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TITLE OF THE INVENTION _
AN OPTICAL PICKUP WITH IMPROVED OPTICAL PROPERTIES, AND A

METHOﬁ FOR MANUFACTURING THE OPTICAIL PICKUP

BACKGROUND OF THE. INVENTION
(1) Field of the Invention

The present invertion relatés to an optical pickup
that is used to read and write information from and onto an

optical recording medium, and to a method for manufacturing

this optical pickup.

(2) Description of the Related Art

In recent years, optical recording media, such as a
compact disc (CD) and a digitél versatile.disc (DVD), are
increasingly used to store various types of information, and
such recording media are rapidly becoming in widespread use.
An optical pickup is usuélly used as an optic device that .
performs a read from and a write onto such an optical
fecoding medium.

FIG. 1 shows a construction of a conventional
optical pickup 400 in a vertical section view.

As shown in the figure, the optical pickup 400 has a
movable member 406 which is movable and which carries an
objective lens 401 and coils 405. A fixed member 407
supports the movable member 406 almost horizontally via four
wires 412 which are positioned in parallel to one another.

The fixed member 407 is fixed to an optical base 409.
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Since this figure is a section view obtained by
vertically cutting the optical pickup 400, two out of the
four Qires 421 are not shown in the figure.

| In addition to the fixed member 407, a yoke 410 that
supports a magnet 411, an integraﬁed component 402, a
collimating lens 420, and a mirror 403 are positioned onto
the optical base 409. |

The integrated component 402 contains a

semiconductor laser and a photodetector. The semiconductor

" laser emits a laser beam, which is then collimated by the

collimating lens 420 to generate a collimated beam. The .
mirror 403 has an optical path of the collimated béam
changed ninety degrees upward to have thé beam enter into
the objective lens_401, which then focuses the beam onto the
recording surface of an optical recording medium 412. The
beam is then réflected on the surface of the recording

medium 412, and reverses along the above optical path. The

photodetector in the integrated component 402 detects this

beam, so that a signal recorded on the recording medium 412
can be read by the optical pickup 400. Hereafter, the beam
reflected on the reco?ding medium 412 is called "a return
beam".

Optica;_recording media tend to vertically vibrate
when rotated. Accordingly, it is necessary to keep
positioning the recording surface of the optical recording
med;um 412_within the depth of field of the laser beam L1

converged by the objective lens 401 by moving the objective
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lens 401 in a direction of its optical axis.

Eccentricities in the rotation of the optical reéording
mediuﬁ 412 make it also necessary to reposition the laser
beam L1 so that it correctly follows a track on the optical
recording medium 412. 'Accordingly, an optical pickup is
required to have an adjusting function and an error
detecting function for having the laser beam correctly
focused on a recording medium, and for having the laser beam
cofrectly follow a track.

The conventional optical pickup 400 therefore has.
the photodetector in the integrated component 402 detect a
focusing error and a tracking error by receiving the return
light, and_suitably controls currents Supplied ﬁo the coils
405. 'Currents passed through the coils 405 interact with a
magnetic filed generated by the magnet 411 fixed to the YOke
410 so that Lorentz forces are generated. As é result, the
objective lens 401 moves in a focusing direction (i.e., a
direction of the laser beam L1 being projected), and in a
tracking direction Xi;e., a direction which traverses tacks)
that has the laser beam Ll correctly projected onto a track
of the recording medium 412. By performing these |
operations, the opticai'pickup 400 can accurately'perform a
write onto and a read from the optical.recording medium 412.

With this conventional optical pickup 400 that moves
the objective lens 410 in this way, the integrated component
402, the collimating lens 120, and the mirror 403 are all

fixed to the optical base 409 although only the objective
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lens 401 is movable to cofrééé the focusing error and the
tracking error. As a resul;, a displacement is-generaﬁed
between the optical axis of the objective lens 401 and a
principal ray of the laser beam emitted by the semiconductor
laser, so that a lens aberrationlis generated. This
decreases optical properties of the optical pickup 400, and
so precision of the optical pickup 400 for a write onto and
a read from the_optical recording medium 412 decreases.

One method to solve the above problem is to poéition
the semiconductor lasgr, the photodetector, and the
collimating lens 420 into the movable member £06 that
supports the objective lens 401 so as to maintain the
constant positional relatighship between these optical
components éll the time and thereby prevent optical
displacements from being generated.

FIG. 2 is a simplified diagram showing a
construction of an optical pickup 500 achieved according to
this method. -

As shown in the figure, the optical pickup 500
includes a movable enclosure 505 that carries an objective
lens 501, a semicondﬁctor laser 502, a photodetector 503,
and a beam splitte; 504. (Hereafter, an thical pickup that
has a movable enclosure carrying all the optiCal components
of the optical system is called an "optical-component-
integrated optical pickup".) The movable enclosure 505 is
fixed to a fixed member 506 via four wires 507 in a manner

that allows the movable enclosure 505 to move in both the
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focusing direction and the tracking direction. ‘The bottom

portions of the movable enclosure . 505 is also combined with

-a flexible printed circuit 508, which supplies electric

power to the semiconductor laser 502 and the photodetector
503, énd transfers a signal to/from them.

When the entire optical system is included in the
movable encloéure 505 in this way, displacements, due to
movements of the objective lens 501, no longer occur between

the optical axis of the objective lens 501 and the
principal ray of the laser beam. However, the flexible
printed circuit 508 exerts an unneceésary force to the
movable énclosure 505 which is suspended by the four wires
507. This not only. prevents smooth. vertical and horizontal

movements of the movable enclosure 505, but alsc produces

. unnecessary resonance due to the elasticity of the flexible

printed circuit 508 when the enclosure 505 moves. This
prevents the optical pickup 500 from correctly following a
track, and therefore the construction of the above optical¥
component-integrated optical pickup becomes meaningless.
Hereafter, the capability of an optical pickup correctly
folIOwiﬁg a track is called a "trackability" of ‘the optical
pickup.

The conventional optical pickup 500 also has the
following problems due to its supporting construction with
the-four wires 507.

The four wires 507 have the same length and the same

thickness, and are made of the same material. As a result,
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each wire 507 has the same e;astic coefficient in-both the
focusing direction and the tracking.direction, énd ends of
these wires 507 are bUrdenedlwith'an almost uniform mass
(i.e., one-fourth the mass of the movable enclosure 505).
This results in each wire 507 having almost the same
resonance frequency in both the tfacking direction and the
focusing directiqn. Should an external perturbation occur
in either of these two directions, the other direction is
also affected by this perturbation. This can result in, at
worst, the movable enclosure 505 moving in circles, and make

it difficult to have the laser beam correctly follow a

track.

SUMMARY OF THE INVENTION

In order to solve the above problems, the present
invention aims, as the first object, to provide an optical
pickup that contains a movable enclosure carrying the whole
optical system, which performs operations from emission of a
laser beam to reception of a return light, and that is
capable of keeping correctly focusing the laser beam on a
track of an optical recording medium.

The present invention also aims, as the second

object, to provide a method for manufacturing the above

~optical pickup.

The first object can be achieved by an optical
pickup, includinq: a semiconductor laser for emitting a

laser beam; an objective lens for focusing the emitted laser
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beam on an optical recording"medium: a first member for
carryiné_at least the semiconductor laser ahd the objective
lens; é second member; and a plurality of supporting members
that aie elastic and each contain a first portion and a
second portion which are respectively connected to the first
member and the second member, wherein the second member
supports the fir§t member via the plurality of suppérting
members in a manner that alléws the first member to move in
predetermined directions with respect to the second member,
wherein the plurality of supporting members include at least
two supporting members that are electrically conductive, and
wherein the at least two electrically conductive supporting

members include electrically conductive supporting members

that function as lines to conduct power to the semiconductor -

laser.

For this construction, the conductive supporting
members are also used as lines for driving the semiconductor
laser so that a flexible printed circuit is no longer |
necessary for the present optical pickup of the optical-
component-integrated type. This increases_optical
propérties:of an optical pickup. In addition, a number of
parts constituting one optical pickup can be reduced, and so
production efficiency. enhances.

Here, the supporting members that_fﬁnction as the
lines to conduct power may have a larger surface area than
other electrically conductive supporting members.

For this construction, heat generated by the
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semiconductor laser can be released via the supporting
members of a larger surface area. -

 Here, a number of the plufality of supporting _
members may be at least six, and the plurality of supporting
members may be substantially parallel in a longitudinal
direction of the plurality of supporting members.

When at least six supporting members are used in
this wéy, variations in properties of different Supporting
members can be averaged, which allows the optical pickup to
smoothly follow movements of a recording surface of an
optical recording medium.

Here, the second member may contain a concave in
which a base portion of at least one supporting member is
present, aﬁd the concave may be filled with a damping
material that has viscoelasticity so that the base portidn
is surrounded by the damping material.

With this construction, abnormal resonance generatéd
by the supporting members can be suppressed. |

Here, the plurality of supporting members may
include a first supporting member énd a second supporting
member that have different mechanical resonance frequencies.
| When the optical pickup contains the plurality.of'
supporting members having different resonance frequencies, a
resonance factor for a certain frequency can be reduced. As
a result, degradation in precision with which the optical
piékup performs a write and a read cén'be prevented.

For this reason, it is preférable'that the first
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supporting member and the second supporting member are
differently shaped or have different widths. It is

alternatively possible that the plurality of the supporting

-members are divided into a plurality of groups, and the

second member has a plurality of concaves, in each of which
base portions of supporting members of a same group are
pfesent. The plurality of concaves may be filled with at
least two types of démping materials that have different
viscoélasticity.' |

Here, the plurality of supporting members may be
composed Qf layers of at least two types of members, and the
at least two types of members may include a metal plate and
an insulating plate. At least two metal plates and at least

one insulating plate may be alternatively layered to form

‘each supporting member.

This constrﬁction provides a necesséry number of
conductive members for supplying power to optical components
positioned in the first member while reducing the size of |
the optical pickup as a whole;

Here, each insulating plate may be made of a damping
material that has wviscoelasticity.

This éonstruction gives a function for suppressing
resonance to each supportigg member.

