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This invention relates to optical pick-up head apparatus, for 

use, for example,. in a recording and/or reproducing apparatus which 

5 records and/or reproduces a so-called optical disc such as a magneto­

optical disc. 

An optical disc recording and/or reproducing apparatus for· · 

recording and/or reproducing an optical disc such as a magneto-optical 

disc may.include a linear motor system to translate an objective lens. 

10 For example, US patent specifications US-A-4 545 046 and US-A-4 607 913 

describe such optical pick-up head apparatus. In such an apparatus, if 

·· .} two parallel guide rods of the apparatus are not supported very 

\ 

accurately, then this will impair smooth movement of a movable member 

to which the objective lens is attached. Moreover, in this type of 

15 optical pick-up head apparatus, the bearings attached to the movable 

member are expensive. Also, if the bearings are not identical in their 

. properties, movement 'or the movable member will be impaired. 

Our US patent specification US-A-4 864 170 describes a linear 

motor which can be applied to such an optical pick-up head apparatus, 

20 and this will now be described· with reference to Figures 1 and 2. 

Figure 1 is a perspective view of the linear motor, and Figure 2 is a 

transverse sectional view taken on the line I -- I in Figure 1. 

Referring to Figures 1 and 2, two permanent stator magnets 1 and 

4 are each magnetized in the thickness direction thereof. A base pla'te 
~ 25 2 is made of a magnetizabl~ material, for example, iron, and has 

secured on it two outer stator yokes 3 and 5. The stator magnet 1 is 

attached to the inner side of the stator yoke 3, and the stator magnet 

4 is similarly attached to the inner side of the stator yoke 5, leaving 

a predetermined clearance. Enclosing the.stator magnets 1 and 4, inner 

30 stator yokes 6 and 7 are secured to the base plate 2, such that they 

form closed magnetic paths together with the outer stator yokes 3 and 

5. 
A frame or bobbin 8 has at least the outer peripheral portion 

thereof made of a non-magnetic material. A pair of coils 9a and 9b are 

35 wound around two end porti~ns of the bobbin 8, and through-holes 10 and 

11 are formed through the bobbin 8 so that they intersect each other in 

the front and rear direction as well as the upper.and lower direction. 
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The bobbin 8 also has formed therethrough a pair of apertures 12 and 13 

which penetrate the pair of coils 9a and 9b. The inner stator yokes 6 
and 1 are inserted into the pair of apertures 12 and 13. 

Guide grooves 14, 15 and 16, 17 are formed on the inside surfaces 

5 of the apertures 12 and 13 and on the inner surfaces of the inner 

stator yokes 6 and 7. As shown in Figure 2, pairs of shafts _18 and 19 

are attached to the guide grooves 14 and 15, and balls 21a and 21b are 

supported by supporting members 20a and 20b within these guide grooves 

14, 15 and 16, 17. Therefore, the bobbin 8 is supported on the inner 

10 stator yokes 6 and 7 via the balls 2la and 2lb, whereby the bobbin 8 

can move freely in the longitudinal direction of the inner stator yokes 

6 and 7. 

A reflecting mirror 22 for changing a light path is secured where 

the holes 10 and 11 intersect. An optical pick-up 25 having an 

15 objective lens 24 is attached to the exit side of the vertically­

elongated hole 1 t by a mount 23. The optical pick-up 25 faces an 

optical disc D, and includes a focusing motor 26 to move the objective 

lens 24 in the optical axis direction of the objective lens 24. 

· As shown in Figure 1, a read-out optical system 27 is located in 

20 the direction in which the hole 10 formed through the bobbin 8 in the 

front and rear direction extends rearward. The read-out optical system 

21 comprises a-laser diode 28, a beam splitter 29, a collimator .lens 

30, a light receiving system 31, and a photo-diode 32. With the read­

out optical system 27, a light beam emitted from the laser diode 28 

25 travels over a light path formed.of the collimator lens 30, the mirror 

22, the objective lens 24 of the optical pick-up 25, the optical disc 

D, the objective lens 24, the mirror 22, the collimator lens 30, the 

beam splitter 29 and the light receiving system 31, in that order, and 

is incident on the photo-diode 32. 

