
. -·..,. .. • 

... ~- 1 
TITLE·OF'THE INVENTION 

Optical Pickup Device 

BACKGROUND OF THE INVENTION 

sa,q60l~o3- 2 
tTM(Jlg coptj . 

R~PLACED SHEETS SO 
O. Description : p~ged .":-:-: .... to paged ... ~ .. .. 
f0' c;Iaim(s) : paged .H ... to paged J.? .... . 
0 D!awing(s)• : paged .. ;.: ... to paged .. ::: ... .. 
0 Al~stract : paged .:::: ... to paged ... ::-.... . 
DATE OF RECEIPT . .. .. , ................................. . 

T~is invention relates to an optical picku·p device for 

condensing the light from a light source on a signa~ recording 

surface of an optical recording medium, such as an optical disc. 

The r~cent tendency in the package media such as a recordin• 

device for a computer or pac-kage media for music or picture 
.. 

information is towards a higher information recording density~ 

Among the methods for high recording density, there is a method 

of increasing the numerical ap~rture of an objective lens for 

diminishing the diameter of a light.spot condensed on the disc. 

Assuming that information signals recorded with a high 

recording density as information pits are to be reproduced by 

the optical pickup device, small-sized recording marks can b'e· 

reproduced if the spot diameter is decreased, thus achieving }\igh 

recording density. 

If the numerical aperture of the objective lens is 

increased, manufacture of the objective lens itself becomes 

difficult. 

If an optical 'disc substrate is tilted in the condensing 

light, coma ab~rration is ·produced. This coma aberration is 

increased if the numerical aperture NA of the objective lens is 

increased. For example, the third.,...order coma aberration w31 and 

the fifth-order coma aberration w51 are represented by the 
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e9uations ~1) and (2): 

..... (1) 

= _!.,. (N2 - 1) (N2 + 3) 0+NA5. 

a N5~ 

..... ( 2) 

where t is the disc thickness, N is the ·refractive index of the 

~isc, NA is the numerical aperture of the objective lens and e 

is the skew of the optical disc. 

Thus it is seen that the coma aberration is in conformity 

to the size of the numerical aperture NA. That is, if the 

numerical aperture of the objective .lens is increased, the 

tolerance value of the planarity of the optical disc, that of 

orthogonality between the optical disc and the disc mounting 

surface and that of feed precision of the optical pickup device 

. are diminished. 

If. for example, the thickness of the optical disc subst;rate 

is 1.2 mm, the refractive index of the optical disc substrate is 

1. 52 and the wave 1 ength of _the 1 ight. from the 1 igh~ source is 532 

nm, with the tolerance value of the RMS wavefront aberration 

produced due to disc skew in case of employing only the objective 

lens being 0.05 A, the tolerance value for the skew is decreased 
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with incre~se in th~ numerical aperture of the objective lens, 

as shown in Fig.8. Thus a. skew correction mechanism for. 

correcting the skew needs to be added· thus resulting in 

disadvantages in cost and size. 

If the thickness of the optical disc substrate is outside 

the prescribed range, a spherical aber·rat ion w40 is produced. 

This spherical aberration w40 is given by 

••••. ( 3) 

indicatini that the spherical aberration is in conformity to the 

magnitude of the numerical aperture NA. That is, if the numerical 

ap·erture of the objective 1 ens is increased, spherical aberration 

is produced, so that disc thickness needs to be managed strictly 

thus raising diffic~~ties in production yield and cost. 

OBJECT AND SUMMARY OF THE INVENTION 

It is an object of the present invention to .provide an 

optical pickup device in which the diameter of the spot formed 

on the optical recording medium is diminished, with the 

generation of coma aberration being made irrelevant to the 

~ncrease in the.numerical aperture of th~ objective lens, for 

realizing high information recording and reproducing density .. 

In one aspect, the. present invent ion prov ides an optical 

pickup device for collecting the light from a light source on a 
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signal re~ording surface ·of an optical recording surface 

including at l~ast a set of object lenses, a convex lens haviqg 

·a planar surface facing the.optii~l recording medium and having 

a pre-set refractive index, · a slider configured for fixing 

the convex lens and for "sliding in 

contact with the ·optical recording medium, and thrusting 

supporting means for thrusting the slider · into sliding 

supporting contact with said optical recording medium. 

