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OF THE | NVENTI ON Field of the Invention:: The present idggﬁgﬁon

relates to i nprovenents of an optical pickup device for ‘recording
and reproducing information on an optical disc or an optical magnetic
disc: or the likes, and particularly relates to an optical pickup device
-capabl e of maintaining securely a posture of an objectife |l ens of the
optital pickup even when a shmmwlﬂnkuPIQKﬂRﬂDEQQGEWINy/gdded thereto from
an out si de. Description of the Related Art: It is well known that
in an optical disc such as a conpact disc (CD), a video disc (VD), a
CD-ROM (Read Only Menory) or_an optical magnetic :hﬁﬁ, an i nformation
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signal such as sound i nf orBAGKGRP QEur g r letter
information is converted into a series of pits, and the

Field of the Invention:

The present invention relates to improvements of an
optical ©pickup device for recording and reproducing
information on an optical disc or an optical magnetic disc
or the likes, and particularly relates to an optical pickup
device capable of maintaining securely a posture of an
objective lens of the optical pickup even when a shock or an

acceleration is added thereto from an outside.

Description of the Related Art:

It is well known that in an optical disc such as a
compact disc (CD), a video disc (VD), a CD-ROM (Read Only
Memory) or an optical magnetic_disc, an information signal
such as sound information, picture infqrmation or 1efter
information 1is converted into a series of pits, and the
series of pits is spirally or concentrically recorded on the
optical disc.

There are employed many kinds of structures in the
optical pickup device to focus-control an objective lens
along an optical axis thereof and to track-control it in a
radial direction of a recording or recdrded track so as to
irradiate a light beam spot precisely on the recording or
recorded track of the optical disc. In .Japanese Laid-open

Patent Publication 62-40827/1987, there 1Is disclosed an
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series of pits is spirally or concentrically recorded on the
There are enpl oyed many kinds of structures in ‘the optical

optical disc.
pi ckup devi ce

to focus-control an objective lens along an optical axis thereof and to
track-control it in a radial direction of a recording or recorded track so

as to irradiate a |light beamspot precisely on the recording or recorded
track of the optical disc. In Japanese I%ﬁd-open Pat ent Publication
62- 40627/ YaB8A calherpel dleupdi stdwiseal avhere the light beam spot from
-2- "optical pickup device where the |ight beam spot from objective éfns
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acceleration is added in a tracking direction of %H%%ﬁnical di sc.
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- Fig. 1 1s an exploded perspective view of an optical
pickup in the prior art;

Fig. 2 (A) is a plan view of Fig. 1; and

Fig. 2 (B) 1is a side sectional view of Fig. 2 (A).

Optical pickup device 100 shown in Fig. 1 and Figs. 2
(A) to 2 (B) is disclosed in the Japanese Laid-open Patent
Publication 62-40627/1987, and the description thereof 1is
simply given here.

In the optical pickup device 100 shown in Fig. 1, a base
substrate 101 is made in 'a plate shape. On a center of the
base substrate 101, an opening 10la is extendedly provided
along a front and rear direction of the base substrate 101.
Further, a platform 101b is protrudingly provided upward on
the base substrate 101 between an distal end of the opening
101la and a distal eqq of the base substrate 101. A pair of
inner yorks 10lc, 10lc¢ facing each other, 1is bprotrudingly
provided upward adjacent to side walls-of the opening 101la
interposed between the pair of inner yorks 10lc, 10lc, and a
pair of outer yorks 101d, 101d is provided outside the pair
of inner yorks 10lc, 10lc, each facing the inner york 10lc
leaving a predetermined interval. A pair of magnets 102, 102
is fixed to the inner. walls of the pair of outer yorks
101d, 101d, each facing the inner york 10lc.

A support arm 103 for swingably supporting a movable

i or
si de

-~



Optical pickup device 100 shown in Fig. 1 and Figs. 2 (A) to 2 (B) is

di scl osed in the Japanese Lai d-open Patent Publication 62-40627/1987, and
the description thereof is sinply given here. In the optical pickup
device 100 shown in Fig. 1, a base substrate 101 is nmade in a plate shape.
On a center of the base substrate 101.3an opening 10la is extendedly
provided along a front and rear direction of the base substrate 101.

Further, omemRerodf610a9ntionadt PﬁBPﬁ@PﬁtﬁFO\ﬂiﬁjeﬁiﬁﬁ%Pﬁ orfe t Rdafdogm
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openi ng 1014 betmeen e palr |nne “yor
pair of ou&gfoyﬂ %E 101d, 101d is provided outside the pair i nner yorks
101c, 101c, eac aci ng the I nner york 101c |eaving a predeterm ned

interval . A pa"rﬁeOEuageP%t 2rh040318% dondd ¢t Loy thevagaeronal | & ghitrhe

pair of outer york 101d, each facing the inner york 101lc.

support argf 13 dsiri sWnBfiBEEY SLUBWS { 108ba tRVEDYy €made of an elastic
resin connected to upper and lower ends of the base 103a,
which pair of elastic members 103b, 103b 1is allowed to be
swingably displaced in a focusing direction, i.e., upward
and downward, shown with a double-headed arrow Y, a pair of
parallel links 103c, 103c respectively provided on distal
ends of the pair of the elastic members 103b, 103b, and an
H-shaped hinge 103d having a thin member 103d1 provided on
ends of the pair of parallel links 103c, 103c, which thin
member 103dl1 allows the movable member 106 to swingably
displace 1in a tracking direction shown with a double-
headed arrows X.

Here, a center line 103d2 passing through a center point
of the H-shaped hinge 103d is designed to coincide with a
‘center of gravity G-of the movable member 1086 shown in Fig.
2(A).
The movable member 106 for mounting an objective lens

105 is formed to have a height as large as that of the H-
shaped hinge 103d. The movable member 106 is integrally made
of a base member 108a and a pair of arms 108d, 106d
extendedly provided backward at an end of the base member
106a. And, there are defined a lens hole 106b on a top

surface of the base member 108a for mounting an objective



-3- nmenber 106 nentioned hereinafter is fixed on the platform 101b by
using bolts 104, 104. The support arm 103 is integrally nmade of an elastic
resin capable of elastically deform ng. The support arm 103 is
conprised of a base 103a, a pair of elastic nenbers 103b, 103b thinly nade
of an elastic resin connected to upper Qd | ower ends of the base 103a,

whi ch pair of elastic nmenbers 103b, 103b i's allowed to be sw ngably
dlsplaced|h¢&§fkﬁﬂﬁﬂ%ﬂ?%ﬂ%ﬁﬁﬁlhﬂie|1Q§C Qﬂﬁ&ﬂﬁﬂ W I (ﬁMﬂ&ﬁ?PmsﬂﬁwﬁP%ﬁth a

doubl e- headed .arrow Y, r of arallel |inks.103c, 103c resge tive
. and
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with a center of gravify G 106 shown 1 n Fig.
106d, 106d for supporting a pole balancer 108 interposed

therebetween.

Further, driving coils 109, 109 afe respectively fixed
on both sides of the movable member 106. Each of driving
coils 109, 109 is composed of a focusing coil 109a and a
tracking coil 109b provided on an outer side of the focusing
coil 108a. Each of the focusing coils 109a, 109a is loosely
fitted with the inner york 10lc as shown in Fig. 2 (A)
without contact therewith.

As shown in Figs. 2 (A) and 2 (B), upon focusing control
operation of the optical pickup device 100 in the prior art,
a focusing control signal is applied to the pair of focusing
coils 109a, 109a from a focusing control signal supply
section (not shown).'Thus, the pair of parallel link 103c,
103c of the sﬁpport arm 103 is displaced in the focusing
direction shown with the arrow Y ( upward or .downward)
caused by magnetic fields formed between the magnets 102,
102 and the inner yorks 10lc, 10lc. Thereby, a light beam
spot from the objective lens 105 is controlled so as to be
focused on a recording track of an optical disc D along the
optical axis of the objective 1lens 105 by elastic
deformation of the elastic members-103b, 103b of the pair of

parallel links 103c, 103c.
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The novabl e menber 106 for nounting an objective lens 105

S

have a height as large as that of the H shaped hinge 103d. The
nber 106 is integrally made of a base nmenber 106a and a pair of
106d extendedly provi ded backward at an end of the base nenber

there are defined a |ens hol e506b on a top surface of the
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fen@ EQ%%%r&ga@%|lo%93% @Gplaced in the tracking direction X
caused by magnetic fields formed between the magnets 102,
102 and the inner yorks 101c, 101c. Thereby, the light beam

spot from the objective lens 105 1is controlled so as to be

displaced in the radial direction of the optical disc D by

an elastic deformation of the H-shaped hinge 103d of the
support arm 103, so that the light beam spot from the
objective lens 105 is controlled to trace on a desired
recorded track in the tracking direction X.

In the optical pickup device 100 of the prior art, the
center point of the H-shaped hinge 103d is designed so as to
coincide with the line passing through the center of gravity
G of the movable member 108 so that the objective lens 105
is not easily deviated from the recorded track by the shock
or the acceleration gdded from the outside thereof.

However, the optical pickup device 100 of the prior art
has a drawback that it is difficult to reduce the dimensions
thereof.