Here, the optical pickup may further include a
driving unit that hés two driving coils which generate a“
driving force to move the objective lens in a focusing

direction and a tracking direction, and the two driving
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‘coils may be positioned in the first member in an

approximately central portion in a direction perpendicﬁlar
to: (é) a direction of an optical axis of the objective
lens; and (b) a longitudinal direction of the supporting
members. Out of the plurality of supporting members, at
least six supporting members may be'electrically conductive,
and the plurality of supporting membérs may be positioned
symmetrically with respect to a position at which the
driving coils are positioned, with a number of supporting
members on each side of the position being the same. On
each side of the position, at least two of theé.at least six
electrically conductive'supporting.members may be positioned
closer to the driving coils than other supporting members.
With this construction, the same number of elastic

supporting members are positioned symmetrically with respect

“to a position of the driving coils. As a result, the

plurality of supporting members cah movably support the
first member while achieving a suitable balance. 1In
addition, when the conductive supporting members closef-to
the driving coils are used as lines that supply power to the
driving coils, a wiring process for other components, such
as the semiconductor laser, becomes easier;

Here, the first member méy further contain: a first
reflecting unit that has a first surface which reflects a
laser beam emitted by the semiconductor laser; and a second
reflecting unit-—that has a second surface which reflects the

laser beam, which has been reflected by the first surface,
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 toward the objectiVe lens. The first surface and the second

surface may be parallel. -

For this construction, a principal xay of a laser
beam, which has been emitted by the semiconductor laser and
enters into the first reflecting unit, is. in parallel to a
principal ray of théﬁiaser beam which has been reflecﬁed by
the second reflecting unit and enters into the objective
lens. As a result, a certain distance can be maintained
between these two principal rays even Qhen the semiconductor
laser is not precisely positioned during assembly.
Accordingly, the precision in positioning optical pickups
during assembly can be reduced. a

The second_object of the present invention can be
achieved by a method for manufacturing an optical- pickup,
the optical pickup includingﬁ a first member that carries’
optical components, which include (a) a semiconductor laser

component that emits a laser beam and (b) an objective lens

' that focuses the laser beam onto an optical recording

medium; a second member; and a plurality of supporting

members that connect the first member with the second member

in a manner that allows the first member to move. The

method includes: a supporting member positioning‘step for

positioning at least six supporting members between the
first member and the second member, the first member and the
second member béing.positioned at a predetermined interval;
and a supporting member connecting step for connecting each

supporting member to the first member and to the second

11



8

i

10

20

25

member so-as to have a substantially uniform stress
distributed to each supporting member.

With this method, a uniform stress can be
distribufed to each supporting member during a connection
process so that abnormal resonance can be suppressed.when
the optical pickup is in actual use and operates. |

Here, the plurality of supporting.members may be
electrically conductive, and the supporting member
connecting step may contain a step for soldering at least
one end of each suppofting member to at least one of the
first member and the second member. Alternafively, the
supporting member connecting step may contain a step for
connecting at least one end of each supporting member to at
least one of the first member and the second member, using
ultraviolet-hardening resins, or melted glass.

With this method, a supporting length of each
supporting member can be made the same by adjusting an.
amount of solder, ultraviolet-hardening resins, or melted
glass. As a result, stress can be further evenly
distributed to each supporting member. Note that the
aforementioned "supporting length" refers to a length
between two connected portions of each supporting member,
land the two connecting portions are connected to the first
member and the second member, respectively.

| The second object can be also achieved by a method
of for manufacturing an optical pickup, the optical pickup

including: a first member that carries optical components,
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which include (a) a.semiCOnductér'laserzcompbnent that emits
a laser beam ahd (b} én objective léns ;hat focﬁses the
laser beam onto an optical recording medium; a second
member; and a plurality of supporting'members that connect
the first member with the second member in a manner that
allows the first member to move. The method includes: a
plate processing step for processiné two electrically
conductive plates to form two structural members that have a
shape of a plurality of supporting members linked to an
outer part of each conductive plate; and a first member
forming step for having the two structural members held so
that a predetermined positional relationship between the two
structural members can be maintained, and forming at least
the first member,.out of the first member and the second
member, in predetermined portions of the plurality of
supporting members.

For ‘this method, a process to connect each
supporting member to at least the first member does not need
to be independently performed, so that production efficiency

can be enhanced. Also with this method, at least the first

member is formed, with a position of each supporting member

being fixed. This prevénts the supporting members from
being distorted, and so suppresses variations in properties
of different optical pickups.

Here, the plate processing step may further include
a step for performing a bending process on portions of

supporting members in at least one of the two structural
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members.

When a terminal portion of each suppbrting member of
at léast one of the two strucﬁural members 1is benﬁ as a sub-
portion and brought to a position suitable to be connected
to the optical components such as the semiconductor laser,
this connection process can be facilitated.

In the first member forming step, the fi;st member
and the second member'may_be simultaneously molded out of
resins in a manner that the predetermined portions of the
plurality of supporting members are embedded in the first
member and the second member.

With this method, a molding process for the first
member and the second member can be performed simultaneously
with a connection process for each supporting ﬁember to the
first member and the second member. This highly facilitates
the production efficiency.

In the above first member forming step, "insert
molding” is performed to form the first member and the
second member. The insert molding refer§ to molding methods
such.as injection molding and transfer molding, and each
supporting member becomes integral with the optical pickup
through this insert molding. For the optical pickup of the
present invention, injection molding, which uses melted
resins, should be preférably performed to reliably prevent

the supporting members from being distorted during molding.

. BRIEF DESCRIPTION OF THE DRAWINGSl
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These and the other objects, advantages and features
of the invention will become apparent from the following
description thereof taken in conjunction with the
accompanying drawings which.illustrate a specifié embodiment
of the invention.

'In the drawings:

FIG. 1 shows a construction of principal parts of a
conventional optical pickup in wvertical section view.

FIG. 2 shows a construction of principal parts of a

conventional optical pickup of the optical-component-

integrated type in vertical section view.

FIG. 3 Shows-a'construdtion of an optical pickup of
in perspective view according to the first embodiment of the
present inventioq.

FIG. 4 shows a flow of a manufacturing method for
the optical pickup of the first embodiment.

FIG. 5A shows a state of wires soldered to a movabie
enclosure and a fixed member in the manufacturing method |
shown in FIG. 4, and-FIG. 5B shows a state in which an
amount of solder is adjusted to make a supporting length of
each supporting member the same when each supporting member
has a different length.

FIG. 6 is a perspective view of a construction of an
optical pickup according to the second embodiment.

FiGs. 7A-7E show manufacturing proceﬁses for the

optical pickup of FIG. 6.

FIG. 8 shows a vertical section of an optical pickup
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of the ﬁhird_embodiment.

FIG. 9 is a plan view showing the opfical.pickup in
FIG. 8. |

FIG. 10 shows a fixed member and supporting members
in vertical section view obﬁained by cutting along the line
B-B' in FIG. S.

FIG. 11 is a section view obtained by vertically
cutting the fixed member along a line C-C' in FIG. 10.

FIGs: 12A-12E show a manufacturing method of the

optical pickup of the third embodiment.

FIG. 13 is a plan view of an optical pickup of the

fourth embodiment.

FIG. 14 shows a state of concaves in a fixed member

of the optical pickup in FIG. 13 in vertical section view.

'FIG. 15 shows another state of concaves in a fixed
member of the optical pickup in FIG. 13 in vertical section
view. | |

FIG. 16 shows a construction of an optical pickup of
the fifth embodimeﬁt in plan view.

FIG. 17 shows a state of concaves in a fixed member
of the optical pickup of the fifth embodiment in vertical
section view.

FIG. 18 shows a construction of an optical pickup of
the sixth embodiment in wvertical section view.

FIG. 19 is a plan view of the optical pickup in FIG.
18.

FIG. 20 is a vertical section view obtained-by

16



4

10

15

20

25

cutting a fixed member of the 6ptical pickup in FIG. 19_
along a line G-G'.

FIG. 21 is a vertical section view obtained by
cutting along a line H-H' in FIG. 19.

FIG. 22 shows vertical sections of concaves and
supporting members in a fixed member of the optical pickup
of tﬁe sixth embodiment as a modification example.

FIG. 23 shows vertical sections of concaves and
supporting members in a fixed member of the optical pickup
of the sixth embodiment as another modification example.

FIG. 24 shows vertical sections of concaves and
supporting members in a fixed member of the optical pickup
of the sixth embodiment as another modification example.

FIG. 25 shows vertical sections of concaves and
supporting members in a fixed member of an 6ptical pickup of
the seventh embodiment.

FIG. 26 is a vertical section view, which is
obtained when a construction shown in FIG. 25 is cut along a
line I-I'. |

FIG. 27 shows a construction of an optical pick of
the éighth embodiment in perspective view.

FIG. 28 shows vertical sections obtained by
vertically cutting the optical pickup in FIG. 27 along a
line A-A"'.

FIG. 29 shows a reflecting hologram region formed in

a reflecting surface installed inside the optical pickup of

the eight embodiment.
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FIG. 30 shows a construction of a light

emitting/receiving substrate positioned inside the optical

pickup in FIG. 29.

FIG. 31 shows a manufacturing process of the optical

pickup. of the eight embodiment.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

The following describes embodiments of the present

invention with reference to drawings.

. Embodi :
FIG. 3 shows a simplified construction of an optical

pickup 100 of the first embodiment of the present invention

in perspective view. To clearly show connections between

components inside a movable enclosure and wires, the movable

enclosure is shown transparentized.

As shown in the figure, the present 6ptical_pickup.
100 includes a_movable enclosure 105, a fixed member 106, |
and six wires 109 which are supporting members. The fixed
member 106 holds the movable enclosure 105 via the six wires
109. The movable enclosure 105 contains the foilowing
components in its inside: an objective lens 101; a |
semiconductor laser 102;'a photodetector 103; and a raising
mirror 104, and so on. A driving coil, and optical devices,
such as a beam splitfer, that are positioned between the
semiconductor laser 102 & the photodetector 103, and the

raising mirror 104 are not shown in the figure. The movable
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enclosure 105 is supported by a_fixed-member 106 via six
wires 109 ih a manner that allows the movable enclosﬁre'los
to move in both the tracking direction Ka direction "X" in
the figure) and the focusing direction (a direction "2").

| To plainly show the present optical pickup 100, not
all the bonding wires 110 are shown in the figure.

