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(54) Input key and input apparatus

(57) An input key 10 has a key top 220 which can
incline, a key top supported portion 20, a key top sup-
porting portion 30 provided on a support plate 60 and
arranged to come into contact with the key top support-
ed portion 20 during a push on the key top and to support
the key top supported portion 20 so as to permit the key
top 220 to incline in the contact state, at least one incli-
nation detector 54 provided in a direction assigned an
input information item, on the support plate 60 or on the
key top 220, a push detector for detecting a push on the
input key 10, an inclination direction detector for detect-
ing an inclination direction of the key top 220 when a
push on the input key 10 is detected, and a symbol de-
terminer for determining an input information item on the
basis of the inclination direction.
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Description

BACKGROUND OF THE INVENTION

Field of the Invention

[0001] The present invention relates to an input apparatus having at least one input key assigned a plurality of
information items to be inputted, and to the input key.

Related Background Art

[0002] The portable terminals such as cell phones need to be compact enough to be carried by users. For this reason,
where the portable terminals are provided with a keyboard, the number of keys in the keyboard is often much smaller
than that in the so-called full keyboard.
[0003] In the case as described above, it is common practice to assign one key a plurality of symbols. A conventionally
proposed method of inputting a plurality of symbols through one key is to detect a direction of a force exerted on the
key and input an independent symbol by the direction. For example, Japanese Patent Application Laid-Open No.
2003-296001 discloses the following technology of detecting the direction of the push on the key, for substantializing
this idea. This technology is such that switches and protruding portions according to push directions are provided inside
the key, and with a push, a protruding portion turns on a switch according to a direction of the push, thereby detecting
the direction of the push.

SUMMARY OF THE INVENTION

[0004] However, the above method requires a considerably careful operation to avoid actuation of the switch in the
central direction (vertical direction) during a push in the forward, backward, left, or right direction, and there is thus still
room for improvement in an aspect of operability.
[0005] The present invention has been accomplished in order to solve the above problem and an object of the present
invention is to provide an input key and an input apparatus superior in operability.
[0006] In order to achieve the above object, an input key according to the present invention is an input key which is
assigned a plurality of information items to be inputted, comprising: a key top which can incline relative to a support
plate for supporting the input key; a key top supported portion provided on an opposite surface in the key top to the
support plate and arranged to be pushed together with the key top; a key top supporting portion provided on the support
plate, and arranged to come into contact with the key top supported portion during a push on the key top and to support
the key top supported portion so as to permit the key top to incline in a state of the contact with the key top supported
portion; at least one inclination detector provided in a direction assigned one of the information items to be inputted,
on an opposite surface in the support plate to the key top or on the opposite surface in the key top to the support plate;
push detecting means for detecting a push on the input key; and inclination direction detecting means for detecting an
inclination direction of the key top when the push detecting means detects a push on the input key. Here the term
"information items to be inputted" includes information generally assigned to each of input keys in the so-called full
keyboard, e.g., information such as symbols, numbers, and marks, information of the linefeed code and control code,
and so on.
[0007] A user of the input key according to the present invention pushes an input key corresponding to an information
item to be inputted, while inclining a key top of the input key in a direction corresponding to the information item to be
inputted. In the input key, first the push brings the key top supported portion into contact with the key top supporting
portion to establish a supported state. Subsequently, the key top inclines into the direction in which the user inclines
it, in the supported state (a stable state with the key top supporting portion and the key top supported portion serving
as an axis). This causes an inclination detector corresponding to the direction of the inclination to come into contact
with a surface opposed to the inclination detector (e.g., the support plate, or the opposite surface on the key top side
(or the key top supported portion)).
[0008] Then the push detecting means detects the push on the input key. When the push is detected, the inclination
direction detecting means detects the contact of the inclination detector with the surface on the opposite side. This
makes it feasible to specify information corresponding to the direction of the inclination of the key top by the user (an
information item to be inputted). The detection by the inclination direction detecting means (the detection of the contact
of the inclination detector with the opposite surface) is implemented, for example, by the following method. Describing
an example of the contact of the inclination detector with the support plate, an electrode to conduct electricity upon the
contact of the inclination detector with the support plate is embedded in the support plate and the electric conduction
is detected to detect the contact of the inclination detector with the opposite surface. In another configuration, a button
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or a switch or the like is provided at the contact part in the support plate in contact with the inclination detector and a
push on the button or the switch or the like is detected. In still another configuration, a piezoelectric device or a strain
gage or the like is provided at the contact part in the support plate in contact with the inclination detector and the push
is detected by the piezoelectric device or the strain gage or the like. The foregoing "means for detecting the contact"
such as the electrode to conduct electricity upon the contact, the button, the switch, the piezoelectric device, and the
strain gage will be referred to hereinafter as "contact detecting means".
[0009] As described above, the present invention enables stabler input based on the inclination of the key top around
the axis on the key top supported portion and the key top supporting portion arranged to contact each other upon a
push on the key top, thereby achieving better operability.
[0010] More specifically, the input key according to the present invention preferably has a configuration wherein the
inclination detector is of such a protruding shape as to facilitate contact with the surface opposite to the surface where
the inclination detector is provided, and wherein the inclination direction detecting means detects the contact of the
inclination detector with the opposite surface to detect the inclination direction of the key top.
[0011] The input key according to the present invention also preferably has a configuration wherein the inclination
detector is comprised of one or two out of: a key-top-side slope portion forming a part of the opposite surface in the
key top to the support plate and formed so as to increase distance to the support plate from the interior side toward
the exterior side; and a support-plate-side slope portion forming a part of the opposite surface in the support plate to
the key top and formed so as to increase distance to the key top from the interior side toward the exterior side; and
wherein the inclination direction detecting means detects contact of the inclination detector with the opposite surface
to detect the inclination direction of the key top.
[0012] The input key according to the present invention also preferably has a configuration further comprising a key
top periphery supporting portion formed of an elastically deformable material and arranged to support a peripheral
portion in the key top so as to keep the distance substantially constant between the key top and the support plate.
[0013] The input key according to the present invention also preferably has a configuration wherein the inclination
detector is provided on the opposite surface in the key top to the support plate, and wherein when the key top is inclined
during a push on the key top, the key top supported portion comes into contact with the key top supporting portion to
be supported by the key top supporting portion and the inclination detector comes into contact with the support plate.
[0014] The input key according to the present invention also preferably has a configuration wherein the inclination
detector is provided on the opposite surface in the support plate to the key top, and wherein when the key top is inclined
during a push on the key top, the key top supported portion comes into contact with the key top supporting portion to
be supported by the key top supporting portion and the inclination detector comes into contact with the key-top-side
opposite surface or with the key top supported portion.
[0015] More specifically, the input key according to the present invention preferably has a configuration wherein one
of the key top supported portion and the key top supporting portion is of a convex shape and the other is of a concave
shape. The above shapes enable securer support between the key top supported portion and the key top supporting
portion, and the key top supported portion and the key top supporting portion function as an axis during the inclination
of the key top, thereby enabling smoother inclination.
[0016] More specifically, the input key according to the present invention preferably has a configuration wherein
contact detecting means for detecting contact is placed on both or either one of the inclination detector, and a surface
with which the inclination detector comes into contact during an inclination of the key top, and wherein the inclination
direction detecting means detects the contact of the inclination detector with the foregoing surface by the contact
detecting means to detect the inclination direction of the key top. In particular, a button, a switch, a piezoelectric device,
a strain gage, or the like may be placed on both or one of the inclination detector, and the surface to contact the
inclination detector; or the both surfaces may be provided with electrodes to conduct electricity upon the contact. The
piezoelectric device as an example of the contact detecting means is a device that generates a voltage upon occurrence
of stress and is able to detect a pressure due to a push of the inclination detector. In the "arrangement" of the piezo-
electric device, the piezoelectric device may be attached onto the both or one of the inclination detector and the surface
to contact it or may be embedded in the both or one of the inclination detector and the surface to contact it.
[0017] The input key according to the present invention also preferably has a configuration wherein the support plate
is formed of an elastically deformable material. Namely, when the user pushes the input key, the key top supported
portion pushes the key top supporting portion and the pertinent part of the support plate gets dented by the pressure
of the push to elastically deform the support plate into a concave shape. This causes the peripheral part of the key top
supporting portion in the support plate (i.e., the part where the inclination detector is placed or the part where the
inclination detector contacts the support plate) to relatively bulge, thereby decreasing the clearance between the in-
clination detector and the surface to contact the inclination detector. This results in decreasing the inclination amount
into the direction corresponding to the information item to be inputted by the user, which makes the input of information
easier.
[0018] The input key according to the present invention also preferably has a configuration wherein one portion or