Specifically, as shown in Fig. 2 (B), it is necessary
to provide a mirror M being inclined at an angle of 45 to
the optical axis of the objective lens 105 under the ring
balancer 107 of the movable member 106. The mirror M

reflects a light beam emitted from a semiconductor laser L

in the direction of the optical disc D through the objective
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tracking coil 109b provided on an outer side of the focusing coil 109a.
Each of the focusing coils 109a, 109a is loosely fitted with the inner
york 101c as shown in Fig. 2 (A) wthout contact therewth. As shown
in Figs. 2 (A and 2 (B), upon focusing control operation of the optical
pi ckup device 100 in the prior art,-g-a focusing control signal is applied
to the pair of f 109a, 1 ocu5| trol
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of the objective lens % g by elastic defornatlon of the elastic nenbers

103b, 103byffietrheénpabbjektipar abhsl 1b6Nkst19@8CcimpB8sible to locate the
mirror M adjacent to the objective lens 105, resulting in
difficulty of reducing the dimension of the optical pickup
device 100 in a height direction thereof.

When the ring balancer 107 is removed from the above
construction of the optical pickup device 100 to reduce the
dimension thereof, the optical pickup device 100 loses its
balance, resulting in a rolling of the optical pickup device
due to the shock or the acceleration from the outside.

This optical pickup device without the ring balancer 107

can not be applied to a portable type or a car use type.
SUMMARY OF THE INVENTION

Accordingly, a g?neral object of the present invention
is to provide an optical pickup device in which the above
disadvantages have been eliminated.

A specific object of the present invention is to provide
an optical pickup device capable of maintaining securely a
posture of an objective lens of the optical pickup even when
a shock or an acceleration is added thereto from an outside.

Another specific object of the. present invention is to
provide an optical pickup device capable of reducing a

thickness of the optical pickup device by installing a



- 5- Further, upon tracking control operation, a tracking control

signal is applied to the pair of tracking coils 109b, 109b from a
tracki ng control signal supply section (not shown). Thus, the pair of
parallel rink 103c, 103c of the support arm 103 is displaced in the
tracking direction X caused by nmagnetic fields formed between the nagnets
102, 102 and the inner yorks 101c, 101&: Thereby, the |ight beam spot
fromthe ohjeflicoeingnmit@®ori sadpatent| exb sahas objbetidesdleacedinn the
radi al direction of the optical disc D by an elastic deformation of the

H shaped hipiggkum3tewice he support arm 103, so that the |ight beam spot -
fromthe objective lens 105 is controlled to trace on a desired recorded
track in the trARKIMRE MR tFRACIELC objeet (¢ TR iRESSPREKipVERTICR 180 of

the prior art, the .gcenter point, K of_the H-shapedq hinge 103d is designed so
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the prior ar as a drawbac _ It to reduce the dinensions
thereof. povable section for mounting an objective lens for focusing

the light beam spot on the tack of the optical disc; a
suspension base fixed on the base substrate; and an upper
pair and a lower pair of suspension wires for connecting the
movable section to the suspension base in such a manner that
the movable section is allowed to be displaced in a focusing
direction of the objective lens, wherein the upper pair and
lower pair of suspension wires are disposed unsymmetric with
respect to a center of gravity of the movable section in a
height direction of the movable section, and the suspehsion
base further comprises a spring section for connecting one
ends of the upper pair and the lower pair of suspension
wires, and the spring section comprises a first spring part
located upper than the center of gravity of the movable
section and a second spring part located lower than the
center of gravity thereof in the height direction of the
movable section, and a first spring constant of the first
spring part is made to be different from a second spring
constant of the second spring part to prevent the movable

section from rolling caused by an external force.

Other objects and further features of the present



Specifically, as shown in Fig. 2 (B), it is necessary to provide a mrror
M being inclined at an angle of 45 to the optical axis of the objective

| ens 105 under the ring balancer 107 of the novabl e nenber 106. The mrror
M reflects a light beamemtted froma sem conductor laser L in the
direction of the optical disc D through the objective

-6- lens 105, and the |ight beam ref | ect’&d by the optical disc D is

direct ed t bnmephdbo- def kit obe F aprfd mited fatom rtitght fadgdlowingy died¢adiledor M
t hrough the objective | ens 105. Accordingly, when the ring bal ancer 107
i s provi dedesgndetipRe objective lens 105, it is inpossible to locate the
mrror M adjacent to the objective lens 105, resulting in difficulty of
reduci ng the di nension of the optical pickup device 100 in a height
direction thereof. _ ' | anc 1 LS. .aenmoved fromthe
above construction of Pﬁ&ﬁgpbEggkiggégﬁpsgesbgeBﬁébipggreduce t he

di mensi on thereof, the optical pickup device 100 | oses its bal ance,
resulting in arolling of the optical pickup device

Fig. 1 1is an exploded perspective view of an optical

pickup in the prior art;

Fig. 2 (A) is a plan view of Fig. 1;

Fig. 2 (B) 1is a side sectional view of Fig. 2 (A);

Fig. 3 is an exploded 'perspective view for explaining
a construction of a first embodiment of an optical pickup
device according to the present invention;

Fig. 4 (A) is a plan view of the first embodiment of the
optical pickup device;

Fig. 4 (B) is a side view of Fig. 4 (A);

Fig. 4 (C) is a back view of Fig. 4 (A);

"Fig. 5 is a perspective view of the first embodiment of
the optical pickup device in the present invention;

Fig. 6(A) |is a.perspective view of a suspension base
shown in Fig. 3;

Fig. 6 (B) is a plan view of Fig. 6 (A);

Fig. 6 (C) is a back view of Fig. 6 (A);

Fig. 7 (A) is a schematic side view for explaining an
operation of a suspension wire and the suspension base of
the first embodiment of the optical pickup device;

Fig. 7 (B) is a schematic back view of Fig. 7 (A);

Fig. 7 (C) 1is a. schematic view for explaining the

operation of the suspension wire and the suspension base of



due to the shock or the acceleration fromthe outside. Thi s opti cal
pi ckup device without the ring balancer 107 can not be applied to a

portabl e type or a car use type. SUMVARY OF THE
| NVENTI ON Accordingly, a general object of the present invention 1is
to provide an optical pickup device in wpich the above disadvantages have
been el i m nat ed. A specific object of the present invention is to

provi de afihgpficst gmbrdimeati 68 thpabPéishlnpiigkiiPnideyis€ciurely a
posture of an qgbjective | ens of the opti cal pickup even mg?n a shock or an
accel eration i E18dd&d ¢Herks 021 PéAPaN 16% Qe TirshngPheflugati Pic 18 ect
of the presenh i vegt'on .S Eo _provide an optical pickup device capabl e of
reduci ng aoPF FBkn8s§ BP_Pﬁg Gftical pickup device by installing a
-7- reflectlngFg%(rgr(%qjﬁgegtsagetg?e%bb%c%kég %GQ§)HH t he
Fig. 8 (C) is a back view of Fig. 8 (A);
Fig. 9(A) is a perspective view of a suspension base
shown in Figs. 8 (A) to 8(C);
“Fig. 9 (B) is a plan view of Fig. 9 (A);
Fig. 9 (C) is a back view of Fig. 9 (A);
Fig. 10 (A) is a schematic side view for explaining an
operation of a suspension wire and the suspension base of
the second embodiment of the optical pickup device;
Fig. 10 (B) is a schematic back view of Fig. 10 (A); and
Fig. 10 (C) is a schematic view for explaining the

Fig. 10 (A).
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

Description wi;} be given to first and second
embodiments according to the present invention accompanying
drawings of Figs 3 to 10 (C).

Fig. 3 is an exploded ©perspective view for explaining
a construction of a first embodiment of an optical pickup
device according to the present invention;

Fig. 4 (A) is a plan view of the first embodiment of the
optical pickup device;

Fig. 4 (B) is a side view of Fig. 4 (A);

Fig. 4 (C) is a back view of Fig. 4 (A);



pi ckup devi ce. Anot her nore specific object of the present invention is
to provide an optical pickup device for recording/ reproducing a signal
on/froma track of a recording disc by wusing a |light beam spot conpri sing:
a base substrate; a novable section for nounting an objective lens for
focusing the |light beam spot on the tack of the optical disc; a

suspensi on base fixed on the base substTH®e; and an upper pair and a | ower
‘pair of suspendiieh wirks fopecspfaetivagviky ofovds & igwth iambadimért of
suspénsi on base in such a manner that the novable section is allowed to be
di spl aced ithe GRS hP AUy dqoifofin Hhomat9ite INtiffrein the upper
pair and | ower_ pair syspension wires are disposed unsymetric wth
respect to a cdntr S?I\&ré\ﬁpt? 81ertsl?§°er\Yz?oI%P%‘§cPi%orPi ﬁuépeﬂéilﬁﬁt "base

direction qof, the .o | e section, and the suspension base further
conpri ses fqﬁﬂqrﬁf ex%ﬁé% for connecting one ends of the upper pair and

the | ower pair ﬁ;g'sllé(s)ca Zi&%n a 'lratqiérﬂr% t&e PS.'I%EI (r)l? -(%e)c;t I on conprises a

first spring par upper e cent gravity of the novabl e

section and a $8GONG SEYY NG @rﬂaéflpcabti% 'd’ﬁ"@figt.h%" ¢dhe center of gravity
thereof in the height direction of the novable section, and a first spring
constant of thefgrst (A) is a schematic side view for explaining the
operation of suspension wires and the suspension base of the
first embodiment of the optical pickup device;
Fig. 7 (B) is a schematic back view of Fig. 7 (A); and
Fig. 7 (C) 1is a schematic view for explaining the
operation of.the suspension wires and the suspension base of
the first embodiment of the optical pickup device.
Referring to Fig. 3, 'in an optical pickup device 1A of
a first embodiment of the present invention, a Dbase
substrate 2 is integrally formed as a rigid frame structure
by using a soft magnetic material. On a center of the base
substrate 2, an opening 2a is extendedly provided along
front and rear dirggtion; This opening 2a is used as an
optical path of a 1light beam reflected by a mirror M
through an objective lens 5 mentioned hereinafter.
Further, a bridge board 2b is protrudingly provided
upward over the opening 2a between a left wall and a right
wall of the opening 2a at a front end thereof to allow the
mirror M to be located under the bridge board 2b.
A pair of support bases 2c¢, 2c is protrudingly provided
upward facing each other on a top surface of the base

substrate 2 between an end of the opening 2a and a rear end



spring part is made to be different froma second spring constant of the
second spring part to prevent the novable
an external force. O her objects and further features of the present

-8- invention will be apparent fromthe follow ng detailed description.

