CPTICAQ arCK-UP APPARATUS : - BACKGROUND .OF THE INVENTICN

The. present invention relates to an -optical pick-up 5 apparatus. More
specifically, this invention relates to -an optical pick-up apparatus
for recording/reproduci ng i.nformation onto/from an optical disk,
opt omagneti c di sk, et c. ‘A conventional optical plck up
~apparatus includes 10 an objective lens for focusing wite/read beans
onto an *  optical disk. The focused beami.s sent onto the surface

of the optical disk and noved into a tracklng dlrectlon of t he
optical disk. For this control, th LT provided in the
apparatus in a way that it is nova FQP ]%?Ei ggbgﬁﬁauﬁlrectlon or a
direction along the optical axis. of t he objectlve | ens. The-opti cal

| ens is al so novabl BACKGROUND 0 THACK{PENFEdECt i On orthogonal to the

f ocusi ng

| The present lnvention relates to an optical pick-up
5 apparatus More specifically, this invention relates to
an optical pick-up apparatus for recordxng/reproduc;ng
information onto/from an optzcal disk, optomagnetic disk,
etc.
| A conventional optical pick-up apparatus includes
10 an objective lens for focusing write/read beams onto an
optical disk. The focused beam is sent onto the surface
of the optical disk and moved into a tracking dirxection of
the optical disk, For this control, the objective lens is
provided in the apparatus in a way that it is movable in
15 2 focusing direction, or a direcfion along the optical axis
of the objective lens. The optical lens is also movable
in a tracking direction orthogonal to the focusing
direction.
There are several conventional ways of movably
20 carrying the objective lens in the optical pick-up
apparatus, such as a spring-type and reciprocating type
apparatus. Japanese Patent Laid-Open No. 63-104227
discloses an optical pick—ﬁp apparatus of four wire-type
of movably carrying the objective lens in the apparatus
25 which is advanced compared to those types.
Such an optical'pick-up apparatus of four wire-type
will be described with reference to Figs. 1 and 2.
In the figures, fired on a cylindrical movable
member ;_are_an objective lens 2 and a balancer 3 provided
30 SO as to balance the cbjective leans 2. The movable member
1 is carried between two pair of upper and lower wires 5.
Two wires of each pair cross each other and are placed in
the apparatus:as surrounded by four pillars 4. A focusing
 coil 6 is wound around an outer surface of the movable
35, .. member 1. Further ‘@ tracking coil 7 is wound around a
"ay pagt of the*foeusingwcoil &. The focusing and tracking




directi,on. - There are several conventional Ways' of novably 20

cakrying the objective lens in the optical pick-up : appar at us,
such as a spring-type and reciprocating type = apparatus.  Japanese
Patent Laid-Open No. 63-104227 - di scl oses an optical pick-up
apparatus of four wre-type of movably carrying the objective lens in
t he apparatus 25 which is advanced conpared to those types.
Such an optical pick-up apparatus of four mnrg type . will be described
with reference to Figs.” 1 and 2. 'n the figures, fixed on a
cylindrical novabl e % and a b ancer. 3
provided 30 - so. agcc{lolsbaelrrg%eet ct| egﬁgﬁsﬁzm?‘l%:gﬁﬁ) Rbefz-
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Ut er surface of AR memyer 5 CkEth vord W ia<” rdled 13t 7 moamet
wound around aSpart!®f the focusing. COI| 6. The focusi ng and tracking

Control of currents passing through the coils 6 and
7 causes interaction of magnetic flux generated by these
coils and 'magnet 10. This interaction moves the objective
lens 2 in the focusing direction (up and down d:.ractions.

10 in Fig. 1) and the tracking diraection.

An optical pick-up apparatus requires several fine
characteristics to access an optical disk by wmoving an
objective lens. Such characteristics are access stability
of the objective lens movably supported by wire springs,

15 dynamic balance, shock dumping, wire elasticity, sezvo .
accuracy, etc.

| Several Japanese Patents or Utility Models disclose

‘optical pick-up apparatuses with better characteristics,
such as dynamic balance and shock dumping. | Among them are:

20 Japanese Utility Model Laid-Open No. 3-14721 (four spring
members fixed on a balancer and an objective lens facing
the balancer via magnet), Japanese Patent Laid-Open No. 2-
232824 (jelly dumping material provided at a part holding
a pin for supporting a lens holder), Japanese Patent Laid-

25 Open No. 3-54736 (silicon rubber filled in a hole of a
fixed plate) and Japanese Patent Laid-Open No. 3-212826 (a
dumpex case with silicon rubber suspended by a wire).

Further, there are Japanese Patents or Utility
Models of optical pick-up apparatuses with uniquely shaped

30 wires or uniquely suspended wires against resonant
fregquencies. Among them are: besides Japanese Utility
Model Laid-Open No. 3-14721, Japanese Patent Laid-Open No.
60-197942 (V-shaped wires), Japanese Patent Laid-Open No.
62-137732 (wires crossing each other), Japanese Patent

35 Laid-Open No. 63-119029 (wires twisted togetherx), Japanesge

" patent Laid-Open No. 63-27118 (wires like a hollow pipe)
and Japanese Patent Laid-Open No. 1-243246 (an H-shaped



.-

= 2- : coils 6 and 7 generate magnetic flux crossing each other.

A'pair of yokes 8 are provided outside the coils 6 and 7. A pair of
yokes 9 are inserted into slots formed in the = novable nenber 1. Each
yoke 8 is provided with a magnet 5 10. o _ Control of currents
passi ng through the coils 6 and 7 causes interaction of magnetic flux
generated by these coils and nagnet 10. This interaction noves the
obj ective . lens 2 in the focusing direct&on (up.and down directions 10
in Fig. 1) and the tracking direction.. = An optical pick-up

apparat us requires ﬁ%@gﬁiam&a@fm c&gj ag&gﬁiﬂirfgsaaeoe&&&% 89-80L1 53¢

di sk by noving an ] ectlve lens§. C aracter|stics are access :
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dynam c bal ance, Opeek NGUM3-185396" @4 ethodes idry optdemlo pick-upCapp8sdtus
etc. C SRvwd fiéRi‘fE}ﬁégpf Gt %oQEaUE&' ﬁtylm%ekﬁrggsghg§§st a
opti cal plck-ug appar at Usés _w et ter charact eristics, Such-as
dynanm c bal anc@ ande8SeRtdERPEWRCYnDNg them are: .20  Japanese Utility
Model Laid-Open No. 3-1472%héfopiticdl ipigk-up appabetssdd 19t apbabanges

and an objective | ens.,facl h al ancer via magnet), Japanese Patent
Lai d- Open No. 2- SU%ng%ggga }‘Fél?%/ %’l}ﬁﬁwﬁg mat eri al provided at a part

hol di ng a pin for supBbetdvmping aechaoigar providet ere aP£lsdng vegbers
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and Japanese ]I?St entme'&%a%lgﬁenrel\&odir?’e_sz1a28%6al(a%ce.r but with difficulty in
adjustment. Provision of a balancer on a location
separated from a movable member or in a dumper case also
séparated therefrom exhibits low balancing effect and
causes low productivity.