EP 1 538 649 A2

5

10

15

20

25

30

35

40

45

50

55

4

both portions in at least one combination out of combinations of portions to come into contact with each other inside
the input key during a push on the input key are of an embossed structure. The embossed structure is a sheetlike
structure bulging in the center. When a force over a given level is applied to the bulging portion, the central bulging
portion collapses at a stretch to get dented to the other side. When the force over the given level is removed, the central
bulging portion dented to the other side bulges (or recovers). Once the bulging portion bulges to a certain shape, it
returns into the original bulging state at a breath. The embossed structure is formed of an embossed sheet or the like
made of soft vinyl or the like.
[0019] As the user pushes the input key, the input key according to the present invention is subject to a reaction
force from the embossed sheet before the force of the push reaches the aforementioned given level. However, once
the user applies the force over the given level, the embossed sheet collapses at a stretch to be dented, so as to
decrease the reaction at a breath. This permits the user to sense the decrease of the reaction at a fingertip during the
push on the input key with a user's finger. As the user lifts the finger from the input key, the part of the embossed
structure gradually returns from the dented state of the central bulging portion to the original shape to elevate the input
key. When it returns up to a certain shape, the central bulging portion suddenly generates a strong restoring force to
quickly increase the force to lift the input key.
[0020] As described above, the present invention permits the user of the input key to have a touch of a push on the
key top, so called a "click feel", and thereby obtain a light keying feel.
[0021] In order to achieve the above object, an input apparatus according to the present invention is an input appa-
ratus for input of information through at least one input key assigned a plurality of information items to be inputted,
comprising: (1) an input key comprising: (1a) a key top which can incline relative to a support plate for supporting the
input key; (1b) a key top supported portion provided on an opposite surface in the key top to the support plate and
arranged to be pushed together with the key top; (1c) a key top supporting portion provided on the support plate, and
arranged to come into contact with the key top supported portion during a push on the key top and to support the key
top supported portion so as to permit the key top to incline in a state of the contact with the key top supported portion;
and (1d) at least one inclination detector provided in a direction assigned one of the information items to be inputted,
on an opposite surface in the support plate to the key top or on the opposite surface in the key top to the support plate;
(2) assignment information holding means for holding assignment information of each of the information items to be
inputted, according to an inclination direction of the key top of the input key; (3) push detecting means for detecting a
push on the input key; (4) inclination direction detecting means for detecting an inclination direction of the key top when
the push detecting means detects a push on the input key; and (5) information determining means for determining an
information item to be inputted, based on the inclination direction detected by the inclination direction detecting means
and the information held in the assignment information holding means and fed according to the inclination direction.
[0022] Processing executed in the input apparatus according to the present invention will be described below. A user
of the input apparatus pushes an input key corresponding to an information item to be inputted, while inclining the key
top in a direction corresponding to the information item to be inputted. In the input key, first, the push brings the key
top supported portion into contact with the key top supporting portion to establish a supported state. Subsequently, in
this supported state (a stable state with the key top supporting portion and the key top supported portion serving as
an axis), the key top inclines into the direction in which the user inclines the key top. This causes an inclination detector
corresponding to the direction of the inclination to come into contact with a surface on the side opposite the inclination
detector (e.g., the support plate, or the opposite surface on the key top side (or the key top supported portion)).
[0023] Then the push detecting means detects the push on the input key. When the push is detected, the inclination
direction detecting means detects the contact of the inclination detector with the surface on the opposite side. Subse-
quently, the information determining means determines the information item to be inputted, based on the detected
inclination direction and the information held in the assignment information holding means. This makes it feasible to
specify information corresponding to the direction of the inclination of the key top by the user (an information item to
be inputted).
[0024] According to the present invention, as described above, the key top is inclined about the axis on the key top
supported portion and the key top supporting portion in contact with each other, so as to enable stabler input and
achieve better operability.
[0025] In the input apparatus according to the present invention, preferably, one of the key top supported portion
and the key top supporting portion is of a convex shape and the other is of a concave shape. The input apparatus
according to the present invention also preferably has a configuration wherein contact detecting means for detecting
contact is placed on both or either one of the inclination detector, and a surface with which the inclination detector
comes into contact during an inclination of the key top, and wherein the inclination direction detecting means detects.
the contact of the inclination detector with the foregoing surface by the contact detecting means to detect the inclination
direction of the key top. In particular, a button, a switch, a piezoelectric device, a strain gage, or the like may be placed
on both or one of the inclination detector, and the surface to contact the inclination detector; or the both surfaces may
be provided with electrodes to conduct electricity upon the contact. In the input apparatus according to the present
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invention, the support plate is preferably formed of an elastically deformable material.
[0026] Furthermore, the input apparatus according to the present invention preferably has a configuration wherein
one portion or both portions in at least one combination out of combinations of portions to come into contact with each
other inside the input key during a push on the input key are of an embossed structure. This configuration permits the
user of the input key to have a touch of a push on the key top, so called a "click feel", and thereby to obtain a light
keying feel.
[0027] Incidentally, in a desired configuration of the input apparatus according to the present invention, the input
apparatus further comprises controlling means for, during a push operation on an input key, outputting assignment
information of a plurality of input information elements to the input key at a time of the operation, to an external display
device and for making the display device highlight information of an input candidate corresponding to the push operation
at the time, out of the plurality of input information elements.
[0028] This achieves the following three effects. Namely, (1) in a case where the assignment of the plurality of input
information elements to the input key is changed according to frequencies of use or the like, the user can check the
up-to-date assignment information on the external display device during a push operation on the input key. (2) For
example, in a case where the input mode is switched from an input mode of Japanese hiragana writing symbols to an
alphabet input mode, it is feasible to feed back to the user the assignment information of input information about the
input mode after the switch, which cannot be readily displayed by only the display on the key top. Furthermore, (3) the
user can also check the information as an input candidate corresponding to a push operation at the time of the operation
(information selected at the time). The feedback function of up-to-date assignment information as described above
can dramatically improve easiness and certainty of user operation.
[0029] The present invention enables stabler input and achieves better operability, based on the configuration of
inclining the key top around the axis on the key top supported portion and the key top supporting portion in contact
with each other during a push on the key top.