BRI EF DESCRI PTI ON OF THE DRAW NGS Fig. 1 is an exploded perspective
view of an optical pickup in the rioFléFt; Fig. 2 (A).is a plan view
of Fig. 1;0f theFibase sEpsityagesi de fecPpbdRaloti BREGheS| g2¢h. (AFL is

Figr 3is

i nventi on;
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to be mounted or supported in the notches 2cl, 2cl.

Further, a pair of inner yorks 2d, 2d facing each other,
is pfotrudingly provided upward adjacent to the left and
right walls of the opening 2a, and a pair of outer yorks 2e,
2e is provided on the base substrate 2 outside the inner
yorks 2d, 2d so as to face the outer yorks 2e, 2e with a
predetermined interval. A pair of magnets 3, 3 is fixed to
walls of the inner yorks 2d, 2d so as to be interposed
between the inner york 2d and the outer york 2e.

Further, a pair of attachment bases 2f, 2f facing each
other protrudes upward from side walls of the base
substrate 2, each interposed between the bridge board 2b and
the outer york 2e. A pair of projections 2fl, 2fl protrudes
from tops of the pair of the attachment bases 2f, 2f in an
outside direction of the base substrate 2. The- pair of
projections 2f1, Zf%‘is supported by a pair of notches 1Iv,
(Iv) each provided on a top of a transfer plate I as
clearly shown in Fig. 5.

Next the description is given of a movable section 4 for
mounting the objective lens 5.

The movable section 4 comprises the objective lens 5, a
lens holder 6 for mounting the objective lens 5, a pair of
driving coils 8, 8 and two pairs of suspension wires 9,
i.e., a pair of upper susbension wires (9a, 9a) provided on

a top surface of the lens holder 6 and a pair of lower

section fromrolling caused by
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optical pickup device; Fig. 4 (B) is a side viewof Fig. 4 (A);

Fig. 4 (C is a back viewof Fig. 4 (A; Fig. 5 1s a perspective view
of the first enbodi nent of the optical pickup device in the present

i nvention; Fig. 6(A) is a perspective view of a suspension base shown
in Fig. 3; Fig. 6 (B) is aplan viewof Fig. 6 (A); Fig. 6 (O
Is a back viewof Fig. 6 (A; Fig.‘bQI/» Is a schematic side view for
expl ai ni Ngs@8peABLHA! WAk &l @LSUSHENSHPEvIEEE B8R al IR tibnPeRt| BRebas@sOf
the Tirst enbodi ment of the optical pickup device; Fig. 7 (B) is a

schemati c hat8evi ewfot FegilYefBAly suppofFtyng ¥he( Censi hoddsehenaand avi ew
for explaining the operation of the suspension wire and the suspension
base of pair of printed circuit boards -920 tpeovided ebodiheenttopf the
optical pickup device; Fig. 8 %A) is a plan view of a first enbodi nent
of the opsucfaceiardptbevbettom of the lens holder (one on the bottom
is not shown) for connecting ends of driving coils 8, 8 and
fixing one ends of the upper and lower suspension wires (9a,
9a), (9b, 9b). Another ends of the wupper and 1lower
suspension wires (9a, 9a), (9b, 9b) are fixed on a
suspension base 11A. The two pairs of wires 9 are provided
to allow the movable section 4 to .be displaced in the
focusing direction as mentioned hereinafter.

The lens holder 8 is generally comprised of a front
section 6a, a rear section 6c and an intermediate section 6b
forming a pair of concaves interposed between the front and
rear sections 6a, 6c for allowing the pair of driving coils
8, 8 to be provided therein. In the front section 6a, there
are coaxially provided a lens hole 8al on the top surface
thereof for mounting the objective lens 5 and a through hole
6a2 under the lens hgle 6al for forming an optical path of a
light beam reflected by the mirror M through the objective
lens S.

Further, the driving coils 8, 8 are respectively fixed
on both sides of the movable section 4. Each of the driving
coils 8, 8 is composed of a focusing coil 8a and a tracking
coil 8b provided on an outer side of the focusing coil 8a.
Each of the focusing coils 8a, 8a is loosely fitted with the
inner york 2d without a contact therewith as shown in Fig.

4(A).



Fig. 8 (B) is a side viewof Fig. 8 (A; Fig. 8 (O is a back view of

Fig. 8 (A; Fig. 9(A) is a perspective view of a suspension base
shown in Figs. 8 (A to 8(0O; Fig. 9 (B) is a plan viewof Fig. 9
(A; Fig. 9 (O is a back viewof Fig. 9 (A; Fig. 10 (A is a

schematic side view for explaining an operation of a suspension wire and
t he suspensi on base of the second enbodipert of the optical pickup device;

Fig. 10 (B) is gy sghegptigup J;‘ev'o?wﬂé] Fkgarl%léﬁioﬁnéc of Ehg le]r% (O

is a schematic V|em1for exp alning t Al LED

DESCRI PTI O o3 e HHE R RERERBERa EVBED! WENfo ¢ balaﬁﬁiﬁélFEﬁéElfVmﬁithtﬂthe

given to first and second enbodi nents according to the present

i nventi on 2gFFEWE NPenslr 3 Ngspobvidgd 3t 0al@en®er therddf. Bni sthen

expl oded perspective view for explaining a construction of a first

enbodi nent tefp asuvpfacealangi ckop boddtiome acfortdiengreart mqmemenﬁm. NV i on;

Fig. 4 (A is a plan view of the first enbodi nent of the
pairs of grooves 6¢l, 6¢cl (one on the bottom surface is not
shown) are respectively formed to provide the upper and
lower suspension wires (9a, 9a), (9b, 9b) therethrough in a
radial manner adjacent to the balancer 7 interposed between
the pair of grooves 6cl, 6el.

In the pair of concaves of the intermediate section 6b,
thére is fixedly provided the pair of driving coils 8, 8
facing each other as mentioned in the foregoing.

On top and bottom surfaces of the intermediate section
6b, there are provided the printed circuit boards 10 for
connecting ends of driving coils 8 and fixing the ends of
the four suspension wires 9 as mentioned in the foregoing.

Next, a description is given of a suspension base 11lA
for swingably supporting the movable section 4 through the
suspension wires 9, . which is one of the main features of
the first embodiment of the present invention.

The suspension base 11A is integrally formed with a
resin capable of deforming elastically.

As shown in Figs. 6 (A) to 6 (C) being enlarged, a
rectangular base 1la is formed at a center of the suspension
base 11A. The rectangular base 1la has a pair of wing
plates 1lal, 1llal at sides thereof, and is provided with a

pair of projections 11b (11b) protruding in front and rear

directions shown with arrows from front and rear ends



opti cal

pi ckup devi ce; Fig. 4 (B) is a side viewof Fig. 4 (A;

Fig. 4 (C is a back viewof Fig. 4 (A;

-10- Fig. 5is a perspective view of the first enmbodi nent of the
optical pickup device in the present invention; Fig. 6(A) is a
perspective view of a suspension base _shown in Fig. 3; Fig. 6 (B)
a plan view of Fig. 6 (A; Fig. 6 f ) is a back view of Fig. 6 (A);

Fig. 7 (AthéréoBCiemohat Bhéesyspvns Donecyatai DiAgisheal ppaedt ikonmount

suspension wires and the suspensi on base of the
piekupthevbase substiFage 2 (U3 dausimghehatpeiback prejyectibng. 7

opti cal
(A); and

Fig. 7 (C is a schematic view for explaining t he

operation bibt félbdspenséngage r wsthnd thiee padkpenti ootichses dicl t h2cli pst

enbodi ment of the optical pickup device. Referring to Fig. 3, in an
pi ekepsueppes bassfs 2c, 2c provided on the base substrate 2.

opti cal

On the top surfaces and the bottoms of the pair of wing
plates l1llal, 1lal, two pairs of grooves llc, 1llc (one pair
on the bottom 1is not shown) are respectively formed to
insert the upper and lower suspension wires (9a, 9a), (9b,

9b) therethrough in a radial manner ‘along extended lines of

~ the two pairs of grooves 6cl, 6cl of the lens holder 6.

Further, the suspension base 11A has a spring section §
including a pair of first plate springs 11d, 11d and a pair
of second plate springs 1l1lle, 1lle.

The pair of first plate springs 11d, 11d having a thin
thickness is elastically formed in a track direction shown
with arrow X at left and right sides of the rectangular
base lla. A height Hl1 of each of the first plate springs
11d, 11d is formed to be small and symmetrical with respect
to a plane of gravity Gm defined as a plane including the
center of gravity G of the movable section 4 and parallel
to the top surface of the lens holder 6.