30 In this optical pick-up head apparatus, when both the coils 9a 

and 9b are energized, the bobbin 8 is acted on by a driving force 

ac~ording to Fleming's left-hand rule, due to the reaction between the 

current and the magnetic field produced by the magnets 1 and~ and.the 

yokes 3, 6 and 5, 7, that is, a linear motor is formed, whereby the 

35 optical pick-up 25 is moved in the radial direction of the optical disc 

D. During ·this operation of the optical pick-up 25 the objective lens 

24 of the optical pick-up 25 is driven by the focusing motor 26, so 
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that the focus of the objective lens 24 is adjusted. 

In this optical pick-up head apparatus, the linear motor for 

moving the optical pick-up 25 is compact, because the bobbin 8 
supporting the optical pick-up 25 utilizes the inner stator yokes 6 

5 and 7 as guides. However, the optical pick-up 25 is provided with the 

focusing motor 26 which moves the objective lens 24, and the focusing 

motor 26 and the feed.linear motor form different magnetic circuits, 

which are liable to interfere with each other. Thus, there may be a 

magnetically neutral zone ·which interferes with the movement of the 

10 optical pick-up 25, that is, the bobbin 8. 
Moreover, the bobbin 8 is loaded with the weight of the magnetic 

circuit of the focusing motor 26, so that the moving mass is increased, 

which results in a lower accessing speed. Also, the number of magnets 

forming the magnetic circuits is increased, which increases the cost. 

15 According to the present invention there is provided an optical 

pick-up head app~ratus having a tracking error signal generating device 

for generating a tracking error signal on the basis of a detected 

output from a photo-detecting device, and a tracking control device for 

performing a tracking servo by rotating a mirror portion in response to 

20 the tracking error signal supplied thereto, the apparatus comprising: 

a yoke facing a magnet; 

a movable member having an aperture into which said yoke is inserted 

and around which a first coil is wound facing said magnet; and 

objective lens supporting means·for supporting an objective lens to be 

25 mvable in the direction parallel to an optical axis .of said objective 

lens and having a plurality of second coils to move said objective lens 

in the direction parallel to the optical axis of said objective lens; 

wherein said objective lens supporting means is secured to said member, 

said movable member is supported by said yoke so that it can move 

30 freely, and at least one side of said first and second coils is located 
within a common magnetic gap. 

According to the present invention there is also provided an 

optical pick-up head apparatus comprising: 

a stationary optieal system formed of a laser light source, photo-

35 detecting means, and tracking control means for performing a tracking 

control so that a beam spot formed on an optical disc by a light. beam 

emitted from said laser light source follows tracks on said optical 
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disc; and 

a movable optical system formed of an objective lens freely movable in 

the radial direction of said optical disc and controlled to focus the 

light beam emitted from said laser light source on said optical disc, 

5 and light path changing means for changing the path of the light beam 

emitted from said laser light source so that said light beam becomes 

incident on said objective lens; 

wherein said stationary optical system and said movable optical system 

are located in the same plane. 

10 An embodiment of optical pick-up head apparatus according to the 

invention having a tracking error signal generating device for 

generating a tracking error signal on th~ basis of a detected output 

from a photo-detecting device and a tracking control device for 

performing a tracking servo by rotating a mirror portion in response to 

.15 the tracking error signal supplied thereto, may comprise yokes provided 

in an opposing relation to a magnet, a movable member·having apertures 

into which the yokes are inserted and around which a first coil is 

wound in an opposing relation to the magnets, and an objective lens· 

supporting device having a plurality of second coils to support an 

20 objective lens such that the objective lens can be moved in the 

direction parallel to an optical axis of the objective lens, and which 

moves the objective lens in the direction parallel to the optical axis 

of the objective lens, wherein the objective lens supporting device is 

secured to the movable.member, the movable member is supported by the 

25 yokes so that is can move freely, and at least one side of the first 

and second coils is provided within a comnon magnetic gap. 

An embodiment of optical pick-up head apparatus according to the 

invention may comprise a stationary optical system formed of a laser 

light source, a photo-detecting device, and a tracking control device 

.30 ·for performing a tracking control, so that a beam spot formed on an 

optical disc by a light beam emitted from the laser light source 

follows tracks on the optical disc, and a movable optical system formed 

of ari objective lens controlled to focus the light beam emitted. from 

the laser light so~rce on the optical disc, and a light path changing 

· 35 device for changing a light path of the light beam emitted from the 

laser light source so that the light beam becomes incident on the 

----- objective lens, wherein the stationary optical system and the movable 
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optical system are provided on the same plane. 