BRIEF DESCRIPTION OF THE DRAWINGS

[0030] Fig. 1 is an illustration showing an exterior configuration of an input apparatus in each embodiment of the
present invention.
[0031] Fig. 2 is an illustration for explaining "directions" in each embodiment.
[0032] Fig. 3 is a functional block diagram of an input apparatus in each embodiment.
[0033] Fig. 4 is a block diagram of an assignment information holder, a push detector, an inclination direction detector,
and a symbol determiner.
[0034] Fig. 5 is a vertical sectional view of an input key in the first embodiment.
[0035] Fig. 6 is a plan view of an opposite surface to a key top in a support plate in the first embodiment.
[0036] Fig. 7 is a vertical sectional view and a plan view showing an electrode attached to a key top supporting
portion in the first embodiment.
[0037] Fig. 8 is an illustration showing an electrode attached to an inclination detector in the first embodiment.
[0038] Fig. 9 is a flowchart showing processing in the first embodiment.
[0039] Fig. 10 is an illustration showing an example of a state during a push on an input key in the first embodiment.
[0040] Fig. 11 is an illustration showing an example of a state during a push on an input key in the first embodiment.
[0041] Fig. 12 is an illustration showing directions of inclination of a key top in the first embodiment.
[0042] Fig. 13 is a decision table for making a decision on an inclination direction of a key top in the first embodiment.
[0043] Fig. 14 is an example of a symbol conversion table in the first embodiment.
[0044] Fig. 15 is a vertical sectional view of an input key in another example in the first embodiment.
[0045] Fig. 16 is another example of a functional block diagram of an input apparatus in the first embodiment.
[0046] Fig. 17 is a vertical sectional view of an input key in the second embodiment.
[0047] Fig. 18 is an illustration showing a piston part in a push on an input key in the second embodiment.
[0048] Fig. 19 is a vertical sectional view of an input key in the third embodiment.
[0049] Fig. 20 is an illustration showing an example of a state during a push on an input key in the third embodiment.
[0050] Fig. 21 is an illustration showing an example of a state during a push on an input key in the third embodiment.
[0051] Fig. 22 is a vertical sectional view of an input key in the fourth embodiment.
[0052] Fig. 23 is an illustration showing an example of a key top in the fourth embodiment.
[0053] Fig. 24 is a vertical sectional view of an input key in another example in the fourth embodiment.
[0054] Fig. 25 is a vertical sectional view of an input key in another example in the first embodiment.
[0055] Fig. 26 is a vertical sectional view of an input key in another example in the second embodiment.
[0056] Fig. 27 is a vertical sectional view of an input key in another example in the first embodiment.
[0057] Fig. 28 is an illustration showing an example of a state during a push on an input key in another example in
the first embodiment.
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[0058] Fig. 29 is a vertical sectional view of an input key in another example in the second embodiment.
[0059] Fig. 30 is a vertical sectional view of an input key in another example in the fourth embodiment.
[0060] Fig. 31 is a vertical sectional view of an input key in the fifth embodiment.
[0061] Fig. 32 is a plan view of an opposite surface in a key top to a support plate in the fifth embodiment.
[0062] Fig. 33 is an illustration showing an example of a state during a push on an input key in the fifth embodiment.
[0063] Fig. 34 is an illustration showing an example of a state during a push on an input key in the fifth embodiment.
[0064] Fig. 35 is a vertical sectional view of an input key in another example in the fifth embodiment.
[0065] Fig. 36 is a vertical sectional view of an input key in another example in the fifth embodiment.
[0066] Fig. 37 is a vertical sectional view of a support plate in another example in the fifth embodiment.
[0067] Fig. 38 is a vertical sectional view of an input key in the sixth embodiment.
[0068] Fig. 39 is a vertical sectional view of an input key in the seventh embodiment.
[0069] Fig. 40 is an illustration showing an example of a state during a push on an input key in the seventh embod-
iment.
[0070] Fig. 41 is an illustration showing an example of a state during a push on an input key in the seventh embod-
iment.
[0071] Fig. 42 is a vertical sectional view of an input key in another example in the fifth embodiment.
[0072] Fig. 43 is a plan view of a support plate in another example in the fifth embodiment.
[0073] Fig. 44 is a vertical sectional view of a support plate in another example in the fifth embodiment.
[0074] Fig. 45 is a vertical sectional view of an input key in another example in the sixth embodiment.
[0075] Fig. 46 is a vertical sectional view of a key top supporting portion in another example in the sixth embodiment.
[0076] Fig. 47 is a vertical sectional view of an input key in another example in the seventh embodiment.
[0077] Fig. 48 is a configuration diagram of an input part of a cell phone in an example of implementing input of plural
types of symbols.
[0078] Fig. 49 is an illustration for explaining designation of symbol types assigned to an F key.
[0079] Fig. 50 is a table showing an example of assignment of Japanese hiragana writing symbols and marks to
each of keys.
[0080] Fig. 51 is a table showing an example of assignment of English alphabet symbols and marks to each of keys.
[0081] Fig. 52 is an illustration showing a state in which alphabet letters and marks are assigned to each of keys on
the basis of the assignment table of Fig. 51.
[0082] Fig. 53 is a table showing an example of assignment of Chinese (consonants) and Chinese
(vowels) to each of keys.
[0083] Fig. 54 is a table showing an example of assignment of Korean symbols to each of keys.
[0084] Fig. 55 is an illustration showing a configuration example provided with a feedback function to feed up-to-
date information of conversion table back to a user.
[0085] Fig. 56 is an illustration showing a vertical cross section of an input key in the eighth embodiment.
[0086] Fig. 57 is an illustration showing a state of a push on an input key in the configuration example of Fig. 56.
[0087] Fig. 58 is an illustration showing a state of a push on an input key in a modification example of Fig. 56.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0088] Various embodiments of the present invention will be described below with reference to the drawings. The
following description will concern the first to fourth embodiments in configurations wherein inclination detectors of an
input key according to the present invention are provided in a protruding shape on a support plate (i.e., on an opposite
surface to a key top), the fifth to seventh embodiments in configurations wherein inclination detectors of an input key
according to the present invention are provided in a protruding shape on a key top (i.e., on an opposite surface to a
support plate), and the eighth embodiment in a configuration wherein inclination detectors of an input key according
to the present invention constitute a part of an opposite surface in a key top to a support plate and are comprised of
a key-top-side slope portion formed so as to increase the distance to the support plate from the interior side toward
the exterior side, which will be described below in order.

[First Embodiment]