The pair of second'plate springs 1l1lle, lle is connected
to one ends of the pair of first plate springs 11d, 11d so
that a height H2 of each of the second plate springs 1lle,
l1le is larger than the height H1l of the first plate springs
11d, 11d. On top and bottom surfaces of the pair of second
plate springs 1lle, 1lle, there are provided two pairs of

guide grooves, i.e., a palr of upper guide grooves (1llel,

first enmbodi nent of the

i's



a first enbodi nent of the present invention, a base substrate 2 is
integrally formed as a rigid frame structure by using a soft magnetic

mat eri al .

provi ded al ong
pat h
objective lens 5 nentioned herei naftersg- Further, a bridge board 2b is
pr ot r udi ngl

optical

ri ght

wal |

Het

On a center of the base substrate 2, an opening 2a is extendedly

front and rear direction. This opening 2a is used as an
of a light beam reflected by a mrror M through an

nownded paRvalLE Qbhwer! jR1ARERrBDved Ratieeen 1adooft jwaldheand a
the opening 2a at a front end thereof to allowthe mrror M

to be | ocatrg@diwddenahRerbra Oaer beatédnded 1indspadf athesuppor tpdbses oaft, 2c

I's protrudingly provided

base substgraiowred Betiwesriamenthef léhe bpkdengé2soattias ther taed pairs

-11- of the base substrate 2. A pair of notches 2cl, 2cl is

top surfaced sofspensima rwiofes e supppesibiened 2cat2gheosagmeowheight.

suspensi on base 11A nentioned hereinafter

t he notchefurdheracithere are provided a pair of upper notches (1lell,

llell), and a pair of lower notches (1le2l, 1le2l) on left
and right sides of the pair of seébnd plate-springs 1le, 1lle
to be as high as those of the two pairs of guide grooves
(11el, 1l1lel), (1l1le2, 1lle2).

And, another ends of the pair of upper suspension wires
(%a, 9a) are fixed in the pair of guide grooves (llel, 1llel)
and distal ends thereof are pinched by the pair of upper
notches llell, 1llell, and another ends of the pair of lower
suspension wires (9Db, 95) are fixed in the pair of guide
grooves (1le2, 1lle2) and distal ends thereof are pinched by
the pair of lower notches 11le21, 1l1le2l.

As shown in Fig. 6 (C), a distance K1 defined from the
bottoms of both the upper gﬁide gfﬁove 1l1el and the upper
notch 1llell to the plane of gravity Gm is made shorter than
a distance K2 defined from the bottoms of both the Ilower
guide groove 1lle2 and the lower notch 1lle2l1 to the plane of
gravity G6m. Thus, the distance K1 and the distance K2 are
made unsymmetrical with respect to the plane of gravity Gm.
As a result, the upper suspension wires 9a, 9a dnd the lower
suspension wires 9b, 9b are disposed unsymmetrical with
respect to the plane of gravity Gm.

In the first embodiment, if the distance K2 is made as

small as the distance K1l so that both the distance K1l and

upward faci ng each other on a top surface of the
provi ded on

to be nmounted or supported in

-



Further, a pair of inner yorks 2d, 2d facing each other, is protrudingly
provi ded upward adjacent to the left and right walls of the opening 2a,
and a pair of outer yorks 2e, 2e is provided on the base substrate 2
outside the inner vyorks 2d, 2d so as to face the outer yorks 2e, 2e with a
predeterm ned interval. A pair of magnets 3, 3 is fixed to walls of the

I nner yorks 2d, 2d so as to be interposed ‘Béfmeen the inner york 2d and

t he quter fbek ddstance Kdratersymmebirical &ot dbkmpidanigasds &xfaviXfy fGmei ng
each ot her rotrudes upward from side walls of the base substrate
2, each ingerbotal Wdstaaset e brillge+bded dbeporag murh camadlesrk Thls A
pair of projections 2f1, 2f1 protrudes fromtops of the pair of the

att achment SBadds totalyrdistance dfiteawsesi RREt PBAYofthen SUSRENSI AL tHidies 2.

e P 26, B CRERRERS i mpvivde MERTSS PR ARy R SIS,
Fig. 5. . i DL | ' f A f
0 Py «AeebER R (PR BLASToh DpYRR 0 THHODHE $633EAD, Ay

obj ective kgRSce 1a. | ens holder 6 for mounting the objective lens 5, a
pair of driving coils 8 8 and two pairs of suspension wires 9,

Accordingly, in the first embodiment, the total distance
K is large enough so that the suspension wires 9 support the
movable section 4 stably by making the distance k2 larger
than the distance K1, i.e., by making the distance K1 and
the distance K2 unsymmetrical to the plane of gravity Gm,
resulting in a stable support of the movable section 4 by
the suspension wires 9.

Here, the description is given of the suspension wires

Referring to Fig. 3 again, as mentioned in the forego-
ing, one ends of-the four suspension wires 9 are fixed on
the printed circuit boards 10 of the lens holder 6, and
another ends of the fpur suspension wires 9 are fixed on the.
guide grooves (1llel, 11el); (11e2, 11e2f with the wires 9
being extended through the grooves 6cl, 6c¢cl of the lens
holder 6 and the guide grooves 1lc, 1llc of the wing plates
1lal, 1lal of the rectangular base 1lla. |

Accordingly, two extended lines of the pair of upper
suspension wires (9a, 9a) intersecﬁ at a first virtual point
01 to each other on the upper printed circuit board 10 and
two extended lines of the pair of lower suspension wires

(9b, 9b) intersect at a second virtual point 02 (not shown)



l.e., a pair of upper suspension wires (9a, 9a) provided on a top surface
of the Iens holder 6 and a pair of |ower

-12- suspension wires (9b, 9b) provided on a bottomof the lens holder 6
for resiliently supporting the |lens holder 6, and a pair of printed
circuit boards 10 provided on the top surface and the bottom of the |ens
hol der (one on the bottom is not shoewy- for connecting ends of driving
coils 8, 8tandachi vithgrona ehds loethprupped andcudweboavdpansiagn waililes
(9a, 9a), (9b, 9b). Another ends of the upper and | ower suspension wres
(9a, 9a),A (9me ©dssingréehrdugkdthen firstsumpbnséoondagérttAl Plod nitwo
pairs of wires 9 are provided to allow the novable section 4 to be

di spl aced PiA.t @2 ficzudiedfdnedr easi @n uirteali otrittdrer dilmgf t @r. And The | ens
hol der 6 is generally conprised of a front section 6a, a rear section 6¢
and an i nt éehdgrard E@AvVidy b of obhe Meovalpbe rseetionc4veborpt dppbded 4

between the front. apnd rear sections 6a, 6¢ for all ow t he pai.r of
dri vi ng COKPQ and g&gs. T (AS to T ?C). Es made to Qg appr%ximately

situated on this virtual center line O.

The suspension base 11A is mounted on the base substrate
2 by causing the projections 11b (11lb) of the suspension
base 11A to engage with the notches 2cl, 2cl of the support
base 2c. Then, the suspension base 11A and the base
substrate 2 are integrally supported at the surface of the
suspension base 11A and the bottom of the base substrate 2
by being pressed and interposed between spring arms 12a,
12b of a support spring 12. Then, the objective lens of the
movable section 4 is covered by a cover 13, resulting in the
optical pickup device 1A as shown in Fig. 5.

Next, the description is given of a focusing operation
and a tracking operation of the optical pickup device 1A of
the first embodiment_xeferring to Figs. 4 (A) to 4(C).

| First, when a focus control signal is inputted to the
pair of focusing coils 8a, 8a, the pair of fﬁcusing-coils
8a, 8a receives a magnetic force in a focus direction shown
with arrow Y caused by a pair of magnetic fields between
the pair of yorks (2d, 2d), and the pair of magnets 3, 3.
Thus, the movable section 4 suppbrted by the four suspension
wires 9 is swingably moved in the upper or lower directions.
Thereby, the objective lens 5 mounted on the movable section

4 is focus-controlled along its optical axis, and a light



8, 8 to be provided therein. In the front section 6a, there are coaxially
provided a lens hole 6al on the top surface thereof for nounting the
objective lens 5 and a through hole 6a2 under the lens hole 6al for
formng an optical path of a light beamreflected by the mrror Mthrough
t he objective lens 5. Further, the driving coils 8, 8 are respectively
fixed on both sides of the novable secti®n 4. Each of the driving coils

8, 8 is compeyedrpbma fCcUsbHgcERVE Samndsa fid agkkngedc@d &b pscytdied on
an outer side of the focusing coil 8a. Each of the focusing coils 8a, 8a
s | oosely tiraldkedfrithe tdpetidainatiswornk. 2d wit hout a contact therewith as
showmn in Fig. 4(A. - 13- On a top
surface of the Fugstthegectwlen 6e tfatkecbetsolhsligenl ds impustdiechcr tive for
bal ancing itself wth the objective lens 5 is provided at a center

t hereof. @aittheof t paskingceodns t8he BHh + obhe opaiheofedirasddmieon ®xlls t wo

pairs of grooves 6cl, 6¢cl (one on the bottom surface is not
8b, 8b receives a magnetic force in a track direction shown

with arrow X caused by a pair of magnetic fields between
the pair of yorks (24, 24), and the pair of magnets 3, 3.
Thus, the movable section 4 supported by the four suspension
wires.s is swingably moved in the left or right direction
at the virtual line 0. Thereby, the objective lens 5 mounted
on the movable section 4 1is track-controlled along the
radius direction of the tracks, and the light spot from the
objective lens 5 can be traced on any one of the recorded
tracks of the optical disc D.

