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OPTICAL PICK-UP HEAD APPARATUS

This invention relates to optical pick-up head apparatus, for
use, for example,. in a recording and/or reproducing apparatus which
records and/or reproduces a so-called optical dise such as a magneto-
optical disc. '

An optical disc 'recording and/or reproducing apparatus rof“f

recording and/or reproducing an optical disc such as a magneto-optical
disc may include a linear motor system to translate an objective lens.

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
optical pick-up head apparatus, the bearings attachéd to the movable
member are expensive. Also, if the bearings are not identical in their

. properties, movement of 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,
and this will now be described with reference to Figures 1 and 2.
Figure 1 is a perspéctive view of the linear motor, and Figure 2 is a
transverse sectional view taken on the line I --1 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 plate
2 is made of a magnetizable material, for example, iron, and has
secured on it two outer stator yokes 3 and 5. The stator magnet 1 is
attaehed to the inner side of the stator yoke 3, and the stator magnet
4 is similarly attached to the inner side of the stator yoké 5, leaving
a predetermined clearance. Enclosing the stator magnets 1 and 4, inner
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
wound around two end portions of the bobbin 8, and throﬁgh-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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cords and/or reproduces a so-called optical disc such as a nagnet o-

al - di sc. An optical disc recording and/or reproducing

atus for recordi ng and/ or reproducing an optical disc such as a

t o- optii cal disc may include a linear notor systemto translate an

tive lens. 10 For exanple, US pategt specifications US-A-4 545 046
and PS- A-4 607 913 descri be such optical pick-up head apparatus. In
suchf an apparatus, if two parallel guide rods of the apparatus are not
suppprt ed verTe bobbin Biaksedias farmed tharethppydh & paar rofsaresturesolR apdt!30f a
[Yﬁ}/ ![e Wen?%ich pe?él:r\élﬁé et rodl 8611isV6a A8, S et AP CstatdPyRR¥LH, | N

isjtype o ica

1 0 I ck-up head, apparatus, the bearjngs attached to
t he povabl e and 7 ﬁgﬁbié‘rseﬁ‘?eé‘ i‘)‘(‘i?eﬁ%? pair g 's?)",e"it‘f“'-ec%égt?é‘gr{ gs are not

i denfical in theiGuide greuveperit,i ¥sandroé erigrdreofortibé onottebirsidendnefacds | be
: irrﬁgalt ed. 5 of the ape%regsﬁagr?dqtusgr?&'acn' Q‘.ﬁg' B{heps'sfﬁ‘ﬁcéé%f]‘% ed?ﬁ@r" bes a
stator yokes 6 and 7. As shbqn'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 grodves
14, 15 and 16, 17. Therefore, the bobbin 8 is supported on the'inner

10  stator yokes 6 and T via the balls 21a and 21b, 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 11 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
27 comprises a-laser diode 28, a beam splitber 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 ¢oiis 9a
and 9b are energized, the bobbin 8 is acted on by a driving force
acpor&ing to Fleming's left-hand rule, due to the reaction between the
current and the magnetic field produced by the magnets 1 and 4 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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ich can be applied to such an optical pick-up head apparatus, 20
s wll now be described with reference to Figures 1 and 2.

1 is a perspective view of the linear notor, and Figure 2 is a
®verse sectional view taken on the line |l - | in Figure 1. :
@rring to Figures 1 and 2, two permanent stator magnets 1 and 4 are
magneti zed in the thickness directidn thereof. A base plate 25 2 1s
p of a magneti zable material, for exanple, iron, and has secured

[t two OURfL: stg‘gttq)rc y st§'%93°@$d°|§§"§1ilaﬁs ?‘?#)%dg‘?&?st lis attached

he inner side of Lh magnet 4 1is
larly attachednt Bhishepk insdr phektupoheadnapparatis, y@!@elylealf‘e&%q{‘g for g

pr eflet er mknedgair%armcesptf&ql kR NS5 Si@twmpﬂagne&e%aas@n&\é bdbeer 8 30
or yokes

cl osed é‘gfﬁg 3;3%%&5%@?#8?_% ?ﬁ 'L‘?fg 8 ?‘ sfﬁgfgﬁggy‘é‘%ﬁ
5. 5 and 7 as guides. However, the optical pick-up 25 is provided with the
focusing motor 26 which moves the objective lens'éu, 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 apparatus 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 movable 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 diréction parailel to the optical axis of said objective lens;

wherein said objective lens Suppqrting 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

Wwithin a common magnetic gap.

According to the present invention there is also provided an

optical pick-up head apparatus comprising:

a stationary optical 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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or bobbin 8 has at |east the outer peripheral portion t her eof
f a non-magnetic material. A pair of coils 9a and 9b are 35 wound
two end portions of the bobbin 8, and through-holes 10 and 11
rmed through the bobbin 8 so that they intersect each other in

front and rear direction as well as jhe upper and |ower direction.

dise; and

a movable optical system formed of an objective lens freely movable in
the radial direction of said bptical disec 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 trackihg 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

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 jokes so that is can move freely, and at least one side of the first
and second coils is provided within a common 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 an objective lens controlled to focus the light beam emitted. from
the laser light source 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

________——QQJSEEEXf_EEEf, wherein the stationary optical system and the movable
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_.7n.8 al so has formed therethrough a pair of apertures 12 and 13
fnetrate the pair of coils 9a and 9b. The inner stator yokes 6
Ee inserted into the pair of apertures 12 and 13. Gui de

g14, 15 and 16, 17 are forned on the inside surfaces 5 of the

s 12 and 13 and on the inner surfaces of the iInner stator yokes

& As shown in Figure 2, pairs of shafts 18 and 19 are attached

"gui de grooves 14 and 15, and balls 2la and 21b are supported by
sup ;\"tl ng mepbbsad Sseandhe2Piowitiechion theesamegplate.grooves 14, 15 and
16, B7. Therefore S r t e t oreyokes
6 afd 7 via the bgPF ?'}J%g@gé{g ‘%i% %%b‘%g?ﬁgﬁgogg hg@ o l&amﬁiﬁo‘\g/)leth%/reel y

he | ongi gl reace dior e ?Qﬂ?méil“Ytiﬁé dF‘?H\‘é‘Bssttat‘%hWJkébmh like panyszare
referred to by like references, and in which:
5 Figure 1 is a perspective view of an example of a previously-
proposed optical pick-up apparatus;
Figure 2 is a transverse sectional view taken on the line I - 1
in Figure 1;
Figure 3 ié-a perspective view of an embodiment of optical pick-
10  up apparatus accbrding to the present invention; .
Figure 4 is an enlarged transverse sectional view taken on the
line II - 11 in Figure 3;
Figure 5 is an enlarged longitudinal sectional view of the
embodiment; and .
15 Figure 6 is an exploded persbective 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. OQuter yokes U2
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 the 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 42a, 42b and 43a, 43b, whereby the
magnets A4 and 45 are respectivély encircled by the yokes 42, 43, 46
and 47 to form closed magnetic paths. More specifically, the inner
yokes 46 and 47 are held on stepped surfaces 42atl, 42b1, 43a1 and U3bl
of predetermined height formed on the inner ends of the outer yokes U2

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 42 at a predetermined spacing.