The invention wilt now be described by way of example with 

reference to the accompanying drawings, throughout which like parts are 

referred to by like references, and in which: 

5 Figure l is a perspective view of an example of a previously-

proposed optical pick-up apparatus; 

Figure 2 is a transverse sectional view take~ on the line I - I 

in Figure l; 

Figure 3 is a perspective view of an embodiment of optical pick-

10 up apparatus according to the present invention; 

Figure 4 is an enlarged transverse sectional vie~ taken on the 

line II - II in Figure 3; 

Figure 5 is an enlarged longitudinal sectional view of the 

embodiment; and 

15 Figure 6 is an exploded perspective view of part of the 

embodiment. 

Referring to Figures 3 to 6, there is shown a base plate 41 of a 

rectangular shape which is made of a rigid material. Outer yokes 42 

and 43 of substantially U-shape are secured to the two side portions of 

20 the base plate 41 in the longitudinal direction of the surface of the 

base plate 41 in facing relation. Magnets 44 and 45, each magnetized 

in the thickness direction, are attached to xhe inside surfaces of the 

outer yokes 42 and 43, respectively. 

Inner yokes 46 and 47 are respectively coupled to the outer yokes 

25 42 and 43 at two inner end faces JJ2a, Jf2b and 43a, 43b, whereby the 

magnets 44 and 45 are respectively encircled by the yokes 112, 43, 46 

and 47 to form closed magnetic paths. More specifically, the inner 

yokes 46 and 47 are held on stepped surfaces 42a1, 42b1, 43a1 and 43bl 

of predetermined height formed on the inner ends of the outer yokes 42 

30 and 43. Thus, magnetic gaps g of a predetermined width are 

respectively formed between the magnets 44 and 45 and the inner yokes 

46 and 47, and the inner yokes 46 and 47 are supported on the surface 

of the base plate q2 at a predetermined spacing. 

A movable member 48 has formed therethrough apertures ~9 and 50 

35 intersecting each other in the front and rear direction a·nd in the 

upper and lower direction. A bobbin 51 made of a non-magnetic material 

is engaged with the rear half ·portion of the movable member 48 such 
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that a pair of through-holes 51a and 51b are respectively formed 

between two side surfaces 48a and 48b of the movable member 48 and.the 

·bobbin 51. A slide drive coil 52 is wound around the outer peripheral 

surface of the bobbin 51 as a first coil. 

An objective lens supporting member 53 which is shaped as a 

rectangular frame is supported on the first half portion of the movable 

member 48 by parallel plate springs 54 and 55 so as to be freely 

movable in t~e upper and lower direction. An objective lens 56 is 

attached to the objective lens supporting member 53 in facing relation 

10 to the exit side of the· hole 50 extending in the upper and lower 

direction of the movable member 48. 

Flat coils 57a, 57b, 57c and 57d are moulded in L-shape and are 

secured to four corners of the objective lens supporting member 53, 

respectively, whereby horizontal portions of the respective flat coils 

15 in the two side surfaces of the supporting member 53 form a focusing 

coil 57 which might be referred to as a second coil. The flat coils 

57a, 57b, 57c and 57d are respectively energized by bonding flexible 

printed circuit boards 58a and 58b to the plate springs 511 and 55. 

When the circuit boards 58a and 58b are bonded to the plate springs 54 

20 and 55, resonance of the plate springs 54 and 55 can be suppressed, no 

improving the silencing. Preferably, the plate springs 54 and 55 are 

each made of a-non-magnetic material such as helium bronze or phosphor 

bronze. The focusing coil 57 may be formed by bending wound wires of 

square shape in an L-shape as described above. Alternatively, the 

25 focusing coil 57 may be formed by using a flexible printed ·circuit 
board. When the focusing coil 57 is· formed by using a flexible printed 

circuit board, the focusing coll 57 can easily be coupled to the 

flexible printed circuit board secured to the plate springs 54 and 55. 

