MULTI DI RECTI ONAL OPERATI NG SW TCH AND
APPARATUS USI NG THE SAME

BACKGROUND OF THE | NVENTI ON 1. FIELD (
The present invention relates to a nultidireq-”
which is driven by tilting or
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BACKGROUND OF THE INVENTION

1. FIELD OF THE INVENTION:

The present invention relates to a multidirec-
tional operating switch which is driven by tilting or
pushing an operating shaft and is .used as an input
operation section in mobile communication apparatuses
such as a portable telephone, a pager, etc., or various
electronic apparatuses such as a remote control appara-
tus, an audio apparatus, a TV game apparatus, a car
navigation system, an electronic camera, etc., and also
relates to a multidirectional operating apparatus using
the same.

2. DESCRIPTION OF THE RELATED ART:

A conventional multidirectional operating switch

will be described with reference to Figures 1 to 4.

Figure 1 is a cross-sectional view illustrating
a configuration of the conventional multidirectional
operating switch; and Figure 2 is a partially cutaway
exploded perspective wview illustrating the same.

The illustrated multidirectional operating switch
has a box-shaped case 1 made of a resin, with an opening
thereof being covered by a cover 2 made of a metal plate,
or the like. As shown in Figure 2, central fixed con-
tacts 3A and 3B (also indicated generically by reference
numeral 3) and four peripheral fixed contacts 4 to 7 are
fixed by the insert molding on the bottom surface of the
case 1. The peripheral fixed contacts 4 to 7 are provid-
ed along the periphery around the center of the location
of the central fixed contact 3 so as to be equally spaced
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pushi ng an operating shaft and is used as an input operation section

I n nobil e conmuni cati on appar at uses such as a portable tel ephone, a
pager, etc., or various el ectroni c apparatuses such as a renote
control appara- 10 - tus, an audi o apparatus, a TV gane apparatus, a car
navi gati on system an electronic canera, etc., and al so relates to a
mul tidirectional operating apparatus_uiigg t he sane. 15 2!
DESCRI PTI ON OF THE RELATED ART: ' A conventi ona

mul tidirectional operating swtch will be described with reference to
Figures 1 to 4. Figure 1 is a cross-sectional view

illustrating apart from one another. The fixed contacts 3 to 7 are
connected respectively to terminals 14 to 18 for connec-

tion to an external circuit.

5 A dome-shaped movable contact 8 is placed on the
outer contacts 3R of the central fixéd contact 3. On the
other hand, resilient contact members 10 to 13 of a
common movable contact member 9, which is secured by
dowels 1A, are placed on the peripheral fixed contacts 4
10 to 7, respectivély. The resilient contact members 10 to
13 are connected via a contact 19 to a terminal 19A for

connection to an external circuit.

Compression coil springs 20 are arranged along
15 the inner periphery of the wall of the case 1. The
compression coil spring 20 biases a supporting member 21
upwards so that an upper end portion 21A thereof elasti-

cally contacts the lower surface of the cover 2.

20 : A dent portion 21B is provided at the center of
the supporting member 21, so as to hold a hemisphere -
rotation member 22, A flange portion 22A around the
lower periphery of the rotation member 22 is placed on
the bottom surface of the dent portion 21B provided at

25 the center of the supporting member 21. An upper spheri-
cal surface portion 22B is in contact with a spherical
circular hole 2A of the cover 2 so as to fit therein.
Moreover, a rod-like operating shaft 23 made of a metal-
lic materiéi is fitted and held in a non~circular central

30 vertical hole 22C of the rotation member 22 so that it
can move vertically.

\
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20 a configuration of the conventional nultidirectional operating
swtch; and Figure 2 is a partially cutaway expl oded perspective view
illustrating the sane. The illustrated multidirectional
operating switch 25 has a box-shaped case 1 nade of a resin, with an
openi ng t her eof being covered by a cover 2 made of a nmetal plate,

or the like. As shown in Figure 2, centgyal fixed con- tacts 3A and 3B
(al so indicated generically by reference ~ nuneral 3) and four

peri pheral fixed contacts 4 to 7 are 30 fixed by the insert nolding on
the bottom surface of the case 1. The peripheral fixed contacts 4 to
7 are provid- ed Fallomen leadppeirshony 23R oo dthe@nanatuing fshaft 23

| ocati on Slrddifs ERidArdd Pab1C WeALbratiBnifiehBelCsS Wl {y piPIGEd

contact with the dome-shaped movable contact 8 provided
at the center of the bottom surface of the case 1. On

5 the other hand, an operating knob 24 is attached to a tip
portion 23B of the operating shaft 23 which extends
upwards out of the case 1.

Moreover, pressing portions 25A to 25D are

10 provided on the peripheral portion of the lower surface
of the supporting member 21 so as to correspond respec-
tively to the resilient contact members 10 to 13 of the

common mowvable contact member 9.

15 Hereinafter, the operation of the conventional
multidirectional operating switch having such a configu-
ration will be described further referring to Figures 3
and 4 as well as Figure 1. Each of Figures 3 and 4 is a
'cross—s'ectional view schematically illustrating a certain

20 operation state of the conventional multidirectional
operating switch.

In the state shown in Figure 1, the operating

shaft 23 is in the vertical and neutral position, with

25 the lower end portion 23A thereof not pressing down the

dome-shaped movable contact 8. In this state, connection
between any pair of the contacts is in the OFF state.

When an end of the knob 24 (the left end in the

30 example illustrated in Figure 3) is pressed down as indi-
cated by an afrow in Figure 3, the operating shaft 23 is
tilted, and the rotation member 22 rotates to the left

while being in contact with the spherical circular hole
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-2- apart fromone another. The fixed contacts 3 to 7 are
connected respectively to termnals 14 to 18 for connec- tion to an
external circuit.

2R of the cover 2. Thus, the end portion of the flange
portion 22A -on the lower surface of the rotation member

22 presses down the bottom .surface of the dent portion

- 21B of the éupporting member 21, and. the supporting

5 member 21 is tilted to the left about a fulcrum.at the
upper end portion 21A on the side of the square opposite

to the side of the pressed surface. Thus, the resilient
contact member 10, which corresponds to the pressing
portion 25A, is pressed down so as to contact the corre-

10 sponding peripheral fixed contact 4. This turns ON the
connection between the common movable contact member 9

and the peripheral fixed contact 4 so as to supply a
signal to the outside through the terminals 19A and 15.

15 At this point, a portion of the peripheral upper
end portion 21A of the supporting member 21 which is
located on the left in Figure 3 comes off the lower
surface of the cover 2 while compressing downwards the
compression coil spring 20. Thereafter, when the force

20 being applied to the knob 24 is removed, the supporting
member 21 and the rotation member 22 are pushed back to
the original neutral position by virtue of the restoring
force of the compression coil spring 20. Moreover, the
resilient contact member 10 comes off the peripheral

25 fixed contact 4 and back to the original position (see
Figure 1) by virtue of the resilient restoring force
thereof, whereby the switch contact is turned back to the

' OFF state. '

30 As described above, by pressing down the upper
surface of the knob 24 at a certain point thereof, a
signal is supplied from the switch to the outside through
one of the terminals 16 to 18 which corresponds to the

B
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5 A done-shaped novabl e contact 8 is placed on the out er

contacts 3A of the central fixed contact 3. On the ot her hand,
resilient contact nenmbers 10 to 13 of a common novabl e contact nenber
9, which is secured by dowel s 1A, are placed on the peripheral fixed
contacts 4 10 to 7, respectively. The resilient contact nenbers-10 to
13 are connected via a contact 19 to_agermnal 19A for connection to
an external circuit. Conpression coil springs 20 are
arranged al ong 15 the inner periphery of the wall of the case 1. The
conpression coil spring 20 biases a supporting nenber 21 upwar ds so

that an upper ®¥@sse Pesirien Higsctdion), - cally contacts the
| ower surface of the cover 2. _ '

Moreover, when the operating shaft 23 is pressed
down by vertically pressing down the central portion of
5 the upper surface of the knob 24, i.e., the operafing~
shaft 23, as indicated by an arrow in Figure 4, the lower
end portion 23A of the operating shaft 23 pressés down
the dome-shaped movable contact 8. This inverts the
dome-~shaped movable contact 8, thereby generating a click
10 while turning ON the connection between the central fixed
contact 3 (between 3A and 3B), and a signal is generated
and supplied to the outside through the terminal 14.

When the force being applied to the knob 24 is

15 removed, the operating shaft 23 is pushed up by virtue of

the restoring force of the dome—shapéd movable contact 8

so as to be back in the original position as shown in
Figure 22.

20 However, while there has been a strong demand for
'downsiiing various electronic apparatuses, the conven-
tional multidirectional operating switch having such a
configuration is too large in terms of outer diameter and
thickness, and will not satisfy such a downsizing demand.

25 Moreover, the number of components is large, and the cost
is high.

Furthermore, a click is not generated when a

switching operation is performed by tilting the operating

30 shaft 23, whereby the switching operation cannot be
ensured by a feel.
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20

A dent portion 21B is provided at the center of t he

supporting nenber 21, so as to hold a heni sphere rotation nenber
A flange portion 22A around the | ower periphery of the rotation
menber 22 is placed on ~the bottom surface of the dent portion 21B
the center of the supporting nenber 21. An upper spheri-

provi ded at 25
cal surface portion 22B is in contact_wth a spherical

2A of the cover 2 so as to fit therein. Mor eover, a rod-1ike
operating shaft 23 made of a netal - lic material is fitted and he
in a non-circular central 30 vertical hole 22C of the rotation nenbe
so that it can rmove vert SOAMARY OF THE INVENTION
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A multidirectional operating switch according to
the present invention includes: a dome-shaped movable
cohfact made of a resilient thin metal plate; a box-
shaped case including, on a bottom surface thereof, an
outer fixed contact on which an outer peripheral lower
end portion of the dome¥shaped movable contact is placed,
and a plurality of inner fixed contacts provided inside
positions corresponding to the outer peripheral lower end
portion of the dome-shaped movable contact so as to be
equiangular and equidistant from a center of the dome-
shaped movable contact; a cover including a through hole
at a center thereof, the cover being provided so as to
cover an upper opening of the case; and an operating
member including a shaft portion and a flange portion
integrally formed at a lower end of the shaft portion, in
which the shaft portion extends upwards out of the
through holé of the cover, an upper surface of the flange
portion is in contact with an inner surface of the cover,
a periphery of the operating member is fitted and sup-
ported by an inner wall of the case so that the operating
member is not rotatable but is tiltable and movable
vertically, first pressing portions are provided respec-
tively at positions on a lower surface of the operafing
member corresponding to the plurality of inner fixed
contacts, and the plurality of first pressing portibns
are in contact with the dome-shaped movable contact. The
switch performg a tilting operation in multiple direc-
tions so as to generate a signal by tilting the shaft
portion of the operating member. ' '
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- 3- A lower end portion 23A of the operating shaft 23

ext ends downwards past the rotation nenber so as to be in contact with
t he done-shaped novabl e contact 8 provided at the center of the bottom
surface of the case 1. On 5 t he ot her hand, an operating knob 24 is

attached to a tip .

Specifically, a click is generated in the tilting
operation of the operating member.

In.one embodiment, the case further includes a

5 central fixed contact provided at a position on a bottom

surface of the case hhich corresponds to the center of

the dome-shaped movable contact:; and the operating member

further includes a second pressing poftion provided at a

position on the lower surface of the operating member

10 which corresponds to +the center of the dome-shaped
movable contact.

Preferably, a height of each of the plurality of
first pressing portions is less than a height of the
15 second pressing portion.

In another embodiment, a hole is provided at the
center of the dome-shaped movable contact; the central
fixed contact has a diameter smaller than the diameter of.

20 the hole of the dome~shaped movable contact; and the
height of each of the plurality of inner fixed contacts
is less than the height of the central fixed contact.

The first pressing portion may be a polygonal

25 ring-shaped pressing portion or a circular ring-shaped
pressing portion which includes, at the center thereof,

a dent portion larger than the hole of the dome-shaped
movable édntact; and the second pressing portion may be
formed, in the dént portion of the first pressing por-

30 tion,'of a conductive member approximately as tall as the

first pressing portion.
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portion 23B of the operating shaft 23 which extends upwar ds out of the
case 1. Mor eover, pressing portions 25A to 25D are 10

provi ded on the peripheral portion of the | ower surface of the
supporting nmenber 21 so as to correspond respec- tively to the
resilient contact nenbers 10 to 13 of the common novabl e cont act.
menber 9. 15 Hereinafter,_ the operation of the conventi‘onal

mul tidirectional operating switch having such a configu- ration will
be described further referring to Figures 3 and 4 as well as Figure

1. Each of Figures 3 and 4 is a cross-sectional view schematically
illustrating a certainIn still another embodiment, a hole is provided

at the center of the dome-shaped movable contact; the
case further includes a central bump portion provided at
a position on a bottom surface of the case which corre-

5 | sponds to the center of the dbme—shaped movable contact,
the central bump portion having a diameter smaller than
the diameter of the hole of the dome-shaped movable
contact and extending taller than the outer fixed con-
tact; and the operating member further includes a dent

10 portion provided at the center of the lower surface of
the operating member so as to engage with the central
bump portion of the case.

The first pressing portion may be a polygonal

15 ring-shaped pressing portion or a circular ring-shaped

pressing portion which includes, at the center thereof,

a dent portion larger than the hole of the dome-shaped
movable contact.

20 In one embodiment, the plurality of first press-

ing portions are each formed of a resilient member.

In another embodiment,' the second pressing
portion is formed of a resilient conductive member.

25 :

In still another embodiment, the plurality of
first pressing portions and the second pressing portion
are integrally formed of a conductive member.

30 In still another embodiment, the switch further

includes a conductive resilient member provided between
the outer fixed contact and the dome-shaped movable

contact, the conductive resilient member having a repul-

_—
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20 operation state of the conventional nultidirectional operating

SwW t ch. In the state shown in Figure 1, the operating

shaft 23 is in the vertical and neutral position, with 25 the | ower end
portion 23A thereof not pressing down the done- shaped novabl e cont act
8. In this state, connection bet ween any pair of the contacts.is.in
the OFF state. _ Wien an g£nd of the knob 24 (the left end in
t he 30 exanple illustrated in Figure 3) is pressed down as indi-

cated by an arrow in Figure 3, the operating shaft 23 is tilted, and
the rotation nenber 22 rotates to the |eft whi | e being in contact

with the Spheriq%gecﬁqqgﬁ5§m¢%4@; than an inversion force of the dome-
shaped movable contact.

In still another embodiment, the switch further
5 includes a resilient member provided between the inner
surface of the cover and the upper surface of the flange

of the operating member.

In still another embodiment, the dome-shaped

10 movable contact includes an outer peripheral portion in
a frustum shabe and a portion inside the outer peripheral
portion in a substantially spherical shape with a central
portion thereof being raised slightly, and the frustum

shape and the substantially spherical shape are connected

15 to each other at a boundary therebetween by a smooth

curve.

Preferably, the dome-shaped movable contact is
. formed by a drawing process of a resilient metal thin
20 plate.

Preferably, the angle formed between the slope of
the frustum shape of the dome-shaped movable contact and
the bottom surface thereof is about 25° to about 35°; the

25 ratio of the height of the frustum shape of thé dome-
shaped movable contact with respect to the total height
of the dome-shaped movable contact is about 70% to about
95%; and the ratio of the diameter of the first pressing
portion ofﬂthe operating member with respect to the outer

30 diameter of the dome-shaped movable contact is about 40%
to about 60%.
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2A of the“éover 2. Thus, the end portion of the flange

portion 22A on the |ower surface of the rotation nenber 22 presses
down the bottom surface of the dent portion
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In still another embodiment, the operating member
includes a hole running down from an upper end surface of
the shaft portion; an operating knob having a leg portion
which is coupled to the operating member by inserting the
leg portion into the hole of the operating member; and
the depth of the hole is greater than a distance by which
the shaft portion extends out of the cover.

In still another embodiment, a dent portion or a
protruding portion is prbvided on an inner wall surface -
of the hole of the operating member; a protruding portion
or a dent portion is provided on an outer peripheral
surface of the leg portion of the operating knob so as to
engage with the dent portion or the protruding portion of

the operating member.

Preferably, each of the hole of the operating
member and the leg portion of the operating knob has a
diameter at an upper portion thereof larger than a
diameter at a lower portion thereof.

_ According to another aspect of +the present
invenfion, a multidirectional operating apparatus includ-
ing a multidirectional operating switch' as described
above is provided. At least diagonally-located two of
the plurality of inner fixed contacts are both turned ON
when the shaft portion of the operating member of the
multidirectional operating switch is pushed down verti-
cally; and the apparatus comprises a processing section
which processes a signal which is generated when two of
the plurality of inner fixed contacts are both turned ON
as a signal different from a signal which is generated
when only one of the inner fixed contacts is turned ON.

e
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21B of the supporting nenber 21, and the supporting 5 menber 21 is
~tilted to the left -about a fulcrumat the upper end portion 21A on the
" side of the square opposite to the side of the pressed surface. Thus,
~the resilient .contact nenber 10, which corresponds to the pressing
portion 25A, is pressed down so as to contact the corre- 10 spondi ng
peri pheral fixed contact 4. This turng_ ON the connecti on between the
comon novabl e contact nenber 9 - g&d'the peri pheral fixed contact 4 so
as to supply a signal to the outside through the term nals 19A and
15. 15 At this point, a portion of the peripheral upper :
end portion 21A of the Buppue temippdiamert, Mhethitdie ishaft pontyoan «f dihe he

left in Figure M%ﬁ&ﬁexﬁﬁ@r | PRhe multi&¥EEEEoRh1 tdSe OV alg Zwitide

conpressing do
is tilted toward a direction between adjoining two of the

plufality_qf_inner fixed contacts, the adjoining two of
5 the inner fixed contacts are both turned ON; and the

processing'section processes a signal which is generated

when the adjoining two of the inner fixed contacts are

both turned ON as a signal different from the signal

which is generated when only one of the inner fixed
10 contacts is turned ON.

A multidirectional operating apparatus, provided
in accordance with another aspect of the present inven-
tion,. includeé a multidirectional operating switch as

15 described above. When the shaft portion of the operating
member of the multidirectional operating switch is tilted
toward a direction between adjoining two of the plurality
of inner fixed contacts, the adjoining two of the inner
fixed contacts are both turned ON; and the apparatus

20 comprises a processing section which processes a signal
-which is_genefated when the adjoining two of the inner
fixed contacts are both turned ON as a signal different
from the signal which is generated when only one of the
inner fixed contacts is turned ON.

25
In one embodiment, the case further includes a
central fixed contact provided at a position on the
bottom surface of the case which corresponds to the
center of the dome-shaped movable contact} and the
30 operating member further includes a second pressing

portion provided at a position on a lower surface of the
operating member which corresponds to the center of the

dome-shaped movable contact.
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conpression coil -spring 20. Thereafter, when the force 20 bei ng applied
to the knob 24 is renoved, the supporting menber 21 and the rotation
nmenber 22 are pushed back to the original neutral position by virtue
of the restoring force of the conpression coil spring 20. Mreover,

the - resilient contact nmenber 10 cones off the peripheral 25 fixed
contact 4 and back to the original posi4ion (see Figure 1) by virtue
of the resilient restoring force t hereof , whereby the sw tch contact
is turned back to the OFF state. 30 ' As descri bed above,

by pressing down the upper surface of the knob 24 at a. certain_point
thereof, a . signEPiQPQﬁRﬁHi%EP?ﬁbm??Fe e aprerats RS S Stﬁ?ough
one of the tergigdlad Heddrdfeahighther raipangs dperididion of the shaft

portion of the operating member of the multidirectional

operating switch, and selects an item from a plurality of

5 displayed items; and the apparatus detects a signal

generated in a push operation of the shaft portion, and

confirms the selection of the item.

In still another embodiment, the apparatus

10 detects a signal generated in the tilting operation of

the shaft portion of the operating member of the multidi-

rectional operating switéh, selects a pre-assigned vector

direction signal of a plurality of véctor signals, and

moves a displayed object in the selected vector direc-

15 tion; and the apparatus detects a signal generated in a

push operation of the shaft portion, and executes a pre-
assigned instruction for the moved object. |

In still another embodiment, +the apparatus

20 detects a signal generated by performing a plurality of
push operations of the shaft portion.of the operating
member of the multidirectional operating switch within a
predetermined period of time, and sequentially executes

a plurality of instruction signals which are predesigned

25 for the detected signals.

In still ~another embodiment, the apparatus
detects a signal generated in a push operation of the
shaft portion of the operating member of the multidirec-

30 tional operatihg' switch, and based on the detected
signal, alters instructions which are respectively
assigned for tilting directions of the shaft portion in
the tilting operation of the shaft portion, in accordance
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with a predetermined order.

In still another embodiment, an up-down adjust;
ment of functions assigned to the tilting directions is
performed by tilting the shaft portion toward a predeter-
mined tilting direction during the tilting operation of
the shaft portion of the operating member of the multidi-
rectional operating switch.

Thus, +the invention described herein makes
possible the advantages of: (1) providing a multidirec-

tional operating switch with which it is possible to

‘reliably perform a switching operation while ensuring the

switching operation by a click even when a switching
operation is-performed by tilting the operating shaft,
and which requires a small number of components and a low
cost; and (2) providing a multidirectional operating
apparatus using the same. '

These and other advantages of the present inven-
tion will become apparent to those skilled in the art
upon reading and understanding the following detailed

description with reference to the accompanying figures.
BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a cross-sectional view illustrating
a configuration of a conventional multidirectional
operating switch. '

Figure 2 is a partially cutaway exploded perspec-
tive view illustrating the multidirectional operating
switch of Figure 1.

—_—_—
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Mor eover, when the operating shaft 23 is pressed down by vertically
pressing down the central portion of 5 t he upper surface of the knob 24, -
i.e., the operating shaft 23, as indicated by an arrow in Figure 4,

t he | ower end portion 23A of the operating shaft 23 presses down

t he done-shaped novabl e contact 8. This inverts the done- shaped
movabl e contact 8, thereby generating q4pLick 10 while turning ON t he
connection between the central fixed contact 3 (between 3A and 3B),
and a signal is generated and supplied to the outside through the
term nal 14. When the force being applied to the knob 24 is
15 renoved, the operBac¢chpSEigqures 3s apdsfieds 1 PSS TIRtEINAL viey he

restoring forcegQfohdie; doEyShapgdrRY2RGE aCeRiRal n8 operatith aftdte ke back
in the original position as”shown in
the conventional multidirectional operating switch.

5 Figure 5 is a cross-sectional view illustrating
a configuration of a multidirectional operating switch
according to Example 1 of the present invention.

Figure 6A is an exploded perspective view illus-
10 trating the multidirectional operating switch of Figure
5.

Figure 6B is a perspective view illustrating an
operating member which is the main component in the
15 configuration of the multidirectional operating switch of

Figure 5.

Figure 7 is a plan view illustrating the multidi-
rectional operating switch of Figure 5.
20
Figures 8A and 8B are a perspective view and a
cross-sectional view, respectively, illustrating a dome-
shaped movable contact included in the multidirectional
operating switch of Figure 5.
25
Each of Figures 9 and 10 is a cross-sectional
view schematically illustrating a certain operation state

of the multidirectional operating switch of Figure 5.

30 Figure 11 is a characteristic diagram showing
variation in the operating force with respect to the
operating stroke when pressing down the dome-shaped

movable contact.
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Fi gure 22. 20 However, while there has been a.strong demand for

downsi zi ng various el ectroni c apparatuses, the conven- tional

nmul tidirectional operating switch having such a configuration is too
| arge in terns of outer dianeter and t hi ckness, and will not satisfy
such a downsi zi ng demand. 25 Mor eover, the nunber of conponents i.s

| arge, and the cost is high. _ g _ Furthernore, a click is
not generated when a swi t chi ng o%eration is perforned by tilting the
operating 30 shaft 23, whereby the switching operation cannot be

ensured by a feel.
Figure 12A is a graph showing the results of a

study for the shape of the dome-shaped movable contact
included in the multidirectional operating switch of
Figure 5 which meets a preferable operating feeling.

Figure 12B is a partial cross-sectional view
schematically illustrating the dome-shaped movable con-
tact and the inner pressing portions included in the
multidirectional operating switch of Figure 5.

10

Figure 13 is a cross-sectional view illustrating

a configuration of a multidirectional operating switch

according to Example 3 of the present invention.

15 Figure 14 is an exploded perspective view illus-
trating the multidirectional operating switch of Figure
13.

Figure 15 is a plan view illustrating the multi-
20 directional operating switch of Figure 13.

Figure 16A is a cross-sectional view schematical-
ly illustrating a certain operation state of the multidi-
rectional operating switch of Figure 13, and Figure 16B

25 is a partially expanded view of Figure 16A.

Each of Figures 17A and 17B is a plan view
schematically illustrating an exemplary shape of the
dome-shaped movable contact included in the multidirec-

30 tional operating switch of Figure 13.

Figure 18 is a cross-sectional view schematically

illustrating a certain operation state of the multidi-
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rectional operating switch of Figure 13.

Figure 19 is a cross-sectional view illustrating
a multidirectional operating switch according to Example

4 of the present invention.

Figure 20 is a plan view illustrating the multi-
directional operating switch of Figure 19.

Figure 21 is a cross-sectional view illustrating
a configuration of a multidirectional operating switch

according to Example 5 of the present invention.

Figure 22 is an exploded perspective view illus-
trating the multidirectional operating switch of Figure
21.

Figure 23 is a cross-sectional view schematically
illustrating a certain operation state of the multidi-
rectional operating switch of Figure 21.

Figure 24 is a cross-sectional view illustrating
a configuration of a multidirectional operating switch
according to Example 6 of the present invention.

Figure 25 is a cross-sectional view schematically
illustrating a certain operation state of the multidi-

rectional operating switch of Figure 24.

Figure 26 is a cross-sectional view illustrating
an alternative configuration of the multidirectional
operating switch according to Example 6 of the present

invention.

_—
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A multidirectional operating swtch according to t he present invention

I ncl udes: a done-shaped novable 5 contact made of a resilient thin netal
pl ate; a box- shaped case including, on a bottom surface thereof, an
outer fixed contact on which an outer peripheral | ower end portion of
t he done-shaped novabl e contact is placed, and a plurality of inner

fi xed contacts provided inside 10 itions corresponding to the outer
peri pheral | ower end portion oTpfﬁé_done-shaped novabl e contact so as
to be . equi angul ar and equi distant froma center of the dome- _
shaped novabl e contact; a cover including a through hole at a center

thereof, the cover bei F§gprevEdets s caossosegtionadvuiendnsapp@atapahivg of
the case; and 3n1QRYRAING a cert®iRebpbPakidhngtatehdfd DRsthancaad-a

fl ange portion . integrally fornmed at a | ower end of the shaft portion,
in whi ch resdional: opematdmde st qfndridyireubof t he
5 Figure 28 is a cross-sectional view illustrating

a configuration of a multidirectional operating switch

according to Example 7 of the present invention.

Figure 29 is a perspective view schematically

10 | illustrating the shape of the conductive resilient member

included in the multidirectional operating switch of
Figure 28.

Figure 30 is a cross-sectional view schematically
15 illustrating a certain operation state of the multidi-
rectional operating switch of Figure 28.

Figure 31 is a cross-sectional view illustrating
an alternative configuration of the multidirectional
20 operating switch according to Example 7 of the present

invention.

Figure 32 is a cross-sectional view schematically
illustrating a certain operation state of the multidi-

25 rectional operating switch of Figure 31.

Figure 33 is a cross-sectional view illustrating
a configuration of a multidirectional operating switch
according to Example 8 of the present invention.