[0089] Fig. 1 shows an exterior configuration of an input apparatus 200 in the first embodiment. As shown in Fig. 1,
the input apparatus 200 is provided with twelve input keys 10 (generically used to refer to input keys 10a-101) of 4
vertical and 3 horizontal. Here the input apparatus 200 is used in various portable terminals such as mobile commu-
nication terminals typified by cell phones, PDAs (Personal Digital Assistants), and so on.
[0090] Each input key 10 is assigned at least one symbol according to a direction of an inclination of a key top. In
the description hereinafter, the hiragana writing symbols being one of the Japanese symbol formats will be used as an
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example of symbols to be inputted through the input keys 10. The Japanese hiragana writing symbols can be classified
into a plurality of subgroups, and each subgroup consists of five symbols. These subgroups include the " line" group
consisting of five symbols ( , , , , ) corresponding to five basic vowels, the " line" group consisting of five
symbols ( , , , , ) corresponding to the foregoing five vowels coupled with a specific consonant "K", the "
line" group consisting of five symbols ( , , , , ) corresponding to the foregoing five vowels coupled with a
specific consonant "S", the " line" group consisting of five symbols ( , , , , ) corresponding to the fore-
going five vowels coupled with a specific consonant "T", and so on.
[0091] For example, the input key 10a is assigned a symbol group of the " line group" according to directions of
force as follows: " " in "up"; " " in "right";. " " in "down"; " " in "left"; " " in "center". In addition, as shown
in Fig. 1, indications to display the assignment are provided on the surface of the key top of the input key 10a. Similarly,
the input key 10b is assigned a symbol group of the " line group", and the input key 10c a symbol group of the "
line group".
[0092] The "directions" in the present embodiment will be described below with reference to Fig. 2. As shown in Fig.
2, the input key 10a is placed on a support plate 60. A "direction" in the present embodiment indicates "up", "down",
"left", "right", or "center" with respect to the plane of support plate 60. The "center" refers to a state in which during a
push on the input key 10 no force is applied in either direction, i.e., a state in which a force vertical to the support plate
60 is exerted.
[0093] Fig. 3 shows a functional configuration of the input apparatus 200. As shown in Fig. 3, the input apparatus
200 has input keys 10 (only the input key 10a shown), an assignment information holder 34, a push detector 36, an
inclination direction detector 38, and a symbol determiner 40. The push detector 36 corresponds to the push detecting
means according to the present invention, the inclination direction detector 38 to the inclination direction detecting
means according to the present invention, and the symbol determiner 40 to the information determining means ac-
cording to the present invention. The upper part (the part surrounded by a dotted line in Fig. 2) of each input key 10 is
a portion which is called a key top 220 and to which force is applied during a push on the input key 10. The assignment
information holder 34, push detector 36, inclination direction detector 38, and symbol determiner 40 each may be
constructed separately from the input keys 10 or integrally therewith.
[0094] When a user of the input apparatus 200 enters a symbol, the user pushes an input key 10. Namely, where
the user enters a symbol in the " line group", the user exerts a force on the key top 220 of the input key 10a to push
it. The user can specify a symbol by pushing the key top with an inclination in one direction of "up", "down", "left", or
"right" or by pushing the key top in the "center" direction without inclination in any direction when exerting the force on
the key top 220 of the input key 10a.
[0095] The assignment information holder 34 has a symbol conversion table as shown in Fig. 14 and holds the
assignment information of each of information items to be inputted, according to inclination directions of the key top
220 in the input key 10. For example, Fig. 14 shows that " " corresponds to the center direction of the input key 10a,
" " to the up direction, " " to the right direction, " " to the down direction, and " " to the left direction. Similarly,
the assignment information holder 34 has symbol conversion tables corresponding to the input keys 10b to 101. The
symbol conversion tables may be arranged to permit the user to freely set corresponding symbols. The contents of
the symbol conversion tables may be arranged to be automatically updated according to statistical results of user's
symbol input. For example, a symbol at a high user's input frequency may be automatically assigned to a direction or
an input key 10 easier to incline.
[0096] The push detector 36 detects a push on an input key 10 (the details of the detection method will be described
later). The inclination direction detector 38 has a decision table shown in Fig. 13, and detects a direction of an inclination
of the key top 220. The decision table, as shown in Fig. 13, stores conditions corresponding to inclination directions
of the key top 220, based on inclination directions and times of the key top 220 detected (the details of which will be
described later). The symbol determiner 40 determines a symbol to be inputted, from the detected direction on the
basis of the symbol conversion table held by the assignment information holder 34.
[0097] As shown in Fig. 4, the assignment information holder 34, push detector 36, inclination direction detector 38,
and symbol determiner 40 are constructed as an integral device provided with a processor 45, a program executed by
the processor 45, a memory 46 storing various tables and various data, an input interface 47 for receiving various
signals, and an output interface 48 for outputting a symbol as a determination result to the outside.
[0098] Fig. 5 shows a vertical cross section of an input key 10. As shown in Fig. 5, an input key 10 is comprised of
a key top 220, a key skirt 230, a key top supported portion 20, a key top supporting portion 30, and four inclination
detectors 54 (two of which are illustrated) in the up, down, left, and right directions on a support plate 60, and is provided
on the support plate 60.
[0099] The key top 220 is a portion to which force is applied during a push on the input key 10, and is made of a
material with some hardness, for example, such as hard plastic or metal, in order to enhance sensation of a push on
the input key. The key skirt 230 is connected perpendicularly to the support plate 60 and holds the key top 220 with a
constant space from the support plate 60 in a state without force on the key top 220. The key skirt 230 is made of an
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elastically deformable material, e.g., synthetic rubber, soft plastic, soft vinyl, or the like. As shown in Figs. 10 and 11,
the key skirt 230 is elastically deformed to enable the key top 220 to undergo a push and inclination relative to the
support plate 60. The periphery of the upper surface of the key top 220 is of such a bulging structure as to facilitate
the inclination with a force applying finger or the like being caught thereon during the inclination of the key top 220.
[0100] The key top supported portion 20 is of a protruding shape and is provided in the center on an opposite surface
in the key top 220 to the support plate 60. The distal end of the key top supported portion 20 is of a semispherical
convex shape and an electrode 21 is attached to that portion. The electrode 21 is made of a uniform conductor such
as a metal piece. The key top supporting portion 30 is provided on the support plate 60 so as to rise from the other
part of the support plate 60 (as being integral with the support plate 60), and is located with a space to the opposed
part of the key top supported portion 20. When the key top 220 is pushed, the key top supporting portion 30 comes
into contact with the key top supported portion 20. The contact part of the key top supporting portion 30 is of such a
semispherical concave shape as to be able to support the convex part at the distal end of the key top supported portion
20. As shown in Fig. 11, the concavo-convex structure of the key top supported portion 20 and the key top supporting
portion 30 enables the key top supported portion 20 to incline together with the key top 220 in a state in which the key
top 220 is supported on the key top supporting portion 30 while being pushed. An electrode 31 is attached to the
concave part of the key top supporting portion 30. Fig. 7(a) shows a vertical cross section of the electrode 31 and Fig.
7(b) a top plan view of the electrode 31. As shown in Fig. 7, the electrode 31 is provided with a plurality of electric
contacts 31a, and these contacts 31a are connected to either a wiring line 32a or a wiring line 32b. When the input
key 10 is pushed to bring the key top supported portion 20 into contact with the key top supporting portion 30 as shown
in Fig. 10, the electrode 21 attached to the key top supported portion 20 comes into contact with a plurality of contacts
31a of the electrode 31 attached to the key top supporting portion 30, so that the wiring line 32a and the wiring line
32b turn into an electrically conducting state through the contacts 31a and electrode 21. This causes the push detector
36 to detect the conducting state and thereby detect the push on the input key 10.
[0101] The inclination detectors 54 are provided in the respective directions of up, down, left, and right around the
key top supporting portion 30 on the support plate 60 and are arranged to further rise from the key top supporting
portion 30. The inclination detectors 54 are of an elongated convex shape as shown in Figs. 6 and 8, and an electrode
55 is attached to the distal part of each detector. As shown in Fig. 8, an electrode 55 is provided with a plurality of
electric contacts 55a exposed in the form of a line on the surface of the corresponding inclination detector 54, and
those contacts 55a are connected to either a wiring line 56a or a wiring line 56b. Fig. 6 shows the opposite surface in
the support plate 60 to the key top 220. As shown in Fig. 6, the electrode 31 attached to the key top supporting portion
30 is located in the center of the opposite surface and the electrodes 55 attached to the inclination detectors 54 are
located in the respective directions of up, down, left, and right. When the key top 220 is pushed with inclination, an
inclination detector 54 comes into contact with the opposite surface on the key top 220 side, as shown in Fig. 11.
Electrode 51 are attached to corresponding portions of the contact of the opposite surface on the key top 220 side.
The detection of the contact of the inclination detector 54 with the opposite surface on the key top 220 side is carried
out in a manner similar to the detection of the contact of the key top supported portion 20 with the key top supporting
portion 30. It is assumed herein that the relation of d1 < d2 is satisfied by the distance d1 between the key top supported
portion 20 and the key top supporting portion 30 and the distance d2 between the inclination detectors 54 and the key
top 220 in a state without force on the key top 220. This is for assuring establishment of a state in which the key top
supported portion 20 comes into contact only with the key top supporting portion 30 when a force vertical to the key
top 220 is exerted, and is also for assuring establishment of a state in which the key top supported portion 20 is always
supported by the key top supporting portion 30 when an inclination detector 54 is in contact with the key top 220.
Namely, this is for assuring establishment of a state in which a clearance is secured for a structure wherein the key
top supported portion 20 comes into contact only with the key top supporting portion 30 and an inclination detector 54
is not in contact with the opposite surface when a force vertical to the key top 220 is exerted, and a push vertical to
the key top 220 can be achieved surely, and is also for assuring establishment of a state in which the key top supported
portion 20 supported on the key top supporting portion 30 is made to function as a fulcrum of inclination during the
inclination of the key top 220.
[0102] The detection of the contact may also be implemented by any other method, e.g., a method of detecting the
contact by a button, a switch, or the like set in the contact part, instead of the method of attaching the electrodes to
the contact parts as described above.
[0103] The processing executed in the input apparatus 200 according to the present embodiment will be described
below with reference to the flowchart of Fig. 9.
[0104] When the user pushes an input key 10, the processing is started. The user pushes an input key 10 assigned
a symbol to be inputted, while exerting a force so as to incline the key top 220 in a direction corresponding to the
symbol to be inputted. For example, when the user desires to enter a symbol of " ", the user pushes the input key
10a assigned " ", while applying a force so as to incline the key top 220 in the right direction corresponding to " "
as shown in Fig. 11. Here how to incline the key top 220 in a direction corresponding to a symbol to be inputted is a
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method of once pushing the key top 220 vertically and then inclining the key top in a state in which the key top supported
portion 20 is supported by the key top supporting portion 30. It is also possible to adopt a method of pushing the key
top 220 while directly inclining it. In that case, the key top supported portion 20 comes into contact with the key top
supporting portion 30 at an initial stage of a push to be supported, and the subsequent inclination is implemented in a
state in which the key top supported portion 20 is supported by the key top supporting portion 30. This inclination
method permits the user to perform the push and inclination as a continuous operation, without being conscious of the
two-step operations of the push and inclination. In either of the inclination methods, the inclination is performed in a
stable state in which the key top supported portion 20 supported by the key top supporting portion 30 serves as a
fulcrum.
[0105] With the push, as shown in Figs. 10 and 11, the electrode 21 attached to the key top supported portion 20
comes into contact with the electrode 31 attached to the key top supporting portion 30, whereby the line 32a and the
line 32b turn into the electrically conducting state through the contacts 31a and electrode 21. This causes the push
detector 36 to detect the conducting state and to detect a start of the push on the input key 10 to start counting a
continuation duration of the push (S11).
[0106] Subsequently, the inclination direction detector 38 detects an inclination of the key top 220 as shown in Fig.
11, in a manner similar to the method of the detection of the push (S12), and counts a continuation duration of the
inclination (S13). The directions of the inclination are defined by "A" for the center, "B" for the left direction, "C" for the
right direction, "D" for the up direction, and "E" for the down direction, as shown in Fig. 12, and the continuation durations
of the inclination will be denoted by tA, tB, tC, tD, and tE, respectively. The unit of time herein is an extremely small time
unit, e.g., millisecond.
[0107] Subsequently, the push detector 36 detects an end of the push on the input key 10. The detection of the push
end on the input key 10 is implemented by determining whether a duration t0 of a non-conducting state in which the
electrode 21 attached to the key top supported portion 20 stays away from the electrode 31 attached to the key top
supporting portion 30, exceeds a given value T0 (> 0) (S14). When the push on the input key 10 is not finished, the
processes of S12 to S14 are continuously performed. The determination on the duration of the non-conducting state
is preferably carried out at very short time intervals, e.g., on the millisecond time scale.
[0108] When the push on the input key 10 is finished, the inclination direction detector 38 determines an inclination
direction of the key top 220 in a manner as described below, from values tA to tE of the continuation durations of the
inclination directions obtained as described above, based on the decision table (S15).
[0109] First, a decision on a push in the center direction (a push in a state in which the key top 220 does not incline
in either direction) is made as follows. Values of rAB=tB/tA and others are derived from the duration tA of the push in
the center direction and the duration tB of the inclination in the left direction and others (rXY hereinafter refers to tY/tX
(X, Y = any two of A to E). Using these values, it is determined that the push in the center direction was made, if the
following conditions are satisfied, as in the decision table shown in Fig. 13.