A reflecting mirror 59 for.changing a light path is secured to a 

30 portion in which the front and _rear direction hole 49 and the u·pper and 

lower direction hole 50 of the inovable member 48 intersect, so that the 

optical axes of light beams travelling through the apertures 49 and 50 

are set at a right angle by the mirror 59. 

The inner yokes 46 and 47 are inserted into the pair of holes 51a · 

35 and 5lb through a hollow portion of the objective lens supporting 

member 53. 

Guide grooves 48a1, 48b1, 46a1 and 47a1 of U-shape cross-section 
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are respectively formed on the inner surfaces of the holes 51a and 51b, 

that is, on the side surfaces 48a and 48b of the movable member 48 and 

magnet-non-opposing surfaces 46a and 47a of the inner yokes 46 and 47 

opposing the side surfaces 48a and 48b. A shaft 60 is respectively 

provided at each or the corners or the guide grooves 48a1, 48b1, 46a1 

and 47a 1. 

Each of the shafts 60 is formed by grinding an outer surface of 

a rod moulded, for example, from ceramic or stainless steel. The 

shafts 60 are secured to the corners of the guide grooves 48a1, 48b1, 

1 O 46a 1 , and 47a 1 by a bonding agent (not shown) . Accordingly, four 

shafts 60 are provided at each side of the movable member 48 in facing 

relation to each other. Respective balls 61 are interposed between 

each group of four shafts 60. The balls 61 are each made of non-

magnetic m:aterial such as, stainless steel, ceramic, ruby or sapphire. 

15 In this way, the movable member 48 is supported. on ~he inner 

yokes 46 and 47 via the balls 61 so as to freely movable along the 

inner yokes 46 and 47. During the movement of the movable member 48, 

the ball 61 rotates between the shafts 60, the outer surfaces of which 

are ground, whereby the movable member 48 can move stably and 

20 accurately. Stops 62 and 63 are formed on the front and rear ends of 

the surface of the base plate 41 to stop the movable member 48 at 

predetermined positions. The stops 62 and 63 are each made, for 

example, of acrylonitrile butadience styrene copolymer or rubber. 

As shown in Figure 3, there is provided a galvanomirror 64 

25 located at an angle of substantially 45° to the direction in which the 

front and rear direction hole 49 of the movable member 48 extends 

rearwards. A read-out optical system 65 is located at an angle of 

substantially 45° to the gal vanomirror 64. The read-out optical system 

65 comprises a laser diode 65a, a photo-diode 65b and a beam splitter 

30 65c. 
In this embodiment, the read-out optical system 65 and the 

galvanomirror 64 form a stationary optical systems and the mirror 59 

and the objective lens 56 form· a movable optical system. These 

stationary and movable optical systems are located in the same plane, 

35 whereby the thickness of the whole optical pick-up head apparatus can 

be reduced. 

More precisely, the stationary optical system formed of the read-
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out optical system 65 and the galvanomirror 64, and the movable optical 

system formed of the mirror 59 and the objective lens 56 are 

respectively located such that the optical axis of the light path 

through which a light beam emitted from the laser diode 65a reaches the 

5 mirror 59, and the optical axis of the light path in which a reflected­

back laser beam from the optical disc D reaches the photo 6Sc from the 

mirror 59 are provided in the same plane. The mirror 59 is located 

such that the optical axis of the light path over which the laser beam 

emitted from the laser diode 65a reaches the optical disc D via the 

10 mirror 59 and the optical axis of the light path over which the 

reflected-back laser beam from the optical disc D reaches the mirror 59 
are perpendicular to the above plane. 

In accordance this embodiment, however, the light path over which 

the laser beam reaches the mirror 59 via the beam splitter 65c and the 

15 galvanomirror 61f, and the light path between the mirror 59 and the 

optical disc D are made conman to the light beam from the laser.diode 

65a and the reflected-back light beam from the optical disc D. 

Therefore, the emitted light beam and the reflected-back light beam are 

distributed by the beam splitter 65c such that the emitted light beam 

20 reaches the galvanomirror 64, while the reflected-back light beam 

reaches the photo-diode 65c. 