30

Figure 34 is a cross-sectional view illustrating
a configuration of a multidirectional operating switch
according to Example 9 of the present invention. |

I —
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t hrough hol e of the cover, an upper surface of the flange 20 portion is
In contact wwth an inner surface of the cover, a periphery of the
operating nenber is fitted and sup- ported by an inner wall of the
case so that the operating menber is not rotatable but is tiltable
and novabl e vertically, first pressing portions are provided respec-
25 tively at positions on a |ower syiface of the operating " menber
corresponding to the plurality of inner fixed contacts, and the
plurality of first pressing portions are in contact with the
done-shaped novabl e contact. The . switch perforns a tilting operation
in multiple direc- 30 FigypS33dad (Fafsdeqtdonadi yiavw gy usimatdnghe

- shaft pori gBnefighkataper ¥f N4 MEIBedirectional operating switch

according to Example 10 of the present invention.

5 Figure 36A is an exploded perspective view
illustrating the multidirectional operating switch of
Figure 35. '

Figure 36B is a perspective view illustrating an
10 operating member which is the main component in the
configuration of the multidirectional operating switch of

Figure 35.

Figure 37 is a cross-sectional view schematically
15 illustrating a certain operation state of the multidi-

rectional operating switch of Figure 35.
DESCRIPTION OF THE PREFERRED EMBODIMENTS

20 (Example 1)
Figure 5 is a cross-sectional view illustrating
a configuration of a multidirectional operating switch
according to Example 1 of the present invention. More-
over, Figure 6A is an exploded perspective view illus-
25 trating the multidirectional operating switch illustrated
in Figure 5; and Figure 6B is a perspective view illus-
trating an operating member which is the main component

in the configuration.

30 The illustrated multidirectional operating switch
includes a box-shaped case 31, with the opening thereof
being covered.by a cover 32 made of a metal plate, or the
like. Four outer fixed contacts 33, a central fixed

———
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-7- Specifically, a click is generated in the tilting
operation of the operating nmenber. I n one enbodi nent, the
case further includes a 5 central fixed contact provided at a position
on a bottom

- 19 -

contact 48, and four inner fixed contacts 34 to 37 are

fixed by the insert molding on the bottom surface of the

case 31. As shown in the plan view of Figure 7, an outer

peripheral lower end portion of the dome-shaped movable

5 contact 38, which is made of a resilient metél‘thin plate-

with a hole 38A provided at the center thereof, is placed

on the four outer fixed contacts 33; the central fixed

contact 48 is located under the cehter of the dome-shaped

movable contact 38; and the four inner fixed contacts 34

10 to 37 are provided along the periphery about the center

of the central fixed contact 48 so as to be equally

spaced apart from one another. Each of the four inner

fixed contacts 34 to 37 is located substantially at the

midpqint'between the central fixed contact 48 and the

15 corresponding one of the outer fixed contacts 33. The

central fixed contact 48 is provided so as to be smaller

than the hole 38A which is provided at the center of the

dome-shaped movable contact 38 and taller than the inner

fixed contacts 34 to 37. The fixed contacts 33 to 37 and

20 48 are connected respéctively to the terminals 43 to 47
and 49 for connection to an external circuit.

The number of pairs of the outer fixed contact 33
and the terminal connected thereto is not limited +to
25 four, as illustrated, but may also be one, for example.

As illustrated in the pérspective view of Figure
8A and the cross-sectional view of Figure 8B, the dome-
shaped movable contact 38 is formed by a drawing process

30 of a resilient metal thin plate into a circular dome-like
shape with the hole 38A being provided at the center
thereof. The dome-shaped movable contact 38 includes an
outer peripheral portion 38B which is in a frustum shape

_—
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surface of the case which corresponds to the center of t he

done- shaped novabl e contact; and the operating nenber further

i ncl udes a second pressing portion provided at a position on the

| ower surface of the operating nenber 10 whi ch corresponds to the center
of the done-shaped movabl e contact. Preferahly, a

hei ght of each of the plurality of . first pressing portions is |ess
than a height of the 15 second préé@?h@ porti on. I n

anot her enbodi nent, a hole is provided at the center of the

done- shaped novabl e contact; the central fi xed contact has a dianeter

smal | er than t eeddisamentrak portion 38C, which is in a substantially
spherical shape slightly raised upwards, inside the outer
peripheral portion 38B. At the boundary therebetween,
the portions 38B and 38C are connected to each other by
5 ‘a smooth curve.

An operating member 40 includes a shaft portion
40B and a rectangular flange portion 40A formed integral-
ly with the shaft portion 40B on the lower end thereof.

10 The shaft portion 40B extends upwards out of a through
hole 32A provided at the center of'the cover 32. On the
other hand, the flange portion 40A is engaged with and
supported by corner portions 31A provided at four loca-
tions of the inner wall of the case 31 so that the flange

15 portion 40a canhot rotate but can tilt and move vertical-

1ly.

A pressing portion (inner pressing portion) 41 is
provided on the lower surface of the flange portion 40A
20 of the operating member 40. The pressing portion 41 is
formed into a circular ring shape so that stepped portion
along the outer periphery thereof is placed along the
respective centers of the inner fixed confacts 34 to 37
provided on the bottom surface of the case 31. A conduc-
25 tive member 50 is provided in an indentation 41A which is
provided at the center of the circular ring-shaped inner
pressing portion 41. The conductive member 50 forms a
central pressing portion which is larger than the hole
38A provided at the center of the dome-shaped movable
30 contact 38. The conductive member 50 is as tall as the
inner pressing portion 41 or extends'slightly taller than

the inner pressing portion 41.
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20 t he hole of the dome-shaped novabl e contact; and the hei ght of

each of the plurality of inner fixed contacts Is | ess than the hei ght
of the central fixed contact. The first pressing portion
may be a pol ygonal 25 ri ng- shaped pressing portion or a circular

ri ng- shaped pressing portion which includes, at the center thereof,

a dent portion larger than the hole of_the done-shaped novable
contact; and the second pressing porti% may be formed, in the dent
portion of the first pressing por- 30 tion, of a conductive nenber
approxirately as tall as the first pressing portion. '

- The dome-shaped movable contact 38 is positioned
by a circular portlpn of the inner wall of the case 31 so
as to be concentric with the case 31, and is placed on
the outer fixed contacts 33 provided on the bottom

5 surface of the case 31. The lower surface of the flange
portion 40A of the operating member 40 is biased upwards
by the upper surface ﬁortion of the dome-shaped movable
contact 38 pressing against the inner pressing portion
41, As a result, the upper surface of the flange portion

10 40A is biased upwards against the inner or lower surface
of the cover 32, whereby the operating member 40 main-

tains the vertical and neutral position.

A hole 40C is provided to run from the upper end
15 surface of the shaft portion 40B of the operating member
40 down to the flange portion 40A so as to be longer than
the distance by which the shaft portion 40B extends out
of the cover 32. A leg portion 42A of the operating knob
42 is inserted and coupled to the hole 40C.
20
Hereinafter, the operation of the multidirection-
al operating switch of the present example having such a
configuration will be described further referring to
Figures 9 and 10 as well as Figure 5. Each of Figures 9
25 and 10 is a cross-sectional view schematically illustrat-
ing a certain operation state of the multidirectional
operating switch of the present example.

In the state shown in Figure 5, the operating

30 member 40 is in the vertical and neutral position, with
the inner pressing portion 41 on the lower surface
thereof not depressing the dome-shaped movable contact 38

below its resting position. In this state, connection
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In still another enbodi nent, a hole is provided

the center of the done-shaped novabl e contact; the case further

i ncludes a central bunp portion provided at a position on a bottom

surface of the case which corre- 5 sponds to the center of the
done- shaped novabl e cont act, the central bunp portion having a
smal | er than - 22 - '

di amet er

10

15

20

25

30

between any pair of the contacts is in the OFF state.

When an end of the knob 42 (the left end in the
example illustrated in Figure 9) is pressed down as indi-
cated by an arrow in Figure 9, the operating member 40 is
tilted about a fulcrum at a top portion 40D on the upper
surface of the flange portion 40A which is in contact
with the inner surface of the cover 32. Thus, the inner
pressing portion 41 on the lower surface of the operating
member 40 presses down the dome-shaped movable contact 38
so as to partially invert the dome-shaped movable con-
tact 38, thereby generating a click, causing the dome-
shaped movable contact 38 to contact the inner fixed
contact 34 provided at the corresponding position on the
bottom surface of the case 31, and thus turning ON the
connection between the outer fixed contact 33 and the
inner fixed contact 34. Thus, a signal is generated,
which is then supplied to the outside through the termi-
nals 43 and 44.

At this point, if the central portion of the
dome-shaped movable contact 38 is inverted toward the
bottom surface of the case 31, the central fixed contact
48 will not contact the dome-shaped movable contact 38
since the central fixed contact 48 is smaller than the
hole 38A provided at the center of the dome-shaped
movable contact 38:. Moreover, the conductive member 50
is lifted so as to come off the central fixed contact 48
about a fulcrum at the stepped portion on the outer
periphery of the ring-shaped inner pressing portion 41,
so that it, like the contact 38, will not contact the
central fixed contact 48.
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the dianeter of the hole of the done-shaped novabl e contact and

extending taller than the outer fixed con- tact; and the operating

menber further includes a dent 10 portion provided at the center of the

| ower surface of t he operating nmenber so as to engage with the
~central bunmp portion of the case. The first pressing

portion may be a polygonal 15 ri ng-shaped pressing portion or a circul ar

ri ng- shaped pressing portion whiCh includes, at the center thereof,

a dent portion larger than the hole of the done-shaped novabl e

cont act . 20 " In one enbodi nent, the Rlurality of first press-

When the force being applied to the knob 42 is

removed, the inner pressing portion 41 on the lower
surface of the flange portion 40A of the operating
. member 40 is pushed up by virtue of the restoring force
5 of the dome-shaped movable contact 38, to be moved back
into the vertical and neufral position, whereby the dome-
shaped movable contact 38 comes off the inner fixed
contact 34, thus turning the switch contact back to the
OFF state. '
10
As described above, by pressing down the upper
surface of the knob 42 at a certain point thereof, a
signal is supplied from the switch to the outside through
one of the terminals 45 to 47 which corresponds to the
15 pressed position (direction).

When a switching operation is performed by
tilting the operating member 40 by pressing down an end
portion of the upper surface of the knob 42, the operat-

20 ing member 40, i.e., the knob 42, will not rotate since
the flange portion 40A of the operating member 40 and the
inner wall of the case 31 are fitted together at the four
corner portions 31A in a rectangular shape. This makes
it possible to easily and reliably turn ON the connection

25 | between intended contacts.

Moreover, when a switching operation is performed

by tilting thé-khob 42, i.e., the operating member 40, a
lateral shaking force acts upon. the coupling portion

30 between the'hoie 40C of the shaft portion 40B of the
operating member 40 and the leg portion 42A of the knob

42. However, clattering therebetween is slight since the

hole 40C and the leg portion 42A are coupled together by
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I ng portions are each fornmed of a resilient nenber. : In

anot her enbodi nent, the second pressing portion is fornmed of a
resilient conductive nenber. 25 In still another enbodinent,
the plurality of first pressing portions and the second pressing
portion are integrally formed of a conductive nenber. 30 ...,

In still another enbodi ment, the swt further i ncl udes a conductive
resilient menber provided bet ween the outer fixed contact and the
dome- shaped novabl e contact, the conductive resilient nenber having a
repul -

being fitted together over a long distance.

Referring now to Figure 10, when the operating

member 40 is pressed down by pressing vertically down on

5 the central portion of the upper surface of the knob 42,

i.e., the shaft portion 40B of the operating member 40,

as indicated by an arrow in Figure 10, the inner pressing

portion 41 and the conductive member 50 press down the

dome-shaped movable cohtact 38. This inverts the dome-

10 shaped movable contact 38 and generates a click while: the

dome-shaped movable contact 38 and the central fixed

contact 48 contact each other via the conductive member

50, thereby turning ON the connection between the outer

fixed contact 33 and the central fixed contact 48. Thus,

15 a signal is generated, which is then supplied to the
outside through the terminal 49.

When the force being applied to the knob 42 is

removed, the operating member 40 is pushed up by virtue

20 of the restoring force of the dome-shaped movable contact

38 so as to be moved back into the vertical and neutral
position.

As described above, in the multidirectional

25 operating switch according to the present example, the
plurality of inner fixed contacts 34 to 37 and the
central fixed contact 48 are provided under fhe single
dome-shaped movable contact 38, thus enabling performance

of switching operations corresponding to the respective

30 directions in which the shaft portion 40B is tilted and
vertically pressed down. This reduces the number of
components to be provided, the outer diameter and the
thickness of the switch, and also the cost thereof.

——
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sive force smaller than an inversion force of the dome-

shaped novabl e contact.

10

15

20

25

30

- 25 -~

Moreover, even during é tilting operation, the inner
pressing portion 41 presses down and partially inverts
the dome-shaped movable contact 38, thus generating a
clear click.

Separate inner pressing portions 41 may be
provided individually at positions corresponding respec-
tively to the inner fixed contacts 34 to 37. Alterna-
tively, the inner pressing portion 41 may be formed into
a polYgonal ring shape with apexes at positions corre-
sponding respectively to the inner fixed contacts 34 to
37. Moreover, the stepped portion of the inner pressing
portion 41 may have a slightly curved surface. Further-
more, the entire inner pressing portion 41 may be formed

as a conductive member.

Moreover, when the conductive member 50 to be the
central pressing portion is formed of a material which
has some resilience, the contacts can be protected by the
resilience. Furthermore, when the central pressing
portion 50 and the inner pressing portion 41 are formed
of an integral conductive member, the structure of the
lower surface of the flange portion 40A becomes simple,
which is advantageous in view of downsizing.

Generally, the operating feeling with a click can
be diagrammatized as in the characteristic diagram of
Figure 11. The characteristic diagram of Figure 11 shows
variation in the operating force with respect to the
operating stroke when pressing down the dome-shaped
movable contact. Normally, a preferable operating
feeling is said to be obtained when the ratio B/A between
the inverting force A of the dome-shaped movable con-
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In still another enbodi nent, the switch further 5 includes a resilient

menber provi ded between the inner surface of the cover and the upper

surface of the flange of the operating nmenber. In

still another enbodi ment, the done-shaped 10 movabl e contact includes an

outer peripheral ~portion in a frustum shape and a portion inside.the
- outer peripheral portion in a §u9§t§ntialLy spherical shape with"a

central portion thereof being rai'sed slightly, and the frustum

shape and the substantially spherical shape are connected 15 to each

ot her at a boundary therebetween by a snooth curve.

tact and the repulsive return force B thereof is about
40% to about 60%.

Next, the results of a study for the shape of the

5 dome-shaped movable contact 38 which satisfies the

. aforementioned preferable condition in the multidirec-

tional operating switch of the present example will be
described with reference to Figures 12A and 12B.

10 In view of the shape of the multidirectional
operating switch of the present example, particularly,
the arrangement of the outer fixed contact 33, the inner
fixed contacts 34 to 37 and the central fixed contact 48
provided on the bottom surface of the case 31, it is

15 desirable to locate each of the inner fixed contacts 34
to 37 substantially at the midpoint between the central
fixed contact 48 and the corresponding one of the outer
fixed contacts 33. This is for reliably ensuring the
electrical insulation distance between the fixed con-

20 tacts, and it particularly applies when downsizing the
switch. Thus, on a precondition of the ratio 4/D = 50%
between the outer diameter D of the dome-shaped movable
contact 38 and the diameter 4 of the inner pressing
portion 41, the shape of the dome-shaped movable con-

25 . tact 38 which results in the optimal operating feeling
was studied, for the case where the dome-shaped movable
contact 38 is pressed down by the stepped portion of the
inner pressing portion 41, while.varying the angle 0
between the bottom surface of the dome-shaped movable

30 contact 38 and the slope of the periphéral conically-
shaped portion thereof, and the ratio h/H between the
total height H of the dome-shaped movable contact 38 and
the height h of the conically-shaped portion thereof.

—_—
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Preferably, the donme-shaped novable contact is formed by a draw ng

- process of a resilient netal thin 20 pl at e. Pref erably,
the angle forned between the sl ope of the frustum shape of the
done- shaped novabl e contact and the bottom surface thereof is about
25[err] to about 35[err]; the 25 ratio of the height of the frustum
shape of the done- shaped novabl.g contact with respect to the total
hei ght of the dome-shaped m)va'blzgz contact is about 70%to about

95% and the ratio of the diameter -of the first pressing portion of
the operating menber with respect to the outer 30 di aneter of the
dome- shaped novabl e coFigerei sl2Bbhods 4@%partial pcapsgtsegiional view

schematically illustrating the dome-~shaped movable con-
tact 38 and the inner pressing portions 41, which shows
D, d, 6, H and h. Figure 12A shows values of the above-
5 mentioned ratio B/A for wvarious combinations of 6 and
h/H, with the horizontal axis representing 6 and the

vertical axis representing h/H.

As is apparent from the graph of Figure 12A,
10 plots "e", indicating the ratio B/A between the inverting
force A and the repulsive return force B is 40% to 60%
(where the dome-shaped movable contact 38 is generally
said to give a.preferable operating feeling), exist in
the region where 6 = about 25° to about 35° and h/H =
15 about 70% to about 95%. Although the results shown in
Figure 12A were obtained with the ratio d4/D being fixed
at 50%, similar results were obtained when the same study
was made while varying the ratio d/D in the range of
about 40% to about 60%.

20
As can be seen from the above results, by using

the dome-shaped movable contact 38 having a shape which
satisfies both © = about 25° fo about 35° and h/H = about
70% to about 95%, a good and clear click is obtained when

25 the knob 42, i.e., the operating member 40 is either
tilted or pushed down. Thus, a good operability can be
realized.
(Example 2)

30 Next, a multidirectional operating apparatus

using the multidirectional operating switch described in
Example 1 will be described.

—— e
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- 10 - -In still another enbodi nent, the operating nenber
i ncl udes a hol e running down from an upper end surface of the shaft

portion; an operating knob having a I eg portion which is coupled to
t he operating nmenber by inserting the

- 28 -

As described above, in the multidirectional
operating of the preéent inVention, a switching operation
Can be performed in any of four directions by tilting the
shaft portion 40B of the operating member 40 toward one
5 of the directions in which the inner fixed contacts 34 to
37 are arranged. When +the shaft portion 40B of the
operating member 40 is tilted toward a direction between
adjoining two of the inner fixed contacts, the operating
member 40 is tilted about a fulcrum at a top portion
10 located opposite to the tilting direction on the upper
surface of the flange portion 40A being in contact with
the reverse or inner surface of the cover 32. Thus, the
two inner fixed contacts close to the direction in which

the operating member 40 is tilted are both turned ON.

15

In the multidirectional operating apparatus using
fhe multidirectional operating switch of the present
invention having such a configuration, a predetermined
switching recognition circuit section may be provided in
20 a microcomputer (not shown) which is connected to an
external output terminal. Thus, if the adjoining two of
the switch contacts are turned ON at shifted timings when
the shaft portion 40B of the operating member 40 is
tilted toward a direction between adjoining two of the
25 inner fixed contacts, the amount of time by which the
timings are shifted from each other is measured. A time
measurement - circuit section may further be provided in
the microcomputer so that it is determined that the two
contacts are simultaneously turned ON if the measured
30 shift time (timing difference) is within a predetermined
time differepce, which will then be processed as a signal
different from a signal obtained when only one individual
switch contact is turned ON. Thus, it is possible to

i
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5 | eg portion into the hole of the operating nenber; and the depth-

of the hole is greater than -a distance by which the shaft portion
ext ends out of the cover. In still another emnbodinent, a
dent portion or a 10 protrudlng portion is provided on an inner mall
surface of the hole of the operating nenber; a protruding porti.on
or a dent portion is provided on an pq%&r_peripheral surface of the
| eg portion of the operating knob so d engage with the dent
portion or the protruding portion of 15 t he operating nmenber.
Preferably, each of the hole of the operating menber and the |eg

portion of thep@pggggHQ}ﬁ&ﬁﬁgnﬁwsagnals associated respectively with
directions twice as many as the number of the inner fixed

contacts provided.

5 For example, when four inner fixed contacts are
provided as in Example 1, signal detection is enabled in
eight directions as described above.

(Example 3)

10 Figure 13 is a cross-sectional view illustrating
a configuration of a multidirectional operating switch
according to Example 3 of the present invention, and
Figure 14 is an exploded perspective wview illustrating
the multidirectional operating switch of Figure 13.

15 Moreover, Figure 15 is a plan view illustrating the
multidirectional operating switch of Figure 13.

The configuration of the multidirectional operat-

ing switch of the present example is basically the same

20 as that described in Example 1. In this example, howev-

er, a central fixed contact is not provided on the bottom

surface of the case 31. Like components are given like

reference numerals and may not be further described
below, except where necessary.

25
Specifically, the illustrated multidirectional
operating switch includes the box-shaped case 31 made of
a resin, with the opening thereof being covered by the
cover 32 made'of a metal plate, or the like. The four
30 outer fixed contacts 33 and the four inner fixed contacts

34 to 37 are fixzed by the insert molding on the bottom
surface of the case 31. The outer peripheral lower end
portion of the dome-shaped movable contact 38, which is
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di aneter at an upper portion thereof larger than a 20 di aneter at a

| ower portion thereof. According to anot her aspect of the
pr esent invention, a multidirectional operating apparatus includ-
ing a multidirectional operating switch as described 25 above is

provi ded. At |east diagonally-located two of the plurality of inner
fi xed contacts are both turned ON when the shaft portion of the
operating nenber of the mul tidiréctional operating switch is pushed
down verti - cally; and the apparatus conprises a processing section
30 whi ch processes a signal which is generated when two of t he
plurality of imadle fafccal repthtent atbipomptedr Pd@ten is plaged sonj gheal

different fromg,g dhdtedhiGhkds S6RHEL8LE033,. TheePoRB! Mirkag OoFikbE
i nner fixed contacts is turned
contacts 34 to 37 are provided along the periphery about

the center of the dome-shaped movable contact 38 so as to
5 be equally spaced apart from one another. = Each of the
four inner fixed contacts 34 to 37 is located closer to
the center than the corresponding one of the outer fixed
contacts 33. The fixed contacts 33 to 37 are connected
respectively to the terminals 43 to 47 for connection to

10 ‘an external circuit.

Figure 16A is a cross-sectional view schematical-
ly illustrating a certain operation state of the multidi-
rectional operating switch of the present example.

15

The height of the inner fixed contacts 34 to 37
is set so that the difference H (see Figure 16B) between
the inner fixed contacts 34 to 37 and a central portion
31B of the bottom surface of the case 31, with which the

20 central portion of the lower surface of the inverted
dome-shaped movable contact 38 comes in contact, is such
that none of the inner fixed contacts 34 to 37 except for
the one in the tilting direction will contact the dome-
shaped movable contact 38 when the operating member 40 is

25 tilted by pressing down the upper'surface thereof as
indicated by an arrow in Figure 16 so that the dome-

shaped movable contact 38 is inverted.

Each of Figures 17A and 17B is a plan view
30 schematically illustrating an exemplary shape of the
dome-shaped movable contact 38 according to the present

example.

—_—
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I n one enbodi nent, when the shaft portion of the oper ati ng nenber of

the nultidirectional operating swtch Is tilted toward a direction
bet ween adjoining two of the

- 31 -

By providing slits 38B or ribs 38C in the dome-
shaped movable contact 38, as shown these figures, it is
possible to reduce the amount of inverted-movement, by
which portions of the dome-shaped movable contact 38

5 other than the pressed portion thereof are inverted and
shifted as the dome-shaped movable contact 38 is inverted
by tilting the operating member 40. Thus, a large
insulation distance can be ensured between the inner
fixed contacts and the dome-shaped movable contact 38

10 except for the portion being pressed, and it is thus
possible to realize a reliable and stable swifching

operation and also to eliminate a click.

The operation of the multidirectional mechanism

15 of the present example, having the above-described
configuration, is the same as that of the multidirection-

al operating switch of Example 1 except that the present
example includes a different push operation of the
operating member 40. Moreover, an apparatus using this

20 multidirectional operating switch may be configured
similarly to the apparatus of. Example 2, which is config-

ured using the multidirectional operating switch of

Example 1.

25 Furthermore, as shown in Figure 18, when a force
is applied vertically on the center of the upper surface
of the knob 42, i.e., when vertically pressing down the
operating member 40, the pressing portion 41 presses thé
dome—shapéd movable contact 38. This inverts the dome-

30 shaped movable contact 38, thereby generating a click.
Moreover, two or more of the inner fixed contacts 34 to
37 are turned ON. Specifically, at least one diagonally-

located pair of the inner fixed contacts 34 to 37 is
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plurality of inner fixed contacts, the adjoining two of 5 t he inner

fi xed contacts are both turned ON;, and the processi ng section
processes a signal which is generated ~when the adjoining two of the

i nner fixed contacts are both turned ON as a signal different fromthe
si gnal which is generated when only one of the inner fixed 10
contacts is turned O\ A.mul tidirectional operating
apparatus, provided in accordancgzmnth anot her aspect of the present
i nven- tion, includes a nultidirectional operating switch as 15
descri bed above. Wen the shaft portion of the operating menber of
the nultidirecttwrredd dperating switch is tilted toward a direction
bet ween adjoining two of the plurality of inner fixed contacts, the

adjoining two of the inner
Moreover, in the apparatus using the multidirec-

[

tional operating switch of the present invention having

5 such a configuration, a predetermined switching recogni-
tion circuit section may be provided in a microcomputer

(not shown) which is connected to an external output
terminal. Thus, if the diagonally-located two switch
contacts are turned ON at shifted timings, the amount of

10 time by which the timings are shifted from each other is
measured, as in the case where the operating member 40 is
tilted toward a direction between adjoining two of the

inner fixed contacts (see the description in Example 2).

A time measurement circuit section may further be provid-

15 ed in the microcomputer'so that it is determined that the
two contacts are simultaneously turned ON if the measured
timing difference is within a predetermined time differ-

ence, which will then be processed as a signal different
from a signal obtained when only one individual switch

20 contact is turned ON. Thus, a switching process by a
push operation is possible even in the case where a
central fixed contact is not provided on the bottom
surface of the case 31, as in the multidirectional
operating.switch of the present example. It is possible

25 to process different signals associated respectively with
directions twice as many as the number of the inner fixed

contacts provided.

(Example 4)

30 Figure 19 is a cross-sectional view illustrating
a multidirectional operating switch according to Example
4 of the present invention. Moreover, Figure 20 is a

plan view illustrating the multidirectional operating
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fixed contacts are both turned ON;, and the apparatus 20 conprises a
processi ng section which processes a signal whi ch is generated when
the adjoining two of the inner fixed contacts are both turned ON as a
signal different fromthe signal which is generated when only one of
t he i nner fixed contacts is turned ON. 25 I n one

enbodi ment, the case further includes _ central fixed contact

provi ded at a position on the botTom surface of the case which
corresponds to the . center of the done-shaped novabl e contact; and the
30 operating nenber further includes a second pressing portion
provi ded at a pFoditaho@fofigurend®.surface of the oper ati ng nenber

whi ch corresponds to the center of the dome- shaped novabl e contact.

The configuration of the multidirectional operat-

ing switch of the present example is basically the same

5 as that described in Example 3. In this example, howev-
er, a central fixed contact 160 is provided on the bottom
surface of the case 31, and the central fixed contact 160

is connected further to an external output terminal 161.

A central pressing portion 162 which corresponds to the

10 central fixed contact 160 is provided on the lower
surface of the operating member 40. Like compbnehts are

given like reference numerals and may not be further

described below, except where necessary.