In another aspect, the present invention provides an optical 

pickup device for collecting the light from a light sou~ce on a 

signal recording surface of· an optical recording surface 

including at least a set of object lenses, a convex lens having 

a planar surface facing the opti~al recording medium and having 

a pre-set refractive index, slider configured for fixing 

the convex lens and for being floated over the optical recording 

.medium, and floating supporting means for floating and supporting 

the ··slider over the optical recording medium. 

Since the refractive index of the convex lens is set so as 

to be equal to that of the optical recording medium, a laser 

light having a reduced spot diameter may be condensed at a pre­

set position of an information recording. layer of the optical 

recording medium. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig.1 is a schematic view showing an embodiment of an 

optical pickup device according to the present invention. 
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Fig.2. is a detailed view showing !in objective lens system 

of the embodiment shown in Fig.1. 

Fig.3 is a plan view showi"ng an objective lens system ·shown 

in Fig.2. 

Fig.4 -illustrates a numerical aperture of the objective 

lens. 

Fig.5 illustrates the operation of the objective lens system 

shown in Fig.2. 

Fig.6 is a graph showing spherical aberration plotted 

against errors iri disc thickness. 

Fig.7 is a detailed view of an objective lens system of a 

modification of the optical pickup device according to the 

present invention. 

Fig. 8 is . a graph . showing the tolerance values of skew 

plotted against the numerical aperture of an objective lens of 

a conventional optical pickup device. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Referring to the drawings, illustrative embodiments of the 

present invention will be explained in detail. 

The optical pickup device of the instant embodimen-t is 

configured for reproducing information signals pre-re~orded with 

high recording density on a signal recording surf ace of an 

optical disc which is among the optical recording media. 

Referring to Figs.! and 2, the optical pickup device includes at 

least a set of objective lenses 7, and a seml-spherical lens 9, 
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which is a convex lens of a pre-set_ refractive index having a 

surface 9b facing the optiGal disc 20. The optical pickup device 

also includes a slider 12 having a semi-spherical lens 9 secured 

thereto and a spring plate ·13 as pressing and supporting means 

for pressing the slider 12 into sliding supporting contact with 

the optical disc 20. The semi-spherical lens 9 is configured for 

having a sliding contact with the optical disc 20. 

The optical pickup device of the "instant embodiment also 

includes a correcting plate 8 between the objective lens 7 and 

the semi-spherical lens. 9. The correction plate 8 operates as 

correction m~an~ for correcting the laser light beam incident on 

the objective lens 7 from a light source into a spherical wave 

laser light beam centered about a pre-set position of a signal 

recording surface 20a of the optical disc 20. 

The overall construction of the above-described optical 

pickup device is explained by referring to Fig.l. The optical 

pickup device causes a laser light beam from a laser.diode 1 as 

the light source to fall on an objective lens system 6 via a 

grating 2, a p"olarized beam splitter 3. a quarter wave plate 4 

and a collimator lens 5, for ~lluminating the light ~earn on the 

signal recording surface 20a of the optical disc 20 by the 

objective lens system 6. The optical pickup device then conducts 

the return light from the signal recording surface 20 via a light 

condensing lens 10. on a photodetector 11, as light detection 

means, for reproducing information signals. 
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The li_near polarized laser light beam, radiated from the 

laser diode 1, is diffracted by the grating 2 and .subsequently 

transmitted thro~gh the polarized beam splitter 3 so as to fall 

on the quarter wave plate 4. The diffracted laser 1 ight is 

converted by the quarter wave plate 4 into a circular polarized 

light. The circular polarized light thus produced is collimated 
. . . 

by the collimator lens 5 to a collimated beam which is incident 

on the objective lens ~ystem 6. 

This objective lens system 6 includes the o_bjective lens 7, 

correction plate 8 and the semi-spheric~! iehs 9 and illuminates 

a point F on the signal recording surface 20a of the optical disc 

20 with the laser ·1 ight beam without producing optical path 

difference. The correction plate 8 corrects the incident laser 

light so that the incident laser light beam incident on the 

objective lens 7 will become a spheric~! wave laser light beam 

substantially centered about the point F at a time point the 

incident laser light beam incident on the obje~tive lens 7 is 

radiated from the correction plate 8. The semi-spherical lens 

9 is made up of a spherical surface _and the planar surface 9b and 

has its center of curvature substantially cioincident with the 

po int F .. 