15 The wire suspension mechanism cannot control
occurrence of free oscillation at the natural frequency ox
controls it only in a narrow range. Further, this

mechanism has a difficulty in exhibiting different resonant
- frequencies in focusing and tracking. ,

20 _ Usage of wires, such as wires like a hollow pipe,
increases production cost. The H-shaped wire holding
member of Japanese Patent Laid-Open No. 1-243246 which may
have a thin member provided close to the wire holding
member causes low productivity.  Further, this holding

25 membex controls resonant (ox natural) frequency only in a
very narrow range. Because one end of the holding member
is fixed close to an objective lens. Further, the wires
are pfovided parallel to each other. '

Provision of a flexible printed board for holding
30 wires hds a difficulty in wire attachment to the printed
board. For example, vertical attachment of suspended wires
 onto the printed board requires the operations: drilling
small holes in the printed board and inserting the wires
into the holes. The difficulty lies insertion of the same

33 length wires at the same time or in order. This causes low
operationability and hence increases production cost. This
goes against a strong demand for lower production cost in



dunper case wi'th SI|ICOﬂ r ubber suspended by a wire). | Furt her,

there "are Japanese Patents or Utility ~ Model s of optlcal pi ck-.up o
appar atuses with uniquely shaped 30 wres. or uniquely suspended - wires -’
agai nst resonant frequencies. Anobng them are: besi des Japanese

Uility Model Laid-open No. 3-14721, Japanese Patent Lai d-Open No.

60- 197942 (V-shaped wi res), Japanese Patent Lai d- Open No. 62- 1_37732

(Wi res crossing each other), Japanese Patent 35 Lai d- Open No. 63-119029

(W res tw sted together), Japanese Pat ent” Lai d- Open No. 63-27118
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frequency.

5 optical pick-up apparatus has such configuration that a
supporting member made of wire is fixed on a specific
location and a dumper block is placed close to the

. supporting wmember. The apparatus has better dynamic
balance, shorter access settling time and higher dumping

10 effect. The access settling time is a period of time in

' which the vibration of an objective lens caused by lateral
gravitational acceleration generated when the objective
lens is moved in the tracking direction attenuates a
specific level.

15 High-speed reproduction has been achieved with the
improvement of a recording medium, such as CD-ROM, a
reproducing apparatus, etc. The higher the reproduction
speed, the higher the operation frequency in focusing and
tracking. It has been revealed in the iaventors'

20  conventional apparatus that as shown in Fig. 3 resonance
Rl occurs at a high frequency. While this apparatus
exhibits preferable frequency characteristics in low and
intermediate frequency bands. at which the apparatus is
usually operated. This makes longer the access settling

25 time in a high frequency band.

SUMMARY OF THE INVENTION

A purpose of the present invention is to provide an

optical pick-up apparatus with restriction on occurrence
30 of resomahce in a high frequency band.

Another purpose of the present invention is to
provide an optical pick-up apparatus with better fraguency
characteristics in an intermediate frequency band.

In oxder to solve the problems, the present

35 invention provides an optical pick-up apparatus comprising:
an objective lens for focusing read/write beams onto a
specific position on an optical disk: a movable member on




The op,'t'i cal pick-up appar at uses Iis.fed above have. = . such drawbacks as -

foll ows: - . The dunping mechani sm provi ded on a fixing nenber

wi th V-shaped wires exhibits | ow dunping effect. This 10 mechani sm N
requires a bal ancer but with difficulty in adj ust nment . Provi.si on of
a balancer on a location separated from a.novabl e nmenber or in a
dunper case al so separated therefromexhibits |ow balancing effect
and causes | ow productivity. 15 -The wire suspension

mechani sm cannot control occurrence of 3free oscillation at the
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the sanme and a protruding member formed in the container by which
the elastic member 1is subjected to a predetermined

thickness.
15 The elastic modulus of the elastic member may range

from 0.5 to 5 kg/cmz. The thickness of the elastic member
may range from 0.05 to 0.2 mm., The elastic member is made
of material including epoxy resin adhesive, urethane
adhesive, or silicon adhesive.

20 ' Further, the present invention provides an optical
pick-up apparatus comprising: an objective lens for
focusing read/write beams onto a specific position on an
optical disk; a movable member on which the objective lens
is mounted; means for moving the movable member to move the

25 objective lens in a direction of the optical axis of the
objective lens and another direction perpendicular to the
optical axis direction; a balance weight mount provided on
the movable member so as to face the objective lens; and
an elastic member for connecting the balance weight and the

30 mount. ';‘The elastic member may be made. of material
including silicon adhesive.

Further, the present invention provide an optical
pick-up apparatus comprising: an objective lens for
focusing read/write beams onto a specific position on an

35 optical disk: a movable member on which the cbjective lens
is mounted; a holding member for swingably holding the



35 length wires at the same time or in order. This causes |ow

oper at’i-onabi l ity and hence increases productjon cost. This goes

agai nst a strong denmand for |ower production cost in . o

-4- the pick-up industry with intense cost conpetition.

The inventors of the present invention have - disclosed an optical

pi ck-up apparatus in Japanese Patent Application No. 6-34119 to solve

those problens. The 5 optical pick-up apgaratus has such configuration
~that a - supporting menber nmade of wire is Tixed on a specific

| ocation and a dump@fyahackmdndel! %Qecﬁ\{égn%zeoﬁ Osidffension SHIRY; '%% -

The apparatus has better g¥nan1c. nce, shorter aqcess'set g
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in the tracking direction attenuates .
direction; and a dumper provided close to the suspension

wires, for preventing vibration of the fixed member from
occurrence while operation in the optical axis direction
and the other direction. The dumper may be made of
material including silicon rubber. |
10
BRIEF DESCRIPTION OF THE DRAWINGS
' Fig. 1 is an exploded view of a conventional
optical pick-up apparatus; '
Fig. 2 is a top view of the conventional apparatus
15 shown in Fig. 1;

Fig. 3 is'_ a graph representing the amplitude-
frequency characteristics of another conventional optical
pick-up apparatus disclosad by the inventor of the present
invention;

20 ' Fig. 4 is a perspective view of suspension base
attachment of the first praferred embodiment of an optical
pick~up apparatus according to the present invention:

Fig. 5 is a top view of the first preferred
embodimant; _

25 Fig. 6 is a schematic front view of the apparatus
shown in Fig. 4: _

Fig. 7 is a fragmentéry sectional view of the major
portions of the apparatus shown in Fig. S;

Fig. 8 is a fragmentary enlarged view of the view

30 shown in Fig. 7:

| Fig. 9 shows a modification of the major portions
shown in Fig. 7; :

Fig. 10 is a graph representing the amplitude-
frequency characteristics of the first preferred

35  embodiment: o

Fig. 11 is an eﬁlarged top view of major portions

of the second preferred embodiment' of an optical pick-up



~specific level. 15 o ngh speed reproductlon has been achieved with,

t he | nprovenent of -a recordi ng nmedium such as CD-ROM a

reproduci ng apparatus, etc. The higher the reproduction speed, the

hi gher the operation frequency in focusing and tracki ng. It has

been. revealed in the inventors' 20 ' conventional apparatus that as -
shown in Fig. 3 resonance Rl occurs at a high frequency. While this

appar at us exhi bits preferable frequency gharacteristics in |ow and

i nternedi ate frequency bands at which the apparatus is usual I'y

operated. This mak - S | a high :
frequency band. %PE‘QQQWW%P@W%& mtde%iog "A purpose of
‘the present invention is tBiprod d& ansectiompl ivkaw sifcithgpvipparbeng wie h

_restriction on occuipenge~38 mqu_g“ egqnrance in a high frequency band.