15 In the configuration of the present example, the'
height of the inner pressing portion 41, which is provid-
ed on the lower surface of the operating member 40, above
the lower surface of the operating member 40 is set to be
less than that of +the central pressing portion 162.

20 Thus, the inner pressing portion 41 does not press down
the dome-shaped movable contact 38 even when the operat-
ing member 40 is pressed down by applying a force verti-
cally on the knob 42 so that the central pressing portion
162 of the operating member 40 inverts the dome-shaped

25 movable contact 38.

The operation of the multidirectional mechanism
of the present example having the above-described config-
uration is substantially the same as that of the multidi-

30 rectional operating switch of Example 1. Moreover, an
apparatus using this multidirectional operating switch
may be similarly configured as the apparatus of Example
2 which is configured using the multidirectional operat-

_—
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- 12 - I n anot her enbodi nent, the apparatus detects a

signal generated in the tilting operation of the shaft portion of the
operating nenber of the nultidirectional operating switch, and selects
an itemfroma plurality of

LR

- 34 -

ing switch of Example 1.

(Examplé 5)
Figure 21 is a cross-séctional view illustrating
5. a configuration of a multidirectional operating switch
according to Example 5 of the present invention. Figure
22 is an exploded perspective view illustrating the
multidirectional operating switch of Figure 21. More-
over, Figure 23 is a cross-sectional view schematically
10 illustrating a certain operation state of the multidi-

rectional operating switch of the present example.

The multidirectional operating switch of the

present example, as compared to the multidirectional

15 operating switch of Example 1, differs in that a resil-
ient member 51 made of a sheet-like rubber, or the like,

is further inserted between the upper surface of the
flange portion 40A of the operating member 40 and the

inner surface of the cover 32. Other than that, the

20 configﬁration is the same as that of Example 1. Like
components are given like reference numerals and may not

be further described below, except where necessary.

By providing the resilient member 51 as described

25 above, even if there occurs slight dimensional fluctua-

tion or variation when processing or assembling the case

31, the cover 32, the operating member 40 and the dome-

shaped movable contact 38, such a dimensional fluctuation

or variation may be absorbed by the resilient member 51

30 being depressed, as long as the fluctuation or variation

is within the depression limit of the resilient member

51. Thus, there occurs no clattering in the operating
member 40.

_—

———
—
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5 di spl ayed itens; and the apparatus detects a signal generated in

a push operation of the shaft portion, and confirnms the selection of
the item In still another enbodinent, the apparatus 10
detects a signal generated in the tilting operation of t he shaft
portion of the operating nenber of the multidi- rectional operating
switch, selects a pre-assigned vector direction signal of a ‘plurality
of vector signals, and nmoves a di'splayed object in the sel ected
vector direc- 15 tion; and the apparatus detects a signal generated in a
push operation of the shaft portion, and executes a pre- si gned

instruction for the nmoVereshiaiot . when an end of thelinob 42 (the left
end in the example illustrated in Figure 23) attached to
the hole 40C of the operating member 40 is pressed down,
as indicated by an arrow in Figure 23, the operating
5 member 40 is tilted about a fulcrum at the top portion
40D on the right side of the upper surface of the flange
40A. Thus, the inner pressing portion-41 presses down
the dome-shaped movable contact 38 so as to partially
invert the dome-shaped movable contact 38. As a result,
10 a click is génerated, while the inner fixed contact 34
provided at the corresponding position on the bottom
surface of the case 31 and the dome-shaped movable con-
tact 38 contact each other, thereby +turning ON the
connection between the outer fixed contact 33 and the
15 inner fixed contact 34. Thus, a signal is generated,
which is then supplied to the outside through the termi-

nals 43 and 44.

In the above-described operation, the resilient
20 member 51 is pressedllocally by a top portion 40D, and a
portion of the resilient member 51 is compressed and
deformed more than the other portions thereof. Thus, the
tilting angle of the shaft portién 40B of the operating
member 40 can be increased. Moreover, the resilient
25 member 51 is further compressed and deformed so as to
absorb the impact force generated when the shaft portion
40B is tilted, or a force generated when an abnormal
force is applied to the operating member 40, thereby
protecting the switch contact section.
30
(Example 6)
Figure 24 is a cross-sectional view 111ustrat1ng

a configuration of a multidirectional operating switch

R
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In still another enbodi nent, the apparatus 20 detects a signal generated
by performng a plurality of push operations of the shaft portion of
t he operating menber of the nmultidirectional operating switch within
a predeterm ned period of time, and sequentially executes a
plurality of instruction signals which are predesigned 25 for the.
detected signals. _ In_sgil| another enbodinent, the °°
appar at us detects a signal generated in a push operation of the
shaft portion of the operating nmenber of the nultidirec- 30 tional
operating swtch, and based on the detected signal, alters

i nstructi ons wacERTrdiagr ckpeErppple 6 of g gpeesent dinventgam.r ezrdons

of the shaft perLueR 2B is a ckBE8sLsbbtDOnaPCy ALY, OSciémdPECATRS! 1 PPRSL ON,
i n accordance

trating a certain operation state of the multidirectional
operating switch of the present example.

The multidirectional operating switch of the
present example, as compared to the multidirectional
operating switch of Example 1, differs in that the inner
pressing portion on the lower surface of the operating

10 member 40, which corresponds to the inner fixed contacts
34 to 37 on the bottom surface of the case 31, is formed
of a resilient member 52 such as rubber. Specifically,
the resilient member 52 is press-fitted within a ring-
shaped dent 40E provided on the lower surface of the

15 operating member 40. Other than that, the configuration
is the same as that of Example 1. Liké components are
given like reference numerals and may not be further de-
scribed below, except where necessary.

20 While the resilient member 52 is in contact with
the dome-shaped movable contact 38 which is placed on the
outer fixed contacts 33 on the bottom surface of the case
31, the compressive deformation force thereof is set to
be larger than the inversion force of the dome-shaped

25 movable contact 38. Therefore, when an end of the knob
42 (the left end in the example illustrated in Figure 25)
is pressed down, as indicated by an arrow in Figure 25,
the operating member 40 is tilted about a fulcrum at the
top portion 40D on the right side of the upper surface of

30 the flange 40A. Thus, the resilient member 52 on the
lower surface of the operating member 40 presses down and
partially inverts the dome-shaped movable contact 38. As

a result, a click is generated, while the inner fixed

———
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with a predeterm ned order.

- 37 -

contact 34 provided at the corresponding position on the |
bottom surface of the case 31 and the dome-shaped movable
contact 38 contact each other, thereby turning ON the
connection between the outer fixed contact 33 and the
inner fixed contact 34. Thus, a signal is generated,
which is then supplied to the outside through the termi-
nals 43 and 44.

In the above-described operation, when a great
force is applied to the knob 42, the resilient member 52
is compressed and deformed so as to absorb the force.

Moreover, the shaft portion 40B of the operating mem-

_ber 40 is pressed against a wall portion 32B which is

provided around the through hole 32A at the center of the
cover 32, whereby the operating member 40 is preventéd
from being further tilted. Furthermore, when a great
impact force is applied downwards on thé central portion
of the upper surface of the operating member 40 via the
knob 42, the resilient member is compressed and deformed
so as to absorb the impact force, thereby preventing

damage from occurring.

The present example has been described above as
a modification of the configuration of Example 1.
However, as illustrated in Figures 26 and 27 as a modifi-
cation of the configuration of Example 3, which has been
described with reference to Figures 13 and 14, it is also
possible to provide ‘the resilient member 52 of the
present example in the ring-shaped dent 40E provided on
the lower surface of the operating member 40.
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In still another enbodi ment, an up-down adj ust - ment of functions
assigned to the tilting directions is 5 performed by tilting the shaft
portion toward a predeter- mned tilting direction during the tilting
operation of the shaft portion of the operating nmenber of the multidi-
rectional operating swtch. 10 Thus, the invention _.described
herein makes possi bl e the advantgges of: (1) providing a nul tidirec-
tional operating switch with which it TS possible to reliably perform
a switching operation while ensuring the swi tching operation by a
click even when a switching 15 operation is perforned by tilting the

oper ati ng shaf t(Example o) which requires a small number of conponents and

a | ow cost; and ERgudeddgiiRd adcibkkl-dettibnanaliepeiatiuBerating
a configuration of a multidirectional operating switch

according to Example 7 of the present invention.

The multidirectional operating switch of the
present example, as compared to the multidirectional
operating switch of Example 1, differs in that a conduc-
tive resilient member 53 as illustrated in the perspec-

10 tive view of Figure 29 is provided between the dome-
shaped movable contact 38 and the outer fixed contacts 33
of the case 31. The conductive resilient member 53 has
a repulsivé force slightly smaller than the inversion
force of the dome-shaped movable contact 38. With the

15 provision of the conductive resilient member 53, the
dome-shaped movable contact 38 is slightly "lifted" from
the bottom surface of the case 31. Other than that, the
configuration is the same as that of Example 1. Like
components are given like reference numerals and may not

20 be further described below, except where necessary.

Figure 30 is a cross-sectional view schematically
illustrating a certain operation state of the multidi-
rectional operating switch of the present example.

25 | )

When an end of the knob 42 (the left end in
Figure 30) is pressed down, as indicated by an arrow in
Figurée 30, the operating member 40 is tilted about a
fulcrum at the top portion 40D on the right side of the

30 upper surface of the flange 40A. Thus, the inner press-
ing portion 41 on the lower surface of the operating
member 40 presses down the dome-shaped movable con-
‘tact 38. At this point, the conductive resilient member
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apparatus using the sane. 20 These and ot her advantages of the
present inven- tion will becone apparent to those skilled in the art
upon readi ng and understanding the follow ng detailed description
with reference to the acconpanying figures. 25 BRI EF

- DESCRI PTI ON OF THE DRAW NGS Figure 1 is a cross-secti.onal
‘view illustrating a conflguratloggof a conventlonal mul ti di r'ectional
~operating switch. 30

53 between the dome-shaped movable contact 38 and the
outer fixed contacts 33 of the case 31 is compressed,
whereby the dome-shaped movable contact 38 pressed down
by the inner pressing portion 41 is partially inverted
5 while the left side in the figure of the flange portion
40A is tilted more than at the corresponding stage in
Exaﬁple 1. Thus, a click is generated, while the inner
fixed contact 34 provided at the corresponding position
on the bottom surface of the case 31 and the dome-shaped
10 movable contact 38 contact each other, thereby turning ON
the connection between the outer fixed contact 33 and the
inner fixed contact 34. Thus, a signal is generated,
which is then supplied to the outside through a terminal
(hot shown).
15
When the force being applied to the knob 42 is
removed, the inner pressing portion 41 is pushed up by
virtue of the restoring force of the dome-shaped movable
contact 38 and the conductive resilient member 53 so that
20 the operating member 40 comes back into the vertical and
neutral position. Thus, the dome-shaped movable con=
tact 38 comes off the inner fixed contact 34, thereby
turning the switch back to the OFF state.

25 As described above, also in the configuration of
the multidirectional operating switch of the present
example, by pressing down the upper surface of the knob
42 at a certain point thereof, a signal is supplied from
the switch to the outside through a terminal (not shown)

30 which corresponds to the pressed position (direction).
Particularly in the configuration of the present example,
a large insulation distance can be ensured between the

" inner fixed contacts 34 to 37 and the dome-shaped movable

———
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Figure 2 is a partially cutaway expl oded perspec- - tive view
illustrating the nmultidirectional operating swtch of Figure 1

14 -
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contact 38 so that they will not eaéily contact each
other in the neutral state, whereby it is possible to
prevent a malfunction of the switch from occurring, to
tiltmthg_qperating member 40 by a larger angle, and to
perform a reliable and stable switching operation.

The present example has been described above as

a modification of the configuration of Example 1.

However, as illustrated in Figures 31 and 32 as a modifi-
cation of the configuration of Example 3, which has been
described with reference to Figures 13 and 14, it is also
possible to provide the conductive resilient member 53 of
the present example between +the dome-shaped movable
contact 38 and the outer fixed contacts 33 of the case
31.

(Example 8) _
Figure 33 is a cross-sectional view illustrating
a configuration of a multidirectional operating switch

according to Example 8 of the present invention.

The multidirectional operating switch of the
present example, as compared to the multidirectional
operating switch of Example 1, differs in that a protrud-
ing stopper nail 42B is further provided on the periphery
of the leg portion 42A of the knob 42 which is inserted
and coupled to the hole 40C of the operating member 40.°

Moreover, an engaging dent 40F is further provided on the

inner wall surface of the hole 40C so as to engage with
the protruding stopper nail 42B. Other than that, the
configuration is the same as that of Example 1. Like
components are given like reference numerals and are not

further described below. —_——
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Each of Figures 3 and 4 is a cross-sectional view schematical ly

illustrating a certain operation state of t he conventi onal

mul tidirectional operating swtch. 5 Figure 5is a
cross-sectional viewillustrating a configuration of a

mul tidirectional operating sw tch according to Exanple 1 of .the
present invention. Fi gu 6A is an expl oded perspectlve Vi ew
illus- 10 trating the nmultidirectional operating switch of Figure

5. Figure 6B is a perspective viewillustrating an

Due to such a configuratidn, it is possible to
reliably secure the leg portion 42A of the knob 42 within
the hole 40C of the operating member 40 so that it can
not be detached therefrom during operation.

5
(Example 9)
Figure 34 is a cross-sectional view illustrafing
a configuration of a multidirectional operating switch
according to Example 9 of the present invention.
10

The multidirectional operating switch of the
present example is different from the multidirectional
operating switch of Example 1 in the configuration of the
section where the hole 40C of the operating member 40 and

15 the leg portion 42A of the knob 42 fit each other.
Specifically, an upper portion 40G of the hole 40C has a
relatively large diameter, whereas a lower portion 40H
thereof has a relatively small diameter. Accordingly, an
upper portion 42C of the leg portion 422 has a relatively

20 large diameter, whereas a lower portion 42D thereof has
a relatively small diameter. The knob 42 is attached to
the operating member 40 by press-fitting the upper
portions 40G and 42C together, and the lower portions 40H
and 42D together. Other than that, the configuration is

25 the same as that of Example 1. Like components are given
like reference numerals and may not be further described
below, except where necessary. '

Also in the configuration of the multidirectional

30 operating switch of the present example, as in the
configuration of the multidirectional operating switch of
Example 1, the length, from the upper end of the upper
portion having a large diameter to the lower end of the

T




operating nenber which is the main caonponent in the 15 configuration of

the multidirectional operating switch of Fi gure 5.

Figure 7 is a plan view illustrating the multidi- . rectional operating
switch of Figure 5. 20 _ Fi gures 8A and 8B are a perspective
view and a cross-sectional view, respectively, illustrating a-dome-
shaped novabl e contact included in the4§uLtidirectionaI oper ating
switch of Figure 5. 25 EaCh of Figures 9 and 10 is a
cross-sectional ' view schematically illustrating a certain operation
state of the nmultidirectional operating swtch of Figure 5.

lower portion having a small diameter, is set to be

greater than the distance by which the shaft portion 40B

is extending out of the cover 32. Therefore, the effec-

tive distance over whiéh the operating member 40 and the

5 knob 42 fit together has the same value as in the config-

uration of the multidirectional operating switch of

Example 1. Thus, it is possible to reduce the clattering

in the section where the hole 40C of the operating

. member 40 and the leg portion 42A of the knob 42 fit each
10 other.

Moreover, the resistance against a mechanical
stress generated as the knob 42 is tilted can be in-
creased without increasing the outer diameter of the

15 shaft portion 40B of the operating member 40, by setting
the thickness to a large value at the lower portion of
the shaft portion 40B of the operating member 40, <to
which a great force is applied when tilting the knob 42,
and at the upper portion 42C of the leg portion 42a of

20 the knob 42 having a large diameter, to which a great
force is similarly applied, while setting the thickness
to a small value at the upper portion of +the shaft
portion 40B of the operating member 40, to which a great
force is not applied when tilting the knob 42, and at the

25 lower portion 42D of the leg portion 42A of the knob 42
having a small diameter, to which a great force is
similarly not applied.

(Example 10)

30 Figure 35 is a cross-sectional view illustrating
a configuration of a multidirectional operating switch '
according to Example 10 of the present invention.

Moreover, Figure 36A is an éxploded perspective view
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30 Figure 11 is a characteristic diagram show ng _ variation

In the operating force with respect to the operating stroke when
pressi ng down the done-shaped novabl e cont act .
~ 43 -

illustrating the multidirectional operating switch of
Figure 35; and Figure 36B is a perspecfive view illus-
trating an operating member which is the main component
in the configuration. Furthermore, Figure 37 is a cross?

5 sectional wview schematically illustrating a certain
operation state of the multidirectional operating switch
of the present example.

The multidirectional operating switch of the

10 present example, as compared to the multidirectional
operating switch of Example 1, differs in that a central

bump portion 60A is provided, instead of the central

fixed contact provided on <the centrai portion of the
bottom surface of the case, on the central portion of the

15 bottom surface of a case 60 so as to extend upwards out
of the hole 38A provided at the center of the dome-shaped
movable contact 38, while a supporting dent portion 61B

is provided, instead of the conductive member as the
central pressing portion of the operating member, at the

20 center of the lower surface of a flange portion 61A of
the operating member 61 so as to engage with the above
central bump portion 60A. Other than that, the configu-
ration is the same as that of Example 1. Like CQmponents

are given like reference numerals and may not be further

25 be described below, except where necessary.

Due to the provision of the central bump portion
60A and the supporting dent portion 613 which engage with
each other, the multidirectional -operating switch of the

30 present example exhibits the switching function only when
the operating member 61 is tilted.
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- 15 - Figure 12A is a graph showing the results of a

study for the shape of the done-shaped novabl e cont act i ncluded in the
mul tidirectional operating switch of Figure 5 which neets a preferable
operating feeling. .5 Figure 12B is a partial cross-sectional

Vi ew schematically illustrating the donme-shaped novable con--.. .

tact and the inner pressing portions_ipgluded in the mul tidireéctional
operating switch of Figure 5. 10 Figure 13 is a
cross-sectional viewillustrating a configuration of a

mul tidirectional operatin%:smitch . according to Exanple 3 of the
present invention. In the multidirectional operating switch of the

present example having such a configuration, when an end

of the knob 42 (the left end in the example illustrated

in Figure 37) is pressed down as indicated by an arrow in

5 Figure 37, the operating member 61 is tilted about a

fulcrum at a top portion 61C on the upper surface of the

flange portion 61A. Thus, an inner pressing portion 61D

provided on the lower surface of the flange portion 61A

presses down and partially inverts +the dome-shaped

10 movable contact 38, thereby performing a switching

operation while generating a click. At this point, in

the configuration of the present example, the central

bump portion 60A on the central portion of the bottom

surface of the case 60 is engaged with the supporting

15 dent portion 61B on the lower surface of the flange

| portion 61A of the operating member 61, whereby the

physical relationship between the operating member 61 and

the case 60 is  accurately maintained without being

1atefa11y shifted from each other. Thus, a reliable and

20 stable switching operation is achieved with a clear
click.

In the description above, the bump portion 60A is

provided in the case 60, and the supporting dent portion

25 61B is provided on the lower surface of the flange
portion 61A of the operating member 61. However, similar
effects can be obtained also from a configuration in
which ‘a bump portion is provided-on the - lower surface of

the flange portion 61A of the operating member 61, and

30 the supporting dent portion 61B is provided in the case
60 so that bump portion and the dent portion 61B engage

with each other.
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15 Figure 14 is an expl oded perspective viewillus- trating

the multidirectional operating switch of Figure 13.

Figure 15 is a plan viewillustrating the nmulti- 20 di recti onal
operating switch of Figure 13.. Figure 16A is a
cross-sectional view schematical - ly illustrating a certain_qperation
state of the nultidi- rectional erating switch of Figure 13; "and
Figure 16B 25 is a partially expan View of Figure 16A.

fhe use of the multidirectional operating switch
of the present invention having the features as described
above makes it possible to configure a multidirectional
operating apparatus having various functioﬁs.

Considering the application of the preéent
invention to mobile communication apparatuses, for
example, when the multidirectional operating switch of
the present invention is attached to a mobile communica-

10 tion apparatus such as a portable phone, a pager, etc.,
it is possible, by tilting the shaft portion of the
operating member, to move the cursor on a display screen
such as a ligquid crystal display screen, to scroll or
search menu items, characters, and the like; and by

15 pushing down the shaft portion, to select a menu item.
Moreover, signal transmission can be performed by the
push operation.

Moreovér, considering the application of the

20 present invention to various remote controls and audio
apparatuses, for example, when +the multidirectional
operating switch of the present invention is attached to
various remote controls or an audio apparatus, it is
possible to perform alternate switdhing operations such

25 as the power ON/OFF control or the play/stop operation by
repeating the push operation of the shaft portion of the
operating member, Moreover, it is also applicable to
appropriately pre-assign a. set of instructions such as
turning, selection, volume control, fast-forward and

30 rewind, to the tilting operation of the shaft portion in
the front/rear direction and the tilting operation in the
left/right direction (the tilting directions are not
limited to the above), respeqtively, so that a selected
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Each of Figures 17A and 17B is a plan view schematical ly

illustrating an exenplary shape of the .
included in the nultidirec- 30 tional operating switch of Figure 13.

Figure 18 is a cross-sectional view schematically illustrating a

certain operation state of the multidi-
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one among the set of the pre-assigned operations can be
performed by the tilting operations of the shaft portion.
Moreover, it is also possible to alter the assignment of
the instructions (e.g., to switch between the first and
second instruction sets) by the push operation of the
shaft portion. '

Furthermore, considering the application of the
present invention to TV game apparatuses or car naviga-
tion apparatuses, when the multidirectional operating
switch of the present invention is attached to a TV game
apparatus or a car navigation apparatus, it is possible,
by tilting the shaft portion, to move the game characfer
or the map on the display according to a tilting direc-
tion; and to execute predetermined instructions, such as
to alter the magnification of the map or to make the game
character jump, by pushing down the shaft portion.

Furthermore, considering the application of the
present invention to electronic cameras, when the multi-

directional operating switch of the present invention is

attached to an electronic'camera, it is possible to set
the shutter speed, the diaphragm value, or the like, by
tilting the shaft portion, thereafter finalizing the
setting by pushing down the shaft portion. It is also
possible to set the position of the object to be focused
within the viewfinder by tilting the shaft portion, and
to focus on the object by pushing down the shaft portion,
thereafter pressing the shutter by pushing down the shaft
portion again within a predetermined period of time.

Furthermore, considering the application of the

present invention to computer apparatuses, when the

done- shaped novabl e cont act
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- 16 - rectional operating switch of Figure 13.

Figure 19 is a cross-sectional viewillustrating a nultidirectional
operating switch according to Exanple 5 4 of the present invention.
Figure 20 is a plan view illustrating the nulti- di recti onal

operating swtch of Figure 19.
' - 47 -

multidirectional operating switch of the present inven-
tion is attached to a computer apparatus, it is possible
to move the cursor on the display or select a menu item
by tilting the shaft portion; and then to finalize the

5 selection or execute the selected instruction by pushing
down the shaft portion.

As described above, according to the present

invention, in a multidirectional operating switch for

10 performing a tilting operation in multiple directions so
as to generate a signal by tilting a shaft portion of an
operatihg'member, it is possible to reduce the number of
components to be provided therein, and also reduce the

outer diameter and thickness of the switch and the height

15 of the entiré configuration including the knob. Thus,
there is provided a multidirectional operating switch

which provides a click even when a switching operation is
performed by tilting the operating member and enables a
reliable and stable switching operation, while <the

20 multidirectional operating switch can be produced at a
low cost. When a center fixed contact is further provid-

ed at a prescribed position, a signal can be provided

when the operating shaft is pushed down, i.e., by a
pushing operation. A desirable click is of course

25 provided in the pushing operation.

Moreover, each of signals generated when the
shaft portion is tilted toward a direction between
adjoining two of the positions where the inner fixed

30 contacts are provided or whén a push operation is per-
formed by pushing down the shaft portion may be used as
a signal different from signals generated by a tilting

operation toward a direction in which one of the inner
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10 Figure 21 is a cross-sectional viewillustrating a

configuration of a nmultidirectional operating switch according to
Exanple 5 of the present invention. Figure 22 is an '
expl oded perspective view illus- 15 trating the nmultidirectional
operating swtch of Figure 21. Figure 23 is a
cross-sectional view schematically _ 48 illustrating a certain operation
state of the multidi- 20 rectional oOperating switch of Figure 21

fixed contacts is provided.

Moreover, when a multidirectional operating
apparatus is:' configured wusing the multidirectional
5 operating switch of the present invention, it is possible
to achieve both the centralized processing of wvarious
operations by a simple method and the downsizing of the
entire configuration (i.e., making the entire configura-
tion a smaller, thinner and lighter in weight).
10 |

The dome-shaped movable contact included in the
various multidirectional operating switches of the
present invention may be formed of a material with an
appropriate spring characteristic which realizes desir-

15 able paftial inversion such as a spring stainless steel
plate, a spring phosphor bronze plate, a beryllium coﬁper
plate, or the like. By processing such an appropriate
material into a prescribed shape, it becomes possible to
provide a click even in the tilting operation.

20 '

Various other modifications will be apparent to
and can be readily made by those skilled in the art
without departing from the scope and spirit of this
invention. Accordingly, it is not intended that the

25 scope of the claims appended hereto be limited to the
description as set forth herein, but rather that the
claims be broadly construed.
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Figure 24 is a cross-sectional view illustrating a configuration of a
mul tidirectional operating switch according to Exanple 6 of the
present invention. 25 Figure 25 is a cross-sectional view
schematical ly illustrating a certain operation state of the nultidi-
rectional operating switch of Figure 24. 30 Fgure—26-—-i-s—a

cross-sectional viewillustrating an alternatl of the
mul tidirectional ~operating sw té‘"l? accor di ng tol ﬁ,ﬁ "eIiH Iﬁ "Tﬁf&

pr esent I nventi on.

WHAT IS CLAIMED IS:

1. A multidirectional operating switch, comprising:

a dome-shaped movable contact made of a resilient
thin metal plate;

a box-shaped case including, on a bottom surface
thereof, an outer fixed contact on which an outer periph-
eral lower end portion of thé dome-shaped movable contact
is placed, and a plurality of inner fixed contacts
provided inside positions corresponding to the outer
peripheral lower end portion of the dome-shaped movable
contact so as to be eguiangular and equidistant from a
center of the dome-shaped movable contact;

a cover including a through hole at a center
thereof, the cover being p.rovided s0 as to cover an upper
opening of the case; and

an operating member including a shaft portion and
a flange portion integrally formed at a lower end of the
shaft portion, in which the shaft portion extends upwards
out of the through hole of the cover, an upper surface of
the flange pbrtion is in contact with an inner surface 6f
the cover, a periphery of the operating member is fitted
to and supported by an inner wall of the case so that the
operating member is not rotatable but is tiltable and
movable vertically, first pressing portions are provided
respectively at positions on a lower surface of the.
operating member corresponding to the plurality of inner
fixed contacts, and the plurality of first pressing
portions are in contact with the dome-shaped movable
contact, | '

wherein the switch performs a tilting operation in
multiple directions so as to generate a signal by tilting
the shaft portion of the operating member.
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Figure 27 is a cross-sectional view schematically

illustrating a certain operation state of the nultidi= rectional

operating switch of Figure 26.

* c L M s *

- 50 -

"2. A multidirectional opérating switch according to claim

1, wherein a click is generated in the tilting operation
of the operating member.

3. A multidirectional operating switch according to claim

1, wherein:

the case further includes a central fixed contact

~provided at a position on a bottom surface of the case

which corresponds to the center of the dJdome-shaped
movable contact; and

the operating member further includes a second
pressing portion provided at a position on the lower
surface of the operating member which corresponds to the
center of the dome-shaped movable contact.