A movable member 48 has formed therethrough apertures 49 and 50

35 .intersecting each other in the front and rear direction and in the
upper and lower direction. A bobbin 51 made of a non-magnetic material
is engaged wWith the rear half portion of the movable member 48 such
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: 'c-ti ng mrror 22 for changing a light path is secured where t he
10 and 11 intersect. An optical pick-up 25 having an 15 objective

| eny is attached to the exit side of the vertically- el ongat ed hol e
11 % 2 a nount 23. The optical pick-up 25 faces an optical disc D, and
i ncl@ides a focusing notor 26 to nove thé objective lens 24 in the
optigal axis direction of the objective lens 24. . As shown in .
Figlke 1, a read-out optical system 27 is located in 20 the direction in

whi dh the hdhat 18 pdimed tthreugghheles 5daband $1pnareecrespectivedit farmedr ear

dirgetion exeewskh twasi@d durfRes rﬂ%ﬁdarﬁuﬂ%)ﬁi‘ltﬁ@'moﬂiﬁeeﬁémber ueznsqmérl ses a
| asegr di ode 2 col | i

rece vi ng S)ng%irﬂaéyeag]nﬁl lglet g{’% cath gszwogﬁ ﬁ"‘f"ﬁ’g %aﬂ“te" pe“Bﬁ?'!agpt i cal

system 27, asubi‘ag:h!; obetazm obi e &1 &s anfidst baider di ode 28 25 travel s over a

lig pagh f or me ﬁ%Q;IGQHén@msﬁ’épcjk@ﬂ% %gmb%zh%”bﬁ{ i, shapgdz’as he

obj gctive lens 2 tical
rectangular frame is supported on the first half portxon of‘ the movable

member U8 by parallel plate springs 54 and 55 so as to be freely

movable in the 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, whéreby 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, 5Tb, 57c and 57d are respectively energized by bonding flexible

printed circuit boards 58a and 58b to the plate springs 54 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 coil 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 ubper and
lower direction hole 50 of the movable 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 5la’

35 and 51b through a hollow portion of the objective lens supporting

'~ member 53. '

Guide grooves 48a1, 48b1, 46al and 47al of U-shape cross-section
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- D[f_;uﬁthe obj-ective lens 24, the mirror 22, the collimator Iens 30, the
litter 29 and the |ight receiving system3l, in that order, and

g dent on the photo-diode 32. 30 - In this optical pick-up head
app#sEt us, when both the coils 9a and 9b are energi zed, the bobbin 8
is &ted on by a driving force accofding to Flem ng's |l eft-hand rule,
duce o the reaction between the current and the magnetic field
prodced by the nmagnets 1 and 4 and the yokes 3, 6 and 5, 7, that is,

ear not oare sefpecvtind)y \foehebyn tthe inBér sunficesalf theckeles 2Ma amd Hdved in
o PR 80 oR ek 1BPhIrE ke U8 ana 8 opﬁﬁ%b{uﬁetm@ep Fghd on of

bpt i cal ectlve tica pICk up
25 ik driven m&n@h@mmsm rsgrracesdwas@d 47a of the inner yokes 6 and 4

opposing the side surfaces 48a and 48b. A shaft 60 is respectively
5 provided at each of the corners of the guide grooves 48at1, u48b1, Ubal
and #47ai.

. 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,

10 46al, and U7al 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 material such as, stainless steel, ceramic, ruby or sapphire.

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

—————th s

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 U8 extends
rearwards. A read-out optical ‘'system 65 is located at an angle of
substantially 45° to the galvanomirror 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 locgted 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 readé
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that the focus of the objective lens 24 is adjusted. I n

ftical pi ck-up head apparatus, the linear notor for novi ng t he
| pick-up 25 is conpact, because the bobbin 8 supporting the

al pick-up 25 utilizes the inner stator yokes 6

: . 8 .

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 65c 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 6“, and the light path between the mirror 59 and the

optical dise D are made common 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 65¢ such that the emitted light beam

20 reaches the galvanomirror 64, while the reflected-back 1light beam
reaches the photo-diode 65c.

As described above, the laser beam emitted from the laser diode
65a is introduced into the. photo-dlode 65b via the galvanomirror 64,
the mirror 59, the objectlve 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
'poil 57, and the tracking error signal is supplied to the galvanomirror
30 64. The galvanomirror 64 berforms the tracking servo by rotating the
mirror thereof on the basis of the tracking error signal, so that the
light beam spot on the optical disc D moves across the tracks formed on
the optical disc D,
Turning to Figure 3, there is shown a spindle motor 66 which
35 rotates the optical dise 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 ﬁembér 48 is supported by the
x
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EC 7/ as guides. However, the optical pick-up 25 is provided with the
gEng notor 26 which noves the objective lens 24, and the focusing
g 26 and the feed linear nmotor formdifferent magnetic circuits,
- are liable to interfere with each other. Thus, there may be a
gtically neutral zone which interfergs with the novenent of the 10
zal pick-up 25, that is, the bobbin 8. Moreover, the bobbin
‘| oaded with the weight of the nmagnetic circuit of the focusing
26, soirreat yokes ibviang kMssid sthendadbsdil, and &he chespestidves side g
_accesshdig ;SRESE- el § ’detJﬁVQuém‘er{:Lomgi%ﬁd the bSBUTh™A AdE gHEBgNEti C

uits is Tncreased, which increases e cost ccordlng to

rat us haB"{d"QnE 47d26&durdd Sfd @he Sdbgeailvgemasmmrdmg @eémber 53;‘ Ghat
s R T )
: 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
common,
Moreover, the inner yokes 46 and 47 form a closed magnetic path
10 with the outer ybkes_ﬂz and 43 attached to the base plate U1, and also
serve as the guide shafts for guiding the movable member 48 so that a
guide shaft and a slidable base piate 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 command 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 U7 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 5Td fixed to the objective lens suppdrt;ing

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 unitarily formed with

35. the bobbin 51 as one body. Moreover, either the guide grooves u8a1,
48b1, or_46a1, 47a1 or both of the guide grooves u8a1l, uUB8b1 and 46at,
47a1 of the inner yokes 46 and U7, and the movable member 48 can be
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f“ng a tracking servo by rotating a mrror portion in response to 20
cking error signal supplied thereto, the apparatus conpri sing:

¥ facing a magnet; a novabl e nenber having an aperture into which
/oke is inserted and around which a first coil is wound facing
agnet ; and obj ective | ens supforting neans for supporting an
obj ive lens to be 25 novable in the direction parallel to an optical
axi s@of said objective | ens and having a plurality of second coils to