Here TA and RA are positive constant values. The condition of (1) indicates that the push in the center direction continues
over the constant time. Therefore, TA is an appropriate value to assume a push. The condition of (2) indicates that the
durations of inclination in all the directions are not more than the fixed ratio to the duration of the push in the center
direction. Therefore, RA is preferably a value such as 0.05 (a duration of inclination in any direction is 5% of the duration
of the push in the center direction). This condition is given for eliminating a chance of determining that some shake in
the up, down, left, and right directions with the intension of the push in the center direction is an inclination in one
direction.
[0110] Next, a decision on an inclination in one direction of the key top 220 during a push on the input key 10 is made
as follows. A case of the inclination in the right direction will be described as an example. Just as in the above case,
it is determined that the key top was inclined in the right direction, if the following conditions are satisfied, as in the
decision table shown in Fig. 13.

(1) tA > TA

(2) rAB ≤ RA and rAC ≤ RA and rAD ≤ RA and rAE ≤ RA

(1) tC > TC

(2) rAC > α
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Here TC, α, and RC are positive constant values. The condition of (1) indicates that the inclination in the right direction
continues over the constant time. Therefore, TC is set to an appropriate value to assume an inclination. The condition
of (2) indicates that the duration of the inclination in the right direction exceeds the constant ratio to the duration of the
push in the center direction. This is because the key top supported portion 20 is in contact with the key top supporting
portion 30 even during the inclination of the key top 220 in any direction and the push in the center direction is also
detected. Therefore, α is preferably a value of approximately 0.70 (the duration of the inclination in the right direction
is 70% of the duration of the push in the center direction). The appropriate value of α differs depending upon the
operation speed or the like from familiarity to the push operation. For this reason, α is preferably determined according
to the operation speed or the like from familiarity to the push operation. The condition of (3) indicates that the durations
of inclination in all the directions except for the right direction are not more than the constant ratio to the duration of
inclination in the right direction. Therefore, RC is preferably set to a value of about 0.05 (the duration of inclination in
any direction except for the right direction is 5% of the duration of inclination in the right direction). This condition is
given for eliminating a chance of determining that some shake in the other directions with the intension of the inclination
in the right direction is an inclination in one direction except for the right direction. Inclinations in the other directions
are also determined in similar fashion.
[0111] Subsequently, the symbol determiner 40 determines a symbol to be inputted, based on the symbol conversion
table as shown in Fig. 14, which is held in the assignment information holder 34, from the information about the detected
direction and the input key 10 pushed (S16). For example, in a case where the detected direction is "right" and where
the input key 10 pushed is "key 10a", the symbol to be inputted is determined to be " ", based on the symbol conversion
table corresponding to the key 10a as shown in Fig. 14.
[0112] Subsequently, the symbol determiner 40 outputs the symbol thus determined (S17).
[0113] As described above, the input apparatus 200 of the present embodiment enables stabler input based on the
inclination of the key top 220 around the axis on the key top supported portion 20 in the input key 10. This makes it
feasible to substantialize the input apparatus 200 superior in terms of operability. The key top 220 can be made in
simpler structure, without need for providing the key top 220 with a plurality of projections, so that it becomes feasible
to facilitate the production of input apparatus 200 and to decrease the cost of production.
[0114] In the present embodiment, as shown in Figs. 27 and 28, a guard portion 301 bulging high so as to implement
easier support of the key top supported portion 20 may be provided around the part to support the key top supported
portion 20, in the key top supporting portion 30. In this configuration, the distal end of the key top supported portion
20 is arranged to be lower with respect to the plane of the support plate 60 than the distal end of the guard portion 301
in a state in which the input key 10 is not pushed. However, the height of the guard portion 301 should be determined
so as to prevent the key top supported portion 301 from hitting the guard portion 301 during inclination of the key top
220 to impede the inclination detector 54 from coming into contact with the key top 220. The guard portion 301 is made
of a material so hard as to function as a guard and, normally, may be made of a material similar to the support plate 60.
[0115] In the present embodiment, as shown in Fig. 15, it is possible to adopt a configuration wherein a key top
periphery support 231 made of an elastically deformable material such as a spring, synthetic rubber, soft plastic, or
soft vinyl horizontally supports the key top 220, instead of the key skirt 230.
[0116] In the present embodiment, as shown in Fig. 25, it is also possible to adopt a structure wherein during an
inclination of the key top 220 an inclination detector 54 comes into contact with the key top supported portion 20. In
the case of this structure, the electrodes 51, which were attached to the key top 220 in the configuration described
above, are attached to the side part in the key top supported portion 20 to come into contact with the inclination detectors
54, in fit with the shape of that part, so as to detect the inclination direction of the key top 220. In this case, in order to
securely support the key top supported portion 20 on the key top supporting portion 30, the distal end of the key top
supported portion 20 is set to be lower with respect to the plane of the support plate 60 than the distal portion of the
inclination detectors 54 in a state in which the input key 10 is not pushed. In order to prevent the electrode 21 attached
to the tip of the key top supported portion 20 from touching the electrodes 55 of the inclination detectors 54, the electrode
21 is set to be lower with respect to the plane of the support plate 60 than the electrodes 55 in a state in which the
input key 10 is not pushed. The input key is constructed in the structure capable of securing an appropriate distance
enough to avoid contact between the electrodes 51 on the side of the key top supported portion 20 and the electrodes
55 of the inclination detectors 54 even with some shake of the key top during the push in the center direction on the
key top 220.
[0117] In the present embodiment the push detector 36 and the inclination direction detector 38 are constructed
separately from the input key 10, but they may be constructed integrally with the input key 10 as shown in Fig. 16.
[0118] The above system adopts the key input based on one symbol per push, but it is also possible to adopt con-
tinuous input of symbols based on continuation of a push state on the input key 10 as described below.

(3) rCB ≤ RC and rCD ≤ RC and rCE ≤ RC
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[0119] In the above-stated system, the inclination direction of the key top 220 was determined when the push on the
input key 10 was finished, that is, when the duration to of the non-conducting state exceeded the constant value T0 (>
0). Then the inclination direction is also determined if the following condition is satisfied.

Here Ci is a positive constant value and is an appropriate time enough to assume that the input key 10 was pushed,
e.g., a value of two to several seconds. When the push state on the input key 10 further continues after satisfying the
above condition, the inclination direction is determined every time the following condition is met.