Anot her purpose of the pr }'t_sggt \égntlon | S

L Viyde an.o '
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i nternmedi at e fPequdmcFiBand2: In order to sol ve t he probl ens,
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conpri si ng: : ct| l.ens f.or focusi re beans onf
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" of a conventional apparatus; _
Figs. 1l5A and 15B are graphs representing the
10 - output- and phase-frequency characteristics, respectively,
of the second praferred embodiment; _

Fig. 16 is an enlarged top view of major portions
of the third preferred embodiment of an optical pick-up
apparatus according to the presé.nt invention;

15 Fig. 17 shows a modification of the container shown
in Fig. 16;

Figs. 18A and 188 are graphs representing another
ocutput- and phase-frequency characteristics, respectively,
of the conventional apparatus; and

20 Figs. 19A and 19B are gralphs representing the
cutput- and phase-frequency characteristics, respectively,
of the third prefexred embodiment.

s, respect:.vely,

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS
25 Prafarred embodiments of the present invention will
be described with reference to the attached drawings.
As shown in Fig. 4, an optical pick-up apparatus as
the first preferred embodiment includes a fixed base plate
11 with a range 12 that stands out from an edge of the’
30 base plate 11. A suspension base 14 is attached to the
range 12 at the center inner surface of the suspeasion base
14. A fixing plate 13 is further attached to the
suspension base 14. The fixing plate 13 and the suspension
base 14 are fixed to the range 12 by a screw 22 with a
35 = washer W. The range 12 and fixing plate 13 consist of a
 fixing member 15.
The suspension base 14 has empty spaces 17a and 17b B




whi ch the objectlve Tens is nmount ed; rneans for nDVing'fHe - novabl e

mermber to nove the objective lens in a direction: * of the optical axis
of the objective |l ens and anot her direction perpendicular to the
optical axis direction; and 5 - -an el astic nenber’ for connecting the
objective lens and the -~ novabl e nenber. The optical .

pi ck-up apparatus may further conprise:. a contai ner provided on the
novabl e menber for containing t he elastlg menber and'the objective "

lens in a way that the 10 elastic menber iS“Contained on the bottom of

the container  — andidif, O 9aLva.| CUhd Sub8aLedon Lhe LANA CUSHET

and a protruding menper forned i cont ai
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Further, the presedespaétavedy RLOVES6Si @) dUNperd 18a and 18b made of gel
or rubber stable against temperature fluctuation. High
dumping effact can be achieved by connecting the fixing
plate 13 and suspension base 14 through the dumpéfs 18a and

10 18b. _
Suspension wires 20a and 20b (totally four wires
not shown though) are fixed on the fixing plate 13 as shown
Fig. 5. One pair of the upper wire 20a and a lower wire
20c are laterally extended to hold a moving member 40 at
15 ends of the wireg as shown in Fig. 6. The moving membexr
40 1is held by the flexible four suspension wires and can
be moved by a slight force given at the ends of the wires.
The wires 20a and 20b are provided to shape a capital
letter "V" towards the fixing plate 13 as shown in Fig. 5.

20 The suspension base 14 and moving member 40 have grooves
21a and 21b through which the wires 2la and 21b pass,
respactively.

The moving meﬁber 40 has, as shown in Fig. S, a
lens holder 24 for holding the objective lens 23. Further,
25 the moving member 40 has a holder plate 25 made of a
printed board, for example, to which the ends of the wires
20a and 20b are connected at the positions close to the
centexr of the holder plate 25. These positions are located
SO as to face the objective lens 23 over the imaginary
30 wire-crossing point O on the moving member 40. The point
O is the point at which the upper wires 20a and 20b (and

the lower wires) cross each other when extended.
A pair of ring focusing coils 26a and 26b are
- provided symmetrically with the point O as the center on
35 an imaginary line on the lens holder 24. The imaginary
line is so placed that it is perpendicular to another
imaginary line passing thrOugh the objective lens 23, the



pi ck-yp apparatus conpri sing: an objective lens for . focusing .

read/ wite beams onto a specific position on an optical disk; a -
novabl e menber on which the objective | ens i s mount ed; neans for
novi ng the novabl e nenber to nove the 25 . objective lens in a direction of
the optical axis of the - obj ective.lens and another direction
“perpendi cul ar to the optical axis direction; a balance wei ght nount..
provi ded on t he novabl e menber so as to,face the objective |lens; and
an el astic menber for connecting the bal ance wei ght and the 30 - mount.

The elastic menberpdiy; BF afRdene Wil biate 13. Al REEBALAG it o]

adhesi ve. : _ ﬁgrther, t he §resent i nvention provide an Optica
pi ck-up appar at us TSI AP % SEPELERY 2T ctRe rrRsPective, gidenfaces of
read/ wite beans othe facusecgflcellxoibhi and @éan Beo padpts 08l yskak 28a and
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menber for swi ngably 'ho |ng the -

-6- 5 yoke pair is provided such that the yokes stand inside and
outside of the ring focusing coll so as to have the
focusing and'tracking coils placed thefebetween. The yokes
28a and 28c are provided with magnets 29a and 29b,
regpectively.

10 In this configuration, control of a current flowing
through the focusing coils moves the lens holder 24 in the
direction depicted by the arrow X in Fig. 6, due to
magnetic flux interaction. The direction X is the focusing
direction, or the optical axis direction of the objective

15 leng 23. Further, control of a current flowing through the
tracking coils moves the lens holder 24 in the direction
depicted by the arrow Y in Fig. 5. The direction Y is the
tracking direction perpendicular to the focusing direction
X of the optical disk D. '

20 A portion 30 on the moving member 40 as shown in
Fig. § functions a dumper block. The portion 30 and the
objective lens 23 are separated from the point O by the
same distance. The grooves 2la and 21b are formed to carry
the respective suspension wires 20a and 20b placed therein

25 80 as to avoid interference with the dumper block 30. A
subsidiary balancer 31 of mass-adjusted is provided in the
center of the dumper block 30 to keep right and left mass
balance in Fig. 5. As shown in Fig. 6, turning a bar screw
32 slides the fixing member 1§ in its longitudinal

30 direction, or the radius direction the disk D.

The apparatus of the first preferred ambodiment
employs a unique corxfiguration for containing the objectiva
lens 23 to restrict occurrence of rasonance in a high
frequency band. As shown in Figs. 7 and 8, a concave lens

35 container 34 is formed in a fixing section 33 of the lens
holdexr 24 to hold the objective lens 23, The lens
containex 34 has a through hole 35 at its center that goes



novabl e menber by neans of suspension wires; means for nbving t he

nevabl e menber to nove the objective lens in a - direction of the
optical axis of the objective |lens and anot her direction
perpendicular to ‘the optical -axis.'5 direction; and a dunper prOV|ded
cl ose to the suspension - wires, for preventing vibration of ‘the fixed
menber from occurrence while operation in the optical axis direction
and the other direction. - The dunper nmay be_nmde of . mat eri al

i ncluding silicon rubber. . BRIEF DESC& PTI ON OF THE DRAMVNGS
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substance with an adequate elastic modulus, such as epoxy
resin. The elastic layer 37 of such an adhesive restricts
occurrence of resonance in a high frequency band.

The elastic modulus for restricting the occurrence

of such resonance preferably ranges from 0.5 to 5 kg/cm.
15 For further restriction on the resonance, it is preferable
' to have the elastic layer 37 with thickness ranging from
0.05 to 0.2mm. This thickness (height) can be the same
height L1 of the boss 36 on the bottom of the lens
. containexr 34 by pressing the objective lens 23 downwardly
20 when fixing the lens 23 in the container 34. A desired
thickness of the elastic member layer 37 can be obtained
by having the boss 36 with ean adequate thickness Ll. .
When fixing the objective lens 23, an excess of the
epoxy resin adhesive is not flown into fixing section 33.
25 An accurate thickness of the elastic layer 37 thus can be
obtained. The boss 36 can be obtained by molding. The
elastic layer 37 can be made of 2n urethane adhesive, 2
silicon adhesive, etc., besides the epoxy resin adhesive.
When the elastic layer 37 is not required to be so
30 accuratéhin thickness, a lens container 34a without a boss
may be formed as shown in Fig. 9. In this case, an epoxy
~ resin adhesive is applied in the bottom of the container
34a or on the lower surface of the objective lens 23 to

have the elastic layer 37.
35 When the optical pick-up apparatus as configured
above operates, the lens holder 24 moves in the focusing