Next, a description 1is given of operations of the
suspension wires 9 and the suspension base 11A referring to
Figs. 7 (A) to 7 (C).

As shown in Figs. 7 (A) and 7 (E). the objective lens 5
is provided on the front section 6a of the lens holder 86,
and a part of the lens holder 6 under the front section 6a
is cut away to allow the mirror M to be provided under the
objective lens 5. On the other hand, there is provided the
balancer 7 on an upper surface of the rear section 6c of the
lens holder 6. And, the center of gravity G of the movable
section 4 provided with the objective 1lens 5 and the
balancer 7 is determined to be lotated slightly below the
upper surface of the lens holder 6 along the virtual line

0. As a result, the center of the gravity G thereof is



shown) are respectively fornmed to provide the upper and |ower suspension
wires (9a, 9a), (9b, 9b) therethrough in a radial nmanner adjacent to the
bal ancer 7 interposed between the pair of grooves 6¢cl, 6cl. In the
pair of concaves of the internediate section 6b, there is fixedly provided
the-.pair of driving coils 8 8 facing each other as nentioned in the

f or egoi ng. On top and bottom surfeees of the internedi ate section 6b,

there are RLRYLAshcune Bl BLedi SLAFURL ROATLS HHA! SRV NGIRfS of

driving col fixing the en f the four suspension wres 9 as

mentioned pBstiRgohanedUder ¢ d¥eXthe 2mdRadliePtdOdisn Juverh O deight
suspensi on base 11A for sw ngably supporting the novable section 4 through

the suspegsireetWoheth8rewti.ch is one of the main features of the first
enbodi nent of the present invention. The suspension base 11A is
integrally forfadtietrh aher axivabdapaidetioin def cami bg elasticallly. moved As
shown in Figs. 6 (A) to 6 (C) being enlarged, a rectangular base 1la is
formed at agednsér tife thase syhmitakie Dab¥ the AtwoTpalrsecefasyspens iipase
1la has a pair of wng | ates 1lal, l1llal at sides thereof, and is
provi ded wwikeg %xﬁ9a0f9®f0jé8Pioﬁ§)lP§ hilph pRR reBdRgare CoamecHed rear

to the top and bottom surfaces of the movable section 4 and

the other ends are connected to the top and bottom surfaces

of the suspension base 11A. |

As mentioned in the foregoing, the distance K between
the upper suspension wires (9a, 9a) and the lower suspension
wires (9b, 8b) are made large enough to support the movable
section 4 securely, however, the center of gravity G of the
movable section 4 is lodéted abové the positional center C
of the movable member 4, and the positional center C thereof
approximately coincides with a center of an interval between
the upper and lower suspension wires (9a, 9a), (9b, 9b) in
the upper and lower directions. In other words, the the
upper and lower suspension wires (9a, 9a), (9b, 9b) are
provided to be unsymmetrical to the center of grévity G in
the height direction.

Thus, it will be understood that this state is unstable
against a shock and an acceleration added from an outside,
resulting in a rolling movement of the movable section 4 in
a direction shown with a double-headed arrow R with causing
the positional center C to be a center of rolling because

the center of gravity G of the movable section 4 Is located

above the positional centéf C thereof.



directions shown with arrows fromfront and rear ends

-14- thereof so that the suspension base 11A is allowed to nount on the
base substrate 2 by causing the pair of projections 11b (11b) to engage
with the pair of notches 2c1, 2cl of the support bases 2c, 2c provi ded on
the base substrate 2. On the top surfaces and the bottons of the pair of
wing plates 11lal, 1l1lal, two pairs OFZQFooves 11c, 1l1lc (one pair on the
bottomis not stiwendiarglyespectheelfy rfsar netbddimentseas shewappar Rbgs | ower
suspénsion wires (9a, 9a), (9b, 9b) therethrough in a radial manner al ong
ext ended | i otndt AdChwo ignieeder Gromampadisatescihef drpwbpeks afol tlee 6.
Further, the suspension base 11A has a spring section S including a pair
of first pluRYERAtHRAL 1¢isnaglbhen aofaithe cfusRashlPhl Bieespli dgs the,
1lle. The pair qQf first plate spripgs 11d, 11d having a thi t hj ckness
is elasti caqlli}‘? oP oF‘T%VjaterE‘k | r S8R P ERM Sﬁncttl'ﬂ°gr rbw %geatplr%?? and

right Slde%ﬁ¥1&£eség%£gﬂggl%g divided into two parts, a first spring

part S1 located above the plane of gravity Gm and a second
spring part S2 located Dbelow the plane of gravity Gnm.
Specifically, the first spring part S1 is composed of a part
of the first plate springs (11d, 11d) which is located above
the plane of gravity Gm and the suspension wires 9a, 8b, and
the second spring part S2 is composed a part of the first
plate springs (11d, 11d) which is located below the plane of
gravity Gm and the second plate springs (lle, l1lle) located
below the plane of gravity Gm and the suspension wires 9b,
9b. In the present invention, the first spring part S1 has a
first spring constant Slc different from a second spring
constant S2c¢ of the second.spring part 82, for instance, by
changing the ‘thicknesses of the first and second plate
springs (11d, 11d), (lle, 1le).

Specifically, the first spring constant Slc of the first
spring part S1 is made larger than the second spring
constant S2c¢ of the second spring part S2c in accordance
with a distance difference between the distances K1 and K2
as mentioned hereinafter.

As shown in Fig. 7 (C), assuming that an external force
f is added to the center of gravity G of the movable section
4 in a direction shown with an arrow from a side of the

movable section 4, it is effective to suppress the rolling



base 1la. A height Hl1 of each of the first plate springs lid, 11d is
formed to be snmall and symmetrical with respect to a plane of gravity Gm
defined as a plane including the center of gravity G of the novable
section 4 and parallel to the top surface of the | ens hol der 6. The
pai r of second plate springs 1lle, 1lle is connected to one ends of the pair
of first plate springs 11d, 11d so that-2a-height H2 of each of the second
pl ate spriéfgsthéemovhbdd sdatipal 4 hao deeelraiget the ofirdie &ndssepbate
springs 11d, 11d. On top and bottom surfaces of the pair of second plate
springs llsprideg, ddmstardrse Provi & tod paier Sffst gande spovvds spriag, a
pair of upper guide grooves ;11e1 11el) and a pair of | ower

gui de grooR@st§18d2, Si2ey, thatt ke disrilagenemheX &Ifor@%xg%ﬁﬁlEdSPirﬁég of
the two pairs of grooves 6cl, 6¢l1l of the Iens hol de sp that the two

pairs of BaEpeRdi df WeSaneas pdd1at diedtnaSERM aﬁ%“ﬂﬁl BAFES Bért her,
there are Rr%wldéargcea %%nrdl%fio%ppg% é)hfshesst(a]tleel}s determined by the

relation between moments as follows:

-

fl X K1 = £2 x K2  oee ene oo (1)

Wherein fl1 or f2 denotes a force component of the
force f added to the first or second spring part S1 or S2.

(f = f1 + £2)

Further, formulas (2)"and (3), each showing the relation
between the displacement X and the force component fl1l or f2
are obtained as follows:

1 Slc X X = e (2)

f2

S2¢ X X ese ese e (3)

From the above formulas (1), (2) and (3), a formula (4)

is obtained as follows:
Slc/S2c = k2/kl  (Slc = Sc2 x (K2/K1)) == e o= (4)

As seen from the formula (4), wherein k2..> K1 as

mentioned in the foregoing, it is possible to suppress the



11ell), and a pair of |ower notches (11le21, 11e21) on left and right sides
of the pair of second plate springs 1le, 1le to be as high as those of the
two pairs of guide grooves (1llel, 1lel), (1lle2, 1lle2). And, anot her
ends of the pair of upper suspension wires (9a, 9a) are fixed in the pair
of guide grooves (1llel, 1l1lel) and distal ends thereof are pinched by the
pair of upper notches 1lell, 1lell, ang2another ends of the pair of |ower
suspensi onryl L ehg 6Obth8bhoaabléi xedtiont heipatheoligecdetongshowaswithe?,
11e2) and distal ends thereof are pinched by the pair of |ower.notches
11e21, lle@frow R Asgsimsth ian Fiextedinad), fodicet anre KEcddkeirasdofr obwyt he
bottons of both the upper guide groove 1llel and the upper notch 11lell to
the pl ane oc&ugingi t ghenfilsstaderimer tconstant Slalief abbe RRraefi spdingom
the bottons of both the | ower ui de groove 11e2 and the |lower notch 1le21
to the pl aP@rbf Slgrlaacﬁﬁ%ﬁ Gﬁi‘afrht%§3 tgpcandt spebng1cangtend %t aPEetke are
made unsynmetri W, th respect to the ﬁlane of rav It

: sult
t he upper SESpR s?BﬁlﬂFrBQr a>29a1B RreRertHqe, t sﬁgﬁeﬁngﬁ Rfrgglg y
o 0 SPosed ARYIUELT! 58] pBbiPa s ROREL ok PRTpBREVE Pbnd 8UELY B an
inclination thereof can be effectively prevented, resulting
in an elimination of tracking-off of the objective lens 5.
Further, it is possible to locate the objective lens 5
close to the mirror M thereunder by providing the first and
second spring parts S1, S2 on the'suspension base 11A,
resultiné in a reduction of the thickness of the optical
pickup 1A. |
Further, it 1is possible to provide the first plate
springs 11d, 11d to be unsymmetric with respect to a center
line passing through the center of gravity G of the movable
section 4 because the respective spring constants of the
first left and right plate springs 11d, 11d are optionally
changeable by chang;ng the thicknesses thereof in the upper

and lower directions to the plane of gravity Gm.