4. A multidirectional operating switch according to claim
3, wherein a height of each of the plurality of first
pressing portions is less than a height of the second

pressing portion.

5. A multidirectional operating switch according to claim
3, wherein:

a hole is provided at the center of the domé—
shaped movable contact;

the central fixed contact has a diameter smaller
than a diameter of the hole of the dome-shaped movable
contact; and '

a height of each of the plurality of inner fixed
contacts is less than a height of the central fizxed

contact.

6. A multidirectional operating switch according to claim

5, wherein:
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5 Figure 28 is a cross-sectional viewillustrati ng a
configuration of a nultidirectional operating switch according to
Exanple 7 of the present invention. Fi gure

perspective view schematically 10 illustrating the sg
conductive resilient nember included in the nul tl H'H’, ”"l””m
operating switch of Fi gure 28. 51 gut e €30ti swa
cross-sectional view schematically 15 Tllustrating a certal n operat ion -
state of the nultidi- rectional operating switch of Figure 28.
the first pressing portion is a polygonal ring-
shaped pressing portion or a circular ring-shaped press-
ing portion which includes, at a center thereof, a dent
portion larger than the hole of the dome-shaped movable '
"contact; and
the second pressing portion is formed, in the
dent portion of the first pressing portion, of a conduc-
tive member approximately as tall as the first pressing

portion.

7. A multidirectional operating switch according to claim
1, wherein: _

a hole is provided at the center of the dome-
shaped movable contact;

the case further includes a central bump portion
provided at a position on a bottom surface of the case
which corresponds to the center of the dome-shaped
movable contact, the central bump portion having a
diameter smaller than a diameter of the hole of the dome-
shaped movable contact and extending taller than the
outer fixed contact; and

the operating member further includes a dent
portion provided at a center of a lower surface of the
operating member so as to engage with the central bump
portion of the case.

8. A multidirectional operating switch according to claim
.7, wherein the first pressing portion is a polygonal
'ring-éhaped pressing portion or a circular ring—shaped
pressing portion which includes, at a center thereof, a
dent portion larger than the hole of the dome-shaped
movable contact.
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Figure 31 is a cross-sectional view illustrating an alternative

configuration of the nultidirectional 20 operating switch according to
Exanple 7 of the present i nventi on. Figure 32 is a
cross-sectional view schematically i1l ust ratMt i on
state of the nmultidi- 25 rectional operating sw ’i’"m[,

Figure 33 is a cross-sectional V|eW|II|istrat|ng ﬂ tlon of a
mul tidirectional operating switch accordi ng to E&an‘pl e

present invention. 30 . Figure 34 is a cross- sectlonal Vi ew

il lustrating

9. A multidirectional operating switch according to claim
1, wherein the plurality of first pressing portions are

each formed of a resilient member.

10. A multidirectional operating switch according to
claim 3, wherein the second pressing portion is formed of

a resilient conductive member.

11. A multidirectional operating switch according +to
claim 3, wherein the plurality of first pressing portions
and the second pressing portion are integrally formed of

a conductive member.

12. A multidirectional operating switch _according to
claim 1, further comprising a conductive resilient member
pfovided between the outer fixed contact and the dome-
shaped movable contact, the conductive resilient member
having a repulsive force smaller than an inversion force

of the dome-shaped movable contact.

13. A multidirectional operating switch according to
claim 1, further comprising a resilient member provided
between an inner surface of the cover and an upper
surface of the flange of the operating member.

14. A multidirectional operating switch according to
claim 1, wherein the dome-shaped movable contact includes
an outer peripheral poftion in a frustum shape and a
portion inside the outer peripheral portion in a substan-
tially spherical shape with a central portion thereof
being raised slightly, and the frustum shape and the
substantially spherical shape are connected to each other
at a boundary therebetween by a smooth curve.
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a configuration of a mul ti directional operating swtch according to
Exanple 9 of the present invention.

-18 - Figure 35 is a cross-sectional viewillustrati

-3 - R

15. A multidirectional operating switch according +to
claim 14, wherein the dome-shaped movable contact is
formed by a drawing process of a resilient metal thin
plate. |

16. A multidirectional operating switch according to
claim 14; wherein:

an angle formed between a slope  of the frﬁstum
shape of the dome-shaped movable contact and a bottom
surface thereof is about 25° to about 35°;

a ratio of a height of the frustum shape of the
dome-shaped movable contact with respect to a total
height of the dome-shaped movable contact is about 70% to
about 95%; and _

‘a ratio of a diameter of the first pressing
portion of the operating member with respect to an outer
diameter of the dome-shaped movable contact is about 40%
to about 60%.

17. A multidirectional operating switch according to
claim 1, wherein:

the operating member includes a hole running down
from an upper end surface of the shaft portion;

an operating knob having a leg portion which is
coupled to the operating member by inserting the leg
portion into the hole of the operating member; and

a depth of the hole is greater than a distance by
which the shaft portion extends out of the cover.

18. A multidirectional operating switch according to
claim 17, wherein:

. a dent portion or a protruding portion is provid-
ed on an inner wall surface of the hole of the operating
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a configuration of a nultidirectional operating switch according to

Exanpl e 10 of the present invention. 5 Figure 36A is an
expl oded perspective view illustrating the nuItLdirectionaI
operating switch of Fi gure 35. gure 36B is a
perspective view illustrating an 10 operating rrenber Mum,m,mﬁm ml
conponent in the , conflguratlon(g4the mul tidirecti gﬂ
switch of Fi gure 35. Figure 37 is a ‘cr §ss? seEtl nal

vi ew schematically

member:;

a protruding portion or a dent portion is provid-
ed on an outer peripheral surface of the leg portion of
the operating knob so as to engage with the dent portion
or the protruding portion of the operating member.

19. A multidirectional operating switch according to
claim 17, wherein each of the hole of the operating
member and the leg portion of the operating knob has a
diameter at an wupper portion thereof larger than a

diameter at a lower portion thereof.

20. A multidirectional operating apparatus including a
multidirectional operating switch according to claim 1,
wherein:

at least diagonally-located two of the plurality
of inner fixed contacts are both turned ON when the shaft
portion of the operating member of the multidirectional
operating switch is pushed down vertically:; and .

the apparatus comprises a processing section
which processes a signal which is generated when two of
the plurality of inner fixed contacts are both turned ON
as a signal different from a signal which is generated
when only one of the inner fixed contacts is turned ON.

21. A multidirectional operating apparatus according to
claim 20, wherein:

when the shaft portion of the operating member of
the multidirectional operating switch is tilted toward a
direction between adjoining two of the plurality of inner
fixed contacts, the adjoining two of the inner fixed
contacts are both turned ON; and

the processing section processes a signal which
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15 illustrating a certain operation state of the nultidi-

rectional operating switch of Figure 35. DESCRI PTI ON OF THE
PREFERRED EMBODI MENTS 20 (Exanmpl e 1) Figure 5is a
cross-sectional viewillustrating a configuration Uf—‘a/
mul tidirectional operating swtch according to Exa l“nmmnm
present invention. More- over, %gure 6A is an expl “ﬂ““&“

view illus- 25 trating the mul ti df r22tT onal operating swtch Fllﬁstrated
in Figure 5; and Figure 6B is a perspective viewillus- trating an
operating menber which is the main conponent in the configuration.

is generated when the adjoining two of the inner flxed
contacts are both turned ON as a signal different from
the signal which is generated when only one of the inner
fixed contacts is” turned ON.

22. A multidirectional operating apparatus including a
multidirectional operating switch according to claim 1,
wherein: _ '

when the shaft portion of the operating member of
the multidirectional operating switch is tilted toward a
direction between adjoining two of the plurality of inner
fixed contacts, the adjoining two of the inner fixed
contacts are both turned ON; and

the apparatus. comprises a processing section
which processes a signal which is generated when the
adjoining two of the inner fixed contacts are both turned
ON as a signal different from the signal which is gener-
ated when only one of the inner fixed contacts is turned
ON.

23. A multidirectional operating apparatus according to
claim 22, wherein:

the case further includes a central fixed contact
provided at a position on a bottom surface of the case
which corresponds to a center of the dome-shaped movable
contact; and

the operating member further includes a second
pressing ‘portion provided at a position on a lower
surface of the operating member which corresponds to the
center of the dome-shaped movable contact.

24. A multidirectional operating apparatus according to

claim 22, wherein:

-
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30 The illustrated nultidirectional operating switch
I ncl udes a box-shaped case 31, with the opening thereof bei ng covered

by a cove;332 made oflafnetgl pl ate, or the like. ‘EBG?~6UTEr~++xed\‘_
A o

[
- 56 - -

the apparatus detects a signal generated in the
tilting operation of the shaft portion of the operating
member of the multidirectional operating switch, and
selects an item from a plurality of displayed items; and

the apparatus detects a signal generated in a
push operation of the shéft portion, and confirms the
selection of the.item.

25. A multidirectional operating apparatus according to
claim 22, wherein:

the apparatus detects a signal generated in the
tilting operation of the shaft portion of the operating
member of the multidirectional operating switch, selects
a pre-assigned vector direction signal of a plurality of
vector signals, and moves a displayed object in the
selected vector direction; and

the apparatus detects a signal generated in a
push operation of the shaft portion, and executes a pre-
assigned instruction for the moved object.

26. A multidirectional operating apparatus according to
claim 22, wherein the apparatus detects a signal generat-
ed by performing a plurality of push operations of the
shaft portion of the operating member of the multidi-
rectional operating switch within a predetermined period
of time, and sequentially executes a plurality of in-
struction signals which are predesigned for the detected
signals. -

27. A multidirectional-operatihg'apparatus according to
claim 22, wherein the apparatus detects a signal generat-
ed in a push operation of the shaft portion of the
operating member of the multidirectional operating

——
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- 19 - contact 48, and four inner fixed contacts 34 to 37 are

fixed by the insert nolding on the bottom surface of the case 31. As
shown in the plan view of Figure 7, an outer peripheFaL-LQmﬁL_Eﬂg__“_
portion of the dome-shaped novable 5 contact 38, which. is made of a”
resilient metal thin plate with a hol e 38A provi deB' ’ﬂmﬂ"! :
thereof, is placed on the four_ uer fixed contacts, } MHHI
fixed contact 48 is |ocated undér’ the center of the donme-shiped *
novabl e contact 38; and the four inner fixed contacts 34 10 to 37 are
provi ded al ong the@geri phery about the center of the central fixed
contact 48 so awitehpecanrdkasgd on thesgategtegasionabm ahkerpcinfru®FEach of

:Eg four innertjons whidRUar@t@shsctvd by Hsdfgnddatsd sibsimntdaldas at
tions of the shaft portion in the tilting operation of

the shaft portion, in accordance with a predetermined

order.

28. A multidirectional operating apparatus according to
claim 22, wherein an up~-down adjustment of functions
assigned to the +tilting directions is performed by
tilting the shaft portion toward a predetermined tilting
direction during the tilting operation of the shaft
portion of the operating member of the multidirectional
operating switch.

T e—
———

Tm—
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m dpoi nt between the central fixed contact 48 and the 15 correspondi ng
one of the outer fixed contacts 33. The central fixed contact 48 is
provi ded so as to be snmaller than the hole 38A which is provided at
the center of the done- shaped novabl e contact 38 and taller than the
I nner fixed contacts 34 to 37. The fixed contacts 33 to 37.and .20

48 are connected respectively to the tggmnals 43 to 47 and 49 for
connection to an external circuit. The nunber of pairs of
the outer fixed contact 33 and-the term nal connected thereto is not
limted to 25 four, as illustrated, but may al so be one, for exanple.
As illustrated in the perspecBBSERAICEWOBT TREGDLECLOSURE :

A multidirectional operating switch, which per-

forms a tilting operation in multiple directions so as to

5 generate a signal by tilting the shaft portion of the
operating member, includes: a dome-shaped movable contact

made of a resilient thin metal plate; a box—shaped case;

a cover including a through hole at a center thereof, the

cover being provided so as to cover an upper opening of

10 the case; and an operating member including a shaft
portion and a flange portion integrally formed at a lower

end of the shaft portion. The case includes, on a bottom
surface thereof: an outer fixed contact on which an outer
peripheral lower end portion of the dome~shaped movable

15 contact is placed; and a plurality of inner fixed con-
tacts provided inside positions corresponding to the
outer peripheral lower end portion of the dome-shaped
movable contact so as to be equiangular and equidistant

from a center of the dome-shaped movable contact. In the

20 operating member, the sha_ft portion extends upwards out
of the through hole of the cover, an upper surface of the
flange portion is in contact with an inner surface of the
cover, a periphery of the operating member is fitted and
supported by an inner wall of the case so that the

25 operating member is not rotatable but is tiltable and
movable vertically, first pressing portions are provided
respectively at positions on a lower surface of the
operating member corresponding to the plurality of inner

fixed contacts, and the plurality of first pressing

30 ' portions are in contact with the dome-shaped movable
contact.
Thlisllslliiet li[iilﬁelin i eﬂlaced



8A and the cross-sectional view of Figure 8B, the done- shaped

novabl e contact 38 is fornmed by a drawi ng process 30 of a resilient
metal thin plate into a circular done-like shape with the hol e 38A
bei ng provided at the center t hereof. The done-shaped novabl e
contact 38 includes an outer peripheral portion 38B which is in a

frustum shape

FIG.1
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- 20 - and a central portion 38C, which is in a substantially
spherical shape slightly raised upwards, inside the outer peri pher al
portion 38B. At the boundary therebetween, t he portions 38B and 38C
are connected to each other by 5 a snooth curve. ~ An
operating nenber 40 includes a shaft portion 40B and a rectangul ar

fl ange portion 40A forned integral - ly with the shaft portion 40B on
the | ower end thereof. 10 The shaft portion 40B extends upwards out of a
t hr ough hol e 32A provided at the center of the cover 32. On the

ot her hand, the flange portion 40A is engaged with and

FIG.2 4
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supported by corner portions 31A provided at four |oca- tions of the
i nner wall of the case 31 so that the flange 15 portion 40A cannot
rotate but can tilt and nove vertical - ly. A pressing
portion (inner pressing portion) 41 is provi ded on the | ower surface
of the flange portion 40A 20 of the operating nenber 40. The pressing
portion 41 is formed into a circular ring shape so that 'stepped
portion al ong the outer periphery thereof is placed al ong the
respective centers of the inner fixed contacts 34 to 37 provi ded on

t he bottom surface of the case 31. A conduc- 25 tive nmenber 50 is-
provided in an indentation 41A which is provided at the center of the
circular ring-shaped inner pressing portion 41. The conductive nenber

50 forns a
FIG.3
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central pressing portion which is larger than the hole 38A provi ded

at the center of the done-shaped novabl e 30 contact 38. The conductive

menber 50 i's as tall as the i nner pressing portion 41 or extends
"slightly taller than the inner pressing portion 41,

- 21 -

FIG. 4
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The done-shaped novabl e contact 38 is positioned by a circular portion
of the inner wall of the case 31 so as to be concentric with the case
31, and is placed on the outer fixed contacts 33 provided on the
bottom 5 surface of the case 31. The lower surface of the flange
portion 40A of the operating nenber 40 is biased upwards . by the upper
surface portion of the done-shaped novabl e contact 38 pressing against
the inner pressing portion 41. As a result, the upper surface of the
fl ange portion 10 40A i s biased upwards agai nst the inner or |ower
surfaceée of the cover 32, whereby the operating nenber 40 nmain-

‘tains the vertical and neutral posi tion.

FIG.5
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A hole 40C is provided to run fromthe upper end 15 surface of the shaft

portion 40B of the operating nenber 40 down to the flange portion 40A
so as to be longer than t he di stance by which the shaft portion 40B
ext ends out of the cover 32. A leg portion 42A of the operating knob
42 is inserted and coupled to the hole 40C 20 Her ei nafter,
the operation of the nultidirection- al operating switch of the
present exanpl e having such a -configuration will be described further
referring to Figures 9 and 10 as well as Figure 5. Each of Figures 9
25 and 10 is a cross-sectional view schematically illustrat- ing a
certain operati éiagf of the nmultidirectional operating switch of

t he present exigg{ e 14

FIG.
A 5 -’GGB 4
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In the state shown in Figure 5, the operating 30 menber 40 is in the

vertical and neutral position, with the i nner pressing portion 41 on
the | ower surface t hereof not depressing the donme-shaped novabl e
contact 38 below its resting position. |In this state,.connection

- 22 - : .

FIG.7
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between any pair of the contacts is in the OFF state. - Wen

an end of the knob 42 (the left end in the exanple illustrated in
Figure 9) is pressed down as indi- 5 cated by an arrow in Figure 9, the
operating nenber 40 is tilted about a fulcrumat a top portion 40D on
t he upper surface of the flange portion 40A which is in contact
with the inner surface of -the cover 32. Thus, the inner pressi ng
portion 41 on the | ower surface of the operating 10 ~ menber 40 presses
down t he dome-shaped novabl e contact 38 so as to partially invert the
done- shaped novabl e con- - tact 38, thereby generating a click, causing
t he done- shaped novabl e contact 38 to contact the inner fixed

IJ

FIG.84 7 e
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contact 34 provided at the corresponding position on the 15 bottom

surface of the case 31, and thus turning ON'the connecti on between
the outer fixed contact 33 and the i nner fixed contact 34. Thus, a
signal is generated, which is then supplied to the outside-t'hrough
the term - nals 43 and 44. 20 At this point, if the
central portion of the done- shaped novabl e contact 38 is inverted

t owar d theJﬁéég; ttomsurface of the case 31, the central fixed contact
48 wi | | att the done-shaped novabl e contact 38 25 since the

central fixed
center of the d
conducti ve neni
contact 48

ont act 48 is snallep han t he hol e 38A provided at the

-shaped bl e cont a%%a er, the :
lift SO e central fixed

a-out a fd? run1a?Q'hé¢??% d po/é?ﬁn nn t-hq outer
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30 peri phery of the ring-shaped inner pressing portion 41, SO
that it, like the contact 38, will not contact the - central fixed

cont act 48. - 23 -

FIG.11

Operating force

A(Inversion force )

B(Repulsive return
force)

\ 4

Operating stroke
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When the force being applied to the knob 42 is renoved, the inner

pressing portion 41 on the | ower surface of the flange portion 40A of
t he operating menber 40 is pushed up by virtue of the restorlng force
5 of the done-shaped novabl e contact 38, to be noved back - " into the
vertical and neutral position, whereby the done- shaped anabIe
contact 38 cones off the inner fixed contact 34, thus turning the
swi tch contact back to the OFF state. 10 As descri bed
above, by pressing down the upper surface of the knob 42 at a certain
poi nt thereo ignal is supplied fromthegswitch to the outside
t hr ough Fm'J'giétermnals 45 to 47 \?é?ich,eor' s/pc‘)" ‘to the 15
pressed position (direction). A---.§L< 20%
(%) x----z—>507-
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Wen a switching operation is perforned by tilting the
operating nmenber 40 by pressing down an end portion of the upper
surface of the knob 42, the operat- 20 i ng menber 40, i.e., the knob 42,
will not rotate since the flange portion 40A of the operating nenber
40 and the - inner wall of the case 31 are fitted together "at” the four
corner portions 31A in a rectangul ar shape. This nakes It possible to
easily and reliably turn ON the connection 25 bet ween i ntended contacts.
Mor eover, when a switching operation is perforned by tilting the knob
42, i.e., the operating nenber 40, a | at eral shaking force acts upon
t he coupling portion 30 between the hole 40C of the shaft portion 40B of
t he

FIG.13
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operating nenber 40 and the |leg portion 42A of the knob 42. However,

clattering therebetween is slight since the hol e 40C and the |eg
portion 42A are coupl ed together by-
24 -
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being fitted together over a |ong distance. Referring now to
Figure 10, when the operating menber 40 is pressed down by pressing
vertically down on 5 the central portion of the upper surface of the
knob 42, i.e., the shaft portion 40B of the operating nmenber 40,

as indi cat ed by an arrow in Figure 10, the inner pressing portion 41
and the conductive nenber 50 press down the done- shaped novabl e
contact 38. This inverts the donme- 10 shaped novabl e contact 38 and
generates. a click while the done- shaped novabl e contact 38 and the
central fixed contact 48 contact each other via the conductive nenber
50, thereby turning ON the connection between the outer fi xed contact
33 and the ce J@g;f!§§ﬁ contact 48. Thus, 15 =~ a signal is generated,
which is.then®s ' to the
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out si de through the term nal 49. When the force being

applied to the knob 42 is renoved, the operating nenber 40 is pushed
up by virtue 20 of the restoring force of the done-shaped novabl.e

cont act 38 so as to be nmoved back into the vertical and neutral

posi tion. As descri bed above, in the multidirectional 25
operating switch according to the present exanple, the plurality of

i nner fixed contacts 34 to 37 and the central fixed contact 48 are
provi ded under the single done- shaped novabl e contact 38, thus

enabl i ng performance of switching operations corresponding to the

respective FIG. 76A
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30 directions in which the shaft portion 40B is tilted and
conmponents to

vertically pressed down.

be provided, the outer. dianmeter and the

al so the cost thereof.

Thi s reduces the nunber of
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Moreover, even during a tilting operation, the inner pressing portion

41 presses down and partially inverts t he done-shaped novabl e cont act
38, thus generating a clear click. 5 Separ at e i nner
pressing portions 41 may be provi ded individually at -positions
correspondi ng respec- tively to the inner fixed contacts 34 to 37.

Al t er na- tively, the inner pressing portion 41 nmay be fornmed into 10
a polygonal ring shape with apexes at positions corre- spondi ng
respectively to the inner fixed contacts 34 to -+ 37. Moreover, the

st epped portion of the inner pressing portion 41 may have a slightly
curved surface. Further- nore, the entire inner pressing portion 41
may be formed 15 as a conductive nenber

FIG.18
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Mor eover, when the conductive nenber 50 to be the central pressing
portion is formed of a material which has sonme resilience, the
contacts can be protected by the 20 resilience. Furthernore, when the
central pressing portion 50 and the inner pressing portion 4l:are

f ormed - of an integral conductive nenber, the structure of the”

| ower surface of the flange portion 40A becones sinple, which is
advant ageous i n view of downsi zing. 25 Generally, the
operating feeling with a click can be di agrammati zed as in the
characteristic diagram of Figure 11. The characteristic di agram of
Figure 11 shows variation in the operating force with respect to the
30 operating stroke when pressing down the done-shaped

FIG.19
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novabl e contact. Normal Iy, a preferable operating feeling is
said to be obtained when the ratio B/ A between t he |nvert| ng force A
of the done-shaped novabl e con- - 26 -

FIG.20
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tact and the repulsive return force B thereof is about 40% t o about
60% Next, the results of a study for the shape of the 5
donme-shaped novable contact 38 which satisfies the | aforementioned
preferable condition in the nultidirec- ti onal operating sw¥ch of the
present exanple will be described with reference to Figures 12A and
12B. 10 In view of the shape of the nultidirectiona

operating switch of the present exanple, particularly, t he .
arrangenment of the outer fixed contact 33, the inner fixed contacts
34 to"37 and the central fixed contact 48 - provided on the bottom
surface of the case 31, it is

FIG.21
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15 desirable to | ocate each of the inner fixed contacts 34 to 37

substantially at the m dpoint between the central fi xed contact 48
and the correspondi ng one of the outer fixed contacts 33. This is
for reliably ensuring the el ectrical insulation distance ‘between the
fixed con- 20 tacts, and it particularly applies when downsi zing the
swtch. Thus, on a precondition. of the ratio d/D = 50% bet ween the
outer diameter D of the donme-shaped novabl e contact 38 and the

di aneter d of the_inner_pressing : portion 41, the shape of the

done- shaped nnvqﬁ? 5 8 which results in the optimal
operating feeling was st udpedesf 268 where the done-shaped
novabl e contact 38 is ppe epped portion of the

i nner pressing portion 41, phi gl e [err] bet ween t he
bottom surface of the dgr sQnt act 38 and the sl ope of

35 This Sheet Has
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shaped portion thereof, and the ratio h/H between the total height H
of the done-shaped novabl e contact 38 and the height h of the

coni cal | y-shaped portion thereof. - 27
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Figure 12B is a partial cross-sectional view schematical ly
illustrating the done-shaped novabl e con- tact 38 and the inner
pressing portions 41, which shows D, d, [err], Hand h. Figure 12A -
shows val ues of the above- 5 mentioned ratio B/A for various

conbi nations of [err] and h/H wth the horizontal axis representing
[err] and the vertical axis representing h/H. As is
apparent fromthe graph of Figure 12A, 10 plots "[err]", indicating the
ratio B/ A between the inverting force A and the repul sive return
force Bis 40%to 60% (where the dome-shaped novabl e contact 38 is
generally said to give a preferable operating feeling), exist in

the region where [err] = about 25 to about 35[err] and h/H = 15 about
70% to about 95% Al though the results shown in
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Figure 12A were obtained with the ratio d/D being fixed at 50%

simlar results were obtained when the sane study was made whil e
varying the ratio d/D in the range of about 40%to about 60% 20

As can be seen fromthe above results, by using t he dome-shaped
novabl e contact 38 having a shape which satisfies both [err] = about
25[err] to about 35 and h/H = about 70% to about 95% a good and
clear click is obtained when 25 the knob 42, i.e., the operating nenber
40 is either tilted or pushed down. Thus, a good operability can be
realized. (Exanpl e 2) 30 Next, a multidirectiona

operating apparatus

FIG.26
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using the nmultidirectional operating switch described in Exanmple 1
w || be descri bed. , - 28 -
As descri bed above, in the nmultidirectional
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operating of the present invention, a swi tching operation can be
performed in any of four directions by tilting the shaft portion 40B
of the operating nmenber 40 toward one 5 of the directions in which the
i nner fixed contacts 34 to 37 are arranged. When the shaft portion
40B of the operating nmenber 40 is tilted toward a direction between
adjoining two of the inner fixed contacts, the operating - menber 40 is
tilted about a fulcrumat a top portion 10 | ocat ed opposite to the
tilting direction on the upper surface of the flange portion 40A
being i'n contact with the reverse or inner surface of the cover 32.
Thus, the two inner fixed contacts close to the direction in which
the operating nmenber 40 is tilted are both turned ON. 15 In
the nultidirectional operating apparatus using the nultidirectional
operating swtch of the present

FIG.28
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i nvention having such a configuration, a predeterm ned swi t chi ng
recognition circuit section may be provided in 20 a m croconputer (not
shown) which is connected to an external output termnal. Thus, if

t he adj oi ning two of - the switch contacts are turned ONiat~ghifted

ti mngs when the shaft portion 40B of the operating nenber 40 is
tilted toward a direction between adjoining two of the 25 i.nner fixed
contacts, the amount of time by which the timngs are shifted from
each other__is neasured. Atinme measurenent circuit section may
further bﬁ@j in the m croconputer so that it is determ ned
that the two contacts are sinultaneously turned ONif the nmeasured 30
shift time (timng difference) ig4é#thin a predeterm ned time

di fference, whi'rocessed as a signal different from
a signal obtainned di vi dual switch contact is turned
ON. Thus, it
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5 For exanpl e, when four inner fixed contacts are provi ded

as in Exanple 1, signal detection is enabled in ei ght directions as
descri bed above. (Exanmple 3) 10 Figure 13 is a
cross-sectional viewillustrating a configuration of a™*5 |«

mul tidirectional operating switch according to Exanple 3 of the
present invention, and Figure 14 is an expl oded perspective view
illustrating the nultidirectional operating switch of Figure 13. 15
Moreover, Figure 15 is a plan view illustrating the mul tidirectional

operating swtch of Figure 13.