30 shown in Fig. 7; - Fig..é shews a nodification -of the maj or

pertions shown in Fig. 7; S Fig. 10 is a graph
representing the anplitude- frequency characteristics . of -the -
first preferred 35 enbodi nment ; ' Fig. ‘11 is an enl ar ged top
~view.of major portions of the second preferred enbodi nent of .an
optical pick-up ' -7-

apparatus according to the present |nvent|on : Fig. 12 is a
sectional view of the view along the |TA&"A - Ain Fig. 11;

Fig. 13 shows a m@bﬁt&é&lo&fﬁ ) laha E%&ki’ﬁ? cﬁ%@ﬁi@ns 'tB EbSe%ézthe disk

Figs. 14A and 14B_are aphs representi ut
phase-frequency ch®r acTrg# Jqtign *%s’ﬁeé’ﬁsgeﬁe to cu"iﬁe“&scﬁﬁé*ﬁq drfyough

appar at us; - the focussing and tracking  coils. - In this access
- - operation, an excess of rotation can be greatly restricted
5§ = by means of the dumper block 30'.and the subsidiary balancer
31 that keep mass balance in right and left in Fig. 5.
This.improveé dynamic balance in both the focusing (optical
axis) and tracking directions and shortens the access
settling time. Furxther, connection of the fixing plate 13
10 and suspension base 14 via the dumpers 18a and 18b
restricts resonance while operating to greatly achieve high
dumping effect.

In the first preferred embodiment, the objective
lens 23 is attached to the lens holder 24 via the elastic

15 layer 37 made of epoxy resin exhibiting dumping effect in
a high frequency band. This arrangement restricts
occurrence of resonance when accessing in -the high
frequency band to control quality factors (Q-factor) of
electric components used in the optical pick-up apparatus.

20 Provision of the boss 36 on the bottom of the lens
container 34 provides the elastic layer 37 with an
accurate and adequate thickness L1l to greatly restrict the
resonance.

Figure 10 shows the amplitude-£frequency

25 characteristics (solid line) of the first embodiment. In
a conventional apparatus, a resonance peak Rl (dot line in
Fig. 10) occurs in a high frequency band. Contrast to
this, the first embodiment provides the elastic layexr 37
that cancels such a resonance peak to have the gentle'

30 .characteristics curve (solid line) as shown.

The elastic layer 37 can be a thin disk elastic
layer made of rubber, resin, etc., besides the adhesive
explained above. Such a disk elastic layer can be provided
at the lower part of the objective lens or the bottom of

35 the lens container.

Next, the second preferred embodiment which will be

explained below provides a balance weight elastically fixed



'Figs. 15A and 15B are graphs representing the 10  output- and phase-

f requency. characteristics, respectively, of the second preferred

enbodi ment; Fig. 16 is an enlarged top view of major portions
appar at us
according to the present invention; 15 Fig. 17 shows a

. of the third preferred enbodi nent of an optical pick-up

nodi fi cati on of the container shown . in Fig. 16;

Figs. 18A

and 18B are graphs representing another Qut put - and phase-frequency

characteristics, respectively, of the correnti onal
Figs. 19A and 19B are graphs.representing the
phase- frequency character OSVﬁbé'?, “Pe é:CI?

appar at us;

and 20

Qe Irf,s trigtogx%é)stth?ént%%? r jd“ p Pef lé-}qtéd

enbodi nent . fyepNenEy DRSTRI 'MB@BW@RMREDLEI\MW $ngtead of
Preferred enbodi Menire @flakhecPiesentod RHANE: @Bt Wehbodinent D described with

reference to the attached h

ra S. As shown {n . Fig. 4, an
optical pick-up apparatus gg "thd PERORY r FNRCHER e Enbgaﬂﬁﬁg? i Keighks
a fixed base pPat e containgt Wbt hsaprewiyed At hdie sdgedofoat mprablanmenlyer of

the 30 base plat g ldaciny SHUSPEOSIP MARRE: 175 | Sast ERGHCA1ROFERE 11, »

range 12 at the center |nneréﬁuface of the suigenm

fixing plate

13 i SONTRVENLF

b J14. A
Tinec; Ly the, BpRance veloBi Sonte it #EEh iAo

fixing plate 13 anddtteomespshswanin Fig. btse Furtherf,i tbd balaheerwaight 2

by a screw 22 with

consi st of a

15

20

25
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35
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in Fig. 11, the container 45 is provided with four spacers
46 close to its corners. The spacers are actually provided-
in the bottom 45A of the balance weight container 45 as
shown in Fig. 12. Each spacer has a2 tiny area and is very
thin, such as 50 pm. _

' A trapezoidal balance weight 47 is placed over the
four spacers 46. The balance Qeight 47 is a bit smaller
than the bottom of the container 45A in area and weighs
about 100 mg. The balance weight 47 is so placed in the
concave that it does not touch the inner side faces of the
container 45.

As shown in Fig. 12, there is a space between the
lower surface of the balance weight 47 and the bottom 45A.
Tha space is filled with an elastic connector 48 made of
silicon adhesive to elastically fix the balance weight 47.
This is the same situation as the case in which the balance
weight 47 is placed on a thin elastic layer.

In stead of the elastic connector 48, elastic
connectors 48a and 48b, as shown in Fig. 13, can be
inserted between the balance weight 47 and the inner side
faces of the container 45 to elastically fix the weight 47.

As described above, the balance weight 47 is so
fixed in the container 45 via the elastic connector 48 (or
the connectors 48a and 48b) that the weight 47 is slightly
attached to the spacers 46. These arrangements can greatly
restrict occurrence of resonance, particularly in a high
frequency band, while the optical pick-up apparatus is
operating. This makes possible high-speed access to an



‘The suspension base 14 has enpty spaces. 17a and 17b - as
shown in Fig. 5. The enpty spaces are forned at the edge of the
suspensi on base 14 connected to the fixing plate 13 except at the . .
middl e portion of the edge. - - Further, the enpty spaces 17a and 17b are
slightly distant 5 from the fixing plate 13. The enpty spaces
are respectively filled wth dunpers 18a and | 8b nade of gel or

rubber stabl e agai nst tenperature fluctuatlogi Hi gh dunpi ng effect
can be achi eved by connecting the fixing %ﬂaie 13 and suspensi on base

14 through the dunpgpeidsia sang.10 18b. Suspensi on wires 20a
and 20b (totally four mnre not shown though) are fixed on the fixing

plate 13 as shown §“§h EREOBRCE BRSTHE UFPep L ipot vidd mexalhined
wire 20c are |wtth a-‘lelfyrent'.emted'ige hpial o WBBL NFIgRTbear 4hadiz4E5show

ends of the wires a@héhOV“}‘z‘e'&u'éhQ:y—guthQe m)é/ﬂ&'g MeRer frequency-phase
s characteristics, respectively, in the focusing direction
in the conventiocnal apparatus (Japanese Patent Application
No. 6-34119). Figs. 15A and 158 show the freque.ncy-butpuﬁ
and the frequency-phase_characteristibs, respectively, in
the second preferred embodiment. |
10 In the conventional apparatus, the frequency-cutput
characteristics gets worse in the high frequency band |
because the resonance Pl appears around 13kHz as shown in
Fig. 14A. Further, the phase curve steeply varies around
13kHz as shown in Fig. 14B to get worse in the high
15 frequency band.
Contrary to this, the second embodiment does not
exhibit such rescnance around 13kHz &s shown in Fig. 15aA.
This greatly improve the frequency-output characteristics
in the high frequency band. This improvement is also shown
20  in Fig. 1SB. |
As shown in Figs. 12 and 13, the balance weight
container 45 and the spacers 46 are provided as different
- parts in the second embodiment. The spacers 46 may ba
molded on the bottom of the container 45 when molding the
25 movable member 40 with material, such as carbonate. The
balance weight 47 is fixed in the conteiner 45 via the
spacers 46. This stabilizes the balance weight 47 in the
container 45, The spacers 46 further may be shaped as it
has a curved top, like a boss. This makes smaller the
30 lower sur'face area of the balance weight 47 to touch the
spacers 46. The balance weight 47 further may be molded
with the spacers 46 as protrusions from the lower surface
of the weight 47.
As described above, what ig required in the éecond
35 embodiment is that the balance weight 47 is partially fixed
in the container 45 with the elastic connector 48 and via
the spacers 46. Suppose that the balance weight 47 is