[Second embodiment]

Fig. 8 (A) is a plan view of the second embodiment of
the optical pickup device;

Fig. 8 (B) is a side view of Fig. 8 (A):

Fig. 8 (C) is a back view of Fig. 8 (A);

Fig. 9(A) 1is a perspective view of a suspension base

shown in Figs. 8 (A) to 8(C);:



smal | as the distance K1 so that both the distance K1 and

-16- the distance K2 are symmetrical to the plane of gravity Gn a total
di stance K = KL + K2 becormes nuch smaller. This small total distance K
causes not only the suspension wires 9 to support the novable section 4
unst-ably, but also a degradation of dinensional precision of the optical
pi ckup device 1A Accordingly,-23-the first enbodi nent, the total

di stance K i sFli%r 0§ qrmuq@ O plifadt HARw bIPENE .0 wiAes 9 support t he
nmovabl e section stably by making the distance k2 | arger than the

di stance K1, i Fag. ly (mAKiiRg at bR cli Stvdree dfl Fird o hA)di st ance K2
unsymmetrical to the plane of gravity Gn resulting in a stable support of
the novabl e segtiigan ¥0 bya)t bhe ausmﬁumaniqutﬁegview foreexpliati®ing an
description is given of the suspension wires . Referring to Fig. 3

agai n, as wpeiradden | of t Be SuspEgpesion rﬁgir@nénénd‘sheofS‘ﬂmelli‘é@l@nsbgﬁéns%n
wires 9 are fixed on
the second embodiment of the optical pickup device;

Fig. 10 (B) is a schematic back view of Fig. 10 (A); and

Fig. 10 (C) is a schematic view for explaining the
Fig. 10 (A).

In an optical-pickup device 1B of a second embodiment of
the present invention, a shape of a suspension base ;1B is
partially different from that of the suspension base 11A
explained in the first embodiment. Thus, the like parts are
denoted with the like reference characters used in the first
embodiment and the detailed description thereof is omitted
here for simplicity, and new constructive components in the
second embodiment are denoted with new reference characters.

As shown in Figs. 9 (A) to 9 (B) being enlarged, the
susbension base 11B used in the second embodiment comprises
the rectangular base, lla formed at a center thereof, a pair
of spring plates 11f, 11f provided at the left and right
sides of the rectangular base 1la so as to be swingably
displaced 1in a tracking direction (directions shown with
arrows X) by their elastic forces. The spring plates 11f,
11f are respectively divided into two parts 1.e., upper
first plate springs 11fl, 11fl1 and 1lower second plate
springs 11f2, 11f2, at a proportion of 3 : 1 in a height
direction by thin slits 11g, 1llg.

Further, on the top surfaces of the upper first plate



the printed circuit boards 10 of the |l ens holder 6, and another ends of
the four suspension wires 9 are fixed on the guide grooves (1lel, 11lel),
(11e2, 11e2) with the wires 9 being extended through the grooves 6¢l, 6¢cl
of the lens holder 6 and the guide grooves 1l1lc, 1lc of the wi ng plates
1l1al; 1l1al of the rectangul ar base 1lla. Accordingly, two extended |ines
of the pair of upper suspension wres-¢8a, 9a) intersect at a first

virtual poisplr 1n@k to £RCh pEDEr tRBréhardPRAFoWPIddY eGpFéF cguadboagwbo%@nd
two éxtended lines of the pair of |ower suspension wires (9b, 9b)

i ntersect atifalseandd Mifilakopotimdt OZheiat bbewbms are approximately

-17- to each other on the lower printed circuit board 10 as well. A line

passi ng t hifdugh wichf ithet bartdomscorfd thier gudldep@irooses011c02 lils .dafmideth as a

virtual center line 0. And the <center of gravity G of the novabl e section

4 shown i nthieg. gideBsugfa@aceisgef 7the) unper (Cirsts pidde t spbeéngapprdfilvat el y

Sftuated OQl%qks€ﬁggéﬁgréxg¥é¥1Aéé“;ékches 11f12, 11f12 so that their
bottoms are approximately flush with the bottoms of the
upper guide grooves 11fl11l and 11f11.

Similar to the above, on the bottoms of the Ilower
second plate springs 11f2, 11f2, there are provided lower
guide grooves 11f21 and 11f21 so that their bottoms are
approximately flush with the bottoms of the guide grooves
llc, 1llc (not shown), and on the side surfaces of the lower
second plate springs 11f2, 11f2, there are provided notches
1122, 11f22 so that their bottoms are approximately flush
with the bottoms of the lower guide grooves 11f21 and 11f21.

And, one ends of the pair of upper suspension wires 9a,
9a are respectively fixed in the pair of upper guide grooves
11f11, 11f11 and distal ends thereof are pinched by the pair
of upper notches 11f12, 1if12, and one ends of the pair of
lower'suspension wires 9b, 9b are respectively fixed in the
pair of lower guide grooves 11f21, 11f21 and distal ends
thereof are pinched by the pair of lower notches 11f22,
11f22.

As shown in Figs. 9 (C) and 10 (C),. a distance K1
defined from bottoms of the upper guide grooves 11f11, 11f1l1l
and the upper notches 11f12, 11f12 "to the plane of gravity

Gm mentioned in the foregoing 1Is made shorter than a

distance defined from the bottoms of the lower guide grooves



The suspension base 11A is nounted on the base substrate 2 by causing the
projections 11b (11b) of the suspension base 11A to engage wth the

not ches 2c1, 2cl of the support base 2c. Then, the suspension base
11A and the base substrate 2 are integrally supported at the surface of
t he -.suspension base 11A and the bottom of the base substrate 2 by being
pressed and interposed between sprrﬁé‘arns 12a, 12b of a support spring

12. Then, theabj ecifae dhschyd ldwer HotdHes siectidn Y52 cayettesl Pyame
cover 13, resulting in the optical pickup device 1A as shown in Fig. 5.
Next, the adaS@ngtitgn Gns. Jthis, athea dicoumicy Kipaarad i e distande dCKiage
operation of the optical pickup device 1A of the first enbodi nent
referring madd gmsymfefricald(Wth respéetste when pdahnec it @mavidly stmynal
is inputted to the pair of focusing.coils 8a, 8a, the pair of focusing
coils 8a, A%aa drsulds stheginmerc suspensiom wigtas W + €& ia sthewnlowgt h
arrow Y caused by a pair of _magnetic fields between the pair of yorks
(2d, 2d), SHRPYHEPRIWLS r?d’gn&bs aye MmaderRSymMRE nify It @ KRIVEFE 4t

suppor e 0116 T EUSREIL e T 55,0 L, S0 HAEIY VL L0 L1, upper
section 4 1s TQeus; CODLLGh & CEnB RfWeht Sa8Pleid!, T tnf M Add k2 is
made as small as the distance K1 so that both the distance
K1 and the distance K2 are symmetrical with respect to the
plane of gravity Gm, a total distance K = K1 + K2 becomes
much smaller. This small total distance causes the the
suspension wires 9 to unstably support the movable section
4, and a degradation of dimensional precision.of the optical
pickup device 1A.

Accordingly, in the second embodiment, the distance K1
and the distance K2 are made unsymmetrical with respect to
the plane of gravity Gm by causing the distance k2 to be
larger than the distance Kl, resulting in a stable support
of the movable section 4 by the suspension wires 9 as well
as the first embodiment. |

Next, the description is given of the operations of the
suspension wires 9 supporting the movable section 4 and the
suspension base 11B, referring to Figs. 9 (A) to 10 (C).

In the second embodimént as shown in Figs. 9(A) to
10(C), 1in order to compensate the drawback of the
unsymmetrical disposition of the suspension wires 9 with
respect to the plane of gravity Gm of the movable section 4,

the plate spring section $' is divided into two parts, a



-18- spot fromthe objective lens 5 is focused on a recorded track of the
optical disc D Further, when a track control signal is inputted to
the pair of tracking coils 8b, 8b, the pair of tracking coils 8b, 8b
receives a magnetic force in a track direction showmm wth arrow X caused
by a.pair of magnetic fields between the pair of yorks (2d, 2d), and
the pair of magnets 3, 3. Thus, the nb%@&bl e section 4 supported by the
four suspertiirst s@rBSnghstsmlngahi@meM\rm the béaneoof ighavidiyx eGmi on
at the virtual line 0. Thereby, the objectlve |l ens 5 nounted on the

novabl e seuotd oa sedaend r spkiventpant e§2 alagatehe bedepustlye r #d@anen of the
tracks, and the |ight spot fromthe objective lens 5 can be tracgd on any

one of the ﬂ"l‘eﬁt‘b‘r@éd Gm o o Sbecdff Lioad 13pt | (‘}&‘Ie dfdgsp, springexparf gelcription
is given of eratlon of the suspens s,9 and . the s P nS|

11A referri HQFe iﬁ a7pPRf $§ %?rSt Pi§t§héh¥¥4$%aégl £§f£ﬁ
(B), the O%h Ctlvies 1e cated above the plane Gm and the suspension wires

-

9a, 9a, and the second spring part S2 is composed a part of
the first plate springs (11f1, 11f1) which is located below
the plane Gm and the second plate springs'(llfz, 1112)
located below the pléne Gm and the suspension wires 8b, Sb.
In the present invention, the first spring part S1 has a
first spring constant Slc different from a second spring
constant S2c of the second spring part S2, for instance, by
changing the thicknesses of the first and second plate
springs (11f1, 11f1), (11f2, 11f2).

