to the track, by an amount corresponding to 

that the objective lens is not displaced in the track lens. 

Xn the optical spot generation device for a recording 

medium of this invention, a mirror is provided for changing 

5 an optical axis direction of an output optical axis thereof 

by 90 ° from an input optical- axis thereof, wherein the 

collimator is disposed between the mirror and the light 

converging optical element on the output optical axis, a 

side of the cut portion of the collimator abuts on a 

10 surface of the mirror, and the collimator is mounted 

partially superposed upon the mirror along the optical axis 

direction .. 

The collimator with its opposite ends being cut along 

the track direction has its side of the cut portion being 

15 abutted on the surf ace of the mirror and the collimator is 

mounted partially superposed upon the mirror along the 

output optical axis direction. Accordingly, the length in 

the output optical axis of the optical spot generation 

device for a recording medium can be shortened. 

20 Xn the optical spot generation device for a recording 

medium of this invention, a mirror is provided for changing 

an optical axis direction of an output optic.al axis thereof 

by 90 ° from an input optical axis thereof, wherein the 

collimator is disposed on the input optical axis, with the 

25 track direction of the collimator being set in parallel to 
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a direction of the output optical axis. 

The collimator is disposed on the input optical axis, 

with the track direction or shorter length direction 

thereof being set in parallel to the direction of the 

5 output optical axis. Accordingly, the height of the 

optical spot generation device in the region of the input 

optical axis of the mirror can be lowered. 

10 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a schematic diagram showing optical paths of 

an optical pickup device. 

Fig. 2 is a cross sectional side view of the optical 

pickup device. 

Fig. 3 is a perspective view of a collimator lens. 

15 Fig. 4 is a diagram showing another examp1e of a mount 

of the collimator lens. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Embodiments of the invention will be described with 

20 reference to the accompanying drawings. 

Fig. 1 is a schematic diagram showing optical paths of 

an optical pickup device. Fig. 2 is a cross sectional side 

view of the optical pickup device. In Fig. 1, an arrow R 

represents a radial (R) direction of an optical disc 34, 

25 and an arrow T represents a tangential (T) direction of a 
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track of the optical disc 34. The R direction is a 

direction from the center of the optical disk 34 toward its 

outer periphery, and the anti-R direction is a direction 

from the outer periphery toward the center of the optical 

5 disc 34. The R and T directions given for each optical 

component correspond to motion directions of the component 

when a spot on the optical disc 34 is moved in the R and T 

directions on the optical disc 34. R' and T' directions 

given for a photodiode light reception surface 68 

10 correspond to the R and T directions on the optical disc 

34. R' and T' directions given for a beam splitter 24 and 

a focussing lens 50 correspond to motion directions thereof 

when a reflected light spot is moved in the R' and T' 

directions on the photodiode light reception surface 68. 

15 Referring to Figs. 1 and 2, a semiconductor laser 12 

has a light emission unit 14 at the start of an optical 

axis 32 from the semiconductor laser 12 to the optical disc 

34, and a photodiode 16 at a position displaced from the 

optical axis by a predetermined amount in the R direction. 

20 A hologram module 18 has a diffraction grating surface 20 

on the semiconductor laser 12 side and a hologram surf ace 

22 on the opposite side. A laser beam radiated from the 

light emission unit 14 is divided into seven light beams by 

the diffraction grading surface 20 of the hologram module 

25 18, one beam on the optical axis 32 and three beams on 
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opposite sides thereof. The seven beams propagate straight 

through the beam splitter 24, are deflected by 90 ° by a 

mirror 26, pass through a collimator lens 28 (indicated by 

a solid line in Fig. 2) and then through an objective lens 

5 30 (light converging optical element) to form spots M, E, 

F, G, H, I, and J in line generally along the T direction 

on the optical disc 34 such as a CD. The spots M, E, F, G, 

H, I, and J are disposed symmetrically relative to the 

center of the optical disc 34. Namely, relative to the 

10 spot M on the optical axis 32, the spots E and F, spots G 

and H, and spots I and J are symmetrical. As will be later 

described, reflection light of the spot M is incident upon 

a photodiode 52M. Only this photodiode 52M is constituted 

of four photodiodes 52A, 52B, 52C, and 52D(not 

15 illustrated). The seven spots are applied to seven tracks 

consecutively disposed in the R direction. The collimator 

lens 28 is not circular, but is generally oval with 

opposite sides in the T direction being cut straight. This 

shape will be later described. 