40 is held by the flexible four suspensron ‘wires. and can be noved by a

sklght force given at the ends of the wires. .The wires 20a and 20b are
provi ded to shape a capit al letter "V' towards the fixing plate 13 as
shown in Fig. 5. 20 “The suspension base 14 and novi hg nenber 40 have

"~ grooves 21a and 21b through which the wires 2l1a and 21b pass
respectively. : ‘The novi ng nmenber 40 has, as shown in Fig. 5, a
I'ens holder 24 for holding the objective |ens,23. Further 25 the noving
nenber 40 has a hol der plate 25 made of a . printed board for- exanpl e,

to which the ends @fireke1y 4@%ached tg%é‘BQtQQQ ¥ %h&oé'&}%éﬁﬁ@hst@:@thout
positions close to e hol der- é 25. Th se positio

he
are | ocated 8:th sspﬁc?rﬁc‘gé‘t hé“?‘&ﬁj EFF%%S?%n oK PEr st’ﬁ S 10: V0| 1 )
Wi re-crossi ng poi ntthe omeigre ¥ i agd mbaebee 4Anffithenpoidumping dEfiectt hﬁbr

poi nt at which thex%%&%&c%&ﬁssrégﬁh&HMQ %QRné@”g? xpadtdy | over wires) cross

each ot her when extende rlng focusi ng. coils 26a

and 26b are 3 provi ded THemeLreEarngd vﬁ%“f’hep’fﬁﬁweg R mentee rags
35 an imginary lespectallpefdeneswlideingdthe Muturmegiceany resonande® irb

e A s theP HUBR G e o] B! "Yhe thir"BALBALNeAE "Fe P40

through the obj ective
in addition to that, for restricting the occurrence of_

_ ‘resonance in an intermediate frequency band. This is
10 achieved by improvement of providing a dumper between a
fixing plate and a suspenéion base. _
The third préferred embodiment according to the
present invention will be explained with reference to Figs.
16 to 19B, '
15 As shown in Fig. 16. a suspension base 14 is fixed
between a attaching plate 12 and a fixing plate 13 through
a screw 22 at the center of the base 1l4. The suspension
base 14 is so shaped that it is extended right and left (up
and down directions in the figure). The base 14 is further
20 shaped to have arms 14a and 14b separated f£rom each other
by a distance slightly more than the distance between arms
of the fixing plate 13. The fixing plate 13 is roughly
squared at its both ends to which adhered are ends of
suspension wiregs 20a and 20b. The wires 20a and 20b hold
25 a movable member 40 so that it can swing. |
Each of the arms 14a and 14b is formed a sguare
container 50 at its end. The container 50 encloses one of
the square ends of the fixing plate 13 in at least two.
directions. One direction is that the movable member 40
30 is located in this direction (right and left in Fig. 16).
The other direction is orthogonal to the former diraection.
The suspension base 14 and the fixing plate 13 are
so arranged that the inner square faces of each container
50 and the square faces of one end of the plate 13 are
35 separated by a distance L4, such as 0.3 mm. Inserted into
spaces therebetween are elastic and sticky two dumper pairs
‘made of substance, such as silicon rubber.  Each pair has



© point. O and the fixi ng pl ate 13. A pair b‘f' tracking coils 27a and 27b

are provided at the respective side faces of - the focusing coils 26a.
and 26b. Two pairs of yokes 28a and . 28b, and 28c -and 28d stand from -
the base plate 11. Each 5 yoke pair is provided such that the yokes stand
I nsi de and outside of the ring focusing coil so as to have the
focusing and tracking coils placed therebetween. -The yokes - 28a and 28c
.are provided with nagnets 29a and 29D, _ %espectively. 10 In
this configuration, control of a current fLo&nﬁg t hrough the focusing
coils noves the | epgmbgbdes;24add e direction depicted by the arrow
Xin Fig. 6, due to nmagneti c ux interaction. The direction X is the

focusing direction, ofSt#ROUbtIR FitxiL0di Pt | HHRAT tHeR o etesaied s
lens 23. Further, betweeh theastdar tate fbPVeach t Eomtgindthe50 and tae kdfgs
coils noves the 1le olL.deL .24 1n tr I Lect] epi by. t he_ arrow
Yin Fig. 5 The di.rll%gtgi %g éﬂ%sexﬁlé?éq%hg F’r"g%é?;%la@ﬁer é.%t'i o‘rii‘i\%g?p%ﬁ c{ﬂ%ﬁsto
the focusing. %ired@rFEneach othex imghgpeizertipniofihtheomovable member 40

portion I30 En tﬂe eighg mru@rfﬂﬂrﬁa@aeslﬁwrém. _zachraﬁnp‘&: fsaBclEoNscated
et e ook o ol ey’ dFinagonaS LSS o) 808 100 ' An3 RILALY
forned to carry 3la dump the compressing force (or vibration) applied in

the direction of the movable member 40. While, the dumpers

10 Slb dump the twisting force, or shearing force applied to
the fixing plate 13 and the suspension base 14. By the
dumpers 5la - and 51b, the occurrence of resonance
particularly in an intermediate frequency band is greatly
rastricted. This makes possible high-speed access to the

15 optical disk. Further, the £ixing plate 13 and the
suspension base 14 are well fixed to each other by the
dumpers 51a and $lb. One pair of dumpers 5la and 51b are
not necessarily to be séparated. They may be formed in one
dumper like the dumper 18a or 18b as shown in Fig. 5. This

20 arrangement also well restricts the occurrence of resonance
in the intermediate frequency band.

Such resonance restriction effect will be explained
with reference to Figs. 18A to 198. Figs. 18A and 18B show
the frequency-output and the frequency-phase

25 characteristics, respectively, in the tracking direction
in the conventional apparatus (Japanese Patent Application
No. 6-34119). Figs. 19A and 19B show the frequency-output
and the frequency-phase characteristics, respectively, in
the third preferred embodiment.

30 'In the conventional apparatus, the frequency-output
characteristics gets worse in the intermediate fregquency
band because resonance appears three times at points P2 at
frequencias of 220 to 1000 kHz as shown in Fig. 18A,
Further, the phase curve steeply varies at three points P3

35 as shown in Fig. 18B to get worse in the intermediate
frequency band.

Contrary to this, the third embodiment doas not



t he respectlve suspen5|on wires 20a and 20b p1aced therein 25 So as to
avoid interference with the dunper.block 30. A - subsidiary. bal ancer 31
of mass-adjusted is provided inthe = : center of the dunper bl ock 30 to
keep right and | eft nass bal ance in Fig. 5. As shown in Fig. 6,

turning a bar screw - 32 slides the fixing nenber- 15 in its |ongitudinal
30 direction or the radius direction the disk D. ' The
apparatus of the first preferred enbodi nent 16 enpl oys a uni que
configuration for containing the objective ~*° lens 23 to restrict.

occur rence of T esongagin ik Bisonance [{EMRN SR8 SEOS0 | Py FigSy 7

and 8, a concave |ens cont al ner- 34 ie- f I Ng sectron

the | ens hol d&iz a3 showplia FAG. AfPect Fustherns there igimnlypse phase

C(igt ai ner 3t4hhas ﬁ\éﬂl@&'&nhaltea%ﬁt iHaS wa @Rt 86 %ﬁ@ér gﬁﬁ&ac'itzons as shown

-10- roug 0 e r-ou ed rever

conical at its uppé?‘e rngnb3§s %%é%&?éié%a% tgﬁté%_ ency-butput and
S

—phase characterlstics are greatly improved in the
intermediate frequency band. ' o

In the third embodiment, both ends of the fixing
plate 13 and each container 50 of the suspension base 14
are square-shaped. They may be formed in another shape if

10 such arrangement can absorb the forces applied in the two
orthogonal directions. Figure 17 shews another arrangement
with 8 fixing member 13a and a'suspension base 140. The
fixing member 13a has an end with a curved surface. An arm
l4c of the suspension base 140 has a container 50a with a

15 | curved surface. A long, narrow dumper 51 is inserted in
the space between the ends of the fixing member 132 and the
container 50a.