Here DCi is a positive constant value and value indicating an appropriate time enough to assume that a symbol was
entered continuously twice or more times through the input key 10. Since that time is normally a time shorter than that
of the first input, it is preferable to set Ci > DCi.
[0120] As the inclination direction is also determined where the above conditions are met, the inclination direction
of the key top 220 is determined during continuation of the push state, at appropriate intervals during the continuation,
thus enabling the continuous input on the key.
[0121] Incidentally, the above embodiment showed the input example of the Japanese hiragana writing symbols with
Fig. 1, and in practice Japanese input requires input of several types of symbols including the katakana writing symbols,
numerals, and alphabet, in addition to the hiragana writing symbols. In connection therewith, the following will describe
an example of input of several types of symbols, using an extra key (hereinafter referred to as a "symbol type designation
key") provided for designating a type of a symbol to be inputted.
[0122] For example, as shown in Fig. 48, an input portion 160 of a cell phone is composed of a special key arrange-
ment part 160A and a symbol input key arrangement part 160B, wherein the symbol input key arrangement part 160B
includes twelve (three horizontal 3 four vertical) keys 161 and wherein the special key arrangement part 160A includes
a symbol type designation key (hereinafter abbreviated as an "F key") 162.
[0123] As shown in Fig. 49, the F key 162 is assigned symbol type designations for respective moving directions as
follows. The F key 162 is so arranged that symbol types tending to be frequently inputted can be designated by one
operation (a movement of a finger), for example, center (still)-hiragana writing symbols, upward-half-width (one byte)
numbers, leftward-half-width English lower-case symbols, downward-half-width katakana writing symbols, and right-
ward-half-width English upper-case symbols. The F key 162 is so configured that the symbol types other than the
above can be designated by two operations. Namely, as shown in the space outside the frame of the F key 162 in Fig.
49, the symbol type of full-width (two bytes) numbers can be designated by two continuous upward movements of a
finger, and the symbol type of full-width English lower-case symbols by two continuous leftward movements of a finger.
The symbol type of full-width katakana writing symbols can be designated by two continuous downward movements
of a finger, and the symbol type of full-width English upper-case symbols by two continuous rightward movements of
a finger. In this manner two continuous movements of a finger in a specific direction enable designation of a symbol
type different from that designated by only one movement of a finger in that specific direction, thus providing expand-
ability about designation of symbol types.
[0124] The symbol assignment to the twelve keys 161 in the symbol input key arrangement part 160B is, for example
in the case of the hiragana writing symbols, that as shown in Fig. 50. Since the hiragana writing symbols can be
classified under the symbol groups each consisting of five symbols like "five symbols in the line group", "five symbols
in the line group"..., as described previously, one symbol group (five symbols) can be assigned to one key 161. As
shown in the table format of Fig. 50, the key K1 is assigned the "five symbols ( , , , , ) in the line group",
and the key K2 the "five symbols ( , , , , ) in the line group". In this manner, one symbol group (five sym-
bols) can be assigned to one key 161.
[0125] As shown in the assignment to the keys K10, K11 in the table of Fig. 50, frequently input marks (cho-on (long
sound), kuten (Japanese period), touten (Japanese comma), etc.) other than the hiragana writing symbols can also
be assigned.
[0126] Furthermore, the special symbols among the hiragana writing symbols include an example of display of sym-
bols in size smaller than usual (e.g., " ", " ", etc.), an example of display of voiced consonants (e.g., " ", " ",
etc.), and an example of display of p-sounds (e.g., " ", " ", etc.). In addition, the hiragana writing symbols are
often converted into katakana small symbols or katakana large symbols. Therefore, as shown in the assignment to the

ti > Ci (i = any one of A to E)

ti > Ci + nDCi (i = any one of A to E) (n = 1,

2,...)
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key K12 in the table of Fig. 50, it is also possible to assign the above-described functions of "conversion to small
symbol", "conversion to voiced consonant", "conversion to p-sound", "conversion to katakana small symbol", and "con-
version to katakana large symbol".
[0127] The above described the key assignment about the input of the Japanese hiragana writing symbols, but the
present invention, which facilitates the input operation by assigning a plurality of symbols, marks, or functions to one
key as shown in Fig. 50 and decreasing the number of key input operations, can also be applied to input of symbols
in the other languages. Examples of application of the present invention to input of English, German, French, Chinese,
and Korean symbols will be described below.
[0128] First, an example of application of the present invention to input of English symbols will be described. The
English symbols (alphabet) include twenty six symbols in total, and are not grouped into symbol groups each consisting
of five symbols, different from the Japanese hiragana writing symbols. Thus a conceivable method is to assign five
symbols to each key in order from the top of the alphabet (A, B, C,...), as shown in Fig. 51. In that case, the keys K1-K6
are enough to assign all the twenty six symbols, and many keys are still left. Therefore, many marks (e.g., return (CR),
tab (TAB),...) can be assigned to the remaining keys. The assignment table of Fig. 51 shows the assignment of the
alphabet and marks to the keys (K1-K12), and Fig. 52 shows an example of actual assignment to each of the keys
(K1-K12) in the symbol input key arrangement part 160B (cf. Fig. 48), based on the assignment table'.
[0129] This enables one to input the symbol types equivalent to those through the full keyboard by one operation (a
movement of a finger). Namely, the function equivalent to that of the full keyboard can be substantialized by the smaller
number of input keys, and the input of symbols can be implemented by the reduced number of input operations, thus
dramatically improving the efficiency of input operation.
[0130] A switchover among four symbol types of half-width English lower-case symbols, full-width English lower-
case symbols, half-width English upper-case symbols, and full-width English upper-case symbols can be implemented
by manipulating the F key 162 in Fig. 48. Fig. 49 shows the F key 162 in Japanese, and, since the English does not
include the hiragana and katakana writing symbols, all the four symbol types can be assigned to the four directions of
the F key 162 in Fig. 48, whereby one can designate a desired English symbol type by one operation on the F key 162.
[0131] The assignment of the alphabet and marks to each of the keys (K1-K12) in Fig. 51 can also be applied to
input of English symbols in Japanese.
[0132] Next, an example of application of the present invention to input of the German symbols will be described.
For input of the German symbols, it is necessary to input peculiar symbols such as symbols with the Umlaut mark (e.
g., Ä, Ö, U, etc.) and β (Eszett), in addition to the input of the same alphabet as in English.
[0133] Thus the peculiar symbols as described above can replace the mark-assigned portions in the assignment
table of Fig. 51, whereby the input of the symbol types equivalent to those through the full keyboard can be implemented
by one operation (a movement of a finger). Namely, the function equivalent to that of the full keyboard can be substan-
tialized by the smaller number of input keys, and the input of symbols can be implemented by the reduced number of
input operations, thus dramatically improving the efficiency of input operation.
[0134] Next, an example of application of the present invention to input of the French symbols will be described. In
order to input the French symbols, it is necessary to input the peculiar symbols as described below, in addition to the
input of the same alphabet as in English. Namely, the peculiar symbols are é (accent aigu), à, è, ù (accent grave), â,
î, û, ê, ô (accent circonflexe), ï, ü, ë (tréma), ç (cédille), oe (o e compose), and so on.
[0135] Thus the peculiar symbols as described above can replace the mark-assigned portions in the assignment
table of Fig. 51, whereby the input of the symbol types equivalent to those through the full keyboard can be implemented
by one operation (a movement of a finger), as in the case of the English input. Namely, the function equivalent to that
of the full keyboard can be substantialized by the smaller number of input keys, and the symbol input can be imple-
mented by the reduced number of input operations, thus dramatically improving the efficiency of input operation.
[0136] Next, an example of application of the present invention to input of the Chinese symbols will be described. A
common Chinese symbol input method is the pin-yin input system of inputting an alphabet sequence (pin-yin) equivalent
to the reading (pronunciation) of a symbol as an input object. This pin-yin input system is classified under two input
methods of complete pin input and bi-pin input.
[0137] The complete pin input uses the English keyboard as it is, and pin-yin is inputted in each symbol unit according
to the alphabetical notation on the keyboard. For example, where Chinese " " corresponding to "
(sunny today)" is inputted, an alphabet sequence "JIN" corresponding to the reading (pronunciation) of " ", an al-
phabet sequence "TIAN" corresponding to the reading (pronunciation) of " ", and an alphabet sequence "QING"
corresponding to the reading (pronunciation) of " " are inputted in order according to the alphabet notation on the
English keyboard. Therefore, the key assignment as shown in Fig. 51 and Fig. 52 can be adopted for the complete pin
input, as in the case of the aforementioned example of application of the present invention to the English symbol input,
and it becomes feasible to input the symbol types equivalent to those through the full keyboard by one operation (a
movement of a finger), thus dramatically improving the efficiency of symbol input operation.
[0138] On the other hand, the bi-pin input is a way of inputting each symbol by separate use of Chinese (head
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consonant) and (subsequent vowel component). Here the " " means a consonant at the head of a syllable,
and " " means a portion except for the head consonant in the syllable, the " " always containing a vowel. In the
bi-pin input, symbols are inputted by switching in an order of (consonant) → (vowel component ) → (con-
sonant) → (vowel component). Namely, this input method involves a device of reducing the number of typing
operations on the keyboard by the separate use of and , and, once one learns the keyboard arrangement of
the bi-pin input, he or she can input symbols by the smaller number of input operations than by the aforementioned
complete pin input, so as to realize efficient symbol input.
[0139] The bi-pin input of this type requires two key assignments, (head consonant) key assignment for input
of and (subsequent vowel component) key assignment for input of . The present invention can be applied
to these key assignment and key assignment. For example, Fig. 53(a) shows an example of the key
assignment. The key K1 is assigned five (consonants) (b, c, ch, f, g), and which consonant was inputted can be
determined by a moving direction of a finger on the key K1. The keys K2-K5 can also be assigned consonants in similar
fashion. Fig. 53(b) shows an example of the key assignment. The key K1 is assigned five (vowel components)
(a, ai, an, ang, ao), and which vowel component was inputted can be determined by a moving direction of a finger on
the key K1. The keys K2-K7 can also be assigned vowel components in similar fashion.
[0140] In the bi-pin input, symbols are inputted by switching in the order of consonant → vowel component → con-
sonant → vowel component as described above, and the key assignment is arranged to become the consonant key
assignment of Fig 53(a) upon input of a consonant and to become the vowel component key assignment of Fig 53 (b)
upon input of a vowel component.
[0141] In the bi-pin input, as described above, the consonant and vowel component key assignments as shown in
Fig. 53 enable one to input the symbol types equivalent to those through the full keyboard by one operation (a movement
of a finger). Namely, the function equivalent to that of the full keyboard can be substantialized by the smaller number
of input keys, and the symbol input can be implemented by the reduced number of input operations, thereby dramatically
improving the efficiency of input operation.
[0142] In the Chinese input, the marks (e.g., !, ?, etc.) other than the symbols are also often inputted. It is thus
desirable to assign the various types of marks to the remaining portions in the key assignments of Fig. 53, just as in
the case of the assignment example of the English symbols in Fig. 51, thereby achieving efficient input as to input of
marks as well.
[0143] Lastly, an example of application of the present invention to input of the Korean symbols will be described.
Each Korean symbol (hangul symbol) is composed of a combination of a consonant with a vowel. Therefore, for symbol
input, it is necessary to input a consonant-indicating part and a vowel-indicating part for each symbol. There are nine-
teen consonants and twenty one vowels, and forty portions indicating the total of these forty sounds are assigned to
keys. An example of this assignment is presented in Fig. 54. In Fig. 54, portions surrounded by thick line 163 represent
the nineteen portions indicating the consonants, and the other twenty one portions correspond to the portions indicating
the vowels.
[0144] Since the keys can be assigned the forty portions indicating the respective sounds, the forty sounds in total
including the nineteen consonants and twenty one vowels, as described above, it becomes feasible to input the symbol
types equivalent to those through the full keyboard by one operation (a movement of a finger). Namely, the function
equivalent to that of the full keyboard can be substantialized by the smaller number of input keys, and the symbol input
can be implemented by the reduced number of input operations, thereby dramatically improving the efficiency of input
operation.
[0145] In the Korean input, the marks (e.g., !, ?, etc.) other than the symbols are also often inputted. It is thus desirable
to assign the various types of marks to the remaining keys (keys K9-K12) in the key assignment of Fig. 54, just as in
the case of the assignment example of the English symbols in Fig. 51, thereby achieving efficient input as to the input
of marks as well.
[0146] As described above, the present invention is applicable to input of symbols in various languages, and achieves
the excellent effects of substantializing the function equivalent to that of the full keyboard by the smaller number of
input keys and enabling the symbol input by the reduced number of input operations, thereby dramatically improving
the efficiency of input operation.

