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[57] ABSTRACT

A laser beam 11 focused to a spot 12 by an objective
lens 30 for following an information track 24 on a video
disc is subject to three mutually orthogonal deviations;
lateral or tracking, focus, and time axis or jitter. To
correct these the lens 1s mounted in a second holder 9,
in turn flexibly mounted by spring strips 13a, 13b to a
first holder 1, in turn rotatably and slidably mounted to
a base 4 by a shaft and bearing 3, 2. Various permanent
magnets 7, 10 and coils §, 6§, 8 cooperable therewith are
disposed such that selected coil energizations move the
lens relative to the information track to correct any
detected deviations.

23 Claims, 4 Drawing Sheets
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DEVIATION CORRECTION APPARATUS FOR
OPTICAL DISC LIGHT BEAMS

Matter enclosed in heavy brackets [[ ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions made
by reissue.

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates to a drive apparatus for an
optical disc player or recorder, such as a video disc
digital audio player, for controlling and tracing the
read-out light spot on the disc to record or regenerate
information without mechanical disc contact.

2. Description of the Prior Art

In general, it is necessary to control and trace the
read-out light spot in accordance with the detected
amount of three mutually orthogonal deviations,
namely focusing deviation of the light spot perpendicu-
lar to the disc surface, tracking deviation of the light
spot in a direction perpendicular to both the optical axis
and the information track on the disc, and time-axis
deviation (jitter) in the direction of the information
track.

FIG. 1 shows a conventional optical video disc
player apparatus, including a focus control device 21
comprising an objective lens 30 and a magnetic coil Co
for driving the lens, both disposed facing a disc (not
shown) and a tracking control device 22 comprising a
reflection mirror 20a and a magnetic coil Cra for rotat-
ably driving the mirror about a transverse or diametni-
cal axis. A jitter control device 23 comprising a reflec-
tion mirror 20b and a magnetic coil Crb for rotatably
driving the mirror 20b is also provided.

In operation, a read-out beam 11 emitted from a light
source (not shown) is reflected by the mirrors 20b and
20a, and impinges on the information track 24 of the
disc after passing through the lens 30 of the focus con-
trol device 21.

Since a video disc rotated at a high speed, such as
1800 rpm, focus, tracking, and jitter deviations are pro-
duced by the swing, eccentricity and rotational nonuni-
formity of the disc. To compensate for these deviations
the objective lens 30 is controlled in the direction of
arrow G parallel to the optical axis, the mirror 20a i1s
controlled in the direction of arrow H transverse to the
information track, and the mirror 20b is controlled in
the direction of arrow I parallel to the information track
so that the light spot can precisely read out the informa-
tion on the track. In effecting these controls the objec-
tive lens 30 is moved or driven in the direction of arrow
L by the coil Co, mirror 20a is rotated in the direction
of arrow K by coil Cra, and mirror 20b is rotated in the
direction of arrow J by coil Crb.

Since in this apparatus the focus, tracking and jitter
control devices 21, 22 and 23 are mechanically and
physically separated from each other, miniaturization is
difficult. Additionally, as the light spot, the optical axis
of which is oblique, enters the objective lens 30, a suffi-
cient correction for or control of aberration is neces-
sary. Further, since the mutual geometncal and optical
relationship between the light beam 11 and the objec-
tive lens 30 is adversely influenced by the rotations of
the mirrors 20a, 20b, the light beam does not proceed in
the appropriate direction towards the objective lens and
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consequently the optical performance of the latter is
diminished.

SUMMARY OF THE INVENTION

An object of this invention is to provide a miniatur-
ized apparatus for easily controlling and tracing a light
beam of an optical disc player or recorder with a high
degree of accuracy.

This object is implemented by a compact apparatus
combining rotational, thrust and parallel driving means
in a unitary assembly for correcting tracking, focus and
jitter deviations, respectively, in a mutually orthogonal
manner.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a conceptual view of a conventicnal con-
trol/driving apparatus,

FIG. 2 is a plan view of a first embodiment of the
tridimensional control/driving apparatus of this inven-
tion,

FIG. 3 is a side view of FIG. 2,

FIG. 4 is a perspective view of a portion of FIG. 2,

FIG. 5 is a partial cross-sectional view showing the
relation between a shaft and a bearing of FIG. 2,

FIG. 6 is a cutaway perspective view showing a
support means and a driving means for an objective lens
of FIG. 2, ?