FIG.32
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The configuration of the nmultidirectional operat- - ing switch of the

present exanple is basically the same 20 as that described in Exanple 1.
In this exanple, howev- er, a central fixed contact is not provided
on the bottom surface of the case 31. Like conponents are®divven |ike
ref erence nunerals and may not be further described bel ow, except
where necessary. 25 Specifically, the illustrated

mul ti directional operating switch includes the box-shaped case 31
made of r&siyn, wth the opening thereof being covered by the
cover 32 n’e.&’;‘.[@ ag’srcgnal plate, or the Iike. The four 30 outer fixed
contacts 33 and the four inner ffxed contacts 34 to 37 are fixed by

the insert nmolding on the hottawmr . surface of the case 31. The outer
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portion of the donme-shaped novabl e contact 38, which is
REPLACEVENT SHEET - 30 -
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made of a resilient thin netal plate, is placed on the four outer

fi xed contacts 33. ‘The four inner fixed contacts 34 to 37 are

provi ded al ong the periphery about the center of the done-shaped
novabl e contact 38 so as to 5 be equal |y spaced apart from one-anot her.
Each of the four inner fixed contacts 34 to 37 is |ocated closer to
the center than the .correspondi ng one of the outer fixed contacts 33.
The fixed contacts 33 to 37 are connected respectively to the
termnals 43 to 47 for connection to 10 an external circuit.

Figure 16A is a cross-sectional view schenatical - ly illustrating a
certain operation state of the nmultidi- ' rectional operating switch of

t he present eﬁﬁ@e%A FIG36B
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The height of the inner fixed contacts 34 to 37 is set so that the
difference H (see Figure 16B) between the inner fixed contacts 34 to
37 and a central portion 31B of the bottom surface of the case 31,

wi th which the 20 central portion of the |ower surface of the inverted
done- shaped novabl e contact 38 comes in contact, is such _that none of
the inner fixed contacts 34 to 37 except for the one in the tilting
direction will contact the done- shaped novabl e contact 38 when the
operating nenber 40 is 25 tilted by pressing down the upper surface

t her eof as indicated by an arrow in Figure 16 so that the done-

shaped nDVéib lgfﬁ? 38 is inverted. Each of Figures 17A

and 17B i s .3125 w 3 schematically illustrating an exenpl ary shape

of the _
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done- gshaped novabl e contact 38 according to the pr.esént exanpl e.
REPLAQENENT SHEET - 31 -
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MULTIDIRECTIONAL OPERATING SWITCH AND
MULTIDIRECTIONAL OPERATING APPARATUS USING THE SAME

-1 - REPLACEMENT SHEET

12 DEC 1997

BACKGROUND OF THE INVENTION

1. FIELD OF THE INVENTION?

The present invention relates to a multidirec-
tional operating switch which is driven by tilting or
pushing an operating shaft and is used as an input
operation section in mobile communication apparatuses
such as a portable telephone, a pager, etc., or various
electronic apparatuses such as a remote control appara-
tus, an audio apparatus, a TV gam; -apparatus, a car
navigation system, an electronic camera, etc., and also

relates to a multidirectional operating apparatus using
the same.

2. DESCRIPTION OF THE RELATED ART:

- A conventional multidirectional operating switch
will be described with reference to Figures 1 to 4.

Figure 1 is a cross-sectional view illustrating
a configuration of the conventional multidirectional
operating switch; and Figure 2 is a partially cutaway

exploded perspective view illustrating the same.

The illustrated multidirectional operating switch
has a box-shaped case 1 made of a resin, with an opening
thereof being covered by a cover 2 made of a metal plate,
or the liké. As shown in Figure 2,' central fixed con- '
tacts 3A and 3B (also indicated generically by reference
numeral 3) and four peripheral fixed contacts 4 to 7 are
fixed by the insert molding on the bottom surface of the
case 1. The peripheral fixed contacts 4 to. 7 are provid-
ed along the periphery around the center of “the location
of the central fixed contact 3 so as to be equally spaced
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By prqviding slits 38B or ribs 38C in the domne- shaped novabl e cont act

38, as shown these figures, it is possible to reduce the anmount of

i nvert ed-novenent, by whi ch portions of the done-shaped novabl e
contadt 38 5 ot her than the pressed portion thereof are inverted and
shifted as the donme-shaped novabl e contact 38 is inverted by tilting
t he operating menber 40. Thus, a large_ i nsul ati on di stance can be
ensured between the inner fi xed contacts and t he dome-shaped novabl e
contact 38 10 except for the portion being pressed, and it is thus

possible to realize a reliable and _stable sw tching operation and
al so to elim natRagtcfrer one another. ThenEiged sPrdRcEe theto 7 are

mul tidirecti onagoRBERedd SHespectively to terminals 14 to 18 for connec-
tion to an external circuit.

5 A dome-shaped movable contact 8 is placed on the
outer contacts 3A of the central fixed contact 3. On the
other hand, resilient contact members 10 to 13 of a
common movable contact member 9, which is secured by
dowels 1A, are placed on the peripheral fixed contacts 4

10 to 7, respectively. The resilient céntact members 10 to
13 are connected via a contact 19 to a terminal 19A for
connection to an external circuit.

Compression coil springs 20 are arranged along
15 the inner periphery of the wall of the case 1. The
compression -coil spring 20 biases a supporting member 21
upwards so that an upper end portion 21A thereof elasti-

cally contacts the lower surface of the cover 2.

20 A dent portion 21B is provided at the center of
the supporting member 21, so as to hold a hemisphere
rotation member 22. A flange portion 22A around the
lower periphery of the rotation member 22 is placed on
the bottom surface of the dent portion 21B provided at

25 the center of the supporting member 21. An upper spheri-
cal surface portion 22B is in contact with a spherical
circular hole 2A of the cover 2 so as to fit therein.
Moreover, a rod-like operating shaft 23 made of a metal-
lic material is fitted and held in a non-circular central

30 vertical hole 22C of the rotation member 22 so that it
can move vertically.
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15 ;of the present exanple, having the above-described

configuration, is the sane as that of the nultidirection- al
operating switch of Exanple 1 except that the present exanpl e

i ncludes a different push operation of the oper ating nenber 40.

Mor eover, an apparatus using this 20 mul tidirectional operating swtch
may be configured simlarly togthe apparatus of Exanple 2, which
is config- ured using the multidirectional operating switch of

Exampl e 1. 25 Furthernore, as shown in Figure 18, when a force
Is applied vertically on the center of the %Dper surface of the knob
42, i.e., when vertical® s SHY RRFH QM L3R of thg,apgrpkdngefbaftsd3 the

pressing porti ogxfdn@s e8SREwhbE@s past tKE o thaad Mensdy &R 86t bd8inThi s
i nverts the done- . . .
contact with the dome-shaped movable contact 8 provided
at the ~enter of the bottom surface of the case 1. On
S the other hand, an operating knob 24 is attached to a tip
portion 23B of the operating shaft 23 which extends

upwards out of the case 1.

Moreover, pressing portions 25A to 25D are

10 provided on the peripheral portion Sf the lower surface

of the supporting member 21 so as to correspond respec-

tively to the resilient contact members 10 to 13 of the
common movable contact member 9.

15 Hereinafter, the operation of the conventional
multidirectional operating switch having such a configu-
ration will be described further referring to Figures 3
and 4 as well as Figure 1. Each of Figures 3 and 4 is a
cross~sectional view schematically illustrating a certain

20 operation state of the conventional multidirectional
operating switch.

In the state shown in Figure 1, the operating

shaft 23 is in the vertical and neutral position, with

25 the lower end portion 23A thereof not pressing down the
dome-shaped movable contact 8. In this state, connection

between any pair of the contacts is in the OFF state.

When an end of the knob 24 (the left end in the

30 example illustrated in Figure 3) is pressed down as indi-
cated by an arrow in Figure 3, the operating shaft 23 is
tilted, and the rotation member 22 rotates to the left

while being in contact with the spherical circular hole
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30 _shaped novabl e contact 38, thereby generating a click.
Moreover, two or nore of the inner fixed contacts 34 to
turned ON. Specifically, at |east one diagonally-

the ianer fixed contacts 34 to 37 is

REPLACEMENT SHEET

37 are
| ocat ed pair of

2R of the cover 2. Thus, the end portion of the flange

portion 22A on the lower surface of the rotation member
22 presses down the bottom surface of the dent portion

21B of the supporting member 21, and the supporting

-member 21 is tilted to the left about a fulcrum at the
upper end portion 21A on the side of the square opposite
to the side of the pressed surface.
contact member 10,

Thus, the resilient
which corresponds to the pressing
portion 25A, is pressed down so as to contact the corre-
10 sponding peripheral fixed contact 4. This turns ON the
connection between the common movable contact member 9
and the peripheral fixed contact 4 so as to supply a
signal to the outside through the terminals 19A and 15.

15 At this point, a portion of the peripheral upper

end portion 21A of the supporting member 21 which is
located on the left in Figure 3 comes off the lower
surface of the cover 2 while compressing downwards the
compression coil spring 20. Thereafter, when the force
20 being applied to the knob 24 is removed, the supporting
member 21 and the rotation member 22 are pushed back to
the original néﬁfral position by virtue of the restoring
force of the compression coil spring 20. Moreover, the
resilient contact member 10 comes off the peripheral
25 fixed contact 4 and back to the original position (see
Figure 1) by wvirtue of the resilient restoring force

thereof, whereby the switch contact is turned back to the
OFF state. '

30 As described above, by pressing down the upper
surface of the knob 24 at a certain point thereof, a
signal is supplied from the switch to the outside through

one of the terminals 16 to 18 which corresponds to the
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- 32 - turned ON. Mor eover,

I n the apparatus using
the nmultidirec- tional operating switch of the present invention
having 5 such a configuration, a predeterm ned sw tching recogni -
tion eircuit section nay be provided in a m croconputer (not shown)
which is connected to an external output termnal. Thus, if the
di agonal |l y-1 ocated two switch cgaﬁagts are turned ON at shifted
timngs, the amount of 10 time by ich the timngs are shifted from

each other is nmeasured, as in the case where the operating nenber 40

S tilted toward a di[ectlgn bet ween adjoining two of the
pressed position (direction).

Moreover, when the operating shaft 23 is pressed

down by vertically pressing down the central portion of

5 the upper surface of the knob 24, i.e., the operating
shaft 23, as indicated'by an arrow in Figure 4, the lower
end portion 23A of the operating shaft 23 presses down
the dome-shaped movable contact 8. This inverts the
dome-shaped movable contact 8, thereby generating a click
while turning ON the connection between the central fixed
contact 3 (between 3A and 3B), and a signal is generated

and supplied to the outside through the terminal 14.

10

When the force being applied to the knob 24 is
removed, the operating shaft 23 is pushed up by virtue of
the restoring force of the dome-shaped movable contact 8

15

so as to be back in the original position as shown in
Figure 22.

20 However, while there has been a strong demand for

downsizing wvarious electronic apparatuses, the conven-

tional multidirectional operating switch having such a
configuration is too large in terms of outer diameter and

thickness, and will not satisfy such a downsizing demand.

25 Moreover, the number of components is large, and the cost

is high.

Furthermore, a click is not generated when a

switching operation is performed by tilting the operating

30 shaft 23, whereby the switching operation cannot be

ensured by a feel.
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I nner fixed contacts (see the description in Exanple 2). Atinme
measurenment circuit section may further be provid- 15 ed in the

m croconputer so that it is determined that the two contacts are

si mul tYaneously turned ON if the neasured timng difference is within
a predetermned tinme differ- ence, which will then be processed as a
signal different froma signal obfatned when only one individual
switch 20 contact is turned ON. Thus, a switching process by a

push operation is possible even in the case where a central fixed

contact is not provided on the Qipi3® orF THSUIHAERrPhnt he case 31, as in
the nmultidirectional operating switch of the present exanple. It is

possi bl e 25 to process different signals associated respectively with

directions twi ce as many mafl i MBEOEnLl dperd oy dhix€sh accordDig aed s
provi ded. the present invention includes: a dome-shaped movable
5 contact made of a resilient thin metal plate; a box-
shaped case including, on a bottom surface thereof, an
outer fixed contact on which an outer peripheral lower
end portion of the dome-shaped movable contact is placed,
and a plurality of inner fixed contacts provided inside
10 positions corresponding to the outer 'f)eripheral lower end
portion of the dome-shaped movable contact so as to be
equiangular and equidistant from a center of the dome-
shaped movable contact; a cover including a through hole
at a center thereof, the cover being provided so as to
15 cover an upper opening of the case; and an operating
member including a shaft portion and a flange portion
integrally formed at a lower end of the shaft portion, in
which the shaft portion extends upwards out of the
through holé of the cover, an upper surface of the flange
20 portion is in contact with an inner surface of the cover,
a periphery of the operating member is fitted and sup-
ported by an inner wall of the case so that the operating
member 1is not rotatable but is tiltable and movable
vertically, first pressing portions are provided respec-
25 tively at positions on a lower surface of the operating
member corresponding to the plurality of inner fizxed
contacts, and the plurality of first pressing portions
are in contact with the dome-shaped movable contact. The
switch performs a tilting operation in multiple direc-
30 tions so as to generate a signal by tilting the shaft
portion of the operating member.
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(Exanpl e 4) 30 Figure 19 is a cross-sectional view illustrating
a nultidirectional operating swtch according to Exanple 4 of the
present invention. Moreover, Figure 20 is a plan view illustrating
the m#d tidirectional operating

REPLACEMENT SHEET

Specifically, a click is generated in the tilting
operation of the operating member.

In one embodiment, the case further includes a

5 central fixed contact provided at a position on a bottom

surface of the case which corresponds to.the center of

the dome-shaped movable contact; and the operating member

further includes a second pressing portion provided at a

position on the lower surface of the operating member

10 which corresponds to the center $bf the dome-shaped
movable contact.

Preferably, a height of each of the plurality of

first pressing portions is less than a height of the
15 second pressing portion.

In another embodiment, a hole is provided at the
center of the dome-shaped movable contact; the central
fixed contact has a diameter smaller than the diameter of

20 the hole o©of the dome-shaped movable contact; and the
height of each of the plurality of inner fixed contacts
is less than the height of the central fixed contact.

The first pressing portion may be a polygonal

25 ring-shaped pressing portion or a circﬁlar ring-shaped

pressing portion which includes, at the center thereof,

a dent portion larger than the hole of the dome-shaped

movable contact; and the second pressing portion may be

formed, in the dent portion of the first pressing por-

30 tion, of a conductive member approximately as tall as the
first pressing portion.
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- 33 - switch of Figure 19. _ The configuration of the
mul tidirectional operat- ing swtch of the present exanple is
basically the sane 5 - as that described in Exanple 3. In this exanple,
howev -3 er, a central fixed contact 160 is provided on the bottom
surface of the case 31, and the central fixed contact 160 IS
connected further to an external outputgterm nal 161. A central
pressing portion 162 which corresponds to the

In still another embodiment, a hole is provided
at the center of the dome-shaped movable contact; the
case further includes a central bump portion provided at
a position on a bottom surface of the case which corre-

5 sponds to the center of the dome-shaped movable contact,
the central bump portion having a diameter smaller than
the diameter of the hole of the dome-shaped movable
contact and extending taller than the outer fixed con-
tact; and the operating member further ingludes a dent

10 portion provided at the center of éhe lower surface of
the operating member so as to engage with the central
bump portion of the case.

The first pressing portion may be a polygonal

15 ring-shaped pressing portion or a circular ring-shaped

pressing portion which includes, at the center thereof,

a dent portion larger than the hole of the dome-shaped
movable contact.

20 In one embodiment, the plurality of first press-

ing portions are each formed of a resilient member.

In another embodiment, +the second pressing

portion is formed of a resilient conductive member.

25
In still another embodiment, the plurality of
first pressing portions and the second pressing portion
are integrally formed of a conductive member.
30 In still another embodiment, the switch further

includes a conductive resilient member provided between
the outer fixed contact and the dome-shaped movable

contact, the conductive resilient member having a repul-
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10 .centra

fixed contact 160 is provided on the | ower

surface of

t he operating nenber 40. Like conponents are given like reference
nuneral s and nay not be further descri bed bel ow, except where
necessary. 15 In the configuration of the present exanple, the
hei ght of the inner pressing portion 41, which is provid- ed on the

| ower surface of the operating nenber- 40,- above the | ower surface of
the operating nmenmber 40 is set to be | ess than that of the central
pressi ng portion 162. 20 Thus, the inner pressing portion 41 does not

press down

| t-
I ng menber 40 i pre§§§%§é%§%9§y app y|%ﬁcgﬂygg%égge?xgeemQ&nf%ggl oﬁ t he

knob 42 so t hatshaped amvahileregntagt porti on 162 of the operatlng
menber 40 inverts the done-shaped

10

15

20

25

30

In still another embodiment, the switch further
includes a resilient member provided between the inner
surface of the cover and the upper surface qf the flange
of the operating member.

In still another embodlment the dome-shaped
movable contact includes an outer perlpheral portion in
a frustum shape and a portion inside the outer peripheral
portion in a substantially spherical shape with a central
portion thereof being raised slightly, and the frustum
shape and the substantially spherical shape are connected

to each other at a boundary therebetween by a smooth
curve.

Preferably, the dome-shaped movable contact is
formed by a drawing process of a resilient metal thin
plate.

Preferably, the angle formed between the slope of
the frustum shape of the dome-shaped movable contact and
the bottom surface thereof is about 25° to about 35°; the
ratio of the height of the frustum shape of the dome-
shaped movable contact with respect to the total height
of the dome-shaped movable contact is about 70% to about
95%; and the ratio of the diameter of the first pressing
portion of the operating member with respect to the outer
diameter of the dome-shaped movable contact is about 40%
to about 60%.
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25 .novabl e contact 38. The operation of the
mul tidirectional nmechani sm of the present exanple having the

above-descri bed confi g-

the mal ti di -

30 rectional operating switch of Exanple 1. Mor eover ,

apparatus using this nultidirectional operating switch may. be
simlarly configured as the apparatus @f Exanple 2 which is
configured using the nultidirectional operat-

10

15

20

25

30

In still another embodiment, the operating member
includes a hole running down from an upper end surface of
the shaft portion; an operating knob having a leg portion
which is coupled to the operating member by inserting the
leg portion into the hole of the operating member; and
the depth of the hole is gréater than a distance by which
the shaft portion extends out of the cover.

In still another embodiment,‘a dent portion or a
protruding portion is provided on ah inner wall surface
of the hole of the operating member; a protruding portion
or a dent portion is provided on an outer peripheral
surface of the leg portion of the operating knob so as to
engage with the dent portion or the protruding portion of
the operating member. '

Preferably, each of the hole of the operating
member and the leg portion of the operating knob has a
diameter at an upper portion thereof larger than a
diameter at a lower portion thereof.

According to another aspect of +the present
invention, a multidirectional operating apparatus includ-
ing a multidirectional operating switch as described
above is provided. At least diagonally-located two of
the plurality of inner fixed contacts are both turned ON
when the.shaft portion of the operating member of the
multidirectional operating switch is pushed down verti-
cally; and the apparatus comprises a processing section
which processes a signal which is generated when two of
the pluraiity of inner fixed contacts are both turned ON
as a signal different from a signal which is generated

when only one of the inner fixed contacts is turned ON.
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- 34 -. ing switch of Exanple 1. (Exanmpl e 5)

Figure 21 is a cross-sectional viewillustrating 5 a configuration of a
mul ti directional operating switch according to Exanple 5 of the
presemt invention. Figure 22 is an expl oded perspective view

il lustrating the mul tidirectional operating switch of Figure 21.
Mor e- - 11 -

In one embodiment, when the shaft portion of the
operating member of the multidirectional operating switch
is tilted toward a direction between édjoining two of the
plurality of inner fixed contacts, the adjoining two of

5 the inner fixed contacts are both turned ON; and the
processing section processeé a signal which is generated
when the adjoining two of the inner fixed contacts are
both turned ON as a signal different from the signal
which is generated when only one of the inner fixed

10 contacts is turned ON. ?

A multidirectional operating apparatus, provided
in accordance with another aspect of the present inven-
tion, includes a multidirectional operating switch as

15 described above. When the shaft portion of the operating
member of the multidirectional operating switch is tilted
toward a direction between adjoining two of the plurality
of inner fixed contacts, the adjoining two of the inner
fixed contacts are both turned ON; and the apparatus

20 comprises a processing section which processes a signal
which is generated when the adjoining two of the inner
fixed contacts are both turned ON as a signal different
from the signal which is generated when only one of the
inner fixed contacts is turned ON.

25
In one embodiment, the case further includes a
central fixed contact provided at a position on the
bottom surface of t-he case which corresponds to the
center of' the dome-shaped movable contact; and the
30 operating member further includes a second pressing

portion provided at a position on a lower surface of the
operating member which corresponds to the center of the
dome-shaped movable contact.
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over, Figure 23 is a cross-sectional view schematically 10 il lustrating
a certain operation state of the nultidi- rectional operating switch
of the present .exanpl e. The nul tidirectional operating
switch of the present exanple, as conpared to the nultidirectional 15
operating swtch of Exanple 1, differs in that a resil- I ent nmenber
51 made of a sheet-like rubber, or theil2 ke, is further inserted

bet ween the upper surface of the fl ange portion 40A of the operating
menber 40 and the i nner surface of the cover 32. Oher than that,

t he 20 configuratio I{Saﬁ Ehe2MB S mﬁh bﬁa}atug'@%feq a
conponents are given I e reference nuneral s ‘an rther
descri bed beIowﬁlgn@bpgenﬁﬁﬁﬁeﬁeeas§3¥y tilting operatlon of the Shaft
portion of the operating member of the multidirectional
operating switch, and selects an item from a plurality of
5 displayed items; and the apparatus detects a signal
generated in a push operation of the shaft portion, and
confirms the selection of the item.

In still another embodiment, the apparatus

10 detects a signal generated in the éilting operation of

the shaft portion of the operating member of the multidi-

rectional operating switch, selects a pre-assigned vector

direction signal of a plurality of vector signals, and

moves a displayed object in the selected vector direc-

15 tion; and the apparatus detects a signal generated in a

push operation of the shaft portion, and executes a pre-
assigned instruction for the moved object.

In still another embodiment, the apparatus
20 detects a signal generated by performing a plurality of
push operations of the shaft portion of the operating
member of the multidirectional operating switch within a
predetermined period of time, and sequentially executes
a plurality of instruction signals which are predesigned

25 for the detected signals.

In still another embodiment, +the apparatus
detects a signal generated in a push operation of the
shaft portion of the operating member of the multidirec-

30 tional operating switch, and based on the detected
signal, alters instructions which are respectively
assigned for tilting directions of the shaft portion ih
the tilting operation of the shaft portion, in accordance
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By prqviding the resilient nenber 51 as described 25 above, even if
there occurs slight dinensional fluctua- tion or variation when
processi ng or assenbling the case 31, the cover 32, the operating

nmenbers 40 and t he
fluctuation

dorme- shaped novabl e contact 38, such a di nensi onal
or variation nmay be absorbed by the resilient nenber 51

30 bei ng depressed, as long as the ffjguctuation or variation S
within the depression |imt of the resilient nenber 51. Thus, there

occurs no clattering in the operating menber 40.
REPLACEMENT SHEET :
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with a predetermined order.

In still another embodiment, an up-down adjust-
ment of functions assigned to the tilting directions is
performed by tilting the shaft portion toward a predeter-
mined tilting direction during the tilting operation of
the shaft portion of the operating member of the multidi-
rectional operating switch.

Thus, <the dinvention desciibed herein makes
possible the advantages of: (1) providing a multidirec-
tional operating switch with which it is possible to
reliably perform a switching operation while ensuring the
switching operation by a click even when a switching
operation is performed by tilting the operating shaft,
and which requires a small number of components and a low

cost; and (2)'providing a multidirectional operating
apparatus using the same.

These and other advantages of the present inven-
tion will become apparent to those skilled in the art
upon reading and understanding the following detailed

description with reference to the accompanying figures.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a cross-sectional view illustrating
a configuration of a conventional multidirectional
operating switch.

Figure 2 is a partially cutaway exploded perspec-
tive view illustrating the multidirectional operating
switch of Figure 1.
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- 35 -, Mor eover, when an end of the knob 42 (the left

end in the exanple illustrated in Figure 23) attached to the hole 40C
of the operating nmenber 40 is pressed down, as indicated by an arrow
in Figure 23, the operating 5 menber 40 is tilted about a fulcrumat the
top portion 40D on the right side of the upper surface of the flange
40A. Thus, the inner pressing portion 44 presses down

Each of Figures 3 and 4 is a cross-sectional view
schematically illuStrating a certain operation state of

the conventional multidirectional operating switch.

5 Figure 5 is a cross-sectional view illustrating
a configuration of a multidirectional operating switch

according to Example 1 of the present invention.

Figufe 6A is an exploded perspective view illus-
10 trating the multidirectional operatfng switch of Figure
5.

Figure 6B is a perspective view illustrating an

operating member which is the main component in the

15 configuration of the multidirectional operating switch of
Figure 5.

Figure 7 is a plan view illustrating the multidi-

rectional operating switch of Figure 5.
20 "

Figures 8A and 8B are a perspective view and a
cross-sectional view, respectively, illustrating a dome-
shaped movable contact included in the multidirectional
operating switch of Figure 5.

25

Each of Figures 9 and 10 is a cross-sectional

view schematidally illustrating'a certain operation state

of the multidirectional operating switch of Figure 5.

30 Figure 11 is a characteristic diagram showing
variation in the operating force with respect to the

operating stroke when pressing down the dome-shaped
movable contact.
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t he done-shaped novabl e contact 38 so as to partially I nvert the
dome- Shaped novabl e contact 38. As a result, 10 a click is generated,
while the inner fixed contact 34 provi ded at the correspondi ng
positikon on the bottom surface of the case 31 and t he dome-shaped
novabl e con- tact 38 contact each other, thereby turning ON the
connection between the outer fixed co ct 33 and the 15 i nner fixed

contact 34. Thus, a signal is generated, which is then supplied to
t he outside through the term - nal s 43 and 44. In the

above-descri bed operation, the resilient 20 menber 51 is pressed locally
by a top portion 40D, EBaguze 122 imrai gnaph shewisg |thentreswbbs of jes

tCﬁremressed andgrygy 8 FHRdsHBEE bFanHdeaghdesnAiMd | RB9abiier eRhtalils.

included in the multidirectional operating switch of
Figure 5 which meets a preferable operating feeling.

Figure 12B is a partial cross-sectional view
schematically illustrating the dome-shaped movable con-
tact and the inner pressing portions included in the

multidirectional operating switch of Figure 5.
10

Figure 13 is a cross-sectional view illustrating

a configuration of a multidirectional operating switch
according to Example 3 of the present invention.

15 - Figure 14 is an exploded perspective view illus-

tfating the multidirectional operating switch of Figure
13,

Figure 15 is a plan view illustrating the multi-
20 directional operating switch of Figure 13. .

Figure 16A is a cross-sectionéi view schematical-
ly illustrating a certain operation state of the multidi-
rectional operating switch -of Figure 13, and Figure 16B

25 is a partially expanded view of Figure 16A.

Each of Figures 17A and 17B is a plan view
schematically illustrating an exemplary shape of the
dome-shaped movable contact included in the multidirec-

30 tional operating switch of Figure 13.

Figure 18 is a cross-~sectional view schematically
illustrating a certain operation state of the multidi-
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tilting angle of the shaft portion 40B of the operating menber 40 can

be i ncreased. Moreover, the resilient 25 menber 51 is further
conpressed and .deformed so as to absorb the inpact force generated
when t.he shaft portion 40B is tilted, or a force generated when an
abnor mal force is applied to the operating nmenber 40, thereby
protecting the switch contact section. 1g3Q (Exanmpl e 6)

Figure 24 is a cross-sectional view illustrating a configuration of

a multidirectional operating switch

rectional operating switch of Figure 13.