Of the six wires 109, three of them (hereafter
called "an upper wire group") connect upper portions of the
optical pickup 100, and other three wires (hereafter "a
lower wire group”) connect lower portions of the optical
pickup 100. Three wires in the upper and lower wire groups'

are positioned at equal intervals and in parallel to one

" another, and have a favorable conductivity. The six wires

109 are insulated from one another, and ends of some wires
109 are electrically connected via bonding wires 110 to the
semiconductor laser 102 or the photodetector 103. This
allows the six wires 109 to be also used as lines
(hereafter, "power-supplying lines") for supplying power and
signal lines, and therefore a conventional flexible printed
circuit as shown in FIG. 2 becomes no longer necesséry
although the present optical pickup is of the stated
optical-component~-integrated type. Consequently,
unnecessary resonance that degrades optical properties of
the optical pickup is not produced.

In addition, the six wires 109 help average
vafiations in properties of wires 109 responding to a

vertical movement and a horizontal movement of the movable
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enclosure 105 more effectiveiy-than four wires that are used

for the convéntional optical pickup. This allows the

 optical pickup 100 to smoothly follow movements of an

-optical'disc. At the same time, increase in temperatures of

the semiconductor laser 102 and the photodetector 103 can be
reduced since fhe wires 109 release or conduct heat
generated by the semiéondudtor laser 102 and the
photodetector 103. AS a result, an optical pickup, which is
capable of performing a read and.a write involving very few
errors, can be provided.

Morever, as the six wires 109 are insulated from one
another, a necessary number of electrode terminals to drive
the semiconducto: laser 102 and théfphotodeteétor 103 and to
output signals can be obtained.

When three wires 109 in the upper and lower wire
groups are positioned at equal intervals and in parallel to '
one anotﬁer, a uniform load can be given to each wire 109
without a huge load being given to only one wire.loé.- As é
result, abnormal resonance can be prevented from being
produced, and therefore the optical pickup 100 can smoothly
follow movements of the optiéai recording medium.

.FIG. 4 shows an example flow of a manufacturing
method for the optical pickup 100.

The movable enclosure 105 and the fixed member 106
are formed (P1). Tﬁis can be performed by molding bodies of
the movable enclosure 105 and the fixed member 106 out of

resins, and attaching a wiring board to side surfaces, to
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which the wires-109 are connectéd, of the movable enclosure
105 and that of the fixed meﬁber 106.

The movable enclosure 105 and the fixed.member 106
are positioned at a predetermined interval in between (P2).
Three wires 109 in the lower wire group are positioned in a
predetermined position between the movable enclosure 105 and
the fixed member 106, and éndé of the wires 109 are soldered
to the movable_enclosure 105 and the fixed member 106.
Similarly, wires 109 in the upper.wire group are soldered at
their ends to the movable'enclqsure 105 and the fixed member
106 (P3).

The process in P3 is perforﬁed by robots, so that’
optical pickups can be mass-produced without variationslin
the different optical pickups being generated.

FIG. S5A shows an example state of the wires 109,
which are connected between the movable enclosure 105 and
the fixed member 106 according to the above method.

As stated above, wiring boards (not shown in the

figure) are attached onto wiring sides of the movable

enclosure 105 and of the fixed member 106. Metal films,
whiéh are easy to be soldered to, are applied ohto portions
of the wiring board to which wires 109 should be connected.
Three wires 109 in each wire group are fixed via the solder
joints 111 onto the wiring boards of the movable enélosure

105 and of the fixed member 106 at uniform interwvals and in

‘parallel to one another.

The six wires 109 are about 15 mm long, 100 um wide,
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and 50 ;xm thick, and are made of, for instance, phosphor:
bronze, berylliﬁm copper, or_ﬁitaﬁium copper. The movable
enclosure 105 is made of resih,.for instance, and is
eighteen mm long in the direction of the length of the wires
109, foufteen mm long in the direction "¥X", and 3.4 mm
thick.

Phosphor bronzé;'befyllium copper, and titanium
copper are chemically stabilized and so are iust—resistant.
This allows the optical pickup 100 to maintain high
trackébility semipermanently.

Even when the six wires 109 have diffetent 1engths,
it is possible to give a uniform stress to each wire 109 by
adjusting an amount of each solder ﬂoint 111 as shown in
FIG. 5B within a range that allows both ends of each wire
109 to reach solder joints 111 so as to make a length "d"
from one tip of a solder joint 111 to another the same for
all the wires 109. Note that this length "d" is equal to .
the aforementioned supporting length between two connected -
portions of each supporting member. This prevents a large
load .from being given to only oné wire 109, and therefore
abndrﬁal resonance does not occur.

Following the process of P3 for connecting the wires
109, optical components such as the objective lens 101, the
semiconductor laser 102, and the photodetector 103 aie
positioned into the movable enclosure 105. Tﬁe
semiconductor laser 102 and the photodetector 103 are

connected via bonding wires to a wiring board to which wires
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109 afe connected (P4). This completes the manufacturing
process of the opticai pickup 100. Note that the above
process of P4 may be performed before the process of P3 for
connecting the wires 109.

A method to fix the wires 109 to the movable

enclosure 105 and the fixed member 106 is not limited to the

above soldering. Instead, other methods may be used, such
as a method to apply ultraviolet (UV);hardening resins té
the junctions and to irradiate the resins with a UV ray, or
a method to apply melted glass to the junctions and cool it
down. With these alternative methods, it is necessary to
provide electrical connection between. the wires 109 and the
semiconductor laser 102 or the like by soldering lead lines
onto ends oflthe wires 109 since both the UV-hardening
resins and melted glass are electrically insulaﬁing

materials.

Alternatively, it is possible to use an "insert

- molding method" to fix the wires 109 to the optical pickup

100. -According to this method, resins are injected into
molds of the movable enclosﬁre 105 and the fixed member 106
which hold ends of the wires 109. .This method not only .
facilitates a connecting process of the wires 109 but also
helps distribute stress to each wire 109 evenly. This
insert moldin§ method will be described in another
embodiment in detail.

The present embodiment describes the number of the

wires 109 as six. However, the number of the wires 109 may

23



)

10

15

20

25

be higher than six when more power—supplying lines or signal

lines are necessary such as when the photodetector 103 needs
more terminals, or a driving coil is positioned into the
movable enclosure 105.

When four wires support a movable enclosure as in
the conventional optical pickup, a resonance frequency
becomes equal in both vertical and horizontal directions.
Should external perturbations occur in one 6f these
directions, the movable enclosure can move in circles in an
extreme case. With the present optical pickup 100, on.the
other hand, six supporting members are used, with three
supporting'members being horizontally positioned in the
upper and lower portions of the optical pickup 100 and two
supporting members being positioned vertically in each
connecting portion of the optical pickup 100. This can
prevent abnormal circle movements, which occur in the
conventional optical pickup, from occurring. Generally,
when the higher number df.supporting members are used,
influence of variations in other structural members becomes
less, so that abnormal resonance will not occur. Also, when
a lérger difference is provided between the number of
supporting members positioned vertically and the number of
supporting members positioned horizontally, unnecessary
movements such as circle movements can be pfevented more -
effectively. 1In any of the above cases, it is desirable to
position an even number of supporting members symmetrically

in the directions "X" and "Y" with respect to a center line
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of the movable enclosure 105 to evenly distribute streéé to
the wires 109. fhis is because abnormal vibrations are
likely to occur when a large stresé ié distributed to only
certain wires. Here, the above center line of the movable
enclosure refers to a line which passes through a center of
gravity of the movable enclosure 105 and which is parallel
to a direction of the lengﬁh of wires 109.

It is also possible to enlarge a width of each wire
109 that is connected to the semiconductor laser'102 to
thereby give a larger_surface area to this wire 109 than to
other wires 109. This allows heat generated by the
semiconductor laser 102 to be released outside via this wire
109 more effectively.' Alternatively, it is possible to
extend this wire 109 of the enlarged width into the movable
enclosure 105 and connect the extended wire 109 directly to
the semiconduétor laser 102 to release heat further.more
effectively. Usually, two wires are required to supply
currents to a semiconductor laser. Accordingly, it is
desirable to prepare four wires, of which two afe used as
the power-supplying lines, that are wider than other wires,
and to positidn the.fou; wires symmetrically in the vertical
and horizontal directions with respect to the center line of

the movable enclosure 105 in order to distribute stress to

these wires 109 evenly.

'Second Embodiment

FIG. 6 is a perspective view of a simplified
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cohstruction of an optical pickup 150 aécording to the
second embddiment.

As shown in the figure, the present optical pickup
150 includes a movable ehclosure 105, into which the
following components are positioned: an objective lens 101;
a semiconductor lase£.102; a photodetector 103; a raising
mirror 104; and other compdneﬁts. The movable enclosure 105
is supported by a fixed member 106 via four wire groups 1l2a
and 112b. Optical components, such as a beam splitter,
which are positioned between the semiconductor laser 102 &
the photodetector 103, and the raising mirror '104 are
omitted in the figure since such components' constructions
are well—kﬁown and the present optical pickup 150 can be
plainly shown without these components being shown.

The four wire groups 1ll2a and 112b are composed of:
(a) two wire groups 112a that each contéin three wires 113;
and (b) two wire groups 112b that each contain three wires
114. The wire group 1l2a connects upper portions of the
movable enclosure 105 with those of the fixed member 106,
and the wiré group 112b connects lower portions of the
movable enclosure ‘105 with-those of the fixed member 106.
Three wires 113 and 114 in each wire group are positioned at
intervals of about 200 um and in parallel to one another to
keep one wire from contact with ahother when the wires 113
and 114 are bent to a certain extent. The wires 113 and 114

are about 15 mm long between the movable enclosure 105 and

- the fixed member 106, about 100 um wide, and about 50 um
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thick, and are made of, for instance, phosphor bronze,
beryllium copper, or titanium copper.

The wires 113 are inwardly bent in the form of the
letter "L" inside the movable'enclosure 105, ahd their end
portions form junctions with optical'components positioned
into the movable enclosure 105.

.The movable enclosure 105 and the fixed member 106
are made of resin, for instance, and the movable enclosure
105 is 18 mm in the direction of the length of the wires
113-114, 14 mm deep in the direction "X", and 3.4 mm thick.