Sai d obFAPEA kP haKe a crosg-geetign ff dethads - patfatheitweoBide &FRVER| axi s
| d obj eattd Weshaped, then tWéeshaFts sandbebjmtted.e [Aess, Lhppomibergofreans
cured t i er sq| b i ried aid
so t hat Qﬁlﬁgcgﬂ%nggae%(yew?erneg}"g,Eﬁé\rél’g gfoqqggggnoﬁé éﬁgeeggégs%n%go i rst
decond ceégdreaped,| b€ ategdssary. within a conmon nmagnetic gap.

ding to the piRRERloreNVER! 1N dubes® the AHadlout’ SYE 8T &stem 65 and

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

Acco

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 magnetb-dptical disc recording and/or reproducing apparatus.
As set out above, in an embodiment of the present invention,
since the magnetic circuits of the slide drive motor which moves the

i objective lens 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 common 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 neuﬁral 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.

’_’__//
d
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=i ck- up ‘head apparatus conpri sing: | a stationary optical syst emé
' I rce, photo- 35 det ecting neans, and tracking

mej mﬂﬁ I"F“Imﬂllrlﬂm a tracking control so that a beam spot

fon an*opti dal "di 8c by a |ight beam emtted fromsaid | aser

Bource follows tracks on said optildal

CLAIMS

1. An_dptical 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 tracking servo by rotating a

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

thereto, the apparatus comprising:

a yoke (46, U7) facing a magnet (M4, 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 movable 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 (U6,

20 b47) so that it can move freely, and at least one side of said first and
second coils (52, 57) is located within a common magnetic gap.

2. fpparatus 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
(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.

35 4, Apparatus according to claim 1 wherein guide portions (#6a1,
47a1, u8at, 48b1) for ball members (61) are respectively provided in
apertures (51a, 51b) of said yoke (46, 47) and said movable member
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‘ I sc; and a novabl e optical systemfornmed of an objective |ens

, adial direction of said optical disc and
nmm‘flml“"t"““““ light beamenitted fromsaid | aser |ight source
g opticdl dise, *and ‘light path changing neans for changing the

g the |ight beam emtted fromsidid | aser |ight source so that

gght beam becones I nci dent on said objective |ens; wherein
fationary optical systemand said novable optical system are
locaglid in thé‘Y Banengsaie moyaple member (48) chshsupnrshied dp /fdi keke fhekHip head

apparllt us accpy Haig BaQ1tddmbers (61venti on havi ng a tracking error signal
ting device for

5. Apparatus according to claim 4 wherein said guide portions (46aft,
5 U47al, 4Ba1, 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 of 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 light source (65a) follows
tracks on said optical disc; and
a movable optical system (56, 59) formed of an objective lens (56)
15 freely movable in the radial direction of said optical disec 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 (64, 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 éxis 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

8.  Apparatus acéording to claim 6 wherein said light path changing
means (59) 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.

35

g. Apparatus according to claim 6 wherein said unQable optical
system (56, 59) comprises objective lens supporting means (53) for
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'ge___n;% at.i nmi gnal on the basis of a detected out put

_ f\r’o' a photmm tpi ice and a tracking control device for :
perfprm ng HMl'mﬁ!! mﬂ[by rotating a mrror portion in response to 15
t he racking errror swkgnsl pplied thereto, may conpri se yokes provided
in ap opposing relation to a nmagnet, a nBvabl e nmenber havi ng apertures
i ntojwhi ech the yokes are inserted and around which a first coil is
woundl in an opposing relation to the magnets, and an objective Ie:}%
suppdrting dsuppoetingvsaig ebjsctivel lens £36)ssudinthatoszid phlechiyeAeny 5%
g_bl eftive ! o8 iﬁHf@tﬁQ@iy imnelaliseéme qcaeaﬁleqagb tes? _rapveclehn axidiehereof, )
iregtion parallel to an optical axis o objective |len

moveg the obfeBqvaple |marey r‘t"%3 e°“di"'2f(‘é?:*l isﬁﬁ& p@’rj&?bé'ﬁ ;l%ns[ ﬁgpé%t:[tfiggllx%}'fg?s
of tHe object$ye ikeansachdderaidnstide meansdEDY efokesisdingppaid mavahleynembers

secunfed to the,ymvahl e el., r,is supported by the 25
yoked so fhafﬁg)s lggﬁ‘emgveQr%léfgﬁ%gnf%?kfgggﬁgn%i%ide of the first
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e hd coils is provided within a common nagnetic gap.

ent of optical pick-up head apparatus according to the

Fon may conprise a stationary optical systemforned of a |aser
bour ce, a photo-detecting device, and a tracking control device
'formng a tracking control, so t‘bt a beam spot fornmed on an
disc by a |ight beanlenitted fromthe |laser |ight source
tracks on the optical disc, géggﬂgﬁovable optical system forned
pbbj ective lens controlled to f e

s er

i ght beamemtted from

| ight source on the optical disc, and a |light path changi ng

for changing a |ight gpaténiobidkige |HeabtappRRAPEM tted fromthe
the 11 gnt beam becones I n

§l i ght source so that
gi ve lens, wherein the stationary optical systemand the novable

5

10

15

20

€am becones I nci dent on the

An optical pick-up head apparatus comprises a yoke (46, 47)
provided in an opposing relation to a magnet (U4, 45), a movable member
(48) having therethrough an aperture (51a, 51b) into which the yoke
(U6, U47) is inserted and around which a first coil (52) is wound in
facing relation to the magnet (44, 45), an objective lens supporting
device (53) having a pair of leaf springs (54, 55) for supporting the
objective lens (56) such that the objective lens (56) can move in the
direction parallel to the optical axis thereof, a plurality of second
coils (57) of substantiélly square shape for moving the objective lens
(56) in the direction parallel to the optical axis thereof, and a
tracking control device (64) for rotating a mirror portion so that a
beam spot focused on the optical disec by the objective lens (56)
follows a track on the optical disc. The objective lens supporting
device (53) is secured to the movable member (48), the movable member
(48) is movably supported by the yoke (46, 47), and one side of each of
the second coils (57) and of the first (52) are located within a common
magnetic gap.
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— Id optical pick-up apparatus; 2/s Figure 2 is g'SSheetHaSBee"Replaced

NRE | vicw taken on the line | - | in Figure 1; Lunﬂﬂlﬂllgﬂm II
Brspective view of an enbodi nent of optical pick- 10

¢ Nng to the present invention; f:'/ (3' éZlgure 4 is an enl arged
prse sectional view taken on i - Il in Figure 3;

'5 is an enlarged | ongitudinal sectional view of the enbodi nent ;

Figure 6 is an exploded perspective view of part of the
Referring to Figures 3 to 6, there is showm a base

; rectangul ar shape which is made of a rigid material.