Figs.2 and 3 show a detailed construction of the objective 

lens ~ystem 6 in a cross-sectional view and in a schematic view 

looking from the optical disc 20, respective1y. 

The objective lens 7 and the cor~ection plate 8 are fixed · 
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in a tube ~arrel 14 and are constrained to each other without 

having any degree of freedom in any direct ions. The semi-

spherical lens 9 is secured to the slider 12. The slider 12 and 

the lens barrel 14 are inte~connected by the spring plate 13 such 

that the slider and the !eris barrel have the degree of freedom 

of tra~slatory movement with respect to the direction of the 

plate thickness of the optical disc 20 and the degree of freedom 

of tilting movement for following· up with the tilting movement 

of the optical· disc 20. The slider 12 is pressed against the 

optical disc 20 by the spring plate 13 so that the s 1 iding 

surface 12a of the slider 12 will be in sliding contact with a 

light incident surface 20b of the optical disc 20. The spring 

plate 13 lacks in the degree of freedom of movement in a 

direction parallel to the light incident surface 20b so that no 

posit io_n shift is produced in the objective lens 7 and the semi­

spherical lens 9 relative to the directiori parallel to the light 

incident surfa6e 20b. The slide~ 12 has a s~iding surface 12a 

substantially parallel to the planar surface 9b of the semi­

spherical lens 9, with the sliding surface 12a and the planar 

surface 9b being substantially co-planar except in an area of 

contact of the semi-spherical lens 9 with the optical disc 20. 

In effect, the planar surface s·b of the semi-spherical lens ·g is 

spaced a distance of approximately several micrometers from the 

sliding surface 12a of the_ slider 1~. 

The operation of the objective lens system 6 is hereinafter 
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explained .. 

The laser light beam incident from the laser diode 1 as a 

light source on the objective 1 ens 7 is converged by the 

objective lens 7 so as to reach the correction plate 8. The 

correction plate 8 has its plate thickness and refractive index 

set so that, at a time point when the conv~rged laser light beam 

is radiated from the correct ion plate 8, the converged laser 

light becomes a spherical wave centered about the point F. The 

semi-spheric~! lens 9 .has its radius of curvature substantially 

coincident with th~ point F. The refractive indices·of the 
• 

optical disc 20 ~nd the semf-spherical lens 9 are pre-set so as 

to be substantially equal to each other. Thus the laser light 

beam radiated from the correction plate 8 is incident on the· 

spherical surface 9a of the semi-spherical lens 9 in a direction 

perpendicular thereto and is converged at the point F so as to 

become a spherical wave centered about the point F. 

The objective lens has.a numerical aperture NA= sin 9, 

where a is an angle the object lens subtends at the minimum size 

spot Smin• as shown· in Fig. 4. The numerical aperture NA of the 

objective lens 6 is Nsina,. where a is the refractive index of 

each of the semi-circular lens 9 and the optical disc 20. Thus, 

by employing the objective lens sys_tem · 6. the spot diameter 

beco.mes equal to 1/N of the s_pot diameter obtained with the 

objective lens 7, thus increasing the reproducing density of the 

optical disc 20 .. 
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Referring to Fig.5, the operation of the objective lens 

system 6, when the optical disc 20 is inclined relative to the 

optical axis Lo of the -0bjective lens 7, is hereinafter 

explained. 

If the optical disc 20 is tilted relative to the optic~! 

axis Lo, the spring plat• 13 causes the sliding surface 12a of 

the slider 12 to be kept in sliding contact with the light 

incident surface 20b of the o~tical disc 20, so that the center 

of curvature of the semi-spherical lens 9 is substantially 

coincident with the ·optical axis Lo of t·he objective lens· 7. 