Specifically, the first spring constant Slc of tﬁe first
spring part S1 1is made larger than the second spring
constant S2c¢c of the second spring part S2c 1in accordance
with a distance difference between the distances K1 and K2
as mentioned in the foregoing.

These facts can be analyzed in the same manner as
mentioned in the first embodiment by using the formulas (1)
to (4). As a result, it is possible to suppress the rolling
of the movable section 4 in the directions shown with an
arrow R against the external force or acceleration by
causing the first spring constant Slc of the first spring
part S1 larger than the éecond spring constant S2c¢ of the
second synthetic spring S2 as well as fhe first embodiment.

Specifically., this is realized by causing, for instance,



is provided on the front section 6a of the lens holder 6, and a part of
the I ens holder 6 under the front section 6a is cut away to allow the
mrror Mto be provided under the objective lens 5. On the other hand,
there is provided the balancer 7 on an upper surface of the rear section
6c of the |lens holder 6. And, the center of gravity G of the novable
section 4 provided with the objectivezyens 5 and the balancer 7-1s
determ ned dp, b§‘% prat Egnfk?ﬂbtbf éﬁkow&@% pHRRY  spH Tl ]f e 1 £P$)

hol der 6 along the virtua I ne . a result, the center he gravity
G thereof it be larger than that of the_secon@fblgﬁée%@ﬁrﬂétG&ﬁ%&.

| ocated at a higher position than a positional center C of the novable
section 4 infehergith iB riecddtwd thei@ofthe cerftdrt heff ,gitdvel tovGde werli on
4 can be elastically noved against the base substrate 2 by the two pairs
of suspensiamn thve rigr &t (@ehodiaent(Ob, 9b) of which one ends are connected

to the top and bottom surfaces of the novable section 4 and
Thereby, an aberration of the objective lens 5 due to an

inclination thereof can be effectively prevented, resulting
in an elimination of tracking—off of the objective lens 5.
Further, it is possible to locate the objective lens 5
close to the mirror M thereunder by providing the first and
second plate springs 11f1, 11f2 on the suspension base 11B,
resulting in a reduction of the thickness of the optical

pickup 1A.



the other ends are connected to the top and bottom surfaces of the
suspensi on base 11A As nmentioned in the foregoing, the distance K

bet ween the upper suspension wires (9a, 9a) and thetower—stspensi on

9b) are made | arge enough to support ection 4
however, the center of gravity G of t ﬂﬂﬂ}ﬁ n4is
| ocat ed above the positional center C~ t he nova s4,xand the

wires (9b,
securely,

positional waaRt a5 eriAIREeOfIs .appr oxi mately coincides with a center of an
i nt erval between the upper and | ower suspension wires (9a, 9a),

in the upper and |lower directions. In other words, the the upper and

| ower suspension wres (9a, 9a), (9b, 9b) are provided to be unsymmetri cal
to the centter of grawnt pp&iical phekhe dewidier €otri ercordingl/mepraduciidg be
understood that this state is unstable

"added fromeansbgnal den/fresulai tgack f okl irepomliavendist tthe weinbl @

section 4
the positi
gravity G
C t hereof.

in a direction shown with a doubl e-headed arrow R with causing
daghtc bsagdy spoto comprisdnger of rolling because the center of
of the novable section 4 is |located above the positional center

a base substrate;

a movable section for mounting an objective lens for
focusing the 1light beam spot on the track of the optical
disc;

a suspension base fixed on the base substrate; and

an upper pair and a lower palr of suspension wires for
connecting the movable section to the suspension base in
such a manner that the movable section is allowed to
be displaced in a focusing direction of the objective lens,

wherein the upper pair and lower pair of suspension
wires are disposed unsymmetric with respective to a center
of gravity of the movable section in a height direction of
the movable section, and the suspension base further
comprises a spring section for connecting one ends of the
upper palr and the lower pair of suspension wires, and the
spring section comprises a first spring part located upper
than the center of gravity of the movable section and a
second spring part located lower than the center of gravity
thereof in the height direction of the movable section, and
a first spring constant of the first spring part is made to
be different from a second spring constant_of the second
spring part to prevent the movable section from rolling

caused by an external force.

(9b, 9b)

agai nst a shock and an accel eration

-—



- 20- Accordingly, in the first enbodi ment as shown in Figs. 7(B) and
7(C), in order to conpensate the drawback of the unsy osition

of the suspension wires 9 to the plane of gravit vabl e
section 4, the plate spring section Sis dividedﬂ, mﬂﬁgﬁy a first
spriing part Sl |ocated above the plane of gravity* Gnan - spring
part S2 | ocat ed bel ow t he plane of gravity Gn Specifically, the first
spring part S1 is conposed of a part of the first plate springs (11d, 11d)
whi ¢h is | ocated above the plane of gRlvity Gm and the suspension wires
9a, 9b, ang., the seqandopPiéay RAlckud? dsveedrasemaiidd 9h tdmeafn r st

pl ate springs (11d, 11d) which is |located bel ow the plane of gravity Gn
and the sesheflephalae SpréngdictifcellR)r ineentipetwden owheher ptamesptigeavity
Gn and the suspension wires 9b, 9b. In the present invention, the first
spring parpafit b#isthe fsprdngspeatdomrmidntheéSleemiidf esngrivdvy aosechad
spring constant S2c of the second spring part S2, for instance, by

changi ng thevablekneeckbonf itrhe thier she hgit setionet tplant e ofspthegsmétatlelld),

(11le, 11le).
section 1s made to be smaller than a second distance defined

between the second spring part and the center of gravity of

the movable section.

3. An optical pickup device as claimed in claim 1,
wherein the first spring constant of the first spring part

is made to be larger that the second spring constant of the

second spring part.



Specifically, the first spring constant Slc of the first spring part Sl
S made |arger than the second spring constant S2c of the second
spring part S2c in accordance wth a di'stance difference between the
di stances K1 and K2 as nentioned hereinafter. As shown in Fig. 7 (O,
assym ng that an external force f is added to the center of gravity G of
t he novabl e section 4 in a direction-ghown with an arrow froma side of
the” novabl e section 4, it is effectjpg8TRAcguppress the rolling
- -21-" of the novable section 4 to determne the first and second spring
constants Slc, % f q fﬁr v % second spring parts S1, S2 so that a
di spl acenent X ' ' part S1 is the sane as that of the
second spring Phiss $SBvensibnl apcevidadi t ann diptbwvedst apt&icaldepdrckuped by
the relation between nonents as foll ows: fl1 x k1 =1f2
x k2 .device capable of preventing a movable section provided with
an objective lens from rolling caused by external forces.
Upper and lower pairs of suspension wires are provided to
connect the movable section to a suspension base provided
on a base substrate to allow the movable section to be-
displaced 1in a direction of focusing direction of the
objective lens. The upper and lower pairs of suspension
wires are disposed unsymmetric with respect to a center of
gravity of the movable section in a height direction of the
movable section. The suspension base further comprises a
spring section for connécting one ends of the upper and
lower pairs of suspension wires. The spring section includes
a first spring part located higher than the center of the
gravity and a second spring part located lower than the
center of the gravity in the height direction. First spring
constant of the first spring pért is made to be different
from a second spring constant of the second spring part to

prevent the movable section from rolling.
(FIGURE 3)



Wherein f1 or f2 denotes a force conponent of the force f added to the
first "or second spring part S1 or S2. (f =f1 + f2) Furt her
formulas (2) and (3), each showing the relation between the displacenent X
and the force conponent f1 or f2 are obtained as foll ows:

fl1 =9Slc x X  ...... .. (2) f2 = S2c x X

..... e (3) From t he above fornulas (1), (2) and (3), aﬁgpigyla (4)
is obtained as foll ows: Slc/ S2¢c = k2/ k1l (Slc = Sc

(k2/kl)) ....... (4) As seen from the formula (4), wherein k2
> Kl as nentioned in the foregoing, it is possible to suppress the

100 104

104

: 101d
101 101¢

Fig. 1 PRIOR ART



-22- rolling of the novable section 4 in the direction showmn wth arrow R
agai nst ; an external force or acceleration by causing the first
spring constant Slc.of the first spring part Sl |larger than the second
spring constant S2c of the second spring part S2c in proportion to the

rati o of k2/kl. Thereby, an aberration of the objective lens 5 due to
an inclination thereof can be effectively prevented, resulti ngzﬁf?a
elimnation of tracking-off of the objective |ens 5. Furt her

possible to |locate the objective lens 5 close to the mrror Mthereunder
by providing the first and second spring parts Sl, S2 on the suspension
base 11A, resul g in a reduction the ckness of the optical pickup
1A Further, it is possible to@j@w de e first pI ate springs 11d,

11d to be unsymTetrl c with respect centfer 1] t hrough t he
center of gravity G of theélewmy ﬁ‘ Sect M q spective
spring constants of the fi |_ef@:anFdt t platd 1)9 gs 11d, 11d are