@ yokes 42

i _ and 43 of substgﬁtlalzz/ L}shapgtjire secured to the two
gortions of
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ghe base plate 41 in the longitggnal direction of thesurface of the
bl ate 41 in facing relation. Magnets 44 and 45, each na neti zed

B ¢ hi ckness di rection, are attached to the inside sur flaisshe "ﬁiﬁenRe laced

Fyokes 42 and 43, respectlvely. | nner yokes
Ct.ively coupled to the outer yokes 25 42 and 43 at two
42a, 42b and 43a, 43b, whereby the magnets 44 and 45 are
ctively encircled by the yokes 42, 43, 46 and 47 to form cl osed
tic paths. More specifically, the inner yokes 46 and 47 are held
epped surfaces 42al, 42bl, 43al and 43bl of predeterm ned hei ght

forrg@d on the inner ends of the outer yokes 42 30 and 43. Thus,
magrigti c ps. g of a predetermned wdth are respectively forned
bet vigen t'helnmagnets 44 and 45 and the inner yokes 46 and 47, and the
i nnef]l yokes 46 and 47 are supported on the surfach of the base plate
42 o4 a Qﬁﬁgeternined spaci ng. _ 3
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This S
able menber 48 has forned t her etspsough apertures 49 a €en Replaceq
secting each other in the front and rear direction andl Im
and | ower direction. A bobbin 51 made of a non-magnet

gaged with the rear half portion of the novabl e nenber 48 such
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SRR | of through-holes 51a and/81b are resbectively f or med

jhl#;¥:” Jo si de -surfaces 48a and 48b of the novabl e nmefiEsh ep Replaced
ko G E A slide drive coil 52 is wound around the oute “ I
p ¥ the bobbin 51 as a first coil. 5 An obj I

) nenber 53 which is shaped as a rectangular frane is

“on the first half portion of the novable ‘menber 48 by

fpl at e springs 54 and 55 so as to be freely novabl e in the

E | ower direction. An objective lens 56 is attached to the

¥ | ens supporting nenber 53 in facing relation 10 to the exit side
il e 50 extending in the upper and | ower direction of the

fenber 48. Fl coils 57a, 57b, 57c and 57d are noul ded
#e and are ?E' C; cs




9ecured {0~ T ORE pLACHEr SHEE ikhe obpectl e |lens support
«respectl ied yo. wheneby.hari zoptak.portions of the resﬂe
in the tvg SUrf.aces af . the. S@lpporﬁl ng member 5 -
coil 57 .._'r’.c‘h m,Zp% %et,;;ef erred.t
57a, 57b,|-57¢" Nd-57 a‘gln,,e .;eapect i vely! enqrgl zed b;y ,.,J_ao__
printed il ot ‘board’ 583 and’ 58b7t0 the pl ate springs“s4+*

Wien the |G cuit: Bodards ' 58a and58k-4¢é bonded to lthe plate spri ngs 54 20

and 55, resonance of the pl at @pﬁﬁ’aﬂ_ﬂ'ﬁ:xﬁﬂpﬂﬂdpﬁ&p@ﬂﬁ[ﬁé .UrppneSSeﬁ
i nproving the silencing. Preférably, € plate springs 54 and 55 are T e —

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

bronze. The focusi Myisdinvedtiomayelates otoreptibgalb@idk-np heahddpparatusef for

square shape a as, des e ni

focusing coi l hge/ nfolr E g?hei 2 ?Eé ' ng n ﬁéﬁor a@%&[é&?édﬁﬂdatﬁ;‘%h?&

board. WWeh t mecqr@@usnehrgr dtﬁpl‘oweﬁsa f%rﬁ%’deﬂyﬁ’mpﬂb dé” |sueh A appagnete-
optical dise.

An optical disc recording and/or reproducing apparatus for
recording and/or reproducing an optical disc such as a magneto-opticél
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 of 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 plate

25 2 is made of a magnetizable 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 portions 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.

This is the replacement sheet.




circuit board, the focu5|ng coil 57 can easily be coupled to the
Tlexible prlnted 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 directd on hole 49 and the upper and
| ower direction hole 50 of the novabl e nenber 48 intersect, so that the

optical axes of Beans travel ling through the apertures 49 and 50

are set at a FF‘E}H’P ealiP hafe fogmed Y 359“‘”“8“3 pair of ppertures Yo andd346
and 47 are

| neeh penetiatet dte Paic opfcolild Q‘i ﬁilda985 ‘l‘herti\nE&lSt.htmOyghesaG

Gii de gf ooves st & FofbeFSed, 1hiq (85 SURRRE pdiuures 148G, 7
Guide grooves 14, 15 and 16, 17 are formed on the inside surfaces
of the apertures 12 and 13 and on the inner surfaces of the inner
stator yokes 6 and 7. A&s 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'
4, 15 and 16, 17.

5

Therefore, the bobbin 8 is supported on the inner
stator yokes 6 and 7 via the balls 21a and 21b, whereby the bobbin 8

can move t‘reely in the longitudinal direction of the inher stator yokes
6 and 7. '

10

A reflecting mirror 22 for changing a light path is secured where
the holes 10 and 11 intersect. An optleal pick-up 25 having an

objective lens 24 is attaéhed to the exit side of the vertically-
elongated hole 11 by a mount 23.

15

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

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
27 comprises a laser diode 28, a beam splitter 29, a collimator lens
30, a lighf receiving system 31, and a photo-diode 32. With the read-
out optical system 27, a light beam emitted from the laser diode 28
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
is incident on the photo-diode 32.

20

25

, in that order, and

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 forcé
according to Fleming's left-hand rule, due to the reaction between the
current and the magnetic field produced by the magnets 1 and U and the
yokes 3, 6 and 5, 7, that is, a linear motor is formed, whereby the
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

35
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by

7
1b,
and
47
5

are respectively formed on the inner surfaces of the holes 5la and

't hat

i S,

on the side surfaces 48a and 48b of the novabl e nenber 48

- nmagnet - non- opposi ng surfaces 46a and 47a of the inner yokes 46 and
opposi ng the side surfaces 48a and 48b. A shaft 60 is respectively
provi ded at each of the corners of the guide grooves 48al, 48bl, 46al

10

15

20

25

30

35

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 tﬁe optical pick-up 25 utilizes the inner stator yokes 6
and 7 as guides. However, the optical pick-up 25 @s 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
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.

According to the present invention there is provided an opticai
pick-up head apparatus 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
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
movable 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
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 optical system formed of a laser light source, photo-
detecting means, and tracking control means for perfdrhing a tracking
control so that a beam spot formed on an optical disec by a light beam
emitted from said laser light source follows tracks on said optical
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and 47al. Each of the shafts 60 is formed by grinding ah outef
ssurface of a rod noul ded, for exanple, fromceramc or stainless

st eel . The shafts 60 are secured to the corners of the guide grooves
48al, 48bl, 10 46al, and 47al by a bondi ng agent (not shown).