The junctions formed by the wires 113 "are
electrically connected via a plurality of bonding wires 110
to the semiéonductor laser 102 and the photodetector 103
which are positioned into the movable enclosure 105. FIG. 6
shows only some of all the bonding wires 110 to clearly show

connections.

The four wire groups 1ll2a and 112b connect the

movable enclosure 105 with the fixed member 106 in a manner

that allows the movable enclosure 105 to swing. These wire
groups 1l1l2a and 112b can be also used as power—supplying
linés and signal lines. Accordingly, the conventional
flexible printed circuit 508 is no longer necessary so that
unnecessary resonance can be prevented from occurring.
Especially for the present embodiment, the wire
groups 112a and 112b are each composéd of three wires 113
and 114, so that stress is distributed evenly to each wire

within each wire group. Consequently, abnormal resonance
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can be prevented from occurring more.effectiv;Lflthén when
only one.wire-109,'instead of.a gréup of-wirés, is used as
one supporting member as in the first embodiment.

Moreover, phosphor bronze and beryllium copper used
for the wires 113-114 are more rust-resistant than copper,
which allows the optical pickup 150 to operate with
stability for a long time regardless of use environments.

' The following describes a method to produée the
optical pickup 150 of the present embodiment with reference
to FIGs. 7A-T7E.

‘A metal plate 120 as shown in FIG. 7A ‘is prepared to
produce the present optical pickup 150. For instance, this-
metal plate 120 is about 50 um thick, and is made of
phosphor bronze, beryllium copper, or titanium copper. By
performing'etching or presswork for the metal plate 120, a
metal plate 120' that has two wire groups 112a is produced
as shown in FIG. 7B.

Insert molding procéss is performed using this metél
plate 120' as follows. Predetermined portions of the metal
plate ¥20' are sandwiched with molds of aﬁ upper half 115a

(hefeafter called "an upper enclosure 105a") of the movable

~enclosure 150 and with molds of an upper half 1ll6a

(hereafter "an upper member 106a") of the fixed member 106.
Resins are injectéd into fhese molds.

Following this, unnecessary portions, which are
portions shown to the right of the upper member 106a in FIG.

7C, are cut and removed, so that an upper body 150a of the
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preset optical pickup 150 is produced:as shown in FIG.

~ Ina similar process to a process used for the
body iSOa, a lower body 150b of the optical'pickup 150
produced. The upper body 150a and the lower body 150b
joined together using an adhesive as shown in FIG. 7E.
result, the movable enclosure 105 and the fixed member
which are connected with tﬂe wire groups 112a and 112b
Be obtained.

After this, optical components, such as the

upper
is
are
As a
106

can

objective lens 101, the semiconductor laser 102, and the

photodetector 103, are built into the movable ‘enclosure 115,

so that the optical pickup 150 is eventually manufaétured.

In the above method, unnecessary portions to the

right of the upper member 1l06a and of the lower member-

106b

are removed before the upper body 150a and the lower body

150b are joined together. However, it is possible to remove

all these unnecessary portions together after the upper body

150a and the lower body 150b have been joined together.

Also, optical components, such as the objective lens 101,

the semiconductor laser 102, and the photodetector 103,

may

be ?ositioned inside the movable enclosure 105 before the

upper body 150a and the lower body 150b are joined together.

Manufacturing the optical pickup body according to

the above insert molding method has .advantages as follows.

(1) The molding process for the upper body 150a can be

performed simultaneously with the connection process for

wire groups 11l2a, and the molding process for the lower body
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- 150b can be performed simultaneously with the connection

process for the wire groups 112b. By only joining the upper

"body 150a and the lower body 150b together, the optical

pickup 150 can be manufactured, and therefore processes such
as soldering which requires a considerable amount of time .
and labor are no longer ﬁecésSary? As a result, the
manufacture process can be éimplified, and so a
manufacturing cost can be reduced.

(2) A uniform thickness can be obtained for each wire
making up each of the wire groups 112a and 112b as each wire
is manufactured froﬁ the same metal plate 120.° As é result,
variations in properties, such as an elastic coefficient, of
wires can be reduced. Moreover, when étching or-. presswork
are performed for the metai plate, a great number of wires
can be manufactured at a time. This can also reduce a
manufacturing cést of optical pickups.

(3) A plurality of wires 113 and 114 can be easily handled
because insert molding is performed for the wires 113 and 114
which are in a form of the metal plate 120', and unnecessary
portions are removed later. 1In addition, the insert molding
prodess can provide a uniform connection state of the wires
113 and 114 to the movable enclosure 105 and to the fixed
member 106 by achieving a uniform supporting length and a
uniform stress for each wire. As a result, conventionally-
generated variations in the connection state'between

different optical pickups due to processes such as the

soldering can be reduced. As a result, optical pickups that
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can perform a write and a read that are more reliable can be

achieved.

Third Embodi !

FIG. 8 shows a vertical section of an optical pickup
200 of the present embodiment.

As shown in FIG..S,'the present optical pickup 200
includes a movable enclosure 206 into which the following
componénts are positioned: an objective lens 201; an
integrated component 202 containing a semiconductor laser and
a photodetector which are formed on a éemicoﬁdhctor
substrate; mirrors 203a-203b; a hologram optical componént
204; and driving coils 205. The movabie enclosure 206 is
supported by sixteen supporting members 208 in a manner that
allows the movable enclosure 206 to swing with respect to the
fixed member 207.

The fixed member 207 and a yoke 210 that holds

magnets 211 are fixed on an optical base 209. Currents

passed through the driving coils 205 inside the movable

"enclosure 206 interact with a magnet field generated by the

magﬁets 211, so that Lorentz forces are generated, and the
movable enclosure 206 moves in the focusing direction and the
tracking direction with respect t§ an optical recording
medium 212. |

Fourteen supborting members 208, out of all the
sixteen supporting members 208, are not shown in the figure

because eight of them exist in the other half of the optical
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pickup 200 which is not shown in the figure, and six of them
are hidden by two suppofting members 208 shown in this
figure. Ends of the supporting members 208 at the sidé of
the fixed member 207 are connected via a flexible printed

circuit or the like to circuits such as a control circuit.

. A light beam L2 in the figure shows a laser beam emitted by

the semiconductor laser and a return beam which has been

.reflected on the optical recording medium 212.

FIG. 9 is a plan view showing the optical pickup 200

viewed from above. This figure does not show the optical

base 209 and the magnets 211 shown in FIG. 8 to plainly show
other components. As shown in the figure, the supporting
members 208 are positioned in parallel to one another and
symmetrically with respect to a center line A-A' of the
optical_pickup.ZOO. The supporting length of each supporting
members 208 is the same. These supporting members 208 are
produced together with the movable enclosure 206 and the
fixed member 207 through the insert molding process.

The supporting members 208 have different widths,-
with a supporting member positioned.nearer to the centér line
A-A' being narrower, and changes in their widths take place
symmetricall? with respect to the center line A-A'. By
giving different widths to the supporting members 208 in this
way, different elastic coefficients can be assigned to the
supporting members 208. This can prevent all the supporting
members 208 from having the séme resonance frequency, and

therefore reduce a resonance factor for a certain resonance
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frequency. Accordingly, abnormal resonance ;hat can affect
the precision ﬁith which the optical pickup 200 perform a
read/write can be suppressed. ' |

It is alternatively possible to change widths of the
supporting members 208 in a manner that a member nearer the
center line A-A' has a wider width although FIG. 9 shows the

supporting members 208 in the opposite manner. The

‘supporting members 208 are made of beryllium copper although

they may be made of phosphor bronie or titanium copper,
instead.

The supporting members 208 are insulétéd from one
another; and also used as power-supplying lines and signal
lines for the semiconductor laser and the photodetector.’

FIG. 10 shows the fixed member 207 and the supporting
members 208 in vertical section view obtained by cutting
along the line B-B' in FIG. 9.

As shown in the figure, ends of the éupporting

members 208 are embedded into the fixed member 207, which has

~a concave 213 on the side of the moving enclosure 206. The

concave 213 is filled with a damping material 214 made of UV-
hardening silicon gel, which encloses base portions of the
supporting members 208. This damping material 214 absorbs
vibrations so that generation of resonance for each
supporting member 208 can be further suppressed.-

FIG. 11 is a section view obtained by'#ertically
cutting the fixed member 207 along a line C-C' shown in FIG.

10. As shown in the figure, base portions of eight
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supporﬁing members 208 are present in éach concave 213, which-
is contained on the left and right of the fixed member 209,
so that resohance can be separately prevented on the right
and left sides.

Thé following describes a manufacturing method of the
optical pickup 200 of the present embodiment with.reference
to FIGs. 12A-12E.

Etching or presswork are performed foglaathin metal
plate 217 as shown in FIG. 12A so that a first.metal plate
218 is manufactured. Similarly, a second metél plate 219 is
manufactured. The first and second metal plates 218 and 219
contain portionSJthat are to form the supporting members 208.
A presswork is performed for portions around "F" in FIG. 12B
of the first metal plate 218 so as to raise, as shown in a
magnified view of FIG. 12C, sﬁrfaces of terminal portions
218a-218b up to the height of the upper supporting member 208
shown in FIG. 8. | .

The first metal plate 218 and the second metal plage
219 are positioned, with the former lying below the latter.
Predetermined portions of the first and second metal plates
218 and 219 are sandwiched between molds of the movable
enélosure 206 and the fixed ﬁémber 207, and then an insert
molding process is performed by injecting resins to them. 'As
a result, a body of the optical pickup 200 can be obtained as
shown in FIG. 12D.

The above molds have shapes that allow the movable

enclosure 206 and the fixed member 207 to be molded at the
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same time. 'As a result, the movable enclosure 206 and the
fixed.membér 207 can be p;ddﬁced through only one molding
process. |

| As éhown in FIG. 12D} surfaces of the portions 218a-
218b and 21%a-219b, which form a terminal area "T" of.the
optical pickup body, are all in the same vertical position
becaﬁsé the terminal portions 218a-218b of the first métal
plate 218 have been raised to the predetermined height.