FIG. 7 is a side sectional view showing the operation
of the objective lens of FIG. 2,

F1G. 8 is a perspective view showing a second em-
bodiment of the invention,

FIG. 9 is a plan view showing a third embodiment of
the invention,

FIG. 10 is a cross-sectional view at line X—X in FIG.
9!

FIG. 11 is a cutaway perspective view of FI1G. 9, and

FIG. 12 is a partial perspective view of FIG. 9.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

As shown in FIGS. 2 and 3, a cylindrical bearing 2 1s
located at the center portion of a holder 1 which has
two concave recesses la, 1b flanking the bearing and
circularly curved end surfaces. A shaft 3 1s fixed to a
base 4 as shown in FIG. 3 and stands upright inside the
bearing 2 with a clearance ranging from several um to
several decades of um to enable free rotation and slid-
ing. The surfaces of the bearing and/or shaft are coated
with a resin such as Teflon having a low frictional coef-
ficient. A first coil § for focus control is wound around
the outside of the rectangularly shaped holder 1. Sec-
ond coils 6a, 6b, 6c, 6d for tracking control are attached
over the coil § at each corner of the holder. First perma-
nent magnets 7a, Tb with curved inner surfaces for focus
and tracking control are provided at the ends of the base
4 opposite the first and second coils. Second permanent
magnets 8a, 8b for jitter control are disposed in the
recess la.

A holder 9 for the objective lens 30 1s located be-
tween the jitter control magnets, and third coils 10a, 10b
for jitter control are wound around the holder on both
sides of the objective lens. The holder 9 s mounted
between the ends of a pair of parallel plate support
springs 13a, 13b made of phosphor bronze as shown in
FIG. 5.

The holder 1 and the base 4 have respective holes
14a, 14b (FIG. 5) through which the light beam 11
passes; it is focused to a light spot 12 by the objective
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lens. The holder 1 is supported by the shaft 3 fixed to
the base 4, and can both rotate in the direction of arrow
F and slide in the direction of arrow E.

The holder 1, the bearing 2, the shaft 3, the second
coils 6a—6d and the first permanent magnets 7a, 7b form
a rotation driving means, by means of which the lens
holder 9 and objective lens 30 may be rotated to correct
any track deviation of the read-out spot 12. |

The holder 1, the bearing, the shaft, the first coil §
and the first permanent magnets 7a, 7b form a thrust
driving means for moving the lens 30 in the direction of
the optical axis to correct any focus deviation.

The support springs 13a, 13b, the third coils 10a, 10b
and the second permanent magnets 8a, 8b form a paral-
lel driving means for moving the lens in the direction of
the information track (arrow A in FIG. 6) to correct
any jitter deviation.

In operation, when a tracking deviation of the light
spot 12 perpendicular to both the optical axis and the
information track is detected, a current of appropriate
polarity proportional to the detected deviation is sup-
plied to the coils 6a-6d to rotate the holder 1 about the
shaft 3 in the direction of arrow F in cooperation with
the magnets 7a, 7b, thus correcting such tracking devia-
tion.

Similarly, when a focus deviation is detected, a cur-
rent of appropriate polarity proportioned thereto is
supplied to the coil § to drive the holder 1 and thus the
lens 30 in the direction of arrow E in cooperation with

the magnets 7a, 7b, thereby correcting such focus devia-

tion.

The objective lens 30 is thus driven and controlled in
both the focus controlling direction shown by arrow E
in FIG. 3 and in the rotation controlling direction
shown by arrow B in FIG. 2.

When a time-axis or jitter deviation in the direction of
+he information track is detected, a current of appropri-
ate polarity proportional thereto is supplied to the cotls
10a, 10b, to drive the lens holder 9 and the objective
lens 30 in the direction of arrow A in FIGS. 6 and 7 n
cooperation with the magnets 8a, 8b to thereby correct
such jitter.

The means for detecting the three deviations and for
generating the appropriate coil correction signals in
response thereto are not shown as they are fully con-
ventional and form no part of the invention.

In the foregoing it is assumed that the information
track runs paraliel to the longitudinal axis of the holder
1, but it could also run transverse thereto in which case
arrow A would represent the tracking correction direc-
tion and arrow B the jitter direction.