Accordingly, four shafts 60 are provided at each side of the novable
menber 48 in facing relation to each other. Respective balls 61 are
i nt erposed between each group of four shafts 60. The balls 61 are

each nmade of nddisc; and Magnetic material such as, stainless steel, ceramoc,
ruby or sapphire.

supported on tl‘%mf’ﬁ%elue °pt‘°a§/5§§§em4§°rﬁé Agaglogﬁ%(%\}llvgé%ﬁgbl?fef'ﬁ mb§ab1e in

so as
freely novabl e theongditaledirectianofrsajdkantid®l diskc ard coptrdligd t‘??efﬂ‘ﬂ-\ﬁeﬁ%t

?Let gﬁt glr)vgglr ]?aﬂgﬂ?e\'; a\%ﬁemlhtted ftrgﬂ 43’%' lra%&rrﬂ%ﬂé %ﬁgﬁ,%%ﬁ’@,ﬁaﬁ tdis@?m o
48 can nove andBight aath changing means for changing the ‘path ot‘ the ahght 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 the basis of a detected output
from a photo-detécting 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 ob)ective lens, wherein the ob jective 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 f‘1rst
and second coils is provided within a common 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 ph_oto-deteét-ing device, and a tracking control device

30 for performing a tracking control, so that a beam spot formed on aﬁ
optical disc by a light beam emitted from the laser light source
follows tracks on the optical dise, and a movable optical system formed
of an objective lens controlled to focus the light beam emitted from
the laser light source on the optical disc, énd a light path changing

3‘5 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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20 accurately. Stops 62 and 63 are forned on the front and rear ends of
the surface of the base plate 41 to stop the novabl e nenber 48 at
pr edet er mi ned positions. The stops.62 and 63 are each made, for

exanpl e, of acrylonitrile butadi ence styrene copol ymer or rubber.
As shown in Figure 3, there is provided5a gal vanomrror 64 25 | ocat ed
at an angle of substantially 45[err]

to the direction in which the

front and regie i o§shan 19 froklael chiend BupbpSaETDEr 48 extends

at an angl e of
substantially 45[ &’NF] 1'!‘@"&#\@ g&ll\lfan@m be ofesgnibeth by aipy- Oft egpmrleawisyst em

65 _compr i ses rét‘éx‘%ﬁéé tdi mea&'_b&pa@iﬂ?(%ﬂaﬂiged&h@w%tﬂﬂ@ vh1BRATKE Rakt s Qe 30
C.

t he rea optical system 65 and
t he géFWﬁGﬁW & ’Gﬁ“’f B¢ ”En%ﬁsat?'ﬂné q\'Hﬂ‘rcal systenms and the
mrror 59 '

Fgutend abj ®qidrspectlicasvied 60Oran a:xaqvheblo@ apprevabuslyst em
These proposed optical pick-up apparatus;

Figure 2 is a transverse sectional view taken on the line I - I
in Figure 1;

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 view 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 U1 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
the base plate 41 in the longitudinal direction of the surface of the
base plate 41 in facing relation. Magnets U4 and 45, each magnetized

in the thickness direction, are attached to the inside surfaces of the
outer yokes 42 and 43, respectively.

20

Inner yokes 46 and 47 are respectively coupled to the outer yokes
25 42 and 43 at two inner end faces 42a, 42b and U3a, 43b, whereby the

magnets U4 and 45 are respectively encircled by the yokes U2, 43, U6

and 47 to form closed magnetic paths. Hove'speclfically; the inner

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

of predetermined height formed on the inner ends of the outer yokes U2

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

respectively formed between the magnets 44 and 45 and the inner yokes
U6 and 47, and the inner yokes 46 and 47 are supported on the surface
of the base plate.ﬂz at a predetermined spacing.

A movable member 48 has formed therethrough apertures 49 and 50

intersecting each other in the front and rear direction and in the
upper and lower direction.

35

A bobbin 51 made of a non-magnetic material
is engaged with the rear half portion of the movable member 48 such

This is the replacement sheet
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stationary and novabl e optical systens are |located in the sanme plane,
Whereby the thickness of the whole optical pick-up head apparatus can

be reduced.

More precisely, the stationary optical system

formed of the read- _ _ 8

10

15

20

25

30

35

6

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 U8 by parallel plate springs 54 and 55 so as to be freely
movable in the uppér and lower direction. An objective lens 56 is
attached to the objective lens supporting member 53 in facing relation

35

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
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 54 and 55.
When the circuit boards 58a and 58b are bonded to the plate springs 54
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
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 coil 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 é
portion in which the front and rear direction hole 49 and the upper and
lower direction hole 50 of the mdvable 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
and 51b through a hollow portion of the objective lens supporting
member 53.

Cuide grooves 48a1, 48b1, Y46al and 47al of U-shape cross-section
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out optical system 65 and the gal vanomrror 64, and the novabl e opti cal
-systemforned of the mrror 59 and the objective lens 56 are

respectively | ocated such that the optical axis of the |ight path

t hrough which a |ight beamemtted fromthe | aser diode 65a reaches the 5
mrror 59, and the optical axis of the ITght path in which a reflected-
back | aser beamfromthe optical disc D reaches the photo 65¢c fromthe
mrror 59 are provided (n the sanme plane. Th ) I LQr, hSe | such
that the opt‘?"é’g'i' eapertively t‘Ir?é““F gh:thsa eg, rtagtspl ttﬁg%égsersqgg‘g’rgncg‘b’

em tted fronthateisaserthd sitle SirfacendBaandhiBiopfi el meNabie megber #fandy

mrror 59 a“l%gw -l i hged LA uTRALH LR¥CInneh! fdkeb 6 and 47

refl ect ed-bac Qgs&ebr% %@?&iﬁoﬁr?%cgtso@@[a{ cg‘fl (]i sc D reacggsﬁ%he m rrior1 59

are per pendi eRRoging dhehsidg susfanegnliba and 48b. A shaft is respectively
5 provided at each of the corners of the guide grooves u8al, 48b1, 46at

and 47at.

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, U8bi,
46a1, and 4T7al 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.

10

The balls 61 are each made of non-

niagnetic material such as, stainless steel, ceramic, ruby or sapphire.
15 In this way, the movable member U8 is supported on the 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 U8,

the ball 61 rotates between the shafts 60, the outer surfaces of which
are ground, uhéreby the movable .member 48 can move stably and
accurately. Stops 62 and 63 are formed on the t‘rpnt and rear ends of
the surface of the base plate 41 to stop the movable member U8 at
predetermined positions. The stops 62 and 63 are each made, for
'exémple, of acrylonitrile butadience styrene coboiymer or rubber.