Following this, unnecessary portions around the
movable enclosure 206 and the fixed member 207 and
unnecessary parts of the terminal portions 218a-218b and _
219a-219b are cut, so that each of the supporting members. 208
can be electrically insulated to belused as conductors.
When the movable enclosure 206 and the fixed member

207 are simultaneously molded out of resins in this way, with
the supporting members 208 being sandwiched between the molds
of the movable enclosure 206 and the fixedlmember 207,_it.
becomes possible to make a supporting length the same for éll
the supporting members 208 and therefore a uniform stress can
be given to each supporting member 209. This prevents
abnormal resonance from being generated and stabilizes
operations of the optical pickup 200. In addition, with the

above manufacturing method, the,supporting members 208 can be

“handled either than when they are generated from wires, “and

greatly reduce their production cost.
For the present optical pickup 200,.optical

components such as the objective lens 206, the semiconductor
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laser, and the photodetector'are positioned.into the movable
enclosure 206, so.that their positional relationship can be
always the same.. As a result, degradation of optical
properties of the present optical pickup 200 due to lens
aberration or the like can be prevented when the optical
pickup 200 follows a track of the recording medium 212. In
addition, abnormal_resonancé that affect a read by the
optical pickup 200 can be prevented as the movable enclosure
208 is connected to the fixed member 207 via the supporting
members 208 which have different widths and different elastic
coefficients, which can reduce a resonance factor for a
certain resonance frequency.

In ‘the above embodiment, the insert moldihg process
is performed for connecting the supporting members 208 to
both the movable enclosure 206 and the fixed member 207. -
However, it is alternatively possible to perform a soldering
process, or use UV resins or melted glass, in order to
connect the supporting members 208 to either the movable-

enclosure 206 or the fixed member 207.

u. im
FIG. 13 is a plan view of an optical pickup 200 of

the fourth embodiment of the present invention. The present

optical pickup 200 differs from the optical pickup of the

third embodiment in that the present supporting members 208
have the same width and in that the present fixed membei 207

has a unique construction to hold each supporting member 208.
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FIG. 14 is & vertical section view, which is obtained
by cutting the fixed member 207 along a line D-D' in FIG. 13.
As shown in the figure,'eight concaves 213 are provided
inside the fixed member 207 and each concave encloses base
portions of two supporting members 208 composed of an upper
member and a lower member. Four types of damping materials
214, which are gel and have different viscoelasticities, are
each filled into two out of the eight concaves 213 that exist
symmetrically with respect to a line A-A'. This allows the
supporting memberé 208 to have different resonance
frequencies.

As shown.in FIG. 15, it is alternatively possible to
provide four concaves 213 that each -enclose four supporting
members 208 and fill two types of gel damping materials-214
that have different viscoelasticities into the four concaves
213 so as to have a type of the damping material 214 to be
filled into each concave 213 differ symmetrically with
réspect to the center line A-A', although in the case of FIG.
14, the damping materials 214 of four types are filled into
the eight concaves 213.

The total number of types of damping materials, -and
the number of supporting members 208 to which a damping
material 214 of the same type is applied may vary, depending
on the total number of the supporting members 208.

In the present embodiment, a UV—hardening silicon gel
material.is used as the damping materials 214, and beryllium

copper is used for the supporting members 208. The
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supporting members 208, however, may be madé of phosphor
bronze, -or titanium copper, insﬁead.

Each supporting member 208 is insulated, and used as
a power-supplying line and a signal line-for the
semiconductor laser and the photodetector.

For the present optical pickup 200, each optical
component is positioned inﬁb the movable enclosure 206, and
therefore stable optical properties can be obtained as in the
third embodiment. At the same time, the present optical
pickup 200 can perform an optical read/write with an
increased precision as its supporting members 208 have

different resonance frequencies to suppress unnecessary

resonance.

Fifth Embodi

.FIG. 16 shows a-constructién of an optical pickup 200
of the fifth embodiment of the present‘invention in plan
view. The present opticél pickup 200 differs from the
optical pickup of the third embodiment in that the supporting
members of the present embodiment have a uniform width and in
that-two types of materials are used as these supporting
members. More specifically, beryllium copper is used as
first supporting members 215, and phosphor bronze is used as
second supporting ﬁembe:s 216. The first supporting members

215 consist of eight supporting members (two upper members

and two lower members on each side of a center line A-A')

- positioned farther from the center line A-A' in FIG. 16, and
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the second supporting members 216 consist of eight supporting
members positioned closer to this center line A-A'. Siﬁce
the first and the second supporting members 205 and ZbG ére
made of different materials, different resonance frequencies
can be given to the first and the second supporting members
205 and 206. This can reduce a resonance factor for a
certain frequency, and therefore suppress abnormal resonance
that affect optical properties of the optical pickup 200.
The number of the supporting membérs in total, the number of
the first supporting members 215, and the number of the
second supporting members 215 are not iimited tfo the above,
and other numbers may be alternatively set for these

supporting numbers.

Each of the first and second supporting members 215

. and 216 is insulated from one another, and used as power-

supplying lines and as signal lines for the semiconductor
laser and the photodetector. |

~FIG. 17 is a vertical section view, which is-obtained
by cutting the fixed member 207 along a line E-E' in FIG. 16.
In a similar way to the third embodiment, two concaves 213
are érovided inside the fixed member 207, and base portions
of four of the first and second supporting members 215 and
216 are present in each concave 213. A damping ﬁaterial 214,
which is a UV-hardening silicon gel having viscoelasticity,
is filled into the two concaves 213 to absorb vibrations
generated by the first and second supporting members 215 and

216 and suppress:resonance.
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As in the third and fourth embodiments, the optical

pickup 200 of the present embodiment also has stable optical

properties as optical components are collectively positioned
into the movable enclosure 206, and can perform an optical
read with an increased precision as its supporting members

215 and 216 have different resohance frequencies to suppress

unnecessary resonance.

Sixth Embodiment
| The present embodiment and the subsequent embodiment

are unique in that each supporting member is composed of
layers of different materials although in the above first to
fifth embodiments, a supporting member'is made of a single.
material. |

FIG. 18 shows a ﬁonstruction of an optical pickup 200
of the present embodiment in vertical section view, and FIG.
19 is a plan view of the opticallpickup 200. As shown in the
figure, a movable enclosure 206 is supported by a fiked
member 207 via eight supporting members 220, which are
positioned symmetrically with respect to a center line AfA'
in FIG. 19, with four of them being positioned on the right
and the other four on the left of the center line A-A'. Each
supporting member 220 has a layered construction as shown in
FIG. 20.

FIG. 20 is a vertical section view, which is obtained
bylcutting the fixed member 207 along a line G-G'. Each

supporting member 220 has a layered construction composed of
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two metal members 221 and one insulating meﬁber 222, with-ﬁhe
insulating member 222 betweén the metal members 221. Each
metal member 221 is made of either phosphor bronze, beryllium
copper, titanium copper, or the iike[ and is electrically
insulated to be used as power-supplying lines and as signal
lines for the semiconductor laser and the photodeteqtor.

As shown in FIG. 20, base portions of each supporting
member 220 is embedded and fixed into the fixed member 207,
which has two céncaves 224 (see FIG. 21). A damping material
225, wﬁich is a UV-hardening silicon gel material having
viscoelasticities as in the above embodiments,- is filled into
the two concgves'224 to enclose and fasten base portions of
four supporting members 220 and absorb a vibration generated
by each supporting member 220.

FIG. 21 is a vertical section view obtained by
cutting along a line H-H' in FIG. 19. - As shown in the
figure, the fixed member 207 has the two concaves.224, and
four supporting members 220 are present in each conéave 224.

‘The present optical pickup 200 also has a
construction of the optical-component-integrated type, so
that the same positional relationship is maintained between -
an objective lens 201, and other optical components such as a
semiconductor laser, a photodetector, and a mirror. This can
prevent degradation in optical properties due to lens
aberration which is generated when the optical pickup 200

follows a track of the recording medium 212.

In additidn, the number of the supporting members 220
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can be :educed since each of them includes'two metal members
221 which are electrically iﬁsulated by the insulating member
222, and the two metal members 221 can be used as power-
sﬁpplying lines and éignal lines for the semiconductor laser
and the photodetector. As a single supporting member 208 can
be used as two lines in this way,la size of the whole optical
pickup 200 can be reduced. It should be clear that the
number of such lines can be increased by increasing the
number of layers of metal members and insulating members
contained in each supporting member.220.

When the stated gel damping material is used as the
insﬁlating members 222, unnecessary vibraiions generated by.
each supporting member 220 can be absorbed by these
insulating members 222, and therefore generation of
unﬁecessary resonance can be minimized.

For the present optical pickup 200 also, the insert
molding process may be performed by sandwiching predetermihed
portions of the supporting members 220 between molds of the-
movable enclosure 206 and the fixed member 207. This not
only allows the suppérting members 220 to have a uniform
suppbrting length and to be given a uniform stress, but also
minimizes variations in éssembled optical pickups.

In the present embodiment, each supporting member 220
has substantially the samé.resonance frequency as each of
them ié of the same size and is made of the same combination
of materials. The aforementioned use of the damping material

as insulating members 222 suppresses resonance to some
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extent,.but'not completely. Accordingly, it is desirable to
make each supporting member 220 have a different resonance
frequency usihg certain methods, regardless of the above use
of the damping material as insulating members 222.
| A variety of methods can be used to achieve this, but
the present embodiment describes the following four methods
as example modifications: (1) providing different widths to
the supporting members 202; (2) providing cross sectional
areas of different sizes to the supporting members 202; (3)
use of different damping materials applied to the supporting
members 220; and (4) use 6f different materials for different
supporting members 220.
FIGs. 22-24 are vertical section views obtained by
cutting the fixed member 207 along the line G-G' in FIG. 19
for each modification ekample.
(1) Providing a Different Width
As shown in FIG. 22, supporting members 202,
which can be divided into two types accordin§ to
their widths, are positioned symmetrically with
respect to the center line A-A' of the optical pickup
200 shown in FIG. 19. As a result, at least two
resonance frequencies can be given to the eight
supporting members 220. In the figure, four
supporting members 220 closéf to the center have a
narrower width than other four members 220 farther
from the center. However, it is alternatively

possible to position suppofting members 220 of a
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narrower Width farther from the center. Note that
when the total number of the supporting members 220
is higher than eight, these supporting members 220
may be positioned according to their widths in a
manner other than the above.
(2) Providing a Cross Sectional Area of a Different
Size

As shown in FIG. 23, two types of section
areas, which are similar figures of a different size,
are provided to the-suppérting members 208. These
supporting meﬁbers 208 of the.two types are
positioned symmetrically with respect. to the center
line A-A' of the optical pickup 200.. As a result,
different resbnance frequencies can 5e given to the -
eight suppofting mémbers 220.
{(3) Use of Different Damping Materialé

As shown in FIG. 24,'four concaves 226 and
227 are prévided inside the fixed member 207, with
two upper and lower supporting members being present
in each concave. Two types of damping materials
228a and 228b which have different elasticities are
filled into the concaves 226 closer td the center
line A-A' and into the concaves 227 farther from the
center line A-A', respectively.
(4) Use of Different Materials as Supporting Members

The same dampiﬁg material is filled inté all

the concaves 226 and 227 in FIG.24, but a matérial of
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the metal member 221 and/or that of the insulating
ﬁember 222 may differ Eetween: (a) foﬁr supporting
members 220 closer to the center line A-A’; and (b)
other four'éupporting mémbers 220 farther from the
center line A-A'. As a result, different resonance
frequencies can be given to the fou; inner supporting
members 220 and the other four supporting members 220
farther from the center line A-A.
in this way, due to the above constructions, a
different resonance frequency can be given to each of: (a)
four inner supporting members 220-closer to the center; and
(b) four outer supporting members 220 farther from the
center. This reduces a resonance factor for a certain
frequency, and therefore effectively prevents degradation in

precision with which the optical pickup 200 performs a read

and a write.