As described above, the laser beam emitted from the laser diode 

65a is introduced into the pnoto-diode 65b via the galvanomirror 64, 

the mirror 59, the objective lens 56, the optical disc D, the objective 

25 lens 56, the mirror 59 and the galvanomirror 64, in that order. A 
focusing error signal and a tracking error signal are generated on the 

basis of the detected output from the photo-diode 65b. As will be 

described later, the focusing error signal is supplied to the focusing 

_coll 57, and the tracking error signal is supplied to the galvanomirror 

30 64. The galvanomirror 64 performs the tracking servo by rotating the 

mirror thereof on the basis of tile tracking error signal, so that the 

light beam spot on the optical disc D moves across the tracks formed on 

the optical disc D. 

35 

Turning to Figure 3, there is shown a spindle motor 66 which 

rotates the optical disc D. The spindle motor 66 is coupled to a disc 

table 66a on which there is chucked the optical disc D. 

As described above, the movable member 48 is supported by the 
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inner yokes 116 and 47 via the balls 61, and the respective side 

portions of the slide drive coil 52 wound around the bobbin 51 and the 

horizontal portions of the side surface sides of the deflection coils. 

57a and 57d secured to the objective lens supporting member 53, that 

5 is, the focusing coil 57 is placed within the magnetic gaps g between 

the magnets 44 and 45 and the inner yokes 46 and 47, whereby the 

magnetic circuits of the slide motor and the.focusing motor are made 

coirlllon. 

Moreover, the inner yokes 46 and 47 form a closed magnetic path 

10 with the outer yokes 42 and 43 attached to the base plate 41, and also 

serve as the guide shafts for guiding the movable member 48 so that a 

guide shaft and a slidable base plate are not needed additionally. 

In the thus constructed optical pick-up head apparatus, when the 

slide driving coil 52 wound around the bobbin 51 of the movable member 

15 48 is energized on the basis of an access comnand or the like from, for 

example, a control circuit (not shown), the movable member 48 is given 

a driving force by the action of the magnetic field within the magnetic_ 

gaps g and the current, whereby the movable member 48 can be moved in 

the front or rear direction along the inner yokes 46 and 47 which serve 

20 as the guide shafts, that is, the movable member 48 can be moved in the 

radial direction of the optical disc D by a linear motor system. 

Furthermore, when the focusing error signal generated on the 

basis of the detected output from the photo-diode 65b is supplied to 

the flat coils 57a to 57d fixed to the objective lens supporting 

25 members 53, the objective lens supporting member 53 is moved by the 

parallel plate springs 54 and 55 in the upper or lower direction 

parallel to the optical axis of the objective lens 56, due to the 

reaction between the current flowing through the horizontal portions of 

the respective coils located within the magnetic gaps g and the 

30 magnetic field produced within the magnetic gaps g, whereby the 

focusing of the objective lens 56 relative to ·the optical disc D is 

adjusted. In this way, the read-out optical system 65 reads (that is, 

reproduces) the optical disc D. 

The movable member 48 can, for example, be un.i tar ily formed with 

35 the bobbin 51 as one body. Moreover, either. the. guide grooves 48a1, 

48b1, or 46a1, 47a1 or both of the guide grooves 48a1, 48b1 and 46a1, 

47a1 of the inner yokes 46 and 47, and the movable member 48 can be 
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shaped to have a cross-section of V-shape. If the two guide grooves 

are V-shaped, then the shafts can be omitted. Also, the number of 

balls interposed between the guide grooves can be increased and/or 

decreased, if necessary. 

5 Furthermore, the lay out of the read-out optical system 65 and 

the like can be freely modified in dependence on the arrangement of the 

optical disc recording and/or reproducing apparatus. 

In addition, by applying such an optical pick-up head apparatus 

to a magneto-optical disc recording and/or reproducing apparatus, it is 

10 possible to reduce the thickness of the recording and/or reproducing 

apparatus considerably, which has been a very difficult problem to 

solve, because an external magnetic field generating apparatus must be 

provided at the disc surface side opposite to the recording and/or 

reproducing apparatus across the magneto-optical disc, in prior-art 

15 magneto-optical disc recording and/or reproducing api>aratus. 

As set out above, in an embodiment of the present invention, 

since the magnetic circuits of the slide drive motor which moves the 

objective leris in the radial direction of the optical disc of the 

focusing motor which moves the objective lens in its optical axis 

20 direction can be made conmon, the movable member does not need a heavy 

magnet, so that the mass of the movable member can be reduced. Also, 

mutual interference can be avoided between the magnetic circuits of the 

two motors, and a magnetically neutral portion can be prevented from 

being produced in the movement of the objective lens, thus making it 

25 possible stably to move the objective lens at high speed. Therefore, 

the reliability of the optical pick-up head apparatus can be increased. 