The arrangements of the first to third embodiments
can be combined to have the advantages described above.

20 Further, as described above, each preferred
embodiment has the following advantage: '

The first embodiment has the arrangement in which
the elastic member is provided at the lower surface of the
objective lens. This restricts the occurrence of resonance

25 in the high frequency band. This arrangement thus achieves
high-speed access and shorter access settling time.

The second embodiment has the arrangement in which
the movable member is provided with the balance weight and
the elastic connector. This arrangement also restricts the

30 occurrefice of resonance in the high £requency band and
hence achieves high-speed access.

The third embodiment has the arrangement in which

" tha sticky dumpers are provided between both ends of the
fixing plate and both ends of the suspension base. These

35 dumpers absorb the forces applied at least two oxthogonal
directions. This arrangement restricts the occurrence of
raesonance particularly in the intermediate fraquency band



is formed on the bottomof the lens container 34 and at the peri phery
of "the upper opening of the through hole 35. 5 The obj ective |ens
23 is stuck firm'y into the |ens - container 34 with an adhesive applied
in the bottom of the container 34 or: on the lower surface of the

obj ective lens 23. Wth the adhesive, an elastic nmenber layer 37 is
pl aced in the fixing section 33. The adhesive is made of 10 subst ance

wi th an adequate el astic nodul us, such as epoxy resin. The elastic

| ayer 37 of such an adhesive restricts odcur rence of resonance in a
hi gh frequency band. The.elastic dulus for restricting the
occurrence of Sal?Cd h e gggng%réiéevéé e__l‘h é‘P§5F9e?§g§%%e£‘Tsr'om 0.5to0 5
kg/cnferr]. 15 For further restriction on the resonance, it is preferable
to have the elastic layer 37 with thickness ranging from 0.05to
0.2mm  This thickness (height) can be the sane hei ght L1 of the boss
36 on the bottomof the lens contai ner 34 by pressing the objective

| ens 23 downwardly 20 when fixing the lens 23 in the container 34. A
desired t hi ckness of the elastic nmenber |ayer 37 can.be obtained

by having the boss 36 with an adequate thickness L1. VWhen
fixing the objective |lens 23, an excess of the epoxy resin adhesive is
not flown into fixing section 33. 25 An accurate thickness of the elastic
| ayer 37 thus can be obtai ned. The boss 36 can be obtai ned by

nmol ding. The el astic layer 37 can be nmade of an urethane adhesive, a
silicon adhesive, etc., besides the epoxy resin adhesive. When
the elastic layer 37 is not required to be so 30 accurate in thickness, a
| ens contai ner 34a w t hout a boss may be fornmed as shown in Fig. 9. In
this case, an epoxy



T —

kesin_adheéive.is applied in the bottom of the container I”!Mﬂﬁﬂﬁ k on the

I'ower surface of the objective lens 23 to “have the e ”
35 N When the optical pick-up apparatus as configufeds o™y ”
‘operates, ‘the | ens holder. 24 noves in the focusing *
(optical axis) and tracking directions to access the disk - D. This
nmotion is in response to currents flow ng through . the focussing and
tracki-ng coils. In this access oper%tion,ian excess of rotation

can be greatly restricted 5 by nmeans of thé“dunper bl ock 30 and the
subsi di ary bal ancefuar 1s3drifgn k@ep mass bal ance in right and left in
Fig. 5. Thi s i nproves dynam c bal ance in both the focusing (optical
axis) and tracking directions and -shortens the access settling tine.

Further, connection of t heanh i oghtiGEAA %ggklgplgbpafggﬁs d@ﬁﬁg§g§hgp base 14 -
via the dunpers 18a and 189 h rgstricts resonance while qg;ralingnto
great |y achieve'high n o jgc ive lensz for focusing read/write "beams
' onto a specific position on an optical disk:
' a movable member on which the cbjactive lens is
mounted; '
means for moving the movable member to move the
objective lens in a direction of the optical axis of the
ocbjective lens and another direction perpendicular to the
optical axis direction; and
an elastic member for connecting the objective lens
and the movable member.

2. An optical pick-up apparatus according to claim 1
further comprising:

a container provided on tha movable member for
containing the elastic member and the objective lens in a
way that the alastic member is contained on. tha bottom of
the container and the objective lens is located on the
elastic member; and

a protruding member formed in the container .by
which the elastic member is subjected to a predefermined
thickness."

3._ An optical pick-up apparstus according to claim 1,
wherein elastic modulus of the elastic member ranges from

0.5 to 5 kg/cm?.

4. An optical pick~up apparatus according to claim 1,
wherein the thickness of the elastic member ranges from
0.05 to 0.2 mm.

5. An optical pick-up apparatus adcording to claim 1,
wharein the elastic member is made of material including
epoxy resin adhesive.



dunpi ng effect. - ~ ln the" frrst preferred enbodr*\ii\\tﬁex\\“‘\~\~\

obj ective lens 23 is attached to the |ens hol der 24 vr I’ mum
| ayer 37 made of epoxy-‘resin exhibiting dunping effect in: ﬁw ’

frequency -band.. This arrangenent- restricts  occurrence of" M
resonance when accessing in the high frequency band to control qualrty
factors (Qfactor) of electric conponents ‘used in the optical pick-up

apparatus. 20 - Provision of the boss 36 on i e bottom of the |ens

contai ner 34 provides the elastic layer 37"with an _ accurate and .
adequate thrckness L1 to qreat restrict the resona

Figure . showd  t he% 89%5#?%&@'%‘@&388??‘5“5 E\ﬁ?&f’&c’:f‘ﬁr?‘%tqlt?sm( dolid
| i ne) of the firstwhebeth mawt elastic memherohsemddenat mappmriaiusncluding
resonance peak Rl &gg%héﬂémangSlve Fig. 10) occurs in a high frequency
band. Contrast to his, the first enbodi ment provides the elastic

| ayer 37 t hat cancels such a resonance peak to have the gentle 30

characteristics cupye (solanloptdgal %&Al%\ﬁnapparatus accordIhg £ asildia hayer

37 can be a thin djsk.elas resi
besi des the adhesrvﬁereln éQSqﬁ%ﬁ%%é& E%Sb%r %ﬁcﬂa%?dﬁgkgéﬁﬁﬁﬁql %ﬁ%}?FiE§n
. be provided atlicen |asheisipart of the objective lens or the bottom of
35 the | ens cont ai ner. Next, the second preferred enbodi nent
which will be - expl ai ned beIomrprovrdes a bal ance weight elastically
fi xed ‘ 8. An optical pick~up apparatus comprising:

an objective lens for focusing read/write beams
onto a specific position on an optical disk;

a movable member on which the objective lens is
mounted; _ ) |

means for moving the movable member to move the
objective lens in a direction of the optical axis of the
objective lens and another direction perpendicular to the
optical axis direction; ane

a balance weight mount provided on the movabie
member so as to face the objective lens; and

an elagstic member for connecting the balance weight
and the mount.