20

As shown in Figure 3, there is provided a galvanomirror 6H
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
rearwWards. A read-out optical syStem 65 is located at an angle of
substantially 45° to the galvanomirror 64. The read-out optical system

65 comprises a laser diode 65a, a photo-diode 65b and a beam splitter
30 65c.

- 25

In this embodiment, the read-out optical system 65 and the
galvanomirror 64 form a stationary optical systems and the mirror 59

and tt{e objective lens 56 form a movable optical system. These

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

whereby the thickness of the whole optical pick-up head apparatus can
be reduced.

35

More precisely, the stationary optical system formed of the read-
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I n accordance this enbodi nent, however, the |ight path over which

-l aser beamreaches the mrror 59 via the beamsplitter 65c and the 15
gal vanom rror 64, and the light path between the mirror 59 and the
optical disc D are made common to the |ight beamfromthe | aser di ode
65a and the reflected-back |ight beamfr@mthe optical disc D.
Therefore, the emtted light beam and the reflected-back-|ight beamare
distributed by the beamsplitter 65c such that the emtted |ight beam 20
reacﬂes tﬂe gﬁbuampnicraﬂosymm é5haridetiieh gakvambeinren -4acind| thehmovabie optical
reaches the p -di o C. ; d r pled t

em ttgad from t%&gféysgﬁglggdgf the g%gﬂi)rsp?gnt??ﬁqgﬁ ?@jt%gvp‘he mhh;l aui;(giradsnaam
65b via the galrgapeaklyelyr logated such pihak ther oBfgeal pax bf’gcgpge ’f@ﬁs pgg'?
‘the optical di $hrdugh {dfichbd 2ekhty Beddbenidtedrbi, thiehiaset [diode $9a aredchdsethe
gal vanom rror 64, ha

tracking erPor "Sif'@‘l?‘rgpaatatéd 8‘[5‘%2#"&?8@8#% RE th@OHEhE bath A il reflibeRd-
back laser beam from the optical disc D reaches the photo 65c 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.

t he

In accordance this embodiment, however, the light path over which
the laser beam reaches the mirror 59 via the beam splitter 65¢c and the
15 galvanomirror 6U4, and the light path between the mirror 59 and the
‘optical disc D are made common 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 photo-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 erro'r signal and a tracking error sigrial are generated on the
basis of the detected output from the phobd-diode 65b. As will be
described later, the focusing error signal is supplied to the focusing
coil 57, and the tracking error signal is supplied to the galvanomirror
30 64. The galvanomirror 64 performs the tracking servo by ro'tating the
mirror thereof on the basis of the tracking error signal, so that the
light beam spot on the optical disc D moves across the tracks formed on
the optical disc D.
Turning to Figure 3, there is shown a spindle motor 66 which
- 35 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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basis of the detected output fromthe photo-di ode 65b. As wll be
»described later, the focusing error signal is supplied to the focusing
coil 57, and the tracking error signal is supplied to the gal vanom rror
64. The galvanomirror 64 perfornms the tracking servo by rotating the
mrror thereof on the basis of the tracking error signal, so that the
-1'ight beam spot on the optical disc D noves across the tracks forned on
the optical disc D Turning to Figure 3, there is shown a

30

spi ndl e not or BGthenhiyokes 3 andotiat @sat bise oqatmsammaui Xhe Teepeqtiimell sideot or

ggt : iaf’oglplsgddg&t%ﬂé ¥F the slige gxtilv% &gﬁd%' HW&Q{%‘W ehé %oﬁg'ﬂpl;f:?%nﬁhﬁhe

abov
supported by tiprizontal 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 U5 and the inner yokes 46 and U7, whereby the
magnetic circuits of the slide motor and the focusing motor are made
common .
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 U8 is energized on the basis of an access command 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 U6 and A7 which serve
20 as the guide shafts, that is, the movable member U8 can be moved in the
radial direction of the optical disc D by a linear motor system.
Furthermore, when the focusing error siénal generated on the
basis of the detected output from the photo-diode 65b is supplied to
the flat coils 57a to 57d fized to the objective lens supporting
25 members 53, the objectiﬁe 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 1ens_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 U8 can, for example, be unitarily Formed with

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

48b1, or 46al, 47al or both of the guide grooves 48ail, 48b1 and 46al,
47a1 of the inner yokes 46 and 47, and the movable member 48 can be
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9 i nner yokes 46 and 47 via the balls 61, and the respective side
portions of the slide drive coil 52 wound around the bobbin 51 and the
hori zontal portions of the side surface sides of the deflection coils
57a and 57d secured to the objective |ens supporting nmenber 53, that 5
I's, the focusing coil 57-is placed within tibe nagnetic gaps g between

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 additiqn, 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 recbrding and/or
reproducing apparatus across the magneto-optical disc, in prior-art

15 magneto-optical disc recording and/or reproducing apparatus.

As set ogt above, in an embodiment of the present invention,
since the magnétic circuits of the slide drive motor which moves the
‘objective lens 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 common, 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 spéed. Therefore,
the reliability of the optical pick-up head apparatus can be increased.
Furthermore, the assembly is éimplified, and the assembly cost reduced.
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t he nagA;—~—-§‘;a‘zghaﬁa"The i nner yokes 46 and 47, mhereby t he
fragneti c 4m ”@

‘u | i de notor and the focu5|ng not or are made
comon. t he i nner yokes 46 and 47 forma cl osed

magnet i c: path 10 With the outer yokes 42tand 43 attached to the base plate
41, and al so

serve as the guide shafts for guiding the novabl e nenber .
48 so that a gui de shaft ~and a sli base plate are not needed
additionally. In the thus c cted optical pick-up head
appar atus, when the slide driving coil 52 wound around the bobbin 51

of the novablg ”E'Haeépﬁial‘bﬁck%eﬂé‘a{cghﬁﬁﬁa%‘i wﬁ&%'ﬁa@ii@”eﬁ%eﬁfgtnﬁfm“d
or the like from for nﬁ control circuit (not shown)

novabl e nenb&engratigggeydpe for S%eéﬁ‘?mgn@ 'T"GPE‘;“Gb?Wes%&!ﬁ ofih Jhet basis
magngltlc Blngldt vd tddtecté® JRPECt Ffom a pmasaaeaﬂdxgt ievede I €65b), Waadehly t he
novabl e e can

the inner yok(—f?c E‘%ﬁﬂ“‘if?mﬁ"gﬁe nf&’vge!‘tloming a racf:ir{gegcrarvcg rb?'ctt-étagi & 3nd

mirror portion (64) in response to the tracking error signal supplied
thereto, the apparatus comprising:

a yoke (U6, 47) facing a magnet (U4, 45);

a movable member (48) having an aperture (49, 50) into which said yoke
(46, 47) is inserted and around which & first coil (52) is wound facing
said magnet (L4, 45); and . .

objective lens supporting means (53) for supporting an objective lens
(56) to be movable in the direction parallel to an optical axis of said
objective lens (56) and having a plurality of second coils (57) to move

said objective lens (56) in the direction parailel'to the optical axis
of said objective lens (56);

10

15

wherein said objective lens suppoéting means (53) is Secured to said
member (48), said movable member (U48) is supported by said yoke (U6,
'47) so that it can move freely, and at least one side of said first and
second coils (52, S7) is located'within a common magnetic gap.