Figure 19 is a cross-sectional view illustrating
a multidirectional operating switch according to Example
5 4 of the present invention.

Figure 20 is a plan view illustrating the multi-
directional operating switch of Figure 19.

10 Figure 21 is a cross-sectional view illustrating
a configuration of a multidirectional operating switch

according to Example 5 of the present invention,

Figure 22 is an exploded perspective view illus-

15 trating the multidirectional operating switch of Figure
21. 4

Figure 23 is a cross-sectional view schematically
illustrating a certain operation state of the multidi-
20 rectional operating switch of Figure 21. .

Figure 24 is a cross-sectional view illustrating
a configuration of a multidirectional operating switch
according to Example 6 of the present invention.

25
Figure 25 is a cross-~sectional view schematically
illustrating a certain operation state of the multidi-
rectional operating switch of Figure 24,
30 Figure 26 is a cross-sectional view illustrating

an alternative configuration of the multidirectional

operating switch according to Example 6 of the present
invention.
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- 36 -, according to Exanple 6 of the present invention, and

Figure 25 is a cross-sectional view schematically illus- trating a
certain operation state of the nultidirectional operating switch of
t he present exanple. 5 The mul tidirectional operating switch
of the present exanple, as conpared to the nultidirectional

operating switch of Exanple 1, differs i 4hat the inner
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Figure 27 is a cross-sectional view schematically
illustrating a certain operation state of the multidi-
rectional operating switch of Figure 26.

Figure 28 is a cross-sectional view illustrating
a configuration of a multidirectional operating switch
according to Example 7 of the present invention.

Figure 29 is a perspective view schematically
illustrating the shape of the conductive resilient member
included in the multidirectional operating switch of
Figure 28.

Figure 30 is a cross-sectional view schematically
illustrating a certain operation state of the multidi-
rectional operating switch of Figure 28.

Figure 31 is a cross-sectional view illustrating
an alternative configuration of the multidirectional
operating switch according to Example 7 of the present
invention.

Figure 32 is a cross-sectional view schematically
illustrating a certain operation state of the multidi-
rectional operating switch of Figure 31.

Figure 33 is a cross-sectional view illustrating
a configuration of a multidirectional operating switch

according to Example 8 of the present invention.

Figure 34 is a cross-sectional view illustrating
a configuration of a multidirectional operating switch

according to Example 9 of the present invention.
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pressing portion on the | ower surface of the operating 10 menber 40,

whi ch corresponds to the inner fixed contacts 34 to 37 on the bottom
surface of the case 31, is forned of a resilient nenber 52 such as
rubber- Specifically, the resilient menber 52 is press-fitted within
a ring- shaped dent 40E provided on the | ower surface of the 15
operating nenber 40. Qher than thaty gxde configuration Is the sane
as that of Exanple 1. Like conponents are given like reference
nuneral s and nmay not be further de- scri bed bel ow, except where

20
?ﬁgezgﬁéyshaped novabl e C%Hf ?5 gsvxéeé#)ésné?gg élS‘?ﬁéQ ii'lﬁ@&&?éin&" xed
contacts 33 on sheondtigumaticiacef oé mq@tg@g.@ectlonagl oneratbnyr ewiteh

def ormat i on forggc&;gg_g&f tbSE§Sjn 48 10 of the present invention.

5 Figure 36A is an exploded perspective view
illustrating the multidiréctional operating switch of
Figure 35.

Figure 36B is a perspective view illustrating an

10 operating member which is the main component iﬁ the

configuration of the multidirectional operating switch of
Figure 35.

Figure 37 is a cross-sectional view schematically
15 illustrating a certain operation state of the multidi-
rectional operating switch of Figure 35.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

20 (Example 1)
| Figure 5 is a cross-sectional view illustrating
a configuration of a multidirectional operating switch
according to Example 1 of the present invention. More-
over, Figure 6A is an exploded perspective view illus-

25 trating the multidirectional operating switch illustrated
in Figure 5; and Figure GB'is a perspective view illus-
trating an operating member which is the main component

in the configuration.

30 The illustrated multidirectional operating switch
includes a box-shaped case 31, with the opening thereof
being covered by a cover 32 made of a metal plate, or the
like. Four outer fixed contacts 33, a central fixed
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be | arger than the inversion force of the done-shaped 25

38. Therefore, when an end of the knob 42 (the left end in the
exanple illustrated in Figure 25) is pressed down, as indicated by
an arr.ow in Figure 25, the operating nmenber 40 is tilted about a

ful crum at the

surface of

| ower surface of the operating nenber

i nverts the dome-shaped novabl e contact 38. As a result,
generated, while the inner fixed
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top portion 40D on the right side of the upper
t he flange 40A. Tbug% the resilient nenber 52 on the

contact 48, and four inner fixed contacts 34 to 37 are
fixed by the insert molding on the bottom surface of the
case 31. As shown in the plan view of Figure 7, an outer
peripheral lower end portion of the dome-shaped movable
contact 38, which is made of a resilient metal thin plate
with a hole 38A provided at the center thereof, is placed
on the four outer fixed contacts 33; the central fixed
contact 48 is located undexr the center of the dome-shaped
movable contact 38; and the four inner fixed contacts 34
to 37 are provided along the periphé}y about the center
of the central fixed contact 48 so as to be equally
spaced apart from one another. Each of the four inner
fixed contacts 34 to 37 is located substantially at the
midpoint between the central fixed contact 48 and the
corresponding one of the outer fixed contacts 33. The
central fixed contact 48 is provided so as to be smaller
than the hole 38A which is provided at the center of the
dome-shaped movable contact 38 and taller than the inner
fixed contacts 34 to 37. The fixed contacts 33 to 37 and
48 are connected respectively to the terminals 43 to 47
and 49 for connection to an external circuit.

The number of pairs of the outer fixed contact 33
and the terminal connected thereto is not limited +to

four, as illustrated, but may also be one, for example.

As illustrated in the perspective view of Figure
8A and the cross-~sectional view of Figure 8B, the dome-
shaped movable contact 38 is formed by a drawing process
of a resilient metal thin plate into a circular dome-like
shape with the hole 382 being provided at the center
thereof. The dome-shaped movable contact 38 includes an

outer peripheral portion 38B which is in a frustum shape
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- 37 -,

LY

bottom surface of the case 31 and t he done-shaped novabl e

contact 34 provided at the corresponding position on the

contact each other, thereby turning ON the connecti on between the

outer +«fi xed contact 33 and the 5 i nner fixed contact 34. Thus,

I S gener at ed,

nal s 43 and 44.
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- 20 -

and a central portion 38C, which is in a substantially
spherical shape slightly raised upwards, inside the outer
peripheral portion 38B. At the boundary therebetween,

the portions 38B and 38C are connected to each other by
a smooth curve.

An operating member 40 includes a shaft portion
40B and a rectangular flange portion 40A formed integral-
ly with the shaft portion 40B on thg lower end thereof.
The shaft portion 40B extends upwafds out of a through
hole 32A provided at the center of the cover 32. On the
other hand, the flange portion 40A is engaged with and
supported by corner portions 31A provided at four loca-
tions of the inner wall of the case 31 so that the flange
portion 40A cannot rotate but can tilt and move vertical-
ly.

A pressing portion (inner pressing portion) 41 is
provided on the lower surface of the flange portion 40A
of the operating member 40. The pressing portion 41 is
formed into a circular ring shape so that stepped portion
along the outer periphery thereof is placed along the
respective centers of the inner fixed contacts 34 to 37
provided on the bottom surface of the case 31. A conduc-
tive member 50 is provided in an indentation 41A which is
provided at the center of the circular ring-shaped inner
pressing portion 41. The conductive member 50 forms a
central pressing porfion which is larger than the hole
38A provided at the center of the dome-shaped movable
contact 38. The conductive member 50 is as tall as the

inner pressing portion 41 or extends slightly taller than
the inner pressing portion 41.
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a signal
which is then supplied to the outside through the term -



I n the above-descri bed operation, when a great 10 force is applied to
the knob 42, the resilient nenber 52 I s conpressed and deforned so as
to absorb the force. - Mor eover, the shaft portion 40B of the operating
mem - - ber.40 is pressed against a wall portion 32B which is

provi ded around the through hole 32A at the center of the 15 cover 32,
wher eby the operating nmenber 40 is pLeﬁgnLed from being further
tilted. Furt hernore, when a great i npact force is applied downwards
on the central portion of the upper surface of the operating nenber
40 via the knob 42, the resilient nmenber is conpressed and def or ned

20 so as to absorb tThe [dgRRTshan’d MR rarantIhgs positdangk
fromoccurring.py a circular porthith Preeae! ianarpPlalhassbera eeseribash

above as as to be concentric with the case 31, and is placed on
the outer fixed contacts 33 provided on the bottom
5 surface of the case 31. The lower surface of the flange
portion 40A of the operating member 40 is biased upwards
by the upper surface portion of the dome-shaped movable
contact 38 pressing against the inner pressing portion
41. As a result, the upper surface of the flange portion
10 40A is biased upwards against the inﬁer or lower surface
of the cover 32, whereby the operating member 40 main-
tains the vertical and neutral position.

A hole 40C is provided to run from the upper end
15 surface of the shaft portion 40B of the operating member
40 down to the flange portion 40A so as to be longer than
the distance bj which the shaft portion 40B extends out
of the cover 32. A leg portion 42A of the operating knob
42 is inserted and coupled to the hole 40C.
20
Hereinafter, the operation of the multidirection-
al operating switch of the present example having such a
configuration will be described further referring 1;_0
Figures 9 and 10 as well as Figure 5. Each of Figures 9
25 and 10 is a cross-sectional view schematically illustrat-
ing a certain operation state of the multidirectional
operating switch of the present example. .

In the state shown in Figure 5, the operating

30 member 40 is in the vertical and neutral position, with
the inner pressing portion 41 on the lower surface
thereof not depressing the dome-shaped movable contact 38

below its resting position. In\;his state, connection
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a nodification of the configuration of Exanple 1. 25 However, as
Illustrated in Figures 26 and 27 as a nodifi - cation of the
configuration of Exanple 3, which has been described with reference
to Figures 13 and 14, it is also possible to provide the resilient

menber 52 of the present exanple in the ring-shaped dent 40E provi ded
on 30 the | ower surface of the opergping nmenber 40.

between any pair of the contacts is in the OFF state.

When an end of the knob.42 (the ‘left end in the

example illustrated in Figure 9) is pressed down as indi-

5 cated by an arrow in Figure 9, the operating member 40 is
tilted about a fulcrum at a top portion 40D on the upper
surface of the flange portion 40A which is in contact

with the inner surface of the cover 32. Thus, the inner
pressing portion 41 on the lower surface of the operating

10 member 40 presses down the dome-shapea movable contact 38
so as to partially invert the dome-~shaped movable con-

tact 38, thereby generating a click, causing the dome-
shaped movable contact 38 to contact the inner fixed
contact 34 provided at the corresponding position on the

15 bottom surface of the case 31, and thus turning ON the
connection between the outer fixed contéct 33 and the

inner fixed contact 34. Thus, a signal is generated,

which is then supplied to the outside through the termi-
nals 43 and 44.
20

At this point, if the central portion of the
dome~-shaped movable contact 38 is inverted toward the
bottom surface of the case 31, the central fixed contact
48 will not contact the dome-shaped movable contact 38

25 since the central fixed contact 48 is smaller than the
hole 38A provided at the center of the dome-shaped
movable contact 38. Moreover, the conductive member 50
is lifted so as to come off the central fixed contact 48
about a fulcrum at the stepped portion on the outer

30 periphery of the ring-shaped inner pressing portion 41,

so that it, like the contact 38, will not contact the
central fixed contact 48. '
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- 38 -, (Exampl e 7) Figure 28 is a cross-sectional view

Il lustrating a configuration of a nultidirectional operating switch
according to Exanple 7 of the present invention. 5 The

mul tidirectional operating switch of the present exanple, as conpared
to the multidirectional operating swtch of Exanple 1, differs in that
a conduc- tive resilient nenber -523as illustrated in the perspec- 10
tive view of Figure 29 is provided between the dome- shaped novabl e
contact 38 and the outer fixed contacts 33 of the case 31. The

conductive resilient mﬁﬁgﬂ Eﬁéhﬁérce being épplied to the knob 42 is

removed, the inner pressing portion 41 on the lower
surface of the flange portion 40A of the operating
member 40 is pushed up by virtue of the restoring force.

5 of the dome-shaped movable contact 38, to be moved back
into the vertical and neutral position, whereby the dome-
shaped movable contact 38 comes off the inner fixed
contact 34, thus turning the switch contact back to the

~ OFF state.

10

As described above, by pressing down the upper
surface of the knob 42 at a certain point thereof, a
signal is supplied from the switch to the outside through
one of the terminals 45 to 47 which corresponds to the

15 pressed position (direction).

When a switching operation is performed by
tilting the operating member 40 by pressing down an end
portion of the upper surface of the knob 42, the operat-

20 ing member 40, i.e., the knob 42, will not rotate since
the flange portion 40A of the operating member 40 and the
inner wall of the case 31 are fitted together at the four
corner portions 31A in a rectangular shape. This makes
it possible to easily and reliably turn ON the connection

25 between intended contacts.

Moreover, when a switching operation is performed

by tilting the knob 42, i.e., the operating member 40, a
lateral shaking force acts upon the coupling portion

30 between the hole 40C of the shaft portion 40B of the
operating member 40 and the leg portion 42A of the knob

42. However, clattering therebetween is slight since the

hole 40C and the leg portion 42A are coupled together by
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a repulsive force slightly smaller than the inversion force of the
done- shaped novabl e contact 38. Wth the 15 provi sion of the conductive
resilient menber 53, the dorne- shaped novable contact 38 is slightly
"lifted" from the bottom surface of the case 31. Oher than that, the
configuration is the sane as that of Exanple 1. Like conponents are
given like reference nunerals and may agt_20 be further described bel ow,
except where necessary. Figure 30 is a cross-sectional view
schematical ly illustrating a certain operation state of the nultidi-

[octonal OPer B il Yoddr S8 EBIR 44880t cosea qonn o
i ndicated by an arrow in
Referring now to Figure 10, when the operating
member 40 is pressed down by pressing vertically down on
5 the central pdrtion of the upper surface of the knob 42,
i.e., the shaft portion 40B of the operating membexr 40,
as indicated by an arrow in Figure 10, the inner pressing
portion 41 and the conductive member 50 press down the
dome-shaped movable contact 38. This inverts the dome-
10 shaped movable-contact 38 and generaées a click while the
dome-shaped movable contact 38 and the central fixed
contact 48 contact each other via the conductive member
50, thereby turning ON the connection between the outer
fixed contact 33 and the central fixed contact 48. Thus,

15 a signal is generated, which is then supplied to the
outside through the terminal 49.

When the force being applied to the knob 42 is
removed, the operating member 40 is pushed up by virtue
20 of the restoring force of the dome-~shaped movable contact

38 so as to be moved back into the vertical and neutral
position.

As described above, in the multidirectional

25 operating switch according to the present example, the
plurality of inner fixed contacts 34 to 37 and the
central fixed contact 48 are provided under the single
dome-shaped movable contact 38, thus enabling performance

of switching operations corresponding to the respective

30 directions in which the shaft portion 40B is tilted and
vertically pressed down. This reduces the number of
components to be provided, +the outer diameter and the
thickness of the switch, and also. the cost thereof.
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Figure 30, the operating nenber 40 is tilted about a fulcrumat the
top portion 40D on the right side of the 30 upper surface of the flange

40A. Thus, the inner. press- ing portion 41 on the | ower surface of
t he operating menber 40 presses down the dome-shaped novabl e con-
tact 38. At this point, the conductive resilient menber

- 25 -

Moreover, éven during a tilting operation, the inner
pressing portion 41 presses down and partially inverts

the dome-shaped movable contact 38, thus generating a
clear click.

Separate inner pressing portions 41 may be
provided individually at positions corresponding respec-
tively to the inner fixed contacts 34 to 37. Alterna-~
tively, the inner pressing portion 41 may be formed into

10 a polygonal ring shape with apexes'ht positions corre-
sponding respectively to the inner fixed contacts 34 to
37. Moreover, the stepped portion of the inner pressing
portion 41 may have a slightly curved surface. Further-

more, the entire inner pressing portion 41 may be formed
15 as a conductive member,

Moreovef, when the conductive member 50 to be the
central pressing portion is formed of a material which
has some resilience, the contacts can be protected by the

20 resilience. Furthermore, when the central pressing
portion 50 and the inner pressing portion 41 are formed
of an integral conductive member, the structure of the

lower surface of the flange portion 40A becomes simple,
which is advantageous in view of downsizing.

25
Generally, the operating feeling with a click can
be diagrammatized as in the characteristic diagram of
Figure 11. The characteristic diagram of Figure 11 shows
variation in the operating force with respect to the
30 operating stroke when pressing down the dome-shaped

movable contact. Normally, a preferable operating
feeling is said. to be obtained when the ratio B/A between

the inverting force A of the dome-shaped movable con-
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- 39 - 53 between the dome-shaped novabl e contact 38 and the

outer fixed contacts 33 of the case 31 is conpressed, wher eby t he
dome- shaped novabl e contact 38 pressed down by the inner pressing
portian 41 is partially inverted 5 while the left side in the figure of
the flange portion 40A is tilted nore than at the correspondi ng stage
I n Exanpl e 1. Thus, a click is_gggerated, while the inner fixed
contact 34 provided at the corresponding position on the bottom
surface of the case 31 and the dome-shaped 10 novabl e contact 38 contact

each other, thereby turning ON t he connection between the outer fixed
contact 33 andt@gt and th@nﬁﬁp?}ﬁ%ﬁecﬁﬁFHEP $prcerf stharepfnap jpbout

gener at ed, 408WRioC about % .supplied to the outside through a term na

Next, the results of a study for the shape of the

5 dome-~shaped movable contact 38 which satisfies the

aforementioned preferable condition in the multidirec-

tional operating switch of the present example will be
described with reference to Figures 12A and 12B.

10 In view of the shape of tile multidirectional
operating switch of the present example, particularly,
the arrangement of the outer fixed contact 33, the inner
fixed contacts 34 to 37 and the central fixed contact 48
provided on the bottom surface of the case 31, it is

15 desirable to locate each of the inner fixed contacts 34
to 37 substantially at the midpoint between the central
fixed contact 48 and the corresponding one of the outer
fixed contacts 33. This is for reliably ensuring the
electrical insulation distance between the fixed con-

20 tacts, and it particularly applies when downsizing the
switch. Thus, on a precondition of the rétio d/D = 50%
between the ocuter diameter D of the dome-shaped movable
contact 38 and the diameter d of the inner pressing
portion 41, the shape of the dome-shaped movable con-

25 tact 38 which results in the optimal operating feeling
was studied, for the case where the dome-shaped movable
contact 38 is pressed down by the stepped portion of the
inner pressing portion 41, while varying the angle 6
between the bottom surface of the dome-shaped movable

30 contact 38 and the slope of the peripheral conically-
shaped portion thereof, and the ratio h/H between the
total height H of the dome-shaped movable contact 38 and
the height h of the conically-shaped :-portion thereof.
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(not shown). 15 When the force being applied to the knob 42

S renoved, the inner pressing portion 41 is pushed up by

virtue of the restoring force of the done-shaped novabl e contact 38
and the conductive resilient nmenber 53 so that 20 t he operating menber
40 cones back into the vertical and neutral position. Thus, the
done- shaped novabl e con- tact 38,comes off the inner fixed contact
34, thereby turning the switch back to the OFF state. 25

As described above, also in the configuration of t he

mul tidirectional operating switch of the present exanple, b

. | : mp y .
pressing down the uppeFigwreact2Bf jhednpdrtial cugsspseconal nViemnt
thereof, a sign@hdratiéliyed f1@Rrating the dome-shaped movable con-

tact 38 and the inner pressing portions 41, which shows
D, d, 8, H and h. Figure 12A shows values of the above-

5 mentioned ratio B/A for various combinations of 6 and
h/H, with the horizontal axis representing 6 and the
vertical axis representing h/H.

As is apparent from the graph of Figure 12A,
10 plots "e", indicating the ratio B/A bétween the inverting
force A and the repulsive return force B is 40% to 60%
(where the dome-shaped movable contact 38 is generally
said to give a preferable operating feeling), exist in
the region where 6 = about 25° to about 35° and h/H =
15 about 70% to about 95%. Although the results shown in
Figure 12A were obtained with the ratio d/D being fixed
at 50%, similar results were obtained when the same study
was made while varying the ratio 4/D in the range of
about 40% to about 60%.

20
As can be seen from the above results, by using

the dome-shaped movable contact 38 having a shape which
satisfies both 6 = about 25° to about 35° and h/H = about
70% to about 95%, a good and clear click is obtained when

25 the knob 42, i.e., the operating member 40 is either
tilted or pushed down. Thus, a good operability can be
realized. '
(Example 2)

30 Next, a multidirectional operating apparatus

using the multidirectional operating switch described in
Example 1 will be described.
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the swtch to the outside through a term nal (not shown) 30 whi ch
corresponds to the pressed position (direction). Particularly in the

configuration of the present exanple, a large insul ation distance
can be ensured between the i nner fixed contacts 34 to 37 and the
done- shaped novabl e REPLACENMENT
SHEET - 28 -

As described above, in the multidirectional
operating of the present invention, a switching operation
can be performed in any of four directions by tilting the
shaft portion 40B of the operating member 40 toward one

5 of the directions in which the inner fixed contacts 34 to
37 are arranged. When the shaft portion 40B of the
operating member 40 is tilted toward a direction between
adjoining two of the inner fiked contacts, the operating
member 40 is tilted about a fulcrum at a top portion

10 located opposite to the tilting diféction on the upper
surface of the flange portion 40A being in contact with
the reverse or inner surface of the cover 32. Thus, the
two inner fixed contacts close to the direction in which
the operating member 40 is tilted are both turned ON.
15
In the multidirectional operating apparatus using
the multidirectional operating switch of the present
invention having such a configuration, a predetermined
switching recognition circuit section may be provided in
20 a microcomputer (not shown) which is connected to an
external output terminal. Thus, if the adjoining two of
the switch contacts are turned ON at shifted timings when
the shaft portion 40B of the operating member 40 is
tilted toward a direction between adjoining two of the
25 inner fixed contacts, the amount of time by which the
timings are shifted from each other is measured. A time
measurement circuit section may further be provided in
the microcomputer so that it is determined that the two
contacts are simultaneously turned ON if the measured
30 shift time (timing difference) is within a predetermined
time difference, which will then be processed as a signal
different from a signal obtained when only one individual

switch contact is turned ON. Thus, it is possible to
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- 40 - contact 38 so that they will not easily contact each
other“in the neutral state, whereby it is possible to prevent a

mal function of the switch fromoccurring, to tilt the operating nenber
40 by_a larger angle, and to 5 performa reliable and stable swtching

operation. The present exanpl e has been described above as
a nodification of the configuration of anple 1. However, as

illustrated in Figures 31 and 32 as a odifi- 10 cation of the

configuration of Exanple 3, which has been described with reference
to Figures 13 and 14, it is also

process different signals associated respectively with

- directions twice as many as the number of the inner fixed
contacts provided.

For example, when four inner fixed contacts are
provided as in Example 1, signal detection is enabled in
eight directions as described above.

(Example 3)

10 Figure 13 is a cross-sectional view illustrating

a configuration of a multidirectional operating switch

according to Example 3 of the present invention, and

Figure 14 is an exploded perspective view illustrating
the multidirectional operating switch of Figure 13.

15 Moreover, Figure 15 is a plan view illustrating the

multidirectional operating switch of Figure 13.

The configuration of the multidirectional operat-

ing switch of the present example is basically the same

20 as that described in Example 1. In this example, howev-

er, a central fixed contact is not provided on the bottom

surface of the case 31. Like components are given like

reference numerals and may not be further described

below, except where necessary.
25

Specifically, the illustrated multidirectional
operating switch includes the box-shaped case 31 made of

a resin, with the opening thereof being covered by the

cover 32 made of a metal plate, or the like. The four

30 outer fixed contacts 33 and the four inner fixed contacts

34 to 37 are fixed by the insert molding on the bottom

surface of the case 31. The outer peripheral lower end

portion of the dome-shaped movable contact 38, which is
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possible to provide the conductive resilient nmenber 53 of t he present
exanpl e between the done-shaped novabl e contact 38 and the outer
fixed contacts 33 of the case 15 31. (Exanpl e 8)

Figure 33 is a cross-sectional view illustrating a configuration of a
mul tidirectional operating switch 20 according to Exanple 8 of the

present invention. Theg@ultidirectional operating switch of
t he present exanple, as conpared to the nultidirectional
operating swtch of Exanple 1, differs in that a protrud- 25 i ng

stopper nail 4%%&53Jé”érﬁésgigggge%hgg %2%A¥”£f§¥§y is placed on the
four outer fixed contacts 33. The four inner fixed

contacts 34 to 37 are provided along the periphery about

the center of .the dome-shaped movable contact 38 so as to

5 be equally spaced apart from one another. Each of the

four inner fixed contacts 34 to 37 is located closer to

the center than the corresponding one of the outer fixed

contacts 33. The fixed contacts 33 to 37 are connected

respectively to the terminals 43 to 47 for connection to
10 an external circuit. '

Figure 16A is a cross-sectional view schematical-
ly illustrating a certain operation state of the multidi-
rectional operating switch of the present example.

15
The -height of the inner fixed contacts 34 to 37
is set so that the difference H (see Figure 16B) between
the inner fixed contacts 34 to 37 and a central portion
31B of the bottom surface of the case 31, with which the
20 central portion of the lower surface of the inverted

dome-shaped movable contact 38 comes in contact, is such
that none of the inner fixed contacts 34 to 37 except for
the one in the tilting direction will contact the dome-
shaped movable contact 38 when the operating member 40 is

25 tilted by pressing down the upper surface thereof as
indicated by an arrow in Figure 16 so that the dome-
shaped movable contact 38 is inverted.

Each of Figures 17A and 17B is a plan view
30 schematically illustrating an exemplary shape of the

dome-shaped movable contact 38 according to the present
example.
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of the leg portion 42A of the knob 42 which is inserted
to thé hole 40C of the operating nenber 40.
dent 40F is further provided on the

40C sQ as to engage with 30
than that, the

_ the protruding stopper nail 42B. Q her
configuration is the same as that of Exanple 1.

conmponents are given like reference_nlérier_al s and are not further
descri bed bel ow.

10

15

20

25

30

REPLACEMENT SHEET

By providing slits 38B or ribs 38C in the dome-
shaped movable contact 38, as shown these figures, it is
possible to reduce the amount of inverted-movement, by
which portions of the dome-shaped movable contact 38
other than the pressed portion thereof are inverted and
shifted as the dome-shaped movable contact 38 is inverted
by tilting the operating member 40. Thus, a large
insulation distance can be ensured between the inner
fixed contacts and the dome-shaped movable contact 38
except for the portion being pressed, and it is thus
possible to realize a reliable and stable switching
operation and also to eliminate a click.

The operation of the multidirectional mechanism

of the present example, having the above-described

configuration, is the same as that of the multidirection-
al operating switch of Example 1 éxcept that the present
example includes a different push operation of the
operating member 40. Moreover, an apparatus using this

multidirectional operating switch may be configured

similarly to the apparatus of Example 2, which is config-

ured using the multidirectional operating switch of
Example 1.