Seventh Embodiment

The optical pickup 200 of the present embodiment
differs from that of the sixth embodiment in a shape and a
layeied-construction of supporting members. More
specifically, supporting members of the present embodiment
has a layered construction in which different materials are
layered concentrically, although in the sixth embodiment,
different materials are layered only in one direction.

FIG. 25 shows base.portiong.of the supporting membérs

230 in cross section view, which is obtained by cutting the
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saﬁe position as when the cross section of FIG. 21 is
obtained in the sixth -embodiment.

As shown in the figure, each supporting member 230 is.
shaped like a cylinder, and composed of a metal pipe 231, an
insulating material 233 of a cylindrical shape, and a metal
core 232. The metal pipe 231 encloses the metal core 232,
and the insulating maﬁerial'233 is inserted between the metal
pipe 231 and the metal core 232.

FIG. 26 is a vertical section view, which is obtained
when the construction shown in FIG. 25 is cut along a line I-
I'. Base portions of the supporting members 230 are embédded
and fixed into the fixed member 267, and a concave 234 exists
next to the embedded base portions. A damping material 235
is filled into the concave 234 to absorb a vibration of each
supporting member 230.

When a damping material is used as the insulating
materials 233, they can absorb not only vertical aﬁd
horizontal vibrations as in-the sixth embodiment, but also.
vibrations in every other direction due to the layered
construction of the present supporting members 230, in which
different materials are concentrically layered. In addition,
these supporting members 230 can be used as sixteen éignal
lines and power-supplying lines by having each supporting
member 230 electrically insulatéd, It should be clear that
the number of such linés-further increases if the number of
layers of the metal pipes and the insulating materials that

make up each supporting member 230 ére increased.
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Note that it is possibie in the present embodiment

also, to use supporting members that are different in their

diameters or in materials, and to position these supporting

members of different types symmetrically with respect to the

center line of the fixed member 207. Alternatively, damping

materials of different types may be filled into the concaves

234 symmetrically with respect to the center of the fixed
member. -This makes a resonance frequency differ between: (a)
four inner supporting members 230 closer to the center; and
(b) four outer supporting members 230 farther from the
center, and therefore can reduce a resonance factor for a
certain frequency. Accordingly, it becomes possible to
effectively prevent degradation in precision with which the

optical.pickup 200 performs a write and a read.

Eighth Fmbodiment

FIG. 27 shows a construction of an optlcal plck 300
of the present embodiment in perspective view. The present
optical pickup 300 includes the following: a movable
enclosure 301, which is movable and carries an objective lens
313'and a light emitting/receiving component substrate (not
shown in the figure) onto which a semiconductor laser and a
photodetector are integrated: a fixed member 302 that is
fixed to an optical base (not shown in the figure); and
sixteen elastic supporting members 303, which are
electrically conductive and connect the movable enclosure 301

with the fixed member 302 in a manner that allows the movable
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enclosure 301 to move.

Driving coils 304 are positioned into the movable

. enclosure 301. The driving coils 304 consist of a focusing

coil 304a that moves the movable enclosure 301 in the
focusing direction, and of a tracking coil 304b that moves
the movable enclosure 301 in the tracking direction.

Two magnets 305a and 305b are positioned inside a
yoke 317 in a manner that their opposite magnetic poles face
each other. Hereafter, the two magnets 305a.and 305b are
collectiﬁely called magnets 305. Together with the driving
coils 304, the magnets 305 form a magnetic circuit for
generating magnetic force in the focusing direction and the
tracking direction. The yoke 317 is fixed onto the optical
base.

In this specification, a direction that is
perpendicular to both the tracking direction and the focusing
direction is called a "fore/aft direction". For the present
optical pickup 300, a position of supporting points at which
the sixteen supporting members 303 support the movable
enclosure 301 are placed in almost the same position as, in

this fore/aft direction, where a power point at which a

. magnetic force is exerted to the driving coil 304. At the

same time, the ceﬁter-of the gravity of the movable encloéure
301 in the fore/aft direction is placed in almost the same
position where the above supporting points exist. These.
position adjustments are performed, for instance, by making

adjustments to component shapes and by loading weights into
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the optical pickup 300. The sixteen.ﬁires 303 are insulated
from one another, and their ends on the side of the movable
enclosure 301 are electrically connected to the semiconductor
laser and the photodetector oh the light emitting/receiving
component substrate, and the driving coils 304 while other
ends on the:side of the fixed member 302 are connected to a
signal processing circuit (not shown in the figure).

The following describes an internal construction of
the movable enclosuﬁe 301. FIG. 28 shows a simplified
internal construction in vertical section view obtained by
verticélly cutting the present optical pickup 300 along the
line A-A' in FIG. 27. As shown in the figure, the movable
enclosure 301 contains the light emitting/receiving component
substrate 306, onto which the semiconductor laser.and the
photodetector are integrated. A first reflecting surface 310
is positioned in an optical path of a laser beam emitted by
the semiconductor laser. The first reflecting surféce 310
has -a reflecting hologram region 308, which is formed throﬁgh
etching or a resin molding process. The first reflecting
surface 310 and the objective lens 313 are integrally molded--
as an objective-lens/hologram éomponent 314, which is.molded
out of transparent materials such as resins and is fitted
into the movable enclosure 301.

Optical components are positioned and fixed inside
the movable enclosure 301 so as to move a laser beam emitted
by the semiconductor laser as follows. A second reflecting

surface 311 is positioned in parallel to the first reflecting
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surface 310 and in an optical path of the laser beam
reflected by.the first refleétiﬁg surface 310. The beam
reflected by the second reflecting surface 311 is focused by
the objective lens 313 on an optiéal racording medium 318.
With respect to the optical recording medium 318, the
objective lens 313 has a focal distance that is suitable for’
its numerical aperture (NA) required for a playback of the
optical recording medium 318. With the present optical
pickup 300, the reliability of ﬁhe opﬁical system can be

obtained as the light emitting/sending component substrate

306 is inside the movable enclosure 301, which “is sealed by

the objective-lens/hologram component 314.

The following describes operations of the optical
pickup 300.

The semiconductor laser in the movable enclosuré 301
emits a laser beém, which is first reflected by the first
reflecting surface 310 and then by the second reflecting
surface 311 so that the beam enters into the objective len§
313. As the first reflecting surface 310 is in parallel to
the second reflecting surface 311, the principal ray of the
lasef beam emitted by the semiconductor laser becomes
parallel to that of the laser beam entered into the objective
lens 313. A width of the laser beam is enlarged in
accordance with the length of the optical path of this laser
beam between the first reflecting surface 310 and the second

reflecting surface 311.

This beam whose width has been enlarged enters into
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the objéctive lens 313, and is focused onto the recording
layer of theloptical recording medium 318.

This beam is reflected by the optical recording
medium 318 so that a return beam passes through the objective
lens 313 again, and is reflected by the second reflecting
surface 311, and reflectea and diffracted by the‘reflecting
hologram region formed on the first reflecting surface 310.
The diffracted return beam is focused on the photodetector on
the light emitting/receiving component substrate 306, and the
return beam is detected as a focusing error detection signal,
a tracking.error detection signal, and an information
recorded signal.’ |

FIG. 29 shows this reflecting hologram region 308.

As shown in the figure, the reflecting hologram region 308

" is divided by a dividing line 308¢ that is substantially

parallel to tracks of the optical recording medium 318 into
two hologram subregions 308a and 308b which reflect and
diffract'the return beam. The reflecting hologram région 308
has a wavefront converting function (i.e., lens effect) so as
to provide a different focal distance to a positive first-
ordef diffracted light and a negative first-order diffracted
light which are diffracted by the same hologram subregion.
The reflecting hologram region 308 also has a curve pattern
which is determined in consideration of incident angle

dependency when the-beam is reflected. The hologram

‘subregions 308a and 308b have diffractibn gratings whose

pitches are different so as to provide a different
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~diffraction angle between the subrégions 308a and 308b.

FIG. 30 shows a construction of the light
emitting/receiving substrate 306 in perspective view. The
semiconductor laser 312 and a photodetectoszubstrate 315 are

positioned onto the light emitting/receiving substrate 306.

'Three—part split photodetectors 315a-315d are provided onto

the photodetector substrate 315 so that positive first-order
diffracted lights and negative fifst-order diffracted lights,
which have been diffracted by the hologram subregions 308a
and 308b, are focused onto these photodetectors 315a-315d.
Detection of the focusing error is performed uging the
photodetectors 315a-315d according to the Spot Size Detection
method, with which changes in spot diameters of the positive
and negative.first—order diffracted lights are detected.
Detection of the tracking error is performed according to the
Push-Pull method, with which differentials of vaiues obtained
at thé photbdetectors 315a-315d are used.