9. An optical pick-up apparatus according to claim 8,
wherein the elastic member is made of material including
silicon adhesive.

10. An optical pick-up apparatus comprising:

an objective lens. for focusing read/write beams
onto a specific position on an optical disk:

a movable membher on which the objective lens is
mounted;

a holding member for swingably holding the movable
member by means of suspension wires;

means for moving the movable member to move the
objective lens in a direction of the optical axis of the
objective lens and another direction perpendicular to the



LEroney bong” TUTBLe o o restrict esonance fn a “Hmmmmmmnmll

| ayer of the first enbodi nent. : . In the second *enbodi ment

bal ance weight 5 container 45 is provided at the edge of a novabl e
menber 40 facing a fixing nenber 15, as shown in Fig. - A
concave is forned in the balance weight container with thin bottom as

shown in Fig. 12. Further, the bal ance vvel gF# - container 45 is forned
like a trapezoid at its top. Al so, % 11, the container 45 is -

provi ded with four Lol e its corners. The spacers are
actual Iy provided opt |nsa 3 gi?gg‘éi%é érgithe bal ance wei ght cont al ner 45 .

as shown in Fig. 12. ’EMP?Ea@é'P"h‘agdac%?ﬁ %9 cEheypusRenfdop wires,
‘thin, such as 50 [ gé#] nbrd¥enting vibrAticApeddi dete batieme \wginglelr 4 Erom

pl aced over the . ?ﬁcxﬁxgﬂ%n} r%h%%eryg?oga}.xngﬁev&&mafg d.'ss ad:.l}'etctlon

smal’l er t han contar ner rea an

about 100 ng. The Bafakke %@hlﬂitﬁcFSO%o placed in the concave that

it does not touch the inner side faces of the ' '
11. An optical pick-up apparatus according to clainm 10,
wherein the dumper is made of material including silicon
rubbex. '



20  container 45, ‘As shown in. Fig. 12, fhéreJ JHIS SHEEE HAS BEEN
bet ween the'nnsmmdmmw&w l&ade of the bal ance melght 47 andit he RLATER: A

The space is
adhesive to e

el.astic ‘connector 48 nmade of "sritcon
t he. bal ance weight 47. 25 _ This is the sane
ca

situation as |ch t he bal ance wei ght 47 i-s placed on a

thin elastic Iayer _ In stead of the el astic connector 48,

el astic connectors 48a and 48b, as shown in Fig. 13, can be

i nserted between the bal ance wei ght 47 and t@&-i nner side 30 faces of the
container 45 to elastlcally fix the weight 47. As descri bed
above, the bal anceARETRAET /QF | THE; ®ISCLOSURExed in the contai ner 45 via the
el astic connector 48 (or t he connect.ors 48a and 48b) that the wei ght

47 is slightly _ attaﬁgfd toq%i S S arrangene can
greatly 35 restrict occ rpg‘é"g‘n&ﬁc@ppﬁﬁ? ﬁ’%u"?%r 3F 19 CHIGFEVe
frequency band, whiikastthebforusats giedd/uplappesamaionke a specifpergasitgon
Thi's makes po%ﬁ'b'thhﬁhoﬁﬂﬁegla@§§§5 l@héNobjective lens is mounted on a
movable member. The movable member is controlled to move
the objective lens in a direction of its optical axis and
~anothar direction perpendicular to the optical a=xis
~ direction. The apparatus further has an elastic member
10 provided for connecting the objective lens and the movable
membex. A balancé weight mount may be provided on the
movable member so as to face the cobjective lens. In this
case, the elastic member connects the balance weight and
the mount. A holder memher'may be provided for swingably
15  holding the movable member by means of suspension wires for '
preventing vibration of the fixed member from occurrence
while operation in the optical axis direction and the other
direction.



-13- - - optical disk o — Suc'h resonance.restrif tirﬁasefEEéd-tASBEEN
wi I'l "be expl ai ned with reference to Figs. 14A to 15B. ¥igs. REPLAGRD .

14B show ~ the Tm$ and  the - freqt
. characteristics, respe e focusing direction = -~ in the

.conventi onal apparatus nt Application No. 6-34119).
Figs. 15A and 15B shom/the frequency out put and t he frequency-phase
characteristics, respectively, in the second preferred enbodi ment. 10
In the conventional apparatus, the frequency-out put-: ‘characteristics:
gets worse in the high frequency band because the resonance P1
appears around 13kHz as shown in . Fig. 14A. Further, the phase curve
steeply varies around 13kHz as shown in Fig. 14B to get worse in the
high 15 frequency band. : Contrary to this, the second

enbodi nent does not exhi bit such resonance around 13kHz as shown in
Fig. 15A This greatly inprove the frdﬁuenc -out put characteristics
in the high frequency band. Thifs i pr exene s7al so shown 20 - in Fig.

15B. As shown in T e‘? bal ance wei ght

contai ner 45 and the spacers ferent ~ parts in the
second enbodi nent. . The spa ,-Ided on the bottom of the
cont ai ner 45 when nolding th . 40 witsh material, such as .
carbonate. The bal ance i ght ontainer 45 via the

cont ai ner 45.

spacers 46. This stabilizes the/ba
The spacers 46 further nﬁ§~ e~ghape

10

FIG. | PRIOR ART



— o I THis SHEET HAS BEER _
has a curved top, like a boss. This makes smaller thell30  REREAC ol
area of -the bal arms Sheet dgyBe e?ouch_the-_ spacers - : al ance

= weight 47 further - wWith the spacers 46 as protrusions

. fromthe | ower sur

he viei ght 47. As descri bed
above, what is required in the second 35 enbodinent is that the bal ance-

wei ght 47 is partially fixed in the container 45 with the el astic

connector 48 and via t he spacers 46. Suppose that the bal ance wei ght
47 is ' ' - -14- directly
attached to the bottom of the contai-ner 45 without t he spacers 46.
This increases the |ower surface area of g the wgi ght 47 and hence
sufficient dunping effect for restri tinqcyeso ance cannot be
expected. 5 The first .

especially for restrictin

O psief pd enbodi nents are
frequency band. The thhrd

P& I N t he high

|

R1

AMPLITUDE (dB) ——

FREQUENCY — (HZ)

FIG .3 PRIOR ART
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- f“‘"-" . et e e v A e g oL g e g onasne

in addition to that, for re tricting the oécurrence'bfi.- es8 EEWHA&BEEN
i nternedi a H Taiid. This is 10 - achi eved by i nprgvenenRESPLACED

provi ding a . fixing plate. and .a suspensi 5

The third p it 116 according to the ‘present invention wll
be explained with reference to Figs. ' 16 to 19B. .15 As shown
in Fig. 16. a suspension base 14 is fixed bet ween a attaching plate 12
and a fixing plate 13 through a screw 22 at the center of the base 14.
The suspension | base 14 is so shaped that it is extended right and |eft
(up and down directions in the figure). The base 14 is further 20
shaped to have arnms 14a and 14b separated from each ot her by a

di stance slightly nore than the di stance between arns of the fixing
plate 13. The fixing plate 13 is roughly ‘squared at its both ends to
whi ch adhered are ends of suspensi on wres 20a and 20b. The wires 20a
and 20b hold 25 a novabl e nmenber 40 so that it can sw ng.