Furthermore, as shown in Figure 18, when a force
is applied vertically on the center of the upper surface
of the knob 42, i.e., when vertically pressing down the

operating member 40, the pressing portion 41 presses the

dome-shaped movable contact 38. This inverts the dome-
shaped movable contact 38, thereby generating a click.
Moreover, two or more of the inner fixed contacts 34 to
37 are turned ON. Specifically, at least one diagonally-

located pair of the inner fixed contacts 34 to 37 is
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and coupl ed
. Mor eover, an engagi ng
i nner wall surface of the hole

Li ke



- 41 - Due to such a configuration, it is possible to

reliably secure the leg portion 42A of the knob 42 within

the hol e 40C

of the operating nmenber 40 so that it can not be detached therefrom
during. operation. 5 (Exanpl e 9) Figure 34 is a
cross-sectional viewillustrating a configuration of a

mul tidirectional operating switch - gaccording to Exanple 9 of the
present invention. 10

10

15

20

25

30

turned ON.

Moreover, in the apparatus using the multidirec-
tional operating switch of the present invention having
such a configuration, a predetermined switching recogni-
tion circuit section may be provided in a microcomputer
(not shown) which is connected to an external output
terminal. Thus, if the diagonally-located two switch
contacts are turned ON at shifted timings, the amount of
time by which the timings are shifted from each other is
measured, as in the case where the operating member 40 is
tilted toward a direction between adjoining two of the
inner fixed contacts (see the description in Example 2).
A time measurement circuit section may further be provid-
ed in the microcomputer so that it is determined that the
two contacts are simultaneously turned ON if the measured
timing difference is within a predetermined time differ-
ence, which will then be processed as a signal different
from a signal obtained when only one individual switch
contact is turned ON. Thus,'a'switching process by a
push operation is possible even in the case where a
central fixed contact is not provided on the bottom
surface of the case 31, as in the multidirectional
operating switch of the present example. It is possible
to process different signals associated respectively with

directions twice as many as the number of the inner fixed
contacts provided.

'(Examble 4)

Figure 19 is a cross-sectional view illustrating
a multidirectional operating switch according to Example
4 of the present invention. Moreover, Figure 20 is a

plan view illustrating the multidirectional operating
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The nultidirectional operating switch of the
diffefrent fromthe nultidirectional operating switch of Exanple 1 in
the configuration of the section where the hole 40C of the operating
menber 40 and 15 the |l eg portion 42A of the knob 42 fit each other.
Specifically, an upper portion 40G of the hole 40C has a relatively

| arge di aneter, whereas a | ower porgig§ 40H t hereof has a relatively
smal | diameter. Accordingly, an p

present exanple is

per portion 42C of the | eg portion
42A has a relatively 20 | arge di aneter, whereas a | ower portion 42D
t her eof has arelatively small diameter. The knob 42 is attached to
t he operating switch of Bigyrest9dtitting the upper portions 40G and
42C toget her, and the | ower portions 40H and 42D together. O her than

that, the configuration is 25  the sanme as that of Exanple 1. Like
conponents are given The configuradkion @fetheneuitidirgchagnadtopRratrt her

descri bed ing switch of the present example is basically the same

5 as that described in Example 3. 1In this'example, howev-

er,'a central fixed contact 160 is provided on the bottom
surface of the case 31, and the central fixed contact 160
is connected further to an external output terminal 161.
A central pressing portion 162 which corresponds to the
10 central fixed contact 160 is provided on the lower
surface of the operating member 40. Like components are
given like reference numerals and may not be further

described below, except where necessary.

i5 In the configuration of the present example, the

height of the inner pressing portion 41, which is provid-
ed on the lower surface of the operating member 40, above
the lower surface of the operating member 40 is set to be
less than that of the central pressing portion 162.
20 Thus, the inner pressing portion 41 does not press down
the dome-shaped movable contact 38 even when the operat-
ing member 40 is pressed down by applying a force verti-
cally on the knob 42 so that the central pressing portion

162 of the operating member 40 inverts the dome-shaped
25 movable contact 38.

The operation of the multidirectional mechanism
of the present example having the above-described config-
uration is substantially the same as that of the multidi-

30 rectional operating switch of Example 1. Moreover, an
apparatus using this multidirectional operating switch
may be similarly configured as the apparatus of Example

2 which is configured using the multidirectional operat-
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bel ow, except where necessary.

the mil ti-directional 30 operating switch of the present exanple, as
t he configuration of the nultidirectional operating switch of
Exanpl-e 1, the length, fromthe upper end of the upper portion

having a |l arge dianeter to the |ower end of the

10

15

20

25

- 30

- 34 -

ing switch of Example 1.

(Example 5)

Figure 21 is a cross-sectional view illustrating
a configuratidn of a multidirectional operating switch
according to Example 5 of the present invention. Figure
22 is an exploded perspective wview illustrating the
multidirectional operating switch of Figure 21. More-
over, Figure 23 is a cross-sectional view schematically
illustrating a certain operation st;te of the multidi-

rectional operating switch of the present example.

The multidirectional operating switch of the
present example, as compared to the multidirectional
operating switch of Example 1, differs in that a resil-
ient member :51 made of a sheet-like rubber, or the like,
is further inserted between the upper surface of the
flange portion 40A of the operating member 40 and the
inner surface of the cover 32. Other than that, the
configuration is the same as that of Example 1. Like
components are given like reference numerals and may not

be further described below, except where nécessary.

By providing the resilient member 51 as described
above, even if there occurs slight dimensional fluctua-~
tion or variation when processing or assembling the case
31, the cover 32, the operating member 40 and the dome-
shaped movable contact 38, such a dimensional fluctuation
or variation may be absorbed by the resilient member 51
being depressed, as long as the fluctuation or variation
is within the depression limit of the resilient member

51. Thus, there occurs no clattering in the operating
member 40.
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- 42 - | ower portion having a small dianeter, is set to be

greatér than the distance by which the shaft portion 40B
out of the cover 32. Therefore, the effec-

t he operating nmenber 40 and the 5 knob 42 fit together

value as in the config- uration of the nmultidirectional

I s extending

ti ve di stance over which

has t he sane

switch of

in the section where the hole 40C of "t

operating
Exanple 1. Thus, it is gssible to reduce the clattering

| eg portion 42A of the knob 42 fit each 10 ot her .

10

15

20

25

30

Moreover, when an end of the knob 42 (the left
end in the example illustrated in Figure 23) attached to
the hole 40C of the operating member 40 is pressed down,

as indicated by an arrow in Figure 23, the operating

member 40 is tilted about a fulcrum at the top portion

40D on the right side of the upper surface of the flange

40A. Thus, the inner pressing portion 41 presses down

the dome-shaped movable contact 38 so as to partially

invert the dome-shaped movable contact 38. As a result,

a click is generated, while the inner fixed contact 34
provided at the corresponding position on the bottom
surface of the case 31 and the dome-shaped movable con-

tact 38 contact each other, thereby turning ON the

connection between the outer fixed contact 33 and the

inner fixed contact 34. Thus, a signal is generated,

which is then supplied to the outside through the termi-
nals 43 and 44.

In the above-described operation, the resilient
member 51 is pressed locally by a top portion 40D, and a
portion of the resilient member 51 is compressed and
deformed more than the other portions thereof. Thus, the

tilting angle of the shaft portion 40B of the operating

member 40 can be increased. Moreover, the resilient

member 51 is further compressed and deformed so as to

absorb the impact force generated when the shaft portion

40B is tilted, or a force generated when an abnormal

force is applied to the operating member 40, thereby
protecting the switch contact section.

(Example 6)

Figure 24 is a cross-sectional view illustrating

a configuration of a multidirectional operating switch
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Mor eover, the resistance agai nst a nechani cal
knob 42 is tilted can be in- creased w t hout

di aneter of the 15 shaft portion 40B of the operating nmenber 40, by
setting the thickness to a |arge value at the | ower portion of
the shaft portion 40B of the operating nenber 40, to whi ch a great
force is applied when tilting the knolp 42, and at the upper portion
42C of the leg portion 42A of 20 1 Knob 42 having a large dianeter, to
whi ch a great force is simlarly applied, while setting the thickness
to a small value at the upper portion of the shaft portion 40B of the
operati ng nenbaccdtding win cBxampleaté of thieorpresenhotinvepitiicnh, whand
tilting the kn d; at .t _ I, O I rtion
42A of the knoﬁ‘t')%‘gge 285 %awén']go%és?r% #Qﬁﬁ iéd,' %%ﬁgljm c%cgﬁ eg?l'?%r ceis
trating a certain operation state.of the mult1d1rect10nal

operating switch of the present example.

stress generated as the
I ncreasing the outer

5
The multidirectional operating switch of the
present example, as compared to the multidirectional
operating switch of Example 1, differs in that the inner
pressing portion on the lower surface of the operating
10

member 40, which corresponds to the inner fixed contacts
34 to 37 on the bottom surface of the case 31, is formed

of a resilient member 52 such as rubber. Specifically,
the resilient member 52 is press-fitted within a ring-
shaped dent 40E provided on the lower surface of the
15 operating member 40. Other than that, the configuration

is the same as that of Example 1. Like components are
given like reference numerals and may not be further de-

scribed below, except where necessary.
20 While the resilient member 52 is in contact with
the dome-shaped movable contact 38 which is placed on the
outer fixed contacts 33 on the bottom surface of the case
31, the compressive deformation force thereof is set to
be larger than the inversion force of the dome-shaped
25 movable contact 38. Therefore, when an end of the knob
42 (the left end in the example illustrated in Figure 25)
is pressed down, as indicated by an arrow in Figure 25,
the operating member 40 is tilted about a fulcrum at the

top portion 40D on the right side of the upper surface of

30 the flange 40A. Thus, the resilient member 52 on the

lower surface of the operating member 40 presses down and
partially inverts the dome-shaped movable contact 38. As

a result, a click is generated, while the inner fixed
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simlarly not appli ed. (Exanpl e 10) 30 Figure 35 is a

cross-sectional viewillustrating a configuration of a

mul tidirectional operating switch according to Exanple 10 of the
present invention. Mor eover, Figure 36A is an expl oded perspective
Vi ew

- 37 -

contact 34 provided at the corresponding position on the

bottom surface of the case 31 and the dome-shaped movable

contact 38 contact each other, thereby turning ON the

connection between the outer fixed contact 33 and the

5 inner fixed contact 34. Thus, a signal is generated,

which is then supplied to the outside through the termi-
nals 43 and 44.

In the above-described operation, when a great
force is applied to the knob 42, the resilient member 52
is compressed -and deformed so as to absorb the force.
Moreover, the shaft portion 40B of the operating mem-
ber. 40 is pressed against a wall portion 32B which is

provided around the through hole 32A at the center of the
15 cover 32,

10

whereby the operating member 40 is prevented

from being further tilted. Furthermore, when a great

impact force is applied downwards on the central portion

of the upper surface of the operating member 40 via the

knob 42, the resilient member is compressed and deformed
20 so as to absorb the impact force, thereby preventing
damage from occurring.

The present example has been described above as

a modification of +the configuration of Example 1.

25 However, as illustrated in Figures 26 and 27 as a modifi-
cation of the configuration of Example 3, which has been
described with reference to Figures 13 and 14, it is also
possible to provide the' resilient membexr 52 of the
present example in the ring-shaped dent 40E provided on

30 the lower surface of the operating member 40.
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- 43 - illustrating the multidirectional operating switch of

Figuré 35; and Figure 36B is a perspective viewill us- trating an
operating nenber which is the main conponent in the configuration.
Furthernore, Figure 37 is a cross- 5 sectional view schematically
illustrating a certain operation state of the multidirectional
operating switch of the present anpl e. The

mul tidirectional operating switch of the 10

present exanple, as
conpared to the nultidirectiona

{Example 7)

Figure 28 is a cross-sectional view illustrating
a configuration of a multidirectional operating switch

according to Example 7 of the present invention.

The multidirectional operating switch of the

present example, as compared to the multidirectional

operating switch of Example'l, differs in that a conduc-

tive resilient member 53 as illustrated in the perspec-
10 tive view of Figure 29 is provided between the dome-
shaped movable contact 38 and the outer fixed contacts 33
of the case 31. The conductive resilient member 53 has
a repulsive force slightly smaller than the inversion
force of the dome-shaped movable contact 38. With the
15 provision of the conductive resilient member 53, the
dome-shaped movable contact 38 is slightly "lifted" from
the bottom surface of the case 31. Other than that, the
configuration is the same as that of Example 1. Like
components are given like reference numerals and may not

20 be further described below, except where necessary.

Figure 30 is a cross-sectional view schematically
illustrating a certain operation state of the multidi-

rectional operating switch of the present example.
25

When an end 6f the knob 42 (the left end in
Figure 30) is pressed down, as indicated by an arrow in
Figure 30, the operating member 40 is tilted about a -

fulcrum at the top portion 40D on the right side of the

30 upper surface of the flange 40A. Thus, the inner press-

ing portion 41 on the lower surface of the operating

member 40 presses down the dome-shaped movable con-

tact 38. At this point, the conductive resilient member
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operating swtch of Exanple 1, differs in that a centra

bunp portion
60A i s provided, instead of the central fi xed contact provided on the
central portion of the bottom surface of the case, on the central
portian of the 15 bottom surface of a case 60 so as to extend upwards
out

of the hole 38A provided at the center of the done-shaped

movabl e contact 38, while a supportipgzgent portion 61B I s provided,
i nstead of the conductive nenber as the central pressing portion of

the operating nmenber, at the 20 center of the lower surface of a flange
DOt o SLA O 5 ek R A TERSLa et | R0 Lhal 5,200
same as that ofoubeanpfixdd koktactep@Bnbf the camee Zlvas |ddmpreafsmdnce
nurer al s AN Mol edd" 468 - SRapea "Ro¥EBIL REAARI s Bed
by the inner pressing portion 41 is partially inverted
5 while the left side in the figure of the flange portion
40A is tilted more than at the corresponding stage in
Example 1. Thus, a click is generated, while the inner
fixed contact 34 provided at the corresponding position
on the bottom surface of the case 31 and the dome-shaped
movable contact 38 contact each other, thereby turning ON

the connection between the outer fixed contact 33 and the
inner fixed contact 34. Thus,

10

a signal is generated,
which is then supplied to the cutside through a terminal
(not shown).

15

When the force being applied to the knob 42 is
removed, the inner pressing portion 41 is pushed up by
virtue of the restoring force of the dome-shaped movable
contact 38 and the conductive resilient member 53 so that

20 the operating member 40 comes back into the vertical and
neutral position. Thus, the dome-shaped movable con-
tact 38 comes off the inner fixed contact 34, thereby
turning the switch back to the OFF state.

25 As described above, also in the configuration of
the multidirectional operating switch of the present
example, by pressing down the upper surface of the knob
42 at a certain point thereof, a signal is supplied from
the switch to the outside through a terminal (not shown)
30 which corresponds to the pressed position (direction).
Particularly in the configuration of the present example,
a large insulation distance can be ensured between the

inner fixed contacts 34 to 37 and the dome-shaped movable
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Due to the provision of the central bunp portion 60A and the
suppofting dent portion 61B which engage with each other, the

mul tidirectional operating switch of the 30 present exanple exhibits the
swi tching function only when t he operating nmenber 61 is tilted.

- 40 -

contact 38 so that they will not easily contact each
other in the neutral state, whereby it is possible to
prevent a malfunction of the switch from occurring, to
tilt the operating member 40 by a larger angle, and to

perform a reliable and stable switching operation.

The present example has been described above as

a modification of the configuration of Example 1.
However, as illustrated in Figures 31 and 32 as a modifi-

10 cation of the configuration of Example 3, which has been
described with reference to Figures 13 and 14, it is also
possible to provide the conductive resilient member 53 of
the present example between the dome-shaped movable

contact 38 and the outer fixed contacts 33 of the case
15 31.

(Example 8)

Figure 33 is a cross-sectional view illustrating
a configuration of a multidirectional operating switch
20 according to Example 8 of the present invention.

The multidirectional operating switch of the
present example, as compared to the multidirectional
operating switch of Example 1, differs in that a protrud-
25 ing stopper nail 42B is further provided on the periphery
of the leg portion 42A of the knob 42 which is inserted
and coupled to the hole 40C of the operating member 40.
Moreover, an engaging dent 40F is further provided on the
inner wall surface of the hole 40C so as to engage with
30 the protruding stopper nail 42B. Other than that, the

configuration is the same as that of Example 1. Like

components are given like reference numerals and are not
further described below.
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- 44 - In the nultidirectional operating switch of the
present exanpl e having such a configuration, when an end of the knob

42 (the left end in the exanple illustrated in Figure 37) is pressed
down as indicated by an arrowin 5 Figure 37, the operating nenber 61 is

tilted about a fulcrumat a top portion 61C on the upper surface of
t he flange portion 61A: Thus, _an4 nner pressing portion 61D

provi ded on the | ower surface of the flange portion 61A presses down
and partially inverts the dome-shaped 10 novabl e contact 38, thereby
performng a swtching operation while generating a click. At this
point, in thetxPH?gEPaﬁﬁéﬂcﬁ ¢PREpIRERRioRKa Al 45 tBRSTHNS afC
bunp portion 6041 08bl{es&€ltéathd Wdd Portid et HfOhe knob 42 within

the hole 40C of the operating member 40 so that it can
not be detached therefrom during operation.

5
(Example 9)
Figure 34 is a cross-sectional view illustrating
a configuration'of a multidirectional operating switch
according to Example 9 of the present invention.
10

The multidirectional operating switch of the
present example is different from the multidirectional
operating switch of Example 1 in the configuration of the
section where the hole 40C of the operating member 40 and

15 the leg portion 42A of the knob 42 fit each other.

Specifically, an upper portion 40G of the hole 40C has a

relatively large diameter, whereas a lower portion 40H

thereof has a relatively small diameter. Accordingly, an

upper portion 42C of the leg portion 42A has a relatively

20 large diameter, whereas a lower portion 42D thereof has

a relatively small diameter. The knob 42 is attached to

the operating member 40 by press~fitting the upper
portions 40G and 42C together, and the lower portions 40H

and 42D together. Other than that, the configuration is

25 the same as that of Example 1. Like components are given

like reference numerals and may not be further described
below, except where necessary.

Also in the configﬁration of the multidirectional

30 operating switch of the present example, as in <the

configuration of the multidirectional operating switch of

Example 1, the length, from the upper end of the upper

portion having a large diameter to the lower end of the
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surface of the case 60 is engaged with the supporting 15
61B on the | ower surface of the flange
menber 61, whereby the physi cal relationship between the operating
menber, 61 and the case 60 is accurately maintai ned wthout being

| aterally shifted fromeach other. Thus, a reliable and 20 stabl e
switching operation is achieved wth_a,sl ear click.
In the description above, the bunp portion 60A is provided in the
case 60, and the supporting dent portion 25 61B i s provided on the | ower
surface of the flange partion 61A of the gperating nmenber 61.

However, sim | adEwWer PC’EFF@Et hEnRG e MR he d AiRES terom 1S c &Y gEPati®n in
whi ch a bunp perdaifer THHOWHEE @idtdrive [BarmisH fare sHaft portion 40B

is extending out of the cover 32. Therefore, the effec-

dent portion
portion 61A of the operating

tive distance over which the operating member 40 and the
knob 42 fit together has the same value as in the config-

uration of the multidirectional operating switch of

Example 1. Thus, it is possible to reduce the clattering

in the section where the hole 40C of the operating

member 40 and the leg portion 42A of the knob 42 fit each
10 other.

Moreover, the resistance against a mechanical
stress generated as the knob 42 is tilted can be in-
creased without increasing the outer diameter of the

15 shaft portion 40B of the operating member 40, by setting
- the thickness to a large value at the lower portion of
the shaft portion 40B of the operating member 40, +to
which a great force is applied when tilting the knob 42,
and at the upper portion 42C of the leg portion 42A of

20 the knob 42 having a large diameter, to which a great

force is similarly applied, while setting the thickness
to a small wvalue at the upper portion of the shaft
portion 40B of the operating member 40, to which a great

force is not applied when tilting the knob 42, and at the

25 lower portion 42D of the leg portion 42A of the knob 42

having a small diameter, +to which a great force is
similarly not applied.

(Example 10)

30 Figure 35 is a cross-sectional view illustrating

a configuration of a multidirectional operating switch

according to Example 10 of the present
Moreover,

invention.
Figure 36A is an exploded perspective view
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the flange portion 61A of the operating nenber 61, and 30
dent portion 61B is provided in the case

t he supporting

60 so that bunp portion and

t he dent portion 61B engage wi th each ot her.
45 -,

10

15

20

25

30

- 43 -

illustrating the multidirectional operating switch of
Figure 35; and Figure 36B is a perspective view illus-
trating an operating member which is the main component
in the configuration. Furthermore, Figure 37 is a cross-
sectional view schematically illustrating a certain
operation state of the mﬁltidirectional operating switch
of the present example.

The multidirectional operating switch of the
present example, as compared to the multidirectional
operating switch of Example 1, differs in that a central
bumb portion 60A is provided, instead of the central
fixed contact provided on the central portion of the
bottom surface of the case, on the central portion of the
bottom surface of a case 60 so as to extend upwards out
of the hole 38A provided at the center of the dome-shaped
movable contact 38, while a supporting dent portion 61B
is provided, instead of the conductive member as the
central pressing portion of the operating member, at the
center of the lower surface of a flange portion 61A of
the operating member 61 so as to engage with the above
central bump portion 60A. Other than that, the configu-
ration is the same as that of Example 1. Like components
are given like reference numerals and may not be further
be described below, except where necessary.

. Due to the provision of the central bump portion
60A and the supporting dent portion 61B which engage with
each other, the multidirectional operating switch of the
present example exhibits the switching function only when
the operating member 61 is tilted.
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The use of the nultidirectional operating switch of the present

i nvention having the features as described above nmakes it possible to
configure a nultidirectional oper ati ng apparatus havi ng vari ous
functi.ons. 5 Consi dering the application of the present

I nvention to nobile conmunication apparatuses, for exanpl e, when the
mul tidirectional operating switch of - 44 ~the present invention is
attached to a nobile conmunica- 10 tion apparatus such as a portable
phone, a pager, etc., it is possible, by tilting the shaft portion of

Such as a | quid oryst bbb Easagotlond] Sttt Willf e wne
itens, charact epsg¢sent ekanplechavhngbgueh a cpnfhgnygatiden,t whephahtend
portion, to Selgfttﬂenﬁﬂﬂbihﬁnkthe left end in the example illustrated
in Figure 37) is pressed down as indicated by an arrow in

5 Figure 37, the operating member 61 is tilted about a

fulcrum at a top portion 61C on the upper surface of the

flange portion 61A. Thus, an inner pressing portion 61D

provided on the lower surface of fhe flange portion 61A

presses down and partially inverts .the dome-shaped

10 movable contact 38, thereby perfarming a switching
operation while generating a click. At this point, in

the configuration of the present example, the central

bump portion 60A on the central portion of the bottom

surface of the case 60 is engaged with the supporting

15 dent portion 61B on the lower surface of the flange
portion 61A of the operating member 61, whereby the

physical relationship between the operating member 61 and

the case 60 is . accurately maintained without being

laterally shifted from each other. Thus, a réliable and

20 stable switching operation is achieved with a clear
click.

In the description above, the bump portion 60A is

provided in the case 60, and the supporting dent portion

25 61B is provided on the lower surface of the flange
portion 61A of the operating member 61. However, similar
effects can be obtained also from a configuration in

which a bump portion is provided on the lower surface of

the flange portion 61A of the operating member 61, and

30 the supporting dent portion 61B is provided in the case

60 so that bump portion and the dent portion 61B engage
with each other.
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Mor eover, signal transm ssion can be perfornmed by the

push operation.

Mor eover, considering the application of the 20 present invention to
various renote controls and audio appar atuses, for exanple, when the
mul ti directional operating switch of the present invention is

attached to

possible to performalternate smﬁtchingaoperations such 25 as the power

O\ OFF contr ol

operation of the shaft portion of the

Is al so applicable to appropriately pre-assign a set of instructions
: t ur ni ng, Thel use of, thel mmd tddimegitionadt operadrisggaswilch

such as

various renote controls or an audi o apparatus, it is

or the play/stop operatton by repeating the push

rewind, to thedd kjbngraRehat i RPeREibAChaP2RY PRE E M ites as described

10

15

20

25

30

above makes it possible to configure a multidirectional

operating apparatus having various functions.

Considering the application of the present
invention to mobile communication apparatuses, for
example, when the multidirectional operating switch of
the present invention is attached to a mobile communica-
tion apparatus such as a portable phone, a pager, etc.,
it is possible, by tilting the shaft portion of the
operating member, to move the cursor on a display screen
such as a liquid crystal display screen, to scroll or
search menu items, characters, and +the 1like; and by
pushing down the shaft portion, to select a menu item.

Moreover, signal transmission can be performed by the
push operation.

Moreover, considering +the application of the
present invention to various remote controls and audio
apparatuses, for example, when +the multidirectional
operating switch of the present invention is attached to
various remote controls or an audio apparatus, it is
possible to perform alternate switching operations such
as the power ON/OFF control or the play/stop operation by
repeating the push operation of the shaft portion of the
operating member. Moreover, it is also applicable to
appropriately pre-assign a set of instructions such as
turning, selection, volume control, fast-forward and
rewind, to the tilting operétion of the shaft portion in
the front/rear direction ahd the tilting operation in the
left/right direction (the: tilting directions are not

limited to the above), respectively, so that a selected

—PLAGEMENT SHEET |
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the front/rear direction and the tilting operation in the | eft/right

direction (the tilting directions are not limted to the above),
respectively, so that a selected - 46

- 46 -

one among the set of the pre-assigned operations can be
performed by the tilting operations of the shaft portion.
Moreover, it is also possible to alter the assignment of
the instructions (e.g., to switch between the first and

5 second instruction sets) by the push operation of the
shaft portion. '

Furthermore, considering the application of the

present invention to TV game apparatuses or car naviga-

10 tion apparatuses, when the multidi;ectional operating

switch of the present invention is attached to a TV game

apparatus or a car navigation apparatus, it is possible,

by tilting the shaft portion, to move the game character

or the map on the display according to a tilting direc-

15 tion; and to execute predetermined instructions, such as

to alter the magnification of the map or to make the game
character jump, by pushing down the shaft portion.

Furthermore, considering the application of the

20 present invention to electronic cameras, when the multi-
directional operating switch of the present invention is
attached to an electronic camera, it is possible to set

the shutter speed, the diaphragm value, or the like, by
tilting the shaft portion, thereafter finalizing the
25 setting by pushing down the shaft portion. It is also
possible to set the position of the object to be focused
within the viewfinder by tilting the shaft portion, and

to focus on the object by pushing down the shaft portion,
thereafter'pressing the shutter by pushing down the shaft

30 portion again within a predetermined period of time.

Furthermore, considering the application of the

present invention to computer apparatuses, when the
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one anong the set of the pre-assigned operations can be perfornmed by
the ti'lting operations of the shaft portion. Moreover, it is also

possible to alter the assignnment of the instructions (e.g., to switch
between the first and 5 second instruction sets) by the push operation

of the shaft portion. Furt hernore, considering the
application of the present inventjon to TV gane apparatuses or car
navi ga- 10 tion apparatuses, when tHe multidirectional operating
switch of the present invention is attached to a TV gane apparatus or
a car navigation apparatus, it is possible, by tilting the shaft
portion, to nowelthéipembienalaeperating suitghe afagthm p¥Rsemspiayen-
according to atibhtif0attiChedlbo a EbRPuté8PlapPafieas! eipr edepssgined

i nstructions, such as

to move the cursor on the display or select a menu item
by tilting the shaft portion; and then to finalize the
selection or execute the selected instruction by pushing

down the shaft portion.