In the tri-axial operation of this embodiment the ob-
jective lens 30 is movable in the direction of arrow A by
the bending of the parallel support springs 13a, 13b as
shown in FIG. 7, whereby the optical axis of the objec-

tive lens is maintained substantially parallel to that of

the light beam 11 and the latter 1s always kept substan-
tially perpendicular to the surface of the disc (not
shown).

As the distance or spacing between the magnets Ta,
7b and the coils 5, 6a, 6b, 6c, 6d and between the mag-
nets 8a, 8b and the coils 10a, 10b is always substantially
constant, the lens holder 9 can be stably shifted to im-
plement deviation corrections by symmetrical and high-
ly-balanced driving forces. To operate the apparatus
with a high degree of precision using small driving
forces, light weight plastic magnets may be employed as
the magnets 8a, 8b fixed to the holder 1. To miniaturize
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these it is desirable that the objective lens 30 be small
and light weight, and a plastic or Frenel lens would thus
be suitable.

Another embodiment is shown in FIG. 8, wherein a
counter or balancing weight 40 is provided in the recess
1b of the holder 1 and flexible members $0a, 50b com-
prising metallic or rubber springs are provided between
the side of the holder 1 and the base 4 to generate restor-
ing forces in the tracking, jitter and focus directions.
Owing to the weight 40 the holder 1 may rotate around
the shaft 3 with a higher degree of balancing precision
than in FIGS. 1-7.

Still another embodiment is shown in FIGS. 9-12
whose structure is essentially similar to that detailed
above, the same reference numerals being used to desig-
nate the same or equivalent features. In this embodiment
a box-like base 4 contains first permanent coils 7a, 7b
fixed thereto and has five walls comprising a bottom
wall 4a with a hole 14a, and side walls 4b, 4c, 44, 4de.
The holder 1 has only one recess 1a where the optical
means is provided. Of the four side surfaces 1c-1f the
two end surfaces 1c, le are circularly curved to mate
with the inner curved surface of the magnets 7a, 7b,
similar to the embodiments of FIGS. 1-8.

The holder 1 is again rotatably and slidably supported
by a shaft 3 and a bearing 2, the top ends of which are
below the bottom surface of the lens holder 9. Second
permanent magnets 8a, 8b are attached to the top cen-
tral side walls 4b, 4d of the base. The coil 10 is wound
around the central portion of the lens holder 9 which
has two protruding end portions with symmetrically
formed holes 9a and 9b. Elastic restoration springs 50a,
50b (FIG. 12) may be fixed to the bottom wall 4a of the
hase at their one ends and to the top edges of the holder
walls 1d, 1f at their other ends to establish the neutral
points of the holder mounting within the base in the
rotational and up-down directions.

The operation of this embodiment is similar to that of
FIGS. 1-8, and exhibits improved mechanical balance
and lighter weight.

In the foregoing embodiments optical disc players are
disclosed, but this invention is equally adaptable to an
optical disc recorder.

What is claimed 1s:

1. A driving apparatus for controlling and tracing
light beams of an optical disc player or recorder, com-
prising:

(a) a base member (4),

(b) a first holder member (1) slidably and rotably
disposed on a shaft (3) upstanding from said base
member,

(c) optical means (30) for focusing a light beam (11)
irradiated thereon and emitting said light beam as a
light spot (12),

(d) a second holder member (9) mounting said optical
means,

(e) means (13a,13b) for flexibly mounting said second
holder member to said first holder member for
movement towards and away from said shaft in a
direction perpendicular thereto,

() rotation driving means (6a-6d, 7a, 7o) for rotating
said first holder member and optical means about
said shaft to correct tracking deviations of said
light spot transverse to an information track on a
storage disc,

(g) thrust driving means (5, 7a, Tb) for shding said
first holder member and optical means on said shaft
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to correct focus deviations of said light spot with
respect to said information track, and

(h) parallel driving means (10a,10b, 8a, 8b) for mov-

ing said second holder member and optical means
perpendicular to said shaft to correct time axis or
jitter deviations of said light spot.

2. An apparatus as claimed in claim 1, wherein said
optical means comprises an objective lens.

3. An apparatus as claimed in claim 2, wherein said
thrust driving means comprises first cotl means (5) at-
tached to said first holder member, and first permanent
magnet means (7a, 7b) disposed opposite said first coil
means.