Furthermore, the assembly is simplified, and the assembly cost reduced. 
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CLAIMS 

1. An.optical pick-up head apparatus having a tracking error signal 

generating device for generating a tracking error signal ·on the basis 

5 of a ·detected output from a photo-detecting device (65b), and a 

tracking control device for performing a track~ng servo by rotating a 

mirror portion (64) in response to the tracking error signal supplied 

thereto, the apparatus comprising: 

a yoke (46, 47) facing a magnet (44, 45); 
10 a movable member (48} having an aperture (49, 50) into which said yoke 

(46, 47) is inserted and around which a first coil (52) is wound facing 

said magnet (44, 45); and 

objective lens supporting means (53) for supporting an objective lens 

(56) to be inovable in the direction parallel to an optical axis of said 

15 objective lens (56) and having a plurality of second coils (57) to move 

said objective lens (56) in the direction parallel to the optical axis 

of said objective lens (56); 
wherein said objective lens supporting means (53) is secured to said 

member (48), said movable member (48) is supported by said yoke (46, 

20 47) so that it can move freely, and at least one side of said first and 

second coils (52, 57) is located within a co111non magnetic gap. 

2. Apparatus according to claim 1 wherein said objective lens 

supporting means (53} comprises an objective lens supporting member 

25 (53) with said objective lens (56) and said plurality of second coils 

(57) attached thereto, and a pair of leaf springs (54, 55) to one ends 

of which said objective lens supporting member {53) is attached, and 

whose other ends are secured to said movable member {48). 

30 3. Apparatus according to claim 1 wherein each of said second coils 

35 

(57) is shaped as a substantially square coil of L-shape, and one side 

of a pair of sides perpendicular to the optical axis of said objective 

lens (56) is located within said common magnetic gap. 

4. Apparatus according to claim 1 wherein guide portions (116a 1, 

47a1, 48a1, 48b1) for ball members (61) are respectively provided in 

apertures (51a, 51b) of said yoke (116, 117) and said movable member 
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(118), and said movable member (48) is supported in said yoke {46, 47) 

by said ball members (61). 

5. Apparatus according to claim 4 wherein said guide portions (46a1, 

5 47a1, 48a1, 48b1) are provided with shafts (60) which contact said ball 

members ( 61) •. 

6. An optical pick-up head apparatus comprising: 

a stationary optical system (64, 65) formed o{ a laser· °light source 

10 (65a), photo-detecting means (65b), and tracking control means (64) for 

performing a tracking control so that a beam spot formed on an optical 

disc by a light beam emitted from said laser li.ght source ( 65a) follows 

tracks on said optical disc; and 

a movable optical system (56, 59) formed of an objec~ive lens (56) 

15 freely movable in the radial direction of said optical disc and 

controlled to focus the light beam emitted from said laser light source 

(65a) on said optical disc, and light path changing means (59) for 

changing the path of the light beam emitted from said laser light 

source (65a) so that said light beam becomes incident on said objective 

20 lens ( 56) ; 

wherein said stationary optical system (6!f, 65) and said movable 

optical system (56, 59) are located in the same plane. 

7. Apparatus according to claim 6 wherein the optical axis of the 

25 light path through which the light beam emitted from said laser light 

source (65a) reaches said light path changing .means (59), and the 

optical axis of the light path through which a reflected-back light 

beam from said optical disc reaches said photo-detecting means {65b) 

from said light path changing means (59) are located in the same plane. 

30 

35 

8. Apparatus according to claim .6 wherein said light path changing 

means {59l changes· the light path of the light beam emitted from said 

·laser light source (65a} such that said light path is located at a 

right angle to said plane. 

9. Apparatus according to claim 6 wherein said movable optical 

system (56, 59) comprises objective lens supporting means (53} for 
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supporting said objective lens (56) such that said objective lens (56) 

can move freely in the direction parallel to the optical axis thereof, 

a movable member (48) on which said objective lens supporting means 

(53) is attached, and slide means (60) for sliding said movable member 

5 (48) in the radial direction of said optical disc. 
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