T
optionally changeabl e changJrg T hiC ses [thereof in the upper
and | ower directions ¥8 the plan Elroi_qdvi |04
. //
T | —108
X T~ 103c
106~ e ‘ —109a}
3 S 09
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101c 101 101d 102
Fig. 2(A) PRIOR ART
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Fig. 2(B) PRIOR ART



[ Second enbodi nment ] Fig. 8 (A) is a plan view of the second enbodi nent
of the optical pickup device; Fig. 8 (B) is a side viewof Fig. 8
(A, " Fig. 8 (O is a back view of Fig. 8 (A; Fig. 9(A) is a
perspective view of a suspension base shown in Figs. 8 (A to 8(0O;

- 23- Fig. 9 (B) is a plan viewof Fig. 9 (A; Fig. 9 (O is a back
view of Fig. 9 (A); Fig. 10 (A is a schenmatic side vi ewfoqﬁxgl ai ni ng
an operation of ;i\ suspensi on W t he siléls:pensi on base of {He Second
enbodi nent of th tical p ; ig. 10 (B) is a schenmatic
back view of Fig. 10 (A); a 10 C) is a schematic view for
explaining the Fig I &al pickup device 1B of a
second enbodi nent of




the present invention, a shape of a suspension base 11Bis partially
different fromthat of the suspension base 11A explained in the first
enbodi ment. Thus, the like parts are denoted with the |like reference
characters used in the first enbodinment and the detail ed description
thereof is omtted here for sinplicity, and new constructive conponents in
the second enbodi nent are denoted with new reference characters 1 As
shown in Figs. 9 (A to 9 (B) being enlarged, the suspension baéé f%B used
in the second enbodi nent conprises the rectangular base. 1la forned at a
center thereof, a pair of spring plates 11f, 11f provided at the left and
right sides of the rectaggular base 1la so as to be swingably displaced
in a tracking dirggtion tdirect&gns spown with arrows X) by their elastic
forces. The spri Ry platesj'11f, ©11f ok respectively divided into two
parts i.e., u [ pl ate §prin s 1 , 11f1 and | ower second plate
springs 11f2, t e [9f 3 in a height direction by thin
slits 11g, 1l1g nth _iop sGEfaces of the upper first plate
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-24- springs 11f1, 11f1, there are provided upper guide grooves 11f11 and
11f11 so that their bottoms are approximately flush with the bottons
of the fuide grooves 1llc, 1lc, and on the side surfaces of the upper first
pl ate springs 11f1, 11f1, there are provided notches 11f12, 11f12 so that
their bottons are approximately flush with the bottons of the upper guide
grooves 11f11 and 11f11. Simlar to the above, on the bott f the

| ower second plate springs 11f2, 11f2, there are provided | owe i de
grooves 11f21 and 11f21 so that their bottons are approximately flush
with the bottons of the guide grooves 1llc, 11c (not shown), and on the
side surfaces of the |lower second plate springs 11f2, 11f2, there are
provi ded notches 11f22, 11f22 so that their bottons are approximtely
flush with the bottons of the | ower guide grooves 11f21 and 11f 21.

And, one ends of the pair of upper suspension wires 9a, 9a are
respectively fixed in the pair of upper guide grooves 11f11, 11f11 and
distal ends thereof are pinched by the pair off upper notches 11f12, 11f12
and one ends of the pair of | ower—suspension & res 9b, 9b are respectively
fixed in the pair of |ower gui & &rooves 11f27 11f21 and di stal ends
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t hereof are pinched by the pair of |ower notches 11f22, 11f22. As
showmn in Figs. 9 (€ and 10 (C, a distance Kl defined from
bottons" of the upper guide grooves 11f11,- 11f11 and the upper notches

11f 12, 11f12 to the plane of gravity Gmnmentioned in the foregoing is nmade
shorter than a distance defined fromthe bottons of the | ower guide
grooves -25- 11f21, 11f21 and tég{lower

not ches 11f22, 11f22 to the plane of gravity Gn Thus, the distance Kl and
the distance K2 are nmde unsymetrical with respect to the plane of
gravity Gn As a result, the upper suspension wires 9a, 9a and the | ower
suspension wires 9b, 9b are nade unsymmetric with respect to the plane of
gravity Gmin the upper and | ower directions. In the second enbodi nent
as well, if the distance K2 is nade as small as the distance Kl so that
both the distance K1 and the distance K2 are symmetrical with respect to
the plane of gravity Gn a total distance K = K1 + K2 becones

-

1A

. Fig. 6(A)



much smaller. This small total distance causes the the suspension
wires 9 to unstably support the novable section 4, and a degradati on of

di nensi bnal precision of the optical pickup device 1A Accordi ngly,
in the second enbodi nent, the distance K1 and the distance K2 are nade
unsymmetrical with respect to the plane of gravity Gm by causing the

di stance k2 to be Ilarger than the distance K1, resulting in a i@pfée
support of the novable section 4 by the suspension wires 9 as I as the

first enmbodi nent. Next, the description is given of the operations of -
the suspension wires:9 supporting the novable section 4 and the '
suspensi on base 11B, referring to Figs. 9 (A to 10 (O. In the

second enbodinent as shown in Figs. 9(A to 10(C), in order to
conpensate the drawback of the unsynmetrical dfigposition of the suspension
wires 9 with respect to the plhte of graVifﬁﬂo t he novabl e section 4,
the plate spring section S ['\s /di vi dejigh i{nho ts, a

11ail

11et 11e 11d LTFJ 11d 11e 11e1

11e11 11e1 11d a Hi 11d 111 11el

Y ] Avea-
A K1 i ZEpIVENG By § IV R, __-......._A._-_ s_-_.-.Gm
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Y K2 y
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11621 1160 e e Lt U1e2t

Fig. 6(C)



-26- first spring part S1 |ocated above the plane of gravity Gm and a
second spring part S2 |ocated below the plane of gravity Gn
Specifitally, the first spring part S1 is conposed of a part of the first
pl ate springs (11f1, 11f1) which is |ocated above the plane Gmand the
suspension wres 9a, 9a, and the second spring part S2 is conposed a part
of the first plate springs (11f1, 11f1) which is | ocated below?iff1 pl ane
Gn and the second plate springs (11f2, 11f2) |ocated bel ow the glane Gm
and the suspension wires 9b, 9b. In the present invention, the first
spring part S1 has a firgd spring constant Slc different froma second
spring constant S2c o efond spring part S2, for instance, by
changi ng the thicknessges w first and second plate springs (11f1,
11f1), (11f2, 11f2). e cgfically, the first spring constant Slc of
the first spring p S made |arger than the second spring
constant S2c of the sec rong part S2c in accordance w th a distance
di fference between tRe ances Kléggg K2 as nentioned in the foregoing.

-

These facts can be ana manner as nentioned in the first
enbodi nent by using i1h (x\to (4). As aresult, it is possible
to suppress the roll

-
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of the novable section 4 in the directions shown with an arrow R agai nst
the external force or acceleration by causing the first spring constant.
Slc, of the first spring part Sl |larger than the second spring constant” S2c
of the second synthetic spring S2 as well as the first enbodi nent.
Specifically, this is realized by causing, for instance, _

-27- the spring constant of the first plate springs (11f1, 11f1)9/1 be

| arger than that of the second plate spring (11f2, 11f2) which 1s [ocated
bel ow the center of gravity Gas well as the first enbodi nent.

Thereby, an aberration of the objective lens 5 due to an inclination
thereof can be effectively prevented, resulting in an elimnation of
tracking-off of thg objecﬁEve leng 5. g Further, it is possible to |ocate
the objective lens®5 closg to ti® nmirfdr Mthereunder by providing the
first and secon pfings liil, ylfz t he suspensi on base 11B,

resulting in a et jon~ tnf PnE§<ness ot he opti cal
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pi ckup 1A ' -28- WHAT IS CLAIMED | S: 1
An optical pickup device for recording/reproducing a signal on/froma
track of a recording disc by using a |ight beam spot conpri sing: a
base substrate; a novabl e section for nounting an objective lens for
focusing the |ight beam spot on the track of the optical disc; a
suspensi on base fixed on the base substrate; and an upper Fq%f1 nd a

| ower pair of suspension wires for connecting the novable sectidn To the
suspensi on base in such a manner that -the novable section is
allowed to be displaced in a focusing direction of the objective |ens,
wherein the upper pair and | ower pair of suspension wres are disposed
unsymmetric with respective to a center of gravity of the novable section
in a height direction of

1B

Fig. 9(A)



t he novabl e section, and the suspension base further conprises a spring
section for connecting one ends of the upper pair and the |ower pair of
suspension wires, and the spring section conprises a first spring part
| ocat ed upper than the center of gravity of the novable section and a
second spring part |located |ower than the center of gravity thereof in the
hei ght direction of the novable section, and a first spring cdrbfhf of
the first spring part is made to be different froma second spring
constant of the second spring part to prevent the novable section from
rolling caused by an external force.
-29- 2. An optical pickup device as clained in claiml1l, wherein a
first distance defined between the first spring part of the spring section
and the center of gravity of the novable section in the height direction
of the novable section is de to be smaller than second di stance
defi ned

a
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Fig. 9(B)

1112 11{11 11? 11t11 1112
\ et e
g s & A o
K2 11g ) (C _ ~—11g
T AR L IS Hi

AR T

S0 )
11121 112 11f1 111 112 1121

Fig. 9(C)



bet ween the second spring part and the center of gravity of the novable
section. 3. An optical pickup device as clained in claim1,
wherei'n the first spring constant of the first spring part is made to be
| arger that the second spring constant of the second spring part.
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