20 An optical axis 66 of reflection light of the spots M, 

E, ~, G, H, I, and J is the same as the optical. axis from 

the spot M to the beam sp1itter 24. Reflection light from 

the optical disc 34 is applied via the objective lens 30, 

collimator lens 28, and mirror 26 to the beam splitter 24 

25 at which the direction of the reflection light is changed 
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by 90 ° to be directed to the focussing lens 50. The 

photodiode light reception surface 68 has photodiodes 52M, 

52E, 52F, 52G, 52H, 52I., and 52J disposed in line at a 

predetermined pitch in a direction perpendicular to the 

5 optical axis 66. The reflection light output from the beam 

splitter 24 passes through the focussing lens 50 and is 

incident upon the photodiodes 52M, 52E, 52F, 52G, 52H, 52I, 

and 52J. Only the photodiode 52M on the optical axis 66 is 

constituted of four photodiodes 52A, 52B, 52C, and 52D, two 

10 photodiodes being disposed in the R' and T 1 directions. 

Reflection light of the spot M is divisionally applied to 

the four photodiodes 52A, 52B, 52C, and 52D. Reflection 

light applied to the four photodiodes is used not only for 

reading data on the track of the optical disc but also for 

15 a tracking serve error signal of a DPD method. 

A portion of the reflection light of the spot M 

applied to the beam splitter 24 is directed to the hologram 

module 18, and its direction is changed by the hoiogram 

surface 2 toward the photodiode 16. The reflection light 

20 incident upon the photodiode 16 is used as a focus serve 

control error sign~l. I.n accordance with this error 

signal, the objective lens 30 is displaced along the 

optical axis 32 direction to set the distance between the 

objective lens 30 and optical disc 34 to a proper value. 

25 The oscillation frequency of the semiconductor laser 
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12 and the grating distance of the diffraction grating are 

subjected to manufacture variation. A ratio of the focal 

length of the collimator lens 28 to the total focal length 

of the collimator lens 28 and focussing lens 50 is also 

5 subjected to manufacture variation. These manufacture 

variations affect the pitch between reflection light beams 

on the photodiode light reception surface 68 which beams 

may become improperly incident upon the photodiodes 52E, 

52F, 52G, 52H, 52I, and 52J, excepting the photodiode 52M. 

10 ·During the manufacture of the optical pickup device 10, the 

focussing lens 50 and photo diode light reception surf ace 68 

are fixed to the positions along the optical axis so that 

the reflection light beams become correctly incident upon 

the photodiodes 52M, 52E, 52F, 52G, 52H, 52I, and 52J. 

15 Fig. 3 is a perspective view of the collimator lens 

28. The size of the collimator lens 28 is determined so 

that the objective lens 30 {Figs. 1 and 2) can receive the 

collimated light from the collimator lens 28 on the whole 

surface of the objective lens, irrespective of the position 

20 of ~he objective lens in its motion range. Although the 

objective lens 30 is displaced in the R direction for 

tracking control, it is moved only a little in the T 

direction. Therefore, although the collimator lens 28 is 

required to have a size sufficient for the displacement of 

25 the objective lens 30 in the R direction, even if the 
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opposite ends of the collimator lens 28 in the T direction 

can be cut by an amount corresponding to the displacement 

of the objective lens 30 in the T direction, the light can 

be incident upon the whole surface of the objective lens 

5 30. Assuming that the effective light flux diameter of the 

objective lens 30 is 4 nun, that the tracking motion on one 

side of the objective lens 30 is 0.5 nun, and that the outer 

margin of the collimator lens 28 is 0.3 mm, then the length 

Dr of the collimator lens 28 in the R direction necessary 

10 for the objective lens 30 at an optional position to 

receive the collimated light, is: 

Dr = 4 + 0.5 + 0.5 + 0.3 + 0.3 

= 5.6 nun 

In contrast, the length Dt of the collimator lens 20 

15 in the T direction necessary for the objective lens 30 in 

the whole area in the track direction to receive the 

collimated light, is: 

Dt = 4 + 0.3 + 0.3 

= 4.6 mm 

20 A conventional collimator lens is circular having a 

diameter of 5.6 mm, whe~eas the collimator 28 of this 

embodiment has the length Dt of 4.6 mm in the T direction 

shorter than the conventional lens by 17 %, although the 

length Dr of 5.6 mm in the R direction is the same as the 

25 conventional lens. The shape of the collimator lens 28 is 
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therefore oval with its opposite ends in the track 

direction being cut straight. The T direction of the 

collimator lens 28 is coincident with the direction of the 

optical axis 32 in the first half from the light emission-

s unit 14 to the mirror 26 (a longitudinal direction ·of the 

optical pickup device 10) • Therefore, by cutting the 

opposite ends of the collimator lens 28 in the T direction, 

the length of the optical pickup device 10 can be 

shortened. 