4. An apparatus as claimed in claim 3, wheremn said
rotation driving means comprises second coil means
(6a-6d) attached to said first holder member and said
first permanent magnet means.

8. An apparatus as claimed in claim 4, wherein said
parallel driving means comprises third coil means (10a,
10b) attached to said second holder member, and sec-
ond permanent magnet means (8a,8b) disposed opposite
said second permanent magnet means.

6. An apparatus as claimed in claim 5, wherein said
first holder member is substantially rectangularly
shaped and has convex surfaces at its opposite longitudi-
nal ends, and said first permanent magnet means has
concave surfaces opposite said convex surfaces.

7. An apparatus as claimed in claim 5, wherein said
first magnet means is mounted on said base member, and
said first holder member is connected to said base by
elastic means providing restoring force to said holder
member when out of a mechanical neutral position.

8. An apparatus as claimed in claim 5, wherein said
first holder member has a recess (1a) in a body portion
thereof, and said flexible mounting means is disposed in
said recess.

9. An apparatus as claimed in claim 8, wherein said
second permanent magnet means are attached to said
base member (FIGS. 9-12).

10. An apparatus as claimed in claim 8, wherein said
second holder member is rectangular shaped, said ob-
jective lens is mounted at a center portion thereof, and
said third coil means are wound around opposite end
portions of said rectangular holder member.

11. An apparatus as claimed in claim 8, wherein said
objective lens is mounted at one end of said second
holder member, and said third coil means are wound
around a center portion of said holder member (FIGS.
9-12).

12. An apparatus as claimed in claim 8, wherein said
second permanent magnet means are mounted to an
inner surface of said first holder member recess.

13. An apparatus as claimed in claim 12 wherein said
first holder member has two recesses (1a,1b) symmetri-
cally provided in opposite halves thereof, and a balanc-
ing weight (40) is mounted in one of said recesses (FIG.
8).
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14. An apparatus as claimed in claim 8, wherein said
first coil means is wound around the entire outside sur-
face of the first holder member.

15. An apparatus as claimed in claim 14, wherein said
second coil means comprises four coils attached to cor-
ner portions of said first holder member over said first
coil means.

16. A driving apparatus for controlling and tracing light
beams of an optical disc player or recorder, comprising:

(@) a base member (4),

(b) a holder member slidably and rotatably disposed on
a shaft (3) upstanding from the base member,

(c) optical means (30) supported on said holder member
for focusing a light beam (11) irradiated thereon and
emitting said light beam as a light spot (12), said
optical means being positioned on one side of said
holder member in relation to said shaft,

(d) rotation driving means (6a-6d, 7a, 7b) for rotating
said holder member and optical means about said
shaft to correct tracking deviations of said light spot
transverse to an information track on a storage disc,

(e) thrust driving means (5, 7a, 7b) for sliding said
holder member and said optical means on said shaft
to correct focus deviations of said light spot with re-
spect to said information track,

(f) balancing means (40), positioned on the other side of
said holder member in relation to said shaft, fordy-
namically stabilizing said holder member against
undesirable movements during rotation and sliding of
said holder member.

17. A driving apparatus as claimed in claim 16, wherein.

said optical means and said balancing means are posi-
tioned symmetrically to each other with respect to said
shaft.

18. A driving apparatus as claimed in claim 16, wherein:

said holder member has two recesses (1a, 1b) symmetri-
cally provided in opposite halves thereof, said balanc-
ing means is positioned in one of said recesses, and
said optical means is positioned in the other of said
recesses.

19. A driving apparatus as claimed in claim 16, further

comprising:

restoration means (30-a, 50-b) for generating restoring
forces for maintaining said holder member in a me-
chanically neutral position in the tracking and focus-
ing directions, said restoration means being provided
between said holder member and said base member.

20. A driving apparatus as claimed in claim 19, wherein:

one end of said restoration means is fixed to the outside
portion of said holder member and the other end of
said restoration means is fixed to a fixing member.

21. A driving apparatus as claimed in claim 20, wherein:

said fixing member is a portion of said base member.

22. A driving apparatus as claimed in claim 16, wherein:

said rotation driving means and said thrust driving
means are attached to said holder member.

23. A driving apparatus as claimed in claim 21, wherein:

said holder member is substantially rectangular shaped.
x * = 3 =
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