Each of the arnms 14a and 14b is forned a square container. 50 at its
end. The contai ner 50 encl oses one of the square wg, op# he fixing
plate 13 in at |east two directions. One dir cti s that the novable
menber 40 30 is located in this directgQn (rlgh left in Fig. 16).
The other direction is orthogpnal to th df ction

The suspensi on base 14 and t are so arranged t hat

t he i nner square faces of eac 8 and the square faces of
one end of the plate 13 are 3 -'stance L4, such as 0.3
nm Inserted into spa S i and sticky two
dunper pairs '




made - of " substance, such as silicon rubber " Each pai r has . THIS SHEET HAS BEEN
npers 5l a and 5Tijs Sheet Has Been Replacedng wn in Fig. 16, each dunper REPBACED

dunper

| ocated - bet we Imﬁe of each contai ner 50 and tfe srde

face of one end of te 13 These side faces. 5 face each
other in.the direction of the novable nenber 40 (right and left in the
figure). Each dunper 51b is |ocated in the direction orthogonal to
this direction. The dunpers 51a dunp the conpressing force (or

vi bration) applied in the direction of the novable nenber 40. Wile,
the dunpers 10 51b dunp the twisting force, or shearing force applied to
the fixing plate 13 and the suspension base 14. By the © dunpers 51la
and 51b, the occurrence of resonance particularly in an internedi ate
frequency band is greatly - restricted. This nakes possi bl e high-speed:
access to the 15 optical disk. Further, the fixing ptate 13 and the
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suspensi on base 14 are well fixed to each of her by.'t he é“g A‘%@%%EN

5tb. One pair of ﬂurﬁ«ﬁaﬁﬂﬁma etacail b are not -necessari y to B

separated. They nm one " dunper like the dumper 18a or 18b
angenment also well -restricts the -

as shown in Fig. 5
occurrence of resonance he internmedi ate frequency band.

Such resonance restriction effect w Il be explained with reference to
Figs. 18A to 19B. Figs. 18A and 18B show t he f requency- out put
and t he frequency-phase 25 characteristics, respectively, in the
tracking directi on in the conventional apparatus (Japanese Patent _
Application 3 119) .. s. 19A and 188 sho dhe f requency- out put
and t he frequency _ef'%gilgs r espec |3@I? e the third
preferred enbodi rrent. 12 the conve(itl n pkd at us, the
f requency- out put chgﬁac oristics jgdTs W qo ANt er medi ate
~frequency band becgg esonance| appear 5 TIHT 68 ints P2 at
frequenci es of 220 to 1000 k as showh ifn Fip. m18A. , the _
phase curve steeply varies at tRree poj nts P3- - a f% 18B to
get worse in the internediate freqggency| band: Contrary
to this, the third enbodi %t does _not

[5. ) { k32

{l 28 20¢

FIG.6
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kHz as shown in Fig. 19A  Fuigili@feet Hal'lSdefi RE Iy one phase v RERLAGRD

-16: °  exhibit such resonance at The frequerici es of 220 HdTmBGHEETHASBEEN

at .a point P4-with no other v in Fig.’ - TT 15
reveal-ed that the frequency-o mﬂ llmguﬂﬂ -phase characteristics are
greatly inproved -in the frequency band.

In the third enbodi ment, both ends of the fixing pl ate 13 and each.
cont ai ner 50 of the suspension base 14 are square-shaped. They may be
formed in another shape if 10 such arrangenent can absorb the forces
applied in the two ort hogonal directions. Figure 17 shows anot her

arr angenent with a fixing nmenber 13a and a suspension base. 140. The
fixing nenber 13a-has an end with a curved surface. An arm  14c of the
suspensi on base 140 has a container 50a with a 15 curved surface. A

| ong, narrow dunper 51 is inserted in t he space between the ends of
the fixing nenber 13a and the .contai ger 50a. 23 The _
arrangenments of the first to third enbodi: nts 37 Stan be conbined to have
t he advant ages descri bed above. 20 t , ~as described

above, each preferred enbodi nent S the | | owddg advant age: -

The first enbodi nent has the arrangenent the el astic nenber
is provided at the | ower surface of2€¢He = . Z 34q '

FIG. 9

AMPLITUDE (dB) -+

FREQUENCY ~=( Hz)

FIG.10



objsective lens. This re e as? et rence of resonance [[2B1S SHERTHASBERN
frequency band. This a H” ’ achi eves hi gh speedREREACEP 4 g

shorter access settling The second enbodi nment has the

arrangenent in which the movabl e nmember is prOV|ded wi th the bal ance
wei ght and the el astic connector. This arrangenent also restricts the
30 occurrence of resonance in the high frequency band and’ " hence
achi eves hi gh-speed access. _ The third enbodi ment has .t he
arrangenent in which the sticky dunpers are provi ded between both
ends of the fixing plate and both ends of the suspension base. These
35. dunpers absorb the forces applied at | east two orthogonal :
directions. This arrangement restricts the occurrence of resonance
particularly in the internediate frequencyx d 20q and hence

achi eves hlgh speed access.

A-*J. 20b

484 456 46 48

FIG.13



, . || THIS SHEET HAS BEEN tl
18- WHAT IS CLAIMED IS: 1. An optical pick-up afjpar atREPLACED ||
conpri sing: This Sheet Kasi Replaceiens for focusing read/ ¥ € peans onto a -
specific position # di sk; - a npbvabl.e nenber. on which the
objective lens is means for noving the novabl e nmenber to
nove the objective lens in a direction of the optical axis of the objective
| ens and another direction perpendicular to the optical .axis direction; and

an elastic menber for connecting the objective | ens and the novabl e nenber.
2. An optical pick-up apparatus according to claiml
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THIS SHEET HAS BEEN

further conpr|5|@ﬁs$wa}h33 ontalner prOV|ded on the vablgspenmem for
containing the eI & t he objective lens in FE—FE
el astic menber he bottom of the container and the S
obj ective | ens |s el astic nmenber; and ~a protruding
menber fornmed in the contatner by which the elastic menber is.subjected to
a predeterm ned thickness. 3. An optical. pick-up apparatus accordi ng
to claim1, wherein elastic nodulus of the elastic nmenber ranges fromO0.5
to 5 kg/cnferr]. . 4. An optical pick-up apparatus according to claim
1, wherein the thickness of the elastic nenber ranges from0.05 to 0.2 nm
5. An optical pick-up apparatus according to claim11, wherein the
. elastic menber is nade of nmateri al igeluding epoxy resin adhesive. ¢
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ur et hane -adhefiLye
| aim1, mhereln t he elastlc nenber

elastic nenber is nmade of
optical pick-up apparatus

SO o S EETHASBEEN |
-19- 6. - An opti cal B@ mﬂmﬁﬁk accordlng to cla HFT
/ Q) glng Eﬁé ti¥==J-
&E
d

is made of material including SI hesive. = = 8. An opti cal pICk up
apparatus conpri sing: an objectlve | ens for focusing read/ wite:
beans onto a specific position on an optical disk; a novabl e nenber
.on which the objective lens is nounted; means for noving the

novabl e menber to nove the objective lens in a direction of the- opti cal
axi s of the objective |l ens and another direction perpendicular to the
optical .axis direction; and a bal ance wei ght nount prOV|ded on ‘the
novabl e menber so as to face the objectlve | ens; and

13a

gt



an el-astic imenber for connectin

;An dptical pick-up appdHh
menber i.s made of materi
pi ck-up apparatus conpri
read/wite beans onto a specific position on an optical disk;
novabl e nmenber on which the objective I ens is nounted,

t he bal ance viei ght and

t o claim8, wherermthe elastic
i 1icon adhesive. 10.
: an objective |ens.

THIS SHEET HAS BEEN
he’ mAERLACED,

)

An opti cal

for focusing

a

a hol di ng

menber for sw ngably holding the novable nmenber by means of suspension

wres; - means for noving the novable nenber to nove the objective

lens in a direction of the optical axis of the objective |ens and anot her

direction perpendicular to the
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-20-. opti cal axi s di rection; and : a durrper provi deE TJ:’\'%%E'% @EBEEN l
$Suspension wires, for prevent ndRepladed t he fi xed o

occurrence while operation in W is direction-and the other
di rection. 11. An optlcal atus according to-claim210,
wherein the dunper is made of material | udlng silicon rubber.
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