10 In the example shown in Figs. 1 and 2, the collimator 

lens 28 (indicated by the solid line) is disposed between 

the mirror 26 and objective lens 30. As indicated by a 

phantom line in Fig. 2, the collimator lens 28 may be 

disposed between the beam splitter 24 and mirror 26. In 

15 this case, the T direction of the collimator lens 28 along 

which the opposite ends are cut is coincident with a height 

direction of the optical pickup device 10. If the 

collimator lens 28 is mounted not between the mirror 26 and 

objective lens 30 but between the beam splitter 24 and 

20 mirror 26, the height of the optical pickup device 10 can 

be . lowered. Since the T direction or smal.ler length 

direction of the collimator lens 18 mounted between the 

beam splitter 24 and mirror 26 is coincident with the 

height direction of the optical pickup device 10, the 

25 region from the semiconductor laser 12 to the collimator 

11 



PCT/JP98/03486 
W099/09553 

lens 28 can be prevented from being made high. 

Fig. 4 shows another example of a mount of the 

collimator lens 28. The collimator lens 28 is mounted 

partially lower than the height of the mirror 26 along the 

5 height direction of the optical pickup device 10. The side 

of the cut portion of the collimator lens 28 is abut on the 

slanted surface of the mirror 26 so that· the height of the 

optical pickup device 10 can be made lower. 

12 
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CLAIMS 

1. An optical spot generation device (10) for a recording 

medium (34) having a light converging optical element (30) 

5 which receives light from a collimator (28) and forms an 

optical spot (M, E, F 1 G, H, I, J) on a track of the 

recording medium, and which can be displaced in a direction 

perpendicular to the track, 

wherein said collimator has a size which allows said 

10 light converging optical element to receive collimated 

light from said collimator in a whole motion range, of said 

light converging optical element (30) and a length of said 

collimator in a track direction is shorter than a length in 

the direction perpendicular to the track. 

15 

2. An optical spot generation device for a recording 

medium according to claim 1, further comprising a 

reflection optical element ( 26) for changing an optical 

axis (32) direction by 90°, wherein said collimator (28) is 

20 disposed between said reflection optical element (26) and 

said light converging optical element (30). 

3. An optical spot generation device according to claim 2, 

wherein said collimator is disposed on the optical axis 

25 changed by 90° in proximity of a 90° changing surface of 

Nllf llJ flllll Hll'l 11111111111 
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said refection optical element at a lower end of the 

collimator. 

4. An optical spot generation device according to claim 2, 

5 wherein said collimator is disposed on the optical axis 

changed by 90°, with at least one potion of said collimator 

being below an upper end of a 90° changing surface of said 

reflection optical element. 

10 5. An optical spot generation device according to claim 1, 

further comprising a reflection optical element (26) for 

changing an optical axis (32) direction by 90° and a beam 

splitter (24), 

wherein said collimator is disposed between the beam 

15 splitter and the reflection optical element. 

6. An optical spot generation device according to claim 1, 

wherein said collimator is any one of a collimator lens, an 

aspheric press lens, a lens with its aspheric surface being 

20 formed with a replaica, a lens having a refractivity 

distribution in an optical ·axis direction, a lens with a 

refractivity distribution in a radial direction, a lens 

made of glass spherically polished lenses having different 

refractivities and attached together, and a lens made of a 

25 Fresnel zone plate. 

14 
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7. An optical spot generation device according to claim 1, 

wherein said collimator has a lateral cross sectional shape 

of oval, with its opposite ends in the track direction 

being cut straigh~. 

8. An optical spot generation device according to claim 1, 

wherein the vertical cross sectional shape of the 

collimator has a plane at a surface to which light passing 

through the collimator is input and a sphere to which the 

10 light is output. 

9. An optical spot generation device according to claim 1, 

wherein the collimator is fixed at a portion of its plane 

and at least one portion of its side to said generation 

15 device. 

10. An optical spot generation device (10) for a recording 

medium (34) having a light converging optical element (30) 

which receives light from a collimator (28) and forms an 

20 optical spot (M, E, F, G, H, I, J) on a track of the 

recording medium, and which can be displaced in a direction 

perpendicular to the track, 

wherein said collimator has a size which allows said 

light converging optical element to receive collimated 

25 light from said collimator in a whole motion range of said 

15 
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light converging optical element (30} and a length of said 

collimator in a track direction is shorter than a length in 

the direction perpendicular to the track, and is disposed 

on an optical axis (32) changed by 90° by a reflection 

5 optical element (26) for changing the optical axis by 90° 

in contact with a 90° changing surface of said refection 

optical element at a lower end of the collimator. 

11. An optical spot generation device (10) for a recording 

10 medium (34) having a light converging optical element (30) 

which receives light from a collimator (28) and forms an 

optical spot (M, E, F, G, H, I, J) on a track of the 

recording medium, and which can be displaced in a direction 

perpendicular to the track, 

15 wherein said collimator has a size which allows said 

light converging optical element to receive collimated 

light from said collimator in a whole motion range of said 

light converging optical element (30) and a length of said 

collimator in a track direction is shorter than a length in 

20 the direction perpendicular to the track, and is disposed 

on an optical axis ( 32) changed by 90 ° by a refection 

optical element (26) for changing the optical axis by 90°, 

with at least one potion of said collimator being below an 

upper end of a 90 ° changing surface of said reflection 

25 optical element. 