Thus the laser light beam radiated from the correction plat~ 8 

is incident on.the spherical surface 9a of the semi-spherical 

lens 9 in a perpendicular direction without producing light path 

length differences. Thus there is produ~ed no coma aberration 

despite the numerical aperture Nsin&. of· the objective lens 

system. The result is that the tolerance values for warping 

during disc moldirig and warping by moisture absorption may be 

increased thus increasing the production yield and the degree Of· 

freedom in selection of the disc material. The tolerance value 

of the orthogonality between. the optical axis and the disc 

mounting surface in the optical disc drive and the tolerance 

value of the pickup feed aqcuracy may be increased while the 

optical .di.sc drive may be reduced in production cost. In 

addition, since there is no necessity of appending a disc skew 

correct ion mechanism in the op~ ical disc drive, the optical 
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pickup dev.ice may be reduced in size and· weight and also in 

production cost while.b~ing improved irt operational reliability. 

It is now assumed that the substrate thickness of the 

optical disc 20 is varied by At mm. If the radius of curva.ture 

of the semi-spherical lens 9 i~ A mm, a difference in spherical 

aberration .w' 40 ascribable to the ob_jective lens system 6 is 

given by: 

.•••• ( 4) 

where N is a refractive index of each of the semi-spherical lens 

9 and the optical disc 20. 

Referring t·o Fig. 6, the spherical aberration W' 40 shown in 

the equation (4) is' compared to the spherical aberration w40 

shown in Fig.3. Fig.6 shows a curve represen~ing changes in the 

spher.ical aberration W' 40 or w40 relative to the variation At of 

the substrate thickness for the substrate thickness of 1.2 mm, 

refractive index N of 1.52 and the wavelength l of the light 

source of 532 nm. The radius ~f curvature of the· semi-spherical 

lens 9 o~ the objective lens sys~em 6 is 1.5 mm. In Fig.6, the 

abscissa ·and the ordinate stand for disc thickness variation 

{error) At mm and the spherical aberration, respectively. 

·The spherical aberration w40 .shown by the equation (3) is 

found on the assumption that the converging system for the laser 

light on the objective lens is made up only of the objective 

lens. Specifically, the numerical aperture NA of the objective 
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lens 6 is set to two illustra~ive values of 0.55 and 0.84. 

The spherical aberration W' 40 is found on the assumption 

that the converging system is ma,de up of the objective lens 

systein 6. Specifically, the ove~all numerical aperture NA of the 

objective lens system 6 is set to two illustrative vaiues of 0.55 

and 0 .. 84. 

If, for example, At is varied 0.01 mm, the spherical 

aberration E40 for NA = 0. 55 exceeds 0. 07 5 .L The spher icai 

aberration E40 for NA = 0.84 far exceeds 0.3 1. Conversely, the 

spherical aberration w·~ for NA = 0.55 and 0.84 is 0.01 1 or 

less. In· particular, the spherical aberration W' 40 for NA = 0. 84 

only slightly ex~eeds 0.05 1 even if At is 0.03 mm. 

Thus, with the optical pickup device of the instant 

embodiment, in which the above-mentioned objective lens system 

6 is employed as a converging system and in which the distance 

between the optical disc 20 and the surface .of the semi-

l. spherical lens facing the o·ptical disc 20 is maintained cons·tant, 

the tolerance value for errors in the disc substrate thickness 

may be· s igni f ican·t ly increased as compared to the case of. 

employing only the conventional objective lens, thus improving 

the production yield of the optical disc. 

The optical pickup device of the present invention is not 

limited to the above-described embodiment. For example, the 

object lens system 6 may be configured as shown in Fig.7. An 

optical pickup d~vice empl6ying an objective lens system 16 shown 
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in Fig.7: i~ now explained as a modified embodiment of the present 

invention. The construction of the present modification is the 

same as that of the embodiment shown in Fig.1 except the 

objective lens system 16 and hence is not explained herein 

specifically~ 

The objective lens system 16 is of substantially the same 

construction ·as th.e objective lens system shown in Fig.Z and 

hence the same components of the object· lens· system 16 are 

specified by the same numerals. The object lens system 16 shown 

in Fig.7 differs from the objective le~s sys~em 6 shown in Fig.2 

only with respect to the shape ~nd the operation of a slider 15. 