[Second Embodiment]

[0147] Fig. 17 shows a vertical cross section of an input key 10 in the second embodiment. The exterior configuration
and the functional configuration of input apparatus 200, the flow of processing, etc. are similar to those in the first
embodiment unless otherwise stated.
[0148] As shown in Fig. 17, the key top supported portion 20 of a protruding shape is provided in the center on the
opposite surface in the key top 220 to the support plate 60. In the present embodiment, the key top supported portion
20 is not provided with an electrode, different from the first embodiment.
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[0149] As shown in Fig. 17, the key top supporting portion 30 is provided on the support plate 60. The key top
supporting portion 30 rises from the other part of the support plate 60 and is located with a clearance to the opposed
part of the key top supported portion 20. A piston 80 is provided in a part of the key top supporting portion 30 to come
into contact with the key top supported portion 20. The piston 80 is constructed so that a part thereof to come into
contact with the key top supported portion 20 is of a semispherical concave shape in accordance with the distal shape
of the key top supported portion 20, and is arranged to be able to support the key top 220 with the key top supported
portion 20 serving as a fulcrum during a push on the input key 10, as shown in Fig. 18. The key top supporting portion
30 has an embossed structure portion 131a made of an embossed sheet or the like in the part pushed by the piston
80 under pressure from the key top supported portion 20, and an electrode 131b is located with a clearance below the
embossed structure portion 131a. The embossed structure portion 131a is provided with an electrode, and is con-
structed in a configuration wherein when the embossed structure portion 131a becomes dented to the lower side under
force through the key top supported portion 20 and piston 80 during a push on the key top 220, the electrode part
comes into contact with the electrode 131b provided below. This contact brings the wiring line 32a connected to the
electrode of the embossed structure portion 131a and the wiring line 32b connected to the electrode 131b provided
below the embossed structure portion 131a, through those electrodes into an electrically conducting state, whereby
the push detector 36 detects the conducting state and detects a push on the input key 10. As shown in Fig. 18, the
key top supporting portion 30 is provided with a stopper 33 against the piston 80 in order to prevent the piston 80 from
applying the pressure more than necessary to the embossed structure portion 131a. The inclination detectors 54 in
the respective directions of up, down, left, and right in the support plate 60 are also constructed in structure similar to
that of the above key top supporting portion 30, while each being provided with a piston 82, an embossed structure
portion 155a, an electrode 155b, and wiring lines 56a, 56b, as shown in Fig. 17. A contact of an inclination detector
54 with the key top 220 is also detected in a manner similar to the above.
[0150] When the user pushes the input key 10, the key top is subject to reaction from the embossed structure portion
131a of the key top supporting portion 30 before the force of the push reaches a given level. Once the force applied
exceeds the given level, the embossed structure portion 131a collapses at a stretch to become dented, so as to de-
crease the reaction at a breath. When the user pushes the input key 10 with a finger, the user can sense the decrease
of the reaction at a fingertip. As the user lifts the finger from the input key 10, the embossed structure portion 131a
gradually returns from the dented state of the central bulging portion to the original state, to elevate the input key 10.
When the embossed structure portion returns to a certain shape, the central bulging portion suddenly generates a
strong restoring force to quickly increase the force to lift the input key 10. In the dented state of the embossed structure
portion 131a, the line 32a and the line 32b are in the conducting state through the electrodes as described above to
detect a push on the input key 10. When the push force is eliminated, the central bulging portion of the embossed
structure portion 131a recovers, and a non-conducting state is established, whereby an end of the push is detected.
[0151] In the dented state of the embossed structure portion 131a during a push on the input key 10, the key top
supported portion 20 is supported by the embossed structure portion 131a, and thus the inclination of the key top 220
is made in a stable state in which the key top supported portion 20 in the supported state functions as a fulcrum.
[0152] The detection of the inclination of the key top 220 is also carried out in a manner similar to the detection of
the push by the structure of the inclination detectors 54.
[0153] As described above, the input apparatus 200 of the present embodiment enables stabler input, and permits
the user to have a touch of a push and inclination of the key top 220, so called a "click feel". There is no need for
provision of electrodes or the like on the key top 220, which can further simplify the structure of the key top 220.
[0154] In the present embodiment, as shown in Fig. 29, a guard portion 301 bulging high so as to achieve easier
support of the key top supported portion 20 may be provided around the part to support the key top supported portion
20, in the key top supporting portion 30.
[0155] In the present embodiment, as shown in Fig. 26, it is also possible to adopt a structure wherein during an
inclination of the key top 220 a piston 82 of an inclination detector 54 comes into contact with the key top supported
portion 20 to be pushed.