A current is supplied to the focusing coil’364a in
accordance with the fbcusing error detected by the |
photodetectors 315a-315d on the photodetector substrate 315
so that the focusing coil 304a positioned in a magnetic
circuit is driven, and moves the movable enclosure 301 in a
direction of an optical axis of the objective lens 313. 1In
this way, the optical pickup 300 performs focusing servo,
that is, focusing the laser beam onto the recording layer of
the optical recoding medium 318. After this, a current is

supplied to the tracking coil 304b in accordance with the
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tracking error which has been obtained based on results of

' light reception by the photodetectors 315a-315d. A magnetic

driving force is then exerted to the tracking coil 304b,
which then moves the movable enclosure 301 in the tracking
direction. In this way, the optical pickup 300 performs
tracking servo, that is, repositions the laser beam on a
track, from which data should be read. After this, the
photodetectors 315a-315d detect an information recorded
signal. )

The present embodiment staﬁes.that the optical pickup
300 has the sixteen elastic supporting ﬁembers“303 which are
electrically conductive. However, the number of the elastic
supporting members 303 .do not havé to be sixteen, and may be
a different number which may be determined in accordance.with

a necessary number of signal lines. Also, it is not

necessary to use all the elastic supporting members 303 as

the power—supplying lines and signal lines. However, it
should be clear that the present optical pickup.300 has the .
elastic supporting members 303 whose number is . large enough
to abéorb external perturbations so as to suppress éxternai
pertﬁfbations. Also, the number of the elastic supporting
members 303 should be preferably an even number or an
integral muitiple of four, and the supporting members 303 of
the same'nﬁmber should be disposed symmetrically with respect
to a center line, which is present in the vertical direction

or the horizontal direction, of the optical pickup 300.

The above embodiment states that the optical pickup
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300 has the movable enclosure 301 that carries the objective-
lens/hélogram gomponent 314; into which the objective lens
313 and ﬁhe first reflecﬁing surface 310 are formed
integrally, ahd.that the first reflecting surface 310 has the
reflecting hologram region 308. However, the reflecting
hologram region 308 may be alternatively formed on the second
reflecting surface 311, and the objective-lens/hologram
component 314 may be separate optical components. More
specifically, a reflecting hologram optical component, the
first reflecting surface, and the second rgflecting surface,.
and the objective lens may each be a separate optical -
component, -or at: least two of these components may be formed
integrally so as to reduce the number of optical components
and thereby cut down a number of ﬁecessary steps for
alignmept process.

The above embodiment states tﬂat the first reflecting
surface 310 is placed in parallel to the second reflecting
surface 311 although this is not necessarily the éaée if the
laser beam vertically enters into the objective lens 313.
Also, the number of such reflecting surfaces ié not limited
to ﬁwo, and may be one or more than two. However, it should
be clear that by positioning the two reflecting surfaces 310
and 311 in parallel to one another, a constant distance can
be kept between a principal ray of a laser beam incident on
the first.reflecting surface 310, and a principal ray of a.
laser beam reflected by the second reflecting surface 311

regardless of the position of the semiconductor laser 312.
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When the two reflecting surfaces 310 and 311 are parallel in
this way, it becomes also possible to position the principal
ray of the laser beam incident on the first reflecting
surface 310 in parallel to the principal ray of the laser

beam reflected by the second reflecting surface 311, so that

'only relatively low pfecision is required to assemble optical

pickups.

| In the above embodiment, the semiconductor laser 312
is integrated with the photodetector substrate 315 thaét
contains the photodetectors 315a-315d fof detecting the
tracking and focusing errors in a hybrid manner. However,

the semiconductor laser 312 may be formed on the

‘photodetector substrate 315 in a monolithic manner, or the

semiconductor laser 312 and the photodetector substrate 315
may be separately provided. It is also possible to form, on
the photodetector substrate 315, a concave that. contains a
reflecting surface having a 45—degrée gradient, and’
position in the concave a semiconductor laser of an end-face
emission type, instead of the semiconductor laser 312.

The semiconductor laser 312 may be a semiconductor
compénent with a uniform wavelength range; two or more
semiconductor lasers that each have a different wavelength
bénd, or a monolithic-muiti—Wavelength semiconductor laser
having emission points that correspond to at least two
different wavelength ranges. When laser beams has more
wavelength bands, the optical pickup 300 can perform a

reproduction and a recording for more types of optical
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recording media by selecting a different waQelength suited to
éach recording meaium type.

Further, the'sémiconductor laser 312 may be replaced
with two.or more semiconductor lasers that each have a
different light output (light emission power), or a
monolithic multi-wavelength semiconductor laser that has
emission points correspondihg to at least two different light
outputs. When a high—éowered semiconductor laser operates in
low power for a reproduction of an optical recording medium,
a high-frequency (HF) multiplexing processing is usually
necessary so as to reduce noise of a return light. On the
other hand, a low-powered semiconductor laser has a self-
excited oscillation function, and therefore does not require
such HF multiplexing processing during. reproduction of an
optical recording medium. ,Accordihgly, when an optical
pickup includes two semiconductor lasers having different
light outputé so that the two semiconductor lasers are
selectively used according to whether a.recordigg or.a
reproduction is performed, both a recording and a
reproduction can be performed without the HF multiplexing
circﬁit being installed in the periphery of the optical
pickup. |

It is also possible to provide, on the photodetector
substrate 315, an integrated circuit for performing
operations relating to the focusing error detéction.signal
and the tracking error detection signal. Such operations

include a conversion, a calculation, and a selection of a
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current.and a voltage for these signals. This can simplify a
construction of an optical recorder/player that has the

optical pickup since the above integrated circuit does not

need to be placed outside the optical pickup.

Optical components such as the objective lens and the
hologram optical component may be made of materials other
than resins, such as glass instead. However, shaping can be
more freely performed with resins than with glass, and
therefore the use §f fesins makes it easier to shape fringes,
for instance, that are used to bond and fix the components to
the movable enclosure, and to combine one optical component
with another.

The following describes a manufacturing method of the
optical pickup 300 of the present embodiment. FIG. 31 shows
the manufacturing process of the present optical pickup 300.

Two conductive plates 321a and 321b are used.to form

‘the elastic supporting members 303. For instance, the plates

321a and 321b are made of phosphor bronze, titanium copper,
or beryllium copper. By performing etching or presswork for
these. plates 312a-312b to remove predetermined portions from
the élates 312a-312b, an upper member 322b and a lower member
322a, which are to form the upper and lower elastic
supporting members 303, can be obtained.

Portions closer to the end of the upper member 322b
are bent on the side of the movable enclosure 301 using a
bending molq (not shown in the figure) so as to make.the

surface of the bent portions has about the same height as a
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surface of the lbwer member 322a. This facilitétes
electrical wiring processes Sﬁch as for bonding wires and
bumps, and shortens the'diétance from terminal portions of
the supporting members 303 to the semiconductor laser 306 &
the photodetector substraﬁe 315, so that the necessary length
of the bonding wires can be reduced. It is alternatively
possiblé to bend end portions of the lower member 322b or end
portions of both the upper member 322b and the lower members
322a, or omit the bending process according to the layout and
the state of the installment of the semiconductor laser 312
and_the photodetector substrate 315.
| Following this, the lower member 322a is horizontally
placéd on a bottom mold (not shown in the figure), and then
side molds are applied from rightward and leftward with
respect to a direction in which the elastic supporting
members.303 extends. As a result, parts of the bottom mold
and the side molds are in contact in a manner that the bottom
mold holds up the lower member 322a and that the side molds
press down the lower member 322a. After this, the upper
member 322b is placed on the side molds, and then a top mold
(not-shown) covers the top. As a result, parts of the top
mold and the side molds are in contact in a manner that the
side molds hold up the upper member 322b and that the top
mold presses down the upper member 322b.

After this, the insert molding process is performed
using resins whilé the lower member-322a'and'the upper member

322b are firmly fixed by the above molds (in step (a) in FIG.
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31) to form the movable enclosure 3dl.and the fixed member
302 in predetermined positions in a manner that they sandwich
the elastic supporting members 303. Following this, the
light emitting/receiving component substrate 306 is installed
into the movabie enclosure 301, and the second reflecting
surface 311 is formed. The objective-lens/hologram component
314 is then fitted into the movable enclosure 301, and the
driving coils 304 are installed. After-this, the elastic
supporting members 303 are electrically connected to
electrical terﬁinals inside the movable enclosure 301 using
solder, bonding wires, or the like.

After this, unnecessary portions, such as frame-like
portions, of the upper member 322b and the lower member 322a
are removed to electrically separate each supporting member
303 (step (b) in the figure). As a result, the elastic
supporting members 303 can be used as power-supplying lines
for the semiconductor laser 312, the photodetector 315, and
the driving coil 304, and as Signal lines for detection
signals from the photodetector 315.

Following this, wviscoelastic matérials (not shown in
the'figure) ére filled into concaves 320'(sée FIG. 27) in the
fixed member 302 so as to suppress resonance. Lastly, the
fixed member 302 is fixed onto the optical base (not shown),
on which the yoke 317 supporting.the magnets 305 is fixed.

Note that the process in step (b) to remove the
unnecessary pértions may be performed before the optical

system is installed, or after the fixed member 302 has been
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fixed onto the optical base.

As_described above, with the present manufécturing
method for the optical pickup'300, the movable enclosure 301
and the fixed member 302 are molded together out of resins
with the lower member 322a and the upper member 322b being
fixed with the molds during the molding process. As a
result, a process to connect the movable enclosure 301 and
the fixed member 302 with the elastic supporting members 303
no longer needs to be independently performed, and
distortions of the elastic supporting members 303 due to
resin flows and shrinkages during a resin molding process can
be reduced. In addition, with this manufacturing method,
variations in properties of assembled optical pickups can be j
suppressed, and production efficiency is enhanced.

The above embodiments have been used to describe the
optical pickup énd the manufacturing method for this optical
pickup of the present invention, although it should be clear
that the present invention is not limited to these |
embodiments. For instance, the following modifications are
possible. .

(1) -The optical pickup described in the eighth embodiment
has a construction of the so-called "moving-coil type
actuator”, for which the driving coils 304 are positioned
into the movable enclosure 301, and the mégnets 306 are
positioned onto the optical Ease. However, the preserit
optical pickup may alternatively have a construction of the

so-called "moving-magnet type actuator" for which driwving
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coils are positioned onto the optical base and magnets are

positioned into the movable enclosure 301.