As described above, according to the present

invention, in a multidirectional operating switch for

10 performing a tilting operation in multiple directions so
as to generate a signal by tilting a shaft portion of an
operating member, it is possible to reduce the number of
components to be provided therein, and also reduce the
outer diameter and thickness of the switch and the height
15 of the entire configuration including the knob. Thus,
there is pro{rided a multidirectional operating switch
which provides a click even when a switching operation is
performed by tilting the operating member and enables a
reliable and stable switching operation, while the
multidirectional operating switch can be produced at a

low cost. When a center fixed contact is further provid-

20

ed at a prescribed position, a signal can be provided

when the operating shaft is pushed down, i.e., by a

pushing operation. A desirable click is of course
25 provided in the pushing operation.

Moreover, each of signals generated when the
shaft portion is tilted toward a direction between
adjoining two of the positions where the inner fixed
30 contacts are provided or when a push operation is per--
formed by pushing down the shaft portion may be used as
a signal different from signals generated by a tilting

operation toward a direction in which one of the inner
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to alter the magnification of the map or to nmake the gane character
junp, by pushing down the shaft portion. Furt her nor e,

considering the application of the 20 present invention to electronic
canmeras, when the nulti- directional operating switch of the present

I nvention is attached to an electronic canera, it is possihle to. set
the shutter speed, the diaphragm value,,or the |ike, by tilting the
shaft portion, thereafter finalizing"tﬁ% 25 setting by pushing down the
shaft portion. It is also possible to set the position of the object
to be focused within the viewfinder by tilting the shaft portion, and
to focus on th&ixgde conFpghissHishPrwikiade shaft portion, t hereafter

pressing the shutter by pushing down the shaft 30 portion again within a
predet ermi ned period of tinmne.

Moreover, when a multidirectional operating
apparatus is configured using the multidirectional
operating switch of the present invention, it is possible
to achieve both the centralized processing of various
operations by a simple method and the downsizing of the
entire configuration (i.e., making the entire configura-

tion a smaller, thinner and lighter in weight).
10

The dome-shaped movable contact included in the
various multidirectional operating switches of the
present invention may be formed of a material with an
appropriate spring characteristic which realizes desir-

15 able partial inversion such as a spring stainless steel
plate, a spring phosphor bronze plate, a beryllium copper
plate, or the 1like. By processing such an appropriate
material into a prescribed shape, it becomes possible to
provide a click even in the tilting operation.
20
Various other modifications will be apparent to
and can be readily made by those skilled in the art
without departing from the scope and spirit of this
invention. Accordingly, it is not intended that the
25 'scope of the claims appended hereto be limited to the
description as set forth herein, but rather that the
claims be broadly construed.
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Furt hernore, considering the application of the present invention to
conput'er apparatuses, when the - 47 -

T

WHAT IS CLAIMED 1IS:

1. A multidirectional operating switch, comprising:

a dome-shaped movable contact made of a resilient
thin metal plate;

a box-shaped case including, on a bottom surface
thereof, an outer fixed contact on which an outer periph-
eral lower end portion of the dome-shaped movable contact
is placed, and a plurality of inner fixed contacts
provided inside positions corresponding to +the outer
peripheral lower end portion of the dome-shaped movable
contact so as to be equiangular and equidistant from a
center of the dome-shaped movable contact:

a cover including a through hole at a center
thereof, the cover being provided so as to cover an upper
opening of the case; and

an operating member including a shaft portion and
a flange portion integrally formed at a lower end of the
shaft portion, in which the shaft portion extends upwards
out of the through hole of the cover, an upper surface of
the flange portion is in contact with an inner surface of
the cover, a periphery of the operating member is fitted
to and supported by an inner wall of the case so that the

operating member is not rotatable but is tiltable and

movable vertically, first pressing portions are provided

respectively at positions on a lower surface of the

operating member corresponding to the plurality of inner

fixed contacts, and the plurality of first pressing

portions are in contact with the dome-shaped movable
contact,

wherein the switch performs a tilting operation in
multiple directions so as to generate a signal by tilting
the shaft portion of the operating member.

REPLACEMENT SHEET

12 DEC 997




mul tidirectional operating switch of the present inven-
attachied to a conputer apparatus, it is possible to nove the cursor on

the display or select a nmenu item by tilting the—shaf+—portion; and
then to finalize the 5 sel ection or execute the s instruction by
pushi ng down the shaft portion. jﬁ’@ m Hﬂ?ﬂm

according to the present i nventicon,_ in a multi i.ng

switch for 10 performng a tilting operation in nmultiple directions so -
as to generate a signal by tilting a shaft portion of an operating
menber, it is possible to reduce the nunber of conponents to_be

provi ded t her €% n,A S Eidireckierat pperating, gwditcly apeesAingdteretariBss of

the switch andy ! hghdedéOWta click is generated in the tilting operation

tionis

of the operating member.

3. A multidirectional operating switch according to claim
1, wherein:

the case further includes a central fixed contact
provided at a position on a bottom surface of the case
which corresponds to the center of +the dome-shaped
movable contact; and

the operating member further includes a second
pressing portion provided at a position on the lower
surface of the operating member which corresponds to the
center of the dome-shaped movable contact.

4. A multidirectional operating switch according to claim
3, wherein a height of each of the plurality of first
pressing portions is less than a height of the second
pressing portion;

5. A multidirectional operating switch according to claim
3, wherein:

a hole is provided at the center of the dome-
shaped movable contact:;
the central fixed contact has a diameter smaller

than a diameter of the hole of the dome-shaped movable
contact; and

a height of each of the plurality of inner fixed

contacts is léss than a height of the central fizxed
contact.

6. A multidirectional operating switch according to claim
5, wherein:
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15 of the entire configuration including the knob. Thus, there is
provided a nmultidirectional operating switch whi ch prOV|des a click

even when a sw tching operation is performed by tl#%+4ﬁ%4¢ﬁ%{ﬁkﬁiﬂ++ﬁr
menber, and enables a reliable and stable switching o er

t he 20 mul tidirectional operating switch can be produc !Ia Ill l“"v‘ﬁ

cost. When a center fixed contact is further provid-

prescri bed position, a signal cantxfpﬁ%deed when the operatlng

shaft is pushed down, i.e., by a pushi ng operati on. A desirable
click is of course 25 provided in the pushing operation.

Moreover, each of signthe dgémetatpessiarg tpertion isséapolpgonadnrisg-ilted
f‘r’]‘r’]"g: d . f‘xgidr eCth8PeRChYEERing portddn®bd 39k ¥Rudbr! REnBoShbindds pilagse the
ing portion which includes, at a center thereof, a dent
portion larger than the hole of the dome-shaped movable
contact; and
the second pressing portion is formed, in the
dent portion of the first pressing portion, of a conduc-

tive member approximately as tall as the first pressing
portion.

7. A multidirectional operating switch according to claim
1, wherein:

a hole is provided at the center of the dome-
shaped movable contact:;

the case further includes a central bump portion
provided at a position on a bottom surface of the case
which corresponds to the center of the dome-shaped
movable contact, the central bump portion having a
diameter smaller than a diameter of the hole of the dome-
shaped movable contact and extending taller than the
outer fixed contact:; and

the operating member further includes a dent
portion provided at a center of a lower surface of the

operating member so as to engage with the central bump
portion of the case.

8. A multidirectional operating'switch according to claim
7, wherein the first pressing portion is a polygonal
ring-shaped pressing portion or a circular ring-shaped
pressing portion which includes, at a center thereof, a

dent portion larger than the hole of the dome-shaped
movable contact.
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30 contacts are provided or when a push operation is per-

f or med
by pushing down _the shaft portion may be used as

a signal different
from signals QEEWA@EMQN‘D}SI-EEN ting operation toward a direction in
whi ch .one of |t he—rrer - 48 -
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9. A multidirectional operating switch according to claim

1, wherein the plurality of first pressing portions are
each formed of a resilient member.

10. A muitidirectional operating switch according to
claim 3, wherein the second pressing portion is formed of
a resilient conductive member.

11. A multidirectional operating switch according to
claim 3, wherein the plurality of first pressing portions

‘and the second pressing portion are integrally formed of
a conductive member.

12. A multidirectional operating switch according to
claim 1, further comprising a conductive resilient member
provided between the outer fixed contact and the dome-
shaped movable contact, the conductive resilient member
having a repulsive force smaller than an inversion force
of the dome-shaped movable contact.

13. 2 multidirectional operating switch according to
claim 1, further comprising a resilient member provided
between an inner surface of the cover and an upper

surface of the flange of the operating member.

14. A multidirectional operating switch according to
claim 1, wherein the dome-~shaped movable contact includes
an outer peripheral portion in a frustum shape and a
portion inside the outer peripheral portion in a substan-
tially spherical shape with a central portion thereof
being raised slightly, and the frustum shape and the
substantially spherical shape are connected to each other
at a boundary therebetween by a smooth curve.



fixed contacts is provided. Mor eover, when a

mul ti directional_operating ppparatus is conflguped—askﬁg~th€”"—‘—“’

mul ti directiondl REPLACEMﬁNTeﬁHEE@ witch of the present

possi bl e centralized processi u“ﬁﬂ “B“H“mnm

operations by [ t t he downsi zing of the(™ ¢ enm re =
“gurati on i Je. T2REE 89T :

thi nner and i | 2]

ntireggonfigura- tion a smaller,
0 The done-shaped movabl e
cont act |nclud din the
of the

va I ous nultldlrectlonal operatlng sSwi t ches
appropriate spﬂ1 g

ned.of a material with a
claim 14, wherein the dome-shaped movable contact is

LT gt o OB nSPEBFIRY Ber feh  adborafily o

formed by a drawing process of a resilient metal thin
plate.

16. A multidirectional operating switch according to
claim 14, wherein:

an angle formed between a slope of the frustum
shape of the dome-shaped movable contact and a bottom
surface thereof is about 25° to about 35°;

a ratio of a height of the frustum shape of the
dome-shaped movable contact with respect to a total
height of the dome-shaped movable contact is about 70% to
about 95%; and

a ratio of a diameter of the first pressing
portion of the operating member with respect to an outer

diameter of the dome-shaped movable contact is about 40%
to about 60%.

17. A multidirectional operating switch according to
claim 1, wherein:

the operating member includes a hole running down
from an upper end surface of the shaft portion;

an operating knob having a leg portion which is

~ coupled to the operating member by inserting the leg

portion into the hole of the operating member; and

a depth of the hole is greater than a distance by
which the shaft portion extends out of the cover.

18. A multidirectional operating switch according to
claim 17, wherein:

a dent portion or a protruding portion is provid-
ed on an inner wall surface of the hole of the operating



15 abl e partial inversion such as a spring stainless steel pl ate,
a spri'ng phosphor bronze plate. a beryllium copper pl ate, or the

l i ke. By proc¢sREPIACEMENT SSHERPPIOpri ate mat erjal inte—a prescri bed
shape,, it becdng '

provide a click eve \
operation. 20 Var § ous ot her rmdlflcatl W\M“L‘M‘“ent to
and can be readily1aduﬂcﬂgglh seé skilgid in the art uts departing
fromthe scop¢g and spirit of fhis ~ nvention. Accordlngly, it is not
i nt ended t hat |the 25 scope of the clainms appended hereto be limted to

t he des+i-pti-oh—as—set—fofth herein, but rather that the cl ai s
be broadly comsmheaxs '

a protruding portion or a dent portion is provid-
ed on an outer peripheral surface of the leg portion of
the operating knob so as to engage with the dent portion
or the protruding portion of the operating member.

19. A multidirectional operating switch according +to
claim 17, wherein each of the hole of the operating
member and the leg portion of the operating knob has a

diameter at an wupper portion thereof larger than a
diameter at a lower portion thereof.

20. A multidirectional operating apparatus including a
multidirectional operating switch according to claim 1,
wherein:

at least diagonally-located two of the plurality
of inner fixed contacts are both turned ON when the shaft
portion of the operating member of-the multidirectional
operating switch is pushed down vertically; and

the apparatus comprises a processing section
which processes a signal which is generated when two of
the plurality of inner fixed contacts are both turned ON
as a signal different from a signal which is generated
when only one of the inner fixed contacts is turned ON.

21. A multidirectional operating apparatus according to
claim 20, wherein:

when the shaft portion of the operating member of
the multidirectional operating switch is tilted toward a
direction between adjoining two of the plurality of inner
fixed contacts, the adjoining two of the inner fixed

contacts are both turned ON; and

the processing section processes a signal which
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conpri'si ng:

nmet al

pl at e;

WHAT |'S CLAIMED | S: 1. A multidirectional

a.daone-shaped novabl e contact nmade of a resitient
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is generated when the adjoining two of the inner fixed
contacts are both turned ON as a signal different from

the signal which is generated when only one of the inner
fixed contacts is turned ON.

22. A multidirectional operating apparatus including a
multidirectional operating switch according to claim 1,
wherein:

when the shaft portion of the operating member of
the multidirectional operating switch is tilted toward a
direction between adjoining two of the plurality of inner
fixed contacts, the adjoining two of the inner fixed
contacts are both turned ON; and

the apparatus comprises a processing section
which processes a signal which is generated when the
adjoining two of the inner fixed contacts are both turned
ON as a signal different from the signal which is gener-

ated when only one of the inner fixed contacts is turned
ON.

23. A multidirectional operating apparatus according to
claim 22, wherein:

the case further includes a central fixed contact
provided at a position on a bottom surface of the case
which corresponds to a center of the dome-shaped movable
contact; and

the operating member further includes a second
pressing portion provided at a position on a lower
surface of the operating member which corresponds to the
center of the dome-shaped movable contact.

24. A multidirectional operating apparatus according to
claim 22, wherein:

Ias
'

R O 0

operating switc
t

)
n
ar



a box-shaped case including, on a bottom surface thereof, an outer fixed
cont act on which auter neriph- eral |lower end portion of the dome-shaped

novabl e cont act SRE?W.AGMNBBHEE:W glurality of inner—fixed—coentacts—provi ded
I nsi de positions|c

IIUOpUHunng* o ithe outer periph tion of
t he done- shaped {molv négni?g sq as to be equi ana m"‘m@mg@@ mant
froma center of] th gec vaﬁ%g cont act; cl udi ng
a through hol e Ppnfpr t hergoff, T cover being provided so as to cover

an upper opening of the case; and an operating nenber including a

shaft portion a integrally formed at a |l ower end of the
shaft portion, in whi ckhehappeafatusodetmcisxtanstgnplagesevatedf inhdhe

through fol e 0fshRINGOVHar AXMPREE [ &i&e 0l pbEE15H2BECLAA" bR alinly”
contact with an inne ce o
member of 't:he multidirectional operating switch, and
selects an item from a plurality of displayed items; and

the apparatus detects a signal generated in a

push operation of the shaft portion, and confirms the
selection of the item.

25. A multidirectional operating apparatus according to
claim 22, wherein:

the apparatus detects a signal generated in the
tilting operation of the shaft portion of the operating
member of the mﬁltidirectional operating switch, selects
a pre-assigned vector direction signal of a plurality of
vector signals, and moves a displayed object in the
selected vector direction: and

the apparatus detects a signal generated in a
push operation of the shaft portion, and executes a pre-

assigned instruction for the moved cbject.

26. A multidirectional operating apparatus according to
claim 22, wherein the apparatus detects a signal generat-
ed by performing a plurality of push operations of the
shaft portion of the operating member of the multidi-
rectional operating switch within a predetermined period
of time, and sequentially executes a plurality of in-

struction signals which are predesigned for the detected
signals.

27. A multidirectional operating apparatus according to
claim 22, wherein the apparatus detects a signal generat-
ed in a push operation of the shaft portion of the

operating member of the multidirectional operating



the cover, a periphery of the operating nenber is fitted to and supported
by an %inner wall of the case so that the operating nenber is not rotatable
but is tiltable and novable vertically, first pressing portions are
"~ provided respectively at positions on a |lower surface of the operating

menber corresponding to the plurality of inner fixed contacts, and the
plurality of first pressing portions are in contact m‘l“m HIH |H ped
nmovabl e cont act, wherein the sﬁﬁggh-perforns a tin in
multiple directions so as to generate a signal by tilting the shaft
portion of the operating nenber.

switch, and based on the detected signal, alters instruc-

tions which are respectively assigned for tilting direc-~
tions of the shaft portion in the tilting operation of

the shaft portion, in accordance with a predetermined
order.

28. A multidirectional operating apparatus according to
claim 22, wherein an up-down adjustment of functions
assigned to the tilting directions. is performed by
. tilting the shaft portion toward a predetermined tilting
direction during the tilting operation of the shaft

portion of the operating member of the multidirectional
operating switch.
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- 50 - 2. Anultidirectional operating switch according to claim1,

wherei-n a click is generated i.n the tilting operation of the operating
menber . 3. A mul tidirectiMyiZIDIRBSTBONALQ OBERATENG BWITCHIAND to claim 1,
wher ei n:

MULTIDIRECTIONAL OPERATING APPARATUS USING THE SAME

- 58 -
ABSTRACT OF THE DISCLOSURE

A multidirectional operating switch, which per-
forms a tilting operation in multiple directions so as to
generate a signal by tilting the shaft portion of the
operating member, includes: a dome-shaped movable contact
made of a resilient thin metal plate; a box-~shaped case:;
a cover including a through hole at a center thereof, the
cover being provided so as to cover an upper opening of
10 the case; and an operating member including a shaft
portion and a flange portion integrally formed at a lower
end of the shaft portion. The case includes, on a bottom
surface thereof: an outer fixed contact on which an outer

peripheral lower end portion of the dome-shaped movable

15 contact is placed; and a plurality of inner fixed con-

tacts provided inside positions corresponding to the
outer peripheral lower end portion of the dome-shaped
movable contact so as to be equiangular and equidistant
from a center of the dome-shaped movable contact. In the

20 operating member, the shaft portion extends upwards

out
of the through hole of the cover, an upper surface of the

flange portion is in contact with an inner surface of the
cover, a periphery of the operating member is fitted and
supported by an inner wall of the case so that the

25 operating member is not rotatable but is tiltable

and
movable vertically, first pressing portions are provided

respectively at positions on a lower surface of the
operating member corresponding to the plurality of inner
fixed contacts, and the plurality of first pressing

portions are in contact with the dome-shaped movable
contact.

30
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the case further includes a central fixed contact provided at a position on
a bottom surface of the case which corresponds to the center of the

dorne- shaped novabl e contact; and t he operating nmenber further

i ncl udes a second pressing portion provided at-a position on the |ower
surface of the operating nenber which corresponds to the center of the
done- shaped novabl e cont act. 4. A nmul4t ildtrectional operating switch
according to claim 3, wherein a height of each of the plurality of first
pressing portions is less than a height of the second pressing portion.

FIG.1
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5. Amultidirectional operating swtch according to claim3, wherein:
a hole is provided at the center of the donme- shaped novabl e cont act;
the central fixed contact has a dianeter smaller than a dianmeter of the

hol e of the donme-shaped novable contact; and a height of each of
the plurality of inner fixed contactsg s |less than a height of the central
fixed contact. 6. Amultidirectional operating swtch according to

claim 5, wherein:
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-51 - the first pressing portion is a polygonal ring- shaped
pressinhg portion or a circular ring-shaped press- ing portion which

i ncludes, at a center thereof, a dent portion |arger than the hole of the
done- shaped novabl e contact; and

-3 -
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t he second pressing portion is fornmed, in the dent portion of the first
pressing portion, of a conduc- tive nmenber approximtely as tall as the

first pressing portion. 7. Anultidirectional operating switch according
to claim1, wherein: a hole is provided at the center of the dome-
shaped novabl e contact; the case further includes a central bunp

portion provided at a position on a bottpm surface of the case which
corresponds to the center of the dome-shaped novabl e contact, the central
bunp portion having a dianeter smaller than a dianeter of the hole of the
donme- shaped novabl-e contact and extending taller than the

FIG. 4
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outer fixed contact; and t he operating menber further includes a
dent -portion provided at a center of a |ower surface of the operating
menber so as to engage with the central bunp portion of the case. 8. A
mul tidirectional operating switch according to claim 7, wherein the first
pressing portion is a polygonal ring-shaped pressing portion or a circular
ri ng-shaped pressing portion which inelludes, at a center thereof, a dent
portion larger than the hole of the done-shaped novable contact.

FIG.5
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- 52 - 9. Amltidirectional operating switch according to claim1,
wherein the plurality of first pressing portions are each fornmed of a

resilient menber. 10. A multidirectional operating switch according to
-6 -
FIG.64 324 FIG.6B 4 o
/

REPLACEMENT SHEET

12 DEC 1997




claim 3, wherein the second pressing portion is fornmed of a resilient

conducti ve nenber. 11. A nultidirectional operating'switch according to
claim3, wherein the plurality of first pressing portions and the second
pressing portion are integrally formed of a conductive nenber. 12. A

mul tidirectional operating switch according to claimi, further conprising
a conductive resilient nenber provi ded-bktween the outer fixed contact and
t he done- shaped novabl e contact, the conductive resilient nmenber having a
repul sive force smaller than an inversion force of the donme-shaped novable
cont act .

FIG.7
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13. Amultidirectional operating swtch according to claim1, further
conprising a resilient nenber provided between an inner surface of the
cover and an upper surface of the flange of the operating nenber. 14. A
mul tidirectional operating switch according to claim1, wherein the

done- shaped novabl e contact includes an outer peripheral portion in a
frustum shape and a portion inside the outer peripheral portionin a
substan- tially spherical shape with a 8entral portion thereof being raised
slightly, and the frustum shape and the substantially spherical shape are
connected to each other at a boundary therebetween by a snooth curve.

35
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- 53 - 15. Anmultidirectional operating switch according to claim 14,
wher el n the donme-shaped novable contact is fornmed by a drawi ng process of a
resilient metal thin

- 9 -—
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pl at e. 16. A multidirectional operating switch according to claim 14,

wher ei n: an angle forned between a sl ope of the frustum shape of the
dome- shaped novabl e contact and a bottom surface thereof is about 25[err]
to about 35[err]; a ratio of a height of the frustum shape of the
done- shaped novabl e contact with respect to a total height of the

done- shaped novabl e contact is about #¥to about 95% and aratio
of a dianeter of the first pressing portion of the operating nmenber with
respect to an outer dianeter of the done-shaped novabl e contact is about
40% t o ‘about 60%

FIG.11
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17. A multidirectional operating switch according to claim1, wherein:
t he operating nenber includes a hole running down from an upper end surface

of the shaft portion; . an operating knob having a | eg portion which
is coupled to the operating nenber by inserting the |leg portion.into the
hol e of the operating nmenber; and a depth of the hole is greater

than a distance by which the shaft p‘oHi'On extends out of the cover.
18. A nultidirectional operating switch according to claim17, wherein:
a dent portion or a protruding portion is provid-

FIG.124 o 2t —c0

i P RY7L
. R - %
) X A>60/
JO0F

() X X
- ) 1)
90t ® © ® X
h - ()] (e o
H | sofF a ° ® ® x
o
- ® ®
0F A A O © ® X
L A A A O ©
§0F o N IN X X X
___{l;‘! 1 l. = l‘ 1 2
4 20° 2 %0
— 5

REPLACEMENT SHEET

12 DEC 1997




ed on an inner wall surface of the hole of the operating
nenber;
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a protruding portion or a dent portion is provid- ed on an outer peripheral
surfacé of the leg portion of the operating knob so as to engage with the
dent portion or -the protruding portion of the operating nenber. 19. A

mul tidi.rectional operating switch according to claim17, wherein each of
the hol e of the operating nenber and the | eg portion of the operating knob
has a dianeter at an upper portion theriSo# |arger than a dianeter at a

| ower portion thereof. 20. A multidirectional operating apparatus

including a nmult iFI@t ipgl operating switch according to claimli,
wher ei n: *
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at | east diagonally-located two of the plurality of inner fixed contacts
are both turned ON when the shaft portion of the operating nenber of the
nmul tidirectional operating switch is pushed down vertically; and

t he apparatus conprises a processing section which processes a signal which
I s generated when two of the plurality g; I nner fixed contacts are both
turned ON as a signal different froma stgnal which is generated when only
one of the inner fixed contacts is turned ON 21. A multidirectional
operating apparatus according to claim 20, wherein: when the shaft
portion of the operating nenber of the nultidirectional operating switch

Is tilted towar di tion between adjoining two of the plurality of
I nner ﬁT.fG. ig

L]
— danuca gy
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fixed contacts, the adjoining two of the inner fixed contacts are both

turned- ON;, and t he processing section processes a signal which
-55-
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is generated when the adjoining two of the inner fixed contacts are both
turned- ON as a signal different fromthe signal which is generated when

only one of the inner fixed contacts is turned ON 22. A multidirectional
operating apparatus including a nultidirectional operating swtch according
to claim1, wherein: when the shaft portion of the operating nenber

of the nmultidirectional operating swiiléh~-is tilted toward a direction
bet ween adjoining two of the plurality of inner fixed contacts, the
adjoining two of the inner fixed contacts are both turned ON, and

t he apparatus conprises a processing section which processes a signal which
i's generated when the

FIG. 174
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adjoining two of the inner fixed contacts are both turned ON as a signal
different fromthe signal which is gener- ated when only one of the inner
fixed contacts is turned ON 23. A multidirectional operating apparatus
according to claim22, wherein: the case further includes a centra
fixed contact provided at a position on a bottom surface of -the case

whi ch corresponds to a center of the d -shaped novabl e contact; and

t he operating menber further includes a'second pressing portion provided
at a position on a lower surface of the operating nenber which corresponds
to the center of the done-shaped novabl e contact.

FIG.18
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24. A multidirectional operating apparatus according to claim 22, wherein:
-56- .
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t he apparatus detects a signal generated in the tilting operation of the
shaft portion of the operating nenber of the nultidirectional operating
switch, and selects an itemfroma plurality of displayed itens; and

t he apparatus detects a signal generated in a push operation of the shaft
portion, and confirnms the selection of the item 25. A multidirectional
operating apparatus according to cl ai m239 “wherei n: t he appar at us
detects a signal generated in the tilting operation of the shaft portion of
t he operating nenber of the nultidirectional operating switch, selects

FIG.20
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a pre-assigned vector direction signal of a plurality of vector signals,
and noves a displayed object in the selected vector direction; and

t he apparatus detects a signal generated in a push operation of the shaft
portion, and executes a pre- assigned instruction for the noved.object.
26. A-multidirectional operating apparatus according to claim22, wherein
the apparatus detects a signal generatnged by performng a plurality of
push operations of the shaft portion o? t he operating nmenber of the

mul tidi- rectional operating switch within a predeterm ned period of tine,
and sequentially executes a plurality of in- struction signals which are
predesi gned for the detected signals.

FIG.21
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27. A multidirectional operating apparatus according to claim22, wherein
the apparatus detects a signal generat- ed in a push operation of the shaft
portion of the operating nmenber of the nultidirectional operating

- 21 -
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57 - switch, and based on the detected signal, alters instruc- tions
whi ch,are respectively assigned for tilting direc- tions of the shaft
portion in the tilting operation of the shaft portion, in accordance with a
predet ermi ned order. 28. A nmultidirectional operating apparatus according
to claim22, wherein an up-down adjustnment of functions assigned to the
tilting directions is performed by tiFt2hg the shaft portion toward a

predeterniniﬂéik;ti direction during the tilting operation of the shaft
portion of t eégggng menber of the nultidirectional

40
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- FIG.29
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FIG.8383
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@/ZE REPLACEMENT SHEET
. | 12 DEC %97




- 33 -

FIG.37
6/

[ 4 & éoew
I TT

SRS

/ G
NN L; AN LLTx/ \'/\

REPLACEMENT SHEET

12 DEC 1997