The present object lens system 16 i~ made ~Pot an objective 

lens 1·, a correction plate 8, a semi-spherical l~ns 9, a slider 

15, a plate spring 13 and a lens"barrel 14. The objective lens 

7, correction plate 8 and the le~s barr~l 14 are constrain~d in 

.all directions without ·having any degree of freedom. The lens 

barrel 14 and the slider 15 are interconnected by the spring 

plate 13 and have the degree of freedom of translatory movement 

in a direction a~ong the plate thickness of the disc 20 and of 

tilting movement in a direction of following up with the tilt of 

the disc 20. 

The slider· 15· is formed with an incision directed towards 

the disc 20 for defining an air inlet 15b. The slider 15 has a 

slide surface 15a which, on rotation of the disc 20, generates 

a floa:ting force by a,. viscous film of air generated on the 
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surface of the disc 20 on the side of the light incident surface 

20b. This fl~ating force is in equilibrium with the thrusting 

force exerted by the spring plate 13 so that an air layer is· 

formed between. the slid~ surface 15a and the surface 20b of the 

disc 20. This causes the slide 15 to be floated so as to 

substantially follow up with the disc surface. The. spring plate 

13 does not have the degree of free.dam of translatory movement 

in a direction parallel to the disc surface so that no position 

shift will be produced in a direction parallel to ·the objective 

lens 7 and the plane 9b of the semi-spherical lens 9. In 

addition, the slide surface 15a of the slide 15 and the surface 

9b of the semi-spherical surface 9 are substantially parallel to 

each other and are substantially co-planar in an area in which 

the semi-spherical lens 9 is not contacted with thi disc 20. 
·, 

Since the operation·of the objective lens system 16 is the 

same as that of the objective lens system 6 of the previous 

embodiment, the reproducing density of the optical disc 20 may 

be increased even with the use of the optical pickup dev-ice 

employing the objective lens system 16. Since· the tolerance for 

warping during molding of the ~isc or warping due to moisture 

absorption may be increased, the production yield or the degree. 

of freedom in selecting the disc material may be increase~. On 

the other hand, the tolerance value for the orthogonality between 

the optical axis and the disc mounting sutface in the optical 

disc drive or the tolerance for pickup feed accuracy may be 
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increased thus reducing the cost of the optical disc drive. In 

addition, sinc"e there is no necessity of appending a .dis~ skew 

correction mechanism in the optical disc drive, the device may 

be reduced in cost and weight, while being improved in 

·operational reliability. The tolerance value for errors in the 

disc thic~ness may be increased thus improving the yield of disc 

manufa'cture. 

Although ~he diameter of the light spot formed on the signal 

recording surface. of the optical disc is reduced in the instant 

embodiment, the recording density may similarly. be improved if 

the magnetic field is modulated as the light spot is.reduced in 

diameter. 
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WHAT IS CLAIMED IS: 

1. An optical pickup device for collecting the light from a 

light source on a signal recording surface of an optical 

recording surface, comprising: 

at 1 east a. set of object lenses· a convex leris having a 

planar surface facing the optical recording medium and having a 

pre-set refractive index; 

a slider ·configured for fixing said convex lens and for 

sliding in - :contact with the optical 

recording medium; and 

~hrusting supporting means for thrusting and supporting the 

slider into s l id.ing contact with said optical recording 

medium. 

2. The optical recording medium as claimed in claim 1 further 

comprising correction means arranged between said objective lens 

and said convex lens for correcting the light incident on said 

objective lens from the 1 ight source into a spherical wave 

centered about a pre-set position on a signal recording surface 

of the optical recording medium. 

3. An optical pickup device for col~ecting the light from a 

light source on a signal recotding surface of an optical 

recording surface, comprising: 

at least a set of object lenses; 

a convex len~ having a planar surface facing the optical 

recording medium and hav~ng a pre-set refractive index; 
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a slider configured for fixing said convex lens and for 

being floated over said optical recording medium; and 

floating supporting means for floating and supporting said 

slider over said optical recording medium. 

4. The optical recording medium as claimed in claim 3 further 

comprising correction means ~rranged between said objective lens 

and ~aid convex lens for correcting the light incident on said 

objective lens from the light source into a spherical wave 

centered about a ·pre-set position on a signal recording surface 

of the optical recording ·medium. 

5. The _o~tical recording medium as claimed in claim 3 wherein 

said · sl·ider is float~d by intake of air generated on 

rotation of said optical recording medium via an air inlet. 
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