{(2) In the above embodiments, an objective lens, a
semiconductor laser, and a photodetector are contained in a

movable member, and each of the plurality of supporting

members are electrically conductive. However, every

supporting member does not have_to_be electrically
cohductive, and instead at least supporting members to be
connected to the semiconductor laser may be electritally
conductive. Especially for an optical pickup used only for
recording, the phofqdetector does not have to Be contained in
the movable member, and therefore it is sufficient that at
least two supporting members to be éonnected to the

semiconductor laser are electrically conductive. Further,

all the.supporting members do not have to_be electrically

insulated from one another, and it is sufficient that only
supporting members which function as lines to conduct powei
and/or a signal are insulated from one another.

(3) The sixth and seventh embodiments state that all the
supporting members have layer constructions composed of a
metél member and an insulating member. However, it is
possible that only some of all the-supporting members have a
layer construction.

(4) The above embodiments staﬁe that base portions of all
the supporting members are surrounded by a damping material
on the side of the fixed member. However, resonance can be

suppressed to some .extent even when a base portion of at
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least one supporting member is éurrounded by the dampihg
material.

| Although the present invention has been fully
described by way of examples with reference to accompanying
drawings, it is to be noted that various changes and
modifications will be apparent to those skilled in the art.
Therefore, unless such changes and modifications depart from

the scope of the present invention, they should be construed

as being included therein.
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What is claimed is:

1. An optical pickup, comprising:

a semiconductor laser for emitting a laser beam;

an objective lens for focusing the emitted laser beam
on an optical recording.medium; |

a first member for carrying at least the
semiconductor laser and the'objective lens;

a second member; and

a plurality of supporting members that are elastic
and each contain a first portion and a second portion which
are respectively connected to the first member ‘and the Seqond _
member, wherein the second member supports the first member
via the plu;ality-of supporting members in a manner that
allows thé”%irst member to move in predetermined directions
with respect to the second member,

wherein the plurality of supporting members include
at least two supporting members that are electrically.
conductive, and

wherein the at least two electrically conductive
supporting members include electrically conductive supporting
membérslthat function as lines to conduct power to the

semiconductor laser.
2. The optical pickup of Claim 1,

wherein the at least two electrically conductive

supporting members are insulated from one another.
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3. The optical pickup of Claim 1,
wherein the supporting members that function as the
lines to conduct power have a larger surface area than other

electrically conductive supporting members.

4, The optiéal pickup of Claim 1,

wherein a number of the plurality of supporting
members is at least six, and

wherein the plufality of supporting members are
substantially parallel in a longitudinal direction of the

plurality of supporting members.

5. The optical pickup of Claim 1,:
wherein the second member contains a concave in. which-

a base portion of at least one supporting member is present

and

wherein the concave is filled with a damping material
that has viscoelasticity so that the base portion is

surrounded by the damping material.

6. The optical pickup of Claim 5,
wherein the damping material is made of ultraviolet-

hardening silicon gel.

7. The optical pickup of Claim 1,
wherein the plurality of supporting members include a

first supporting member and a second supporting member that
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have different mechanical resonance frequencies.

8. ‘The optical pickup of Claim 7,
wherein the first supporting member and the éecond

supporting member are differently shaped.

9. The optical pickup of Claim 7,
wherein the first supporting member and the second
supporting member have different widths in a direction

perpendicular to a longitudinal direction of the plurality of

the supporting members.

10. The optical pickup of Claim 7,

wherein the first supporting member and the second

supporting member are made of different materials.

11. The optical pickup of Claim 1,

wherein the piurality of supporting members are
divided into a plurélity of groups,

wherein the sécond member has a plurality of
éoncaves, in each of which base portions of supporting
members of a same group are present, and

wherein the plurality of concaves are filled with at

least two types of damping materials that have different

viscoelasticity.

12. The optical pickup of Claim 1,
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wherein each of the at least two electrically
conductive suppdrting members is made of one of phosphor

bronze, beryllium copper, and titanium copper.

13. The optical pickup of Claim 1,
wherein each of the plurality of supporting members

is composed of a plurality of submembers.

14. The optical pickup of Claim 13,
wherein each submember is a wire, and a plurality of

wires in each supporting member are'positionedzclosely

together.

15. The optical pickup of Claim 1,
wherein each of the plurality of supporting members

is composed of layers of at least two types of members.

16. The optical pickup of-Claim 15,

wherein the at least two types of members include a
metal plate and an insulatihg plate and
| wherein at least two metal plates and at least one
insulating plate are alternaﬁively layered to form each

supporting member.

17. The optical pickup of Claim 16,

wherein each insulating plate is made of a damping

material that has viécoelasticity.
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18. The optical piékup of Claim 15,

wherein the at least two types of members are a metal
member and an insulatiﬁg member, and

wherein the metal member and the insulating member
are cylindrical, and at.least two metal members and at least
one insulating member are aiternatively and coaxially layered

to form each supporting member.

19. The optical pickup of Claim 15,
wherein the plurality of supporting méﬁbers include

at least two types of supporting members that have different

cross—-sectional shapes.

20. The optical pickup of Claim 15,
wherein the plurality of supporting members include

at least two types of supporting members that have cross

sections of different sizes.

21l. - The optical pickup of Claim 1,
wherein at least one of the first member and the
second member is connected to each of the at least two

electrically conductive supporting members by solder joints,

and

wherein an amount of each solder'joint is adjusted so
that each electrically conductive supporting member has a

same supportihg length, the supporting length being between
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9 the first portion and the second'portion.

1 22. The optical pickup of Claim 1,

2 wherein the firs£ member and the second member are

3 made of resins.

1 23. The optical pickup of Claim 22,

2 wherein the first portion of eéch supporting member
3 is embedded into the first member to connect the supporting
4 member with the first member.

1 24. The optical pickup of Claim 1, further comprising

2 driving means that has two driving coils that

3 generate a driving force to move the objective lens in a

4 focusing direction and a tracking direction,

5 wherein the two driving coils are positioned in the
6 first member in.an approximately central portion in a

'f direction perpendicular to: (a) a direction of an optical

8 axis of the objective lens; and (b) a longitudinal direction
9 of the supporting members. |

1 25. The optical pickup of Claim 24,

2 wherein out of the'plurality of supporting members,
3 at least six supporting members are electrically conductive,
4 wherein the plurality of supporting members are

(91}

positioned symmetrically with respect to a position at which

6 the driving coils are positioned, with a number of supporting
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members on each side of the'position being the same, -and

wherein on each side of the position, at least two of

‘the at least six electrically conductive supporting members

are positioned closer to the driving coils than other

supporting members.

26. The optical pickup of'Claim 1,

wherein the fir;ﬁ member further contains:

a first reflecting means that has a firét surface
which reflects a laser beam emitted by the seﬁiconductor
léser; and

a secondffeflécting means that has a second surface
which reflects the laser beam, which has been reflected by
the first surface, toward the objective lehs, and

wherein the first surface and the second surface are

parallel.

27. The optical pickup of Claim 26,

wherein the first member further contains a
photodetector, which is positioned apart from the
semiconductor laser and |
| wherein the first surface has a reflecting hologram
region,

wherein the second surface also reflects a return
beam which has been'feflected by the recording medium, and

wherein the reflecting hologram region receives the

retﬁrn beam reflected by the second surface, and diffracts
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the received return beam to have the photodetector receive

the diffracted return beam.

28. A method for manufacturing an optical pickup, the
optical pickup including:

a first member that carries optical components,
which include: (a) a semiconductor laser'component that emits
a laser beam; and (b) an dbjective lens that focuses the
laser beam onto an optical recording medium;

a second member; and |

a plurality of supporting members that ‘connect the
first member with the second member in a manner that allows
the first member to move,

the method including:

a supporting member positioning step for'positioning
at least six supporting members between the first membér and
the second member, the first member and the second member -
being positioned at a predetermined interval; and

alsupporting member connecting step for connecting
each supporting member to the first member and to the second
membér so as to have a substantially uniform stress

distributed to each supporting member.

29. The method of Claim 28,

wherein the plurality of supporting members are

electrically conductive and

wherein the supporting member connecting step

) O 0 i
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contains-a step for soldering at least one end of each

supporting member to at least one of the first member and the

second member.

30. The method of Claim 28,
wherein the supporting member connecting step
contains a step for connecting at least one end of each

supporting member to at least one of the first member and the

second member, using ultraviolet-hardening resins.

31. The method of Claim 28,
wherein the supporting member connecting step
contains a step for connecting at least one end of each

supporting member to at least one of the first member and the

second member, using melted glass.

32. Almethbd for manufacturiﬁg an optical pickup, the
optical pickup including:

a first member that carries optiéal components, which-
include: (a) a semiconductor laser component that emits a
lase? beam; and (b) an objective lens that focuses the laser
beam onto an optical recording medium;

a second member; and

a plurality of supporting members that connect the
first member with the second member in a manner that allows
the first member to move,

the method including:
I
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a plate processing step for processing two
electrically conductive plates to form two structural members
that have a shape of a plurality of supporting members linked
to an outer part of each conducfive plate; and

a first member forming step for having the two
structural members held so that a'predetermined positional
relationship between the tws structural memberé can be
maintained, and forming at least the first member, out of the
first member and the second member, in predetermined portions

of the plurality of supporting members.

33. The method of Claim 32, further including a removing
step for removing unnecessary portibns, which include the
outer part, from each of'the two structural. members, the

removing step following the first member forming step.

34. The method of Claim 32, further including an optical
component positioning step for positioning the optical
components into the first member, which has been formed in

the first member forming step.

35. The method of Claim 32,
wherein in the plate processing step, etching is

performed on the two eleétrically conductive plates to form

the two structural members.
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wherein in the plate processing step, presswork 1is
performed on the two electrically conductive plates to form

the two structural members.

37. The method of Claim 32,
wherein the plate processing step further includes a
step for performing a_bendihg process on portions of

supporting members in at least one of the two structural

members.

38. The method of Claim 32,

wherein in the first member forming step, the first
member and the second member are siﬁultaneously molded out of
resins in_a manner that the predetermined portions of the

plurality of supporting members are embedded in the first

member and the secoﬁd member.
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