20

2. -Apparatus according to 7c1a1m"1 wherein said objective lens
supporting means (53) comprises an objective lens supporting member
(53) with said objective lens (56) and said plufality 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).

25

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

(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.

35 4. Apparatus according to claim 1 wherein guide portions (U46at,

47a1, 48al, 48b1) for ball members (61) are respectively provided in
apertures (51a, 51b) of said yoke (46, 47) and said movable member
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20 a fts that is, the novable nmenber 48 can be noved in
't he : 1' Ill n of the optical disc D by a linear notor system
Further [

cu5|ng error signal generated on the basi s of
t he detected out put fromthe photo-di ode @5b is supplied to the fl at
coils 57a to 57d fixed to the objective | ens supporting 25 menbers 53,

t he objective | ens supporting nenber 53 is noved by the

paral l el plate

springs 54 and835 and said mppatrleomenibencilibli tesupperted in patdilyoke (6, tifd
optical axis gf shi® valh Shdub¥fs l(8RF. 56, due to the reaction between the

current flow ng through the horlzontal portions of
coils located within the nagnetic gaps g and the 30

t he respective
magnetic field

plr3 oduced wit hﬁn t hnpmﬁ&eé a6ediARAg o cMab @yhelrBen said guldx portignof(UbdE,
obj ective

way, the read- ah {5 Iat *?ﬁqgiﬁg‘teépr%%gg&’r{g@@ %ﬁs{if i{ﬁ which “Pg{)"r%s%ﬁ@egﬁﬂtt.hl S

opti cal

10

15

20

25

30

35

en

di sc members (61)

6. &n optical pick-up head apparatus comprising:

a stationary optical system (64, 65) formed of a laser light source
(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 llght source (65a) follows -
tracks on said optical disc; and -

a movable optical system (56, 59) formed of an objective lens (56)
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 dise, 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 .
lens (56); . :

wherein sald stationary optical system (64, 65) and said movable
optical system (56, 59) are located in the same plane.

1. Apparatus according to claim 6 uherein the optidal axis of the
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.
8. Apparatus according to claim 6 wherein said light path ehanging-
means (59) changes the light path of the light beam emitted from said

laser light source (65a) such that said light path is located at a
rxght 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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The nov for exanple, be unitarily formed with 35

, ; . the
‘bobbi n 51 reover, either the guide grooves 48al,
48b1, Hﬁ'ﬂ E JH h of the guide grooves 48al, 48bl and 46al,
47a1 of t i '

and 47, and the novabl e nenber 48 can be
13

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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-shaped to have a cross-section of MhshapeQ If the two guide grooves
are V-shaped, then the shafts can be omtted. Also, the nunber of
bal I s interposed between the guide grooves can be increased and/or

decreased, if necessary. 5 Furthernore, the lay out of the read-out
optical system 65 and the like can be f%eel y nodi fied in dependence on
t he arrangenent of the optical disc recording and/or reproducing
appar at us. I n-addi tion, by ap%such an optical pick-up head
appar at us to a magnet o-optical disc i ng and/ or reproducing

apparatus, it is 10 possible to reduce the thickness of the recording
and/ or reproducing appar at UspT¢e41s P& -0 ntap WrpaRaTES been a very .

difficult problemto ol ve,” Decause an external magnhetic field
generating apparatus nust be :
5 An optical pick-up head apparatus comprises a yoke (46, U7)

provided in an opposing relation to a magnet (44, 45), a movable member
(48) having therethrough an aperture (51a, 51b) into which the yoke
(46, 47) is inserted and around which a first coil (52) is wound in
facing relation to the magnet (U4, 45), an objective lens supporting
10 device (53) having a pair of leaf springs (5l, 55) for supporting the
objective lens (56) such that the ob:jective lens (56) can move in the
direction parallel to the optical axis thereof, a plurality of second
coils (57) of substantially square shape for moving the objective lens
(56) in the direction pahallel to the optical axis thereof, and a
15 tracking control device (64) for rotating a mirror pbrtion so that a
beam spot focused on the optical disec by the objective lens (56) -
follows a track on the optical disc. The objective lens supporting
device (53) is secured to the n{ovable member (U48), the movable member
(48) is movably supported by the yoke (46, 47), and one side of each of

20 the second coils (57) and of the first (52) are located within a common
magnetic gap. '

FIGURE 3
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'provided at the disc surface side.opposite to the recording and/ or

Teproduci ng apparatus across the magneto-optical disc, in prior-art 15 -
magnet o- opti cal disc recordi ng and/ or- reproduci ng appar at us. As
set out above, in an enbodi nent of the present. i nvention, since the
magnetic circuits of the slide drive notor which noves the obj ective
lens in the radial direction of the optifgsml disc of the f ocusi'ng not or
whi ch noves the objective lens in its optical axis 20- dirgction can be
made comon, the novabl e nmenber does not need a heavy gnhet, so that
t he mass of the novabl e nmenber can be reduced. Al so, mutiyal

i nterference can be avoi ded Hexween the magnetic ci rcugfs of tge

t wo
notors, and a magnetically nfutral portion can be preveated "U’\Q bei ng
produced in the novenent of fhe objective |lens, thus makiny i NPz

possi bl e st ably—to.npve the pbjective I ens at high speed. iﬁe, —
the reliabjfity of the OPpN pi ck-up head apparatlgcan he Ased
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Furthernmore, the assembly is sinplified, and the assenbly cost reduced.