16 
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12. An optical spot generation device { 10) for a 

recording medium (34) having a light converging optical 

element (30) which receives light from a collimator (28) 

and forms an optical spot {M, E, F, G, H, I, J) on a track 

5 of the recording medium, and which can be displaced in a 

direction perpendicular to the track, said collimator is 

disposed on the optical axis changed by 90° by a refection 

optical element (26) for changing the optical axis by 90° 

in proximity of a 90° changing surface of said reflection 

10 optical element at a lower end of the collimator. 

13. An optical spot generation device (10) for a recording 

medium (34) having a light converging optical element (30) 

which receives light from a collimator (28) and forms an 

15 optical spot (M, E, F, G, H, :r, J) on a track of the 

recording medium, and which can be displaced in a direction 

perpendicular to the track, 

wherein said collimator is disposed an optical axis 

(32) changed by 90° by a reflection optical element (26) 

20 for changing the optical axis by 90 °, with at least one 

potion of said colli~ator being below an upper end of a 90° 

changing surface of said reflection optical element. 

25 
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optica spot gener , 

wherein said collimator has a lateral shape 

of oval, with its opposite ends in direction 

being cut straight. 

8. ration device according to claim l, 

wherein the cross sectional shape of the 

plane at a surf ace to which light passing 

is input and a sphere to which the 

9. An optical spot generation device according to claim 1, 

wherein the collimator is fixed at a portion of a plane of 

the collimator and at least one portion of a side of the 

15 collimator to said generation device. 

20 

medium (34) having a light 

which receives light from and forms an 

.optical spot (M, E, F, track of the 

recording medium, displaced in a direction 

collimator has a size which allows said 

liiiflf 

optical element to receive collimated 
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CLAIMS 

1. An optical spot generation device (10) for a recording medium {34) having a light 
converging opticaf element (30) which receives light from a collimator (26) and forms an 

opticat spot (M, E. F, G, H, I, J) on a track of the recording medium (34), and which can be 

displaced in a direction (R) perpendicular to the track, 

wherein said collimator (28) has a size which allows said light converging optical 

element (30) to receive collimated light from said collimator (28) in a whole motion range, of 
said light converging optical element (30) and a length of said collimator in a track direction 

(T) is shorter than a length in the direction (R) perpendicular to the track, and 

said collimator {28) has a latera1 cross sectional shape of oval, 

characterized in that 

the commator's (28) opposite ends in the track direction are cut straight. 

2. The optical spot generation device for a recording medium according to claim 1, 
further comprising a reflection optical element (26) for changing an optical axis (32) direc­

tion by 90 °, wherein said collimator {28) is disposed between said reflection optical element 

(26) and said light converging optical element (30). 

3. The optical spot generation device according to ctaim 1, further comprising a reflec­
tion optical element (26) for changing an optical axis (32) direction by 90 ° and a beam 

splitter (24)t 

wherein said collimator (28} is disposed between the beam splitter (24} and the re­

flection optical element (26). 
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4. The optical spot generation device according to any preceding claim, wherein said 

collimator (28) is any one of a coJlimator lens, an aspheric press lens, a lens with its as­

pheric surface being formed with a reptaica, a lens having a refractivity distribution in an 

optical axis direction, a lens with a refractivity distribution in a radial direction. a tens made 

of glass spherically polished lenses having different refr9ctivities and attached together, and 

a lens made of a Fresnel zone plate. 

5. The optical spot generation device according to any preceding daim. wherein the 

vertical cross sectional shape of the collimator {28) has a plane at a surface to which light 

passing through the collimator (28) is input and a sphere to whic:h the light is output 

6. The opticat spot generation device according to any preceding clalm1 wherein the 

collimator {28) is fixed at a portion of a plane of the colfimator (28) and at teast one portion 

of a side of the collimator (28) to said generation device_ 

7. The optical spot generation device according to any preceding claim, 

wherein said collimator (28} is disposed on an optical axis (32) changed by 90 ° by a 

reflection tiptical element (26) for changing the optical axis by 90 ° in contact with a 90 ° 

changing surface of said reflection optical element (26) at a lower end of the collimator (28). 

B. The optical spot generation device according to any preceding claim. 

wherein said collimator (28} is disposed on an optical axis (32) changed by 90 .. by a 

reflection optical element (26) for changing the optical axis by 90 ", with at 1east one portion 

of said collimator (28) being below an upper end of a 90 ° changing surface of said reflec­

tion optical element (26). 
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