CLAI VE: 1. An optical pickup head apparatus having a tracking
error signal generating device for a tracking error signal on the
basis of a detected output a photodetecting device and a tracking

control device for performng a trackinggervo by rotating a
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5 mrror in response to the tracking error signal supplied thereto, which
-appar at us conpri ses: a magnet; yoke neans
provided in an opposing relation to said magnet; a novabl e
menber having an aperture into which said yoke neans is inserted; 10

a first coil wound around said novabl e nenber in opposing relation to said

magnet . ; an objective lens s ng an optical axis; and
obj ective | ens supporting nmeans for supporting said objective lens to be
novabl e in a direction parallel to said optical axis and having a
plurality econd coils to nove 15  said objective lens in said
di rection, rein said supporting neans is secured to said - novabl e
menber, said novabl e nmenber is supported by sai d&oke neans so that it
can freely e in a direction perpendicular to id optical axis, and at
| east one si _ of said first and secgnd coi{j Y : ithin a
common magngrttc gap; ™M Y
g El_ gap 3 “’é%
© tn
w
8
3 w0
| o
H w
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whérein each of said second coils has four sides and is forned as a _
-substantially 20 square coil of L-letter shape, a pair of sides of each of
sai d second coils being per pendi cular to the optical axis of said

obj ective |l ens and one side of each of said second coils being | ocated

Wi thin said common magnetic .gap. %1 An optical head apparatus

conprising: 25 a fixed optical systeminclgding a |ight beam
source, a photodetector, -and a beam splitter orsgplitting a |light
beamemtted fromsaid |ight beam source, so that

portion of the
i ght beamis irradiated on said photodetector;

a novabl e
optical system having an objective | ensp—awidlst ol 0
actuator for supporting said objective fen novi i bj ecti ve
lens in a 30 direction parallel to an ppt ' f \sgqi yertive |ens
using at | east one of a plurglity pf nd | s ving four

sides and being fornmed as a subss?

58b
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§dﬁare coil of L-letter shape, a pair-of sides of each of the plurality of

"~ “second coils

bei ng forned perpendicular to the optical axis of said objective |ens, one
si de of each of the plurality of second coils being fornmed parallel to
the optical axis of the objective | ens, a menber provided on said
actuator, a linear notor including nmaghéds provided 5 to face said first
coil and said sides of said plurality of second coils parallel to said

FlaG 6
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tl c~a| axi s, whereb ai d sides of -said pI ural [ ty iafrs,
to sai d“llllﬂj"lﬂ“ﬁi:ﬂﬂiu s are within a comon ma?ruzt

magnet s notor, guiding neans far:guidi‘ng
a directi'on‘pefpendicul'ar to the axis of salfd.,ﬁb'jﬁ.;é" Ve ITERYE - arkd
yoke, said novabl e optical system bei nglbrow ded iin"a 10 *pl arﬁeu;i‘-ji"rét g g2
parallel tq d&@ﬂuect I on perpendicular to the axfl s. of _the objective lens
and - sal i xed optical system being provided.in saisd’ Sere Bl atﬁ[ﬁ’and
a tracki ng lmeansAmpmoptical epickugt hesdnapaiatus haeidg cmtradang symtesngmhcgen@taﬂng

bl t I t d incl h h of
the 11 ght_feeRpan A ikine St el o g e buipifa efibefuifte £
| rradi at ed qgice 3ind apmsxglﬁgfc%ﬁﬁsr deviee for performing ARPRKREUSI?S B9

claim1l whererin each second coils s shaped as a substangl ally
square coi Imisforlinstespense tantheowackingierrot signghisuppliedsthaeeto,p Wb appanatus t o
the optical axis of said objective lens is located within said commn
magnetic g Tises:

a magnet;
yoke means provided in an opposing relation to said magnet;
a movable member having an aperture into which said yoke means is inserted;
10 a first coil wound around said movable member in opposing relation to said
magnet.;
an objective lens having an optical axis; and
objective lens supporting means for supporting said objectivé lens to be movable
in a direction parallel to said optical axis and having a plurality of second coils to move
15 said objective lens in said direction, wherein said supporting means is secured to said
movable member, said movable member is supported by said yoke means so that it
can freely move in a direction perpendicular to said optical axis, and at least one side
of said first and second coils is located within a common magnetic gap;
wherein each of said second coils has four sides and is formed as a substantially
20 square coil of L-letter shape, a pair of sides of each of said second coils being
| perpendicular to the optical axis of said objective lens and one side of each of said

second coils being located within said common magnetic gap.

2. An optical head apparatus comprising:

25 a fixed optical system including a light beam source, a photodetector, and a
beam splitter for splitting a light beam emitted from said light beam source, so that a
portion of the light beam is irradiated on said photodetector;

a movable optical system having an objective lens, a first coil, a focussing
actuator for supporting said objective lens and for moving said objective lens in a

30 direction parallel to an optical axis of said objective lens using at least one of a

plurality of second coils, each having four sides and being formed as a substantially

square coil of L-letter shape, a pair of sides of each of the plurality of second coils
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2Q- 4 Imm ding to claim1 wherein guide portions for ball
menber s Imn"ﬂilggml/el y provided in apertures of said yoke and said
movabl e fenert am novabl e menber is supported in said yoke by

said bal | nenbers. 5. Appar at ﬁ according to claim4 wherein said
gui de portions are provided with 25 shaf4s which contact said ball nenbers.

being formed perpendicular to the optical axis of said objective lens, one side of each

of the plurality of second coils being formed parallel to the optical axis of the objective

lens, a member provided on said actuator, a linear motor including magnets provided

5 to face said first coil and said sides of said plurality of second coils parallel to said

optical axis, whereby said sides of said plurality of second coils parallel to said

optional axis are within a common magnetic gap formed by said magnets of said linear

motor, guiding means for guiding said member in a direction perpendicular to the axis

of said objective lens, and a yoke, said movable optical system being provided in a

10 plane that is parallel to the direction perpendicular to the axis of the objective lens and

said fixed optical system being provided in said same plane; and

a tracking means provided between said fixed optical system and said movable

optical system and including a mirror for changing a path of the light beam emitted
from said light beam source and the light beam irradiated on said photodetector.

15
3. Apparatus according to claim 1 whererin each said second coils is shaped as a
substantially square coil of L-shaped, and one side of a pair of sides prependicular to
the optical axis of said objective lens is located within said common magnetic gap.
20 4. Apparatus according to claim 1 wherein guide portions for ball members are

respetively provided in apertures of said yoke and said movable member, and said

movable member is supported in said yoke by said ball members.

S. Apparatus according to claim 4 wherein said guide portions are provided with
25 shafts which contact said ball members.
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ABSTRACT

OPTICAL PICK-UP HEAD APPARATUS

An optical pick-up head apparatus comprises a yoke (46, Uu7)

provided in an opposing relation to a magnet (44, 45), a movable member

(48) having therethrough an aperture (51a, 51b) into which the yoke-
(46, 47) is inserted and around which a first coil (52) is wound in
facing relation to the magnet (44, 45), an objective lens supporting
device (53) having a pair of leaf springs (54, 55) for supporting the
objective lens (56) such that the objective lens (56) can move in the
direction parallel to the optical axis thereof, a plurality of second
coils (57) of substantially square shape for moving the -objective lens
(56) in the direction parallel to the optical axis thereof, and a
tracking control device (64) for rotatihg a mirror portion so that a
beam spot focused on the optical disc by the objective lens (56)
follows a track on the optical_ disc. The objective lens supporting
device (53) is secured to the movable member (48), the movable member
(48) is movably supported by the yoke (46, 47), and one side of each of
the second coils (57) and of the first (52) are located within a common
magnetic gap. '

FIGURE 3
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