[Third Embodiment]

[0156] Fig. 19 is a vertical cross section of an input key 10 in the third embodiment. The exterior configuration and
the functional configuration of input apparatus 200, the flow of processing, etc. are similar to those in the first embod-
iment unless otherwise stated.
[0157] As shown in Fig. 19, the key top supported portion 20 of a protruding shape is provided in the center on the
opposite surface in the key top 220 to the support plate 60. In the present embodiment, different from the first embod-
iment, the key top supported portion 20 is provided with no electrode.
[0158] The key top supporting portion 30 is provided so as to rise from the other part of the support plate 60, on the
support plate 60 (as being integral with the support plate 60), and is located with a clearance to the opposed portion
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of the key top supported portion 20. When the key top 220 is pushed, the key top supporting portion 30 comes into
contact with the key top supported portion 20. The contact part of the key top supporting portion 30 is of a semispherical
concave shape so as to be able to support the convex part at the tip of the key top supported portion 20.
[0159] The inclination detectors 54 are provided in the respective directions of up, down, left, and right around the
key top supporting portion 30 on the support plate 60 and are arranged to further rise from the key top supporting
portion 30.
[0160] Pressure detecting sheets 95, 96 are attached to the concave part of the key top supporting portion 30 and
to the distal ends of inclination detectors 54, respectively. The pressure detecting sheets 95, 96 have a plurality of
piezoelectric devices embedded therein, and are able to detect pressure of contact when the key top 220 is pushed
and inclined to bring the key top supported portion 20 or the key top 220 into contact with the key top supporting portion
30 or with the inclination detector 54. This enables detection of the push and inclination of the key top 220. The support
plate 60 itself is made of an elastically deformable material.
[0161] When the user pushes the key top 220, the key top supported portion 20 comes into contact with the pressure
detecting sheet 95 to push the pressure detecting sheet 95. This push generates a voltage in a piezoelectric device
in the pushed part, buried in the pressure detecting sheet 95, and the push is detected by sensing the voltage.
[0162] Since the support plate 60 is made of an elastically deformable material, it deforms so as to become dented
in the pushed part as shown in Fig. 20 when pushed by the key top supported portion 20. When deformed as described
above, the distance d3 between the inclination detectors 54 and the key top 220 becomes smaller than the distance
in a state in which the support plate 60 is not elastically deformed (i.e., the distance of (d2 - d1) in Fig. 19). Therefore,
as shown in Fig. 21, the amount of the inclination of the key top 220 becomes smaller, so as to facilitate the inclination
of key top 220. The inclination is made in a stable state in which the key top supported portion 20 supported in the
concave dent part of the key top supporting portion 30 functions as a fulcrum.
[0163] When the key top 220 is inclined to bring the key top 220 into contact with an inclination detector 54, the
inclination can be detected in a manner similar to the above by the pressure detecting sheet 96.
[0164] As described above, the input apparatus 200 of the present embodiment enables stabler input in the simpler
structure. The inclination of the key top 220 for information input becomes easier.

[Fourth Embodiment]

[0165] Fig. 22 shows a vertical cross section of an input key 10 in the fourth embodiment. The exterior configuration
and functional configuration of input apparatus 200, the flow of processing, etc. are similar to those in the first embod-
iment unless otherwise stated.
[0166] As shown in Fig. 22, the key top supported portion 20 of a smoothly concave dent shape in the center is
provided on the opposite surface in the key top 220 to the support plate 60. An electrode 21 is attached to the concave
surface part of the key top supported portion 20. The key top supporting portion 30 is of a protruding shape, is provided
on the support plate 60 so as to rise from the other part of the support plate 60 (as being integral with the support plate
60), and is located with a clearance to the opposed part of the key top supported portion 20. When the key top 220 is
pushed, the key top supporting portion 30 comes into contact with the key top supported portion 20. The contact part
of the key top supporting portion 30 is of a semispherical convex shape so as to be able to support the concave part
at the tip of the key top supported portion 20. The concavo-convex structure of the key top supported portion 20 and
the key top supporting portion 30 enables the key top supported portion 20 to incline together with the key top 220 in
a state in which the key top 220 is pushed to be supported on the key top supporting portion 30. An electrode 31 is
attached to the convex part of the key top supporting portion 30. The wiring line 32a and wiring line 32b are connected
to the electrode 31 to detect a push on the input key 10 as described in the first embodiment.
[0167] As described in the first embodiment, the inclination detectors 54 are provided in the respective directions of
up, down, left, and right around the key top supporting portion 30 on the support plate 60 and are able to detect an
inclination of the key top 220. It is assumed herein that the relation of d1 < d2 is satisfied by the distance d1 between
the key top supported portion 20 and the key top supporting portion 30 and the distance d2 between the inclination
detectors 54 and the key top 220 in a state in which no force is applied to the key top 220. This is for assuring estab-
lishment of a state in which the key top supported portion 20 comes into contact only with the key top supporting portion
30 when a force vertical to the key top 220 is exerted, and is also for assuring establishment of a state in which the
key top supported portion 20 is always supported by the key top supporting portion 30 when an inclination detector 54
is in contact with the key top 220. Namely, this is for assuring establishment of a state in which a clearance is secured
for a structure wherein the key top supported portion 20 comes into contact only with the key top supporting portion
30 and an inclination detector 54 is not in contact with the opposite surface when a force vertical to the key top 220 is
exerted, and a push vertical to the key top 220 can be achieved surely, and is also for assuring establishment of a
state in which the key top supported portion 20 supported on the key top supporting portion 30 is made to function as
a fulcrum of inclination during the inclination of the key top 220.
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[0168] As described above, the input apparatus 200 of the present embodiment enables stabler input, without pro-
viding the key top 220 with the protruding portion.
[0169] In the present embodiment, in order to achieve easier support of the key top supported portion 20 by the key
top supporting portion 30, a guard portion 120 may be provided around the concave depression of the key top supported
portion 20 as shown in Fig. 23.
[0170] In the present embodiment, it is also possible to adopt a structure using a piston 180 as shown in Fig. 24.
This structure obviates the need for providing the key top 220 with an electrode, so that the key top 220 can be con-
structed in simpler structure. Furthermore, as shown in Fig. 30, a guard portion 120 bulging high so as to achieve
easier support of the key top supported portion 20 may be provided around the part supported by the key top supporting
portion 30, in the key top supported portion 20.

[Fifth Embodiment]

[0171] The fifth to seventh embodiments hereinafter will successively describe configurations wherein the inclination
detectors of the input key according to the present invention are provided in protruding shape on the key top (i.e., on
the opposite surface to the support plate). The configuration of input apparatus 200 in the fifth embodiment is much
the same as that of the input apparatus 200 in the first embodiment. Namely, the exterior configuration of input apparatus
200 is the aforementioned configuration of Fig. 1, and the functional configuration of the input apparatus 200 is the
aforementioned configuration of Figs. 3 and 4. Therefore, redundant description will be omitted herein.
[0172] Fig. 31 shows a vertical cross section of an input key 10 in the fifth embodiment. As shown in Fig. 31, an input
key 10 is comprised of a key top 220, a key skirt 230, a key top supported portion 20, a key top supporting portion 30,
and four inclination detectors 50 (two of which are shown) in the up, down, left, and right directions and is provided on
a support plate 60.
[0173] The key top 220 is a part on which force is exerted during a push on the input key 10 and is made of a material
with some hardness, e.g., hard plastic, metal, or the like, in order to enhance the sensation of the push on the key.
The key skirt 230 is connected vertically to the support plate 60 and holds the key top 220 with a certain space from
the support plate 60 in a state in which no force is exerted on the key top 220. The key skirt 230 is made of an elastically
deformable material, e.g., synthetic rubber, soft plastic, soft vinyl, or the like. As shown in Figs. 33 and 34, the elastic
deformation of the key skirt 230 enables the key top 220 to undergo a push and inclination relative to the support plate
60. The periphery in the top surface of the key top 220 is of a bulging structure, in order to facilitate the inclination with
a force applying finger or the like being caught during the inclination of the key top 220.
[0174] The key top supported portion 20 is provided in the center on the opposite surface in the key top 220 to the
support plate 60. The distal end of the key top supported portion 20 is of a semispherical convex shape and an electrode
21 is attached to that part. The electrode 21 is made of a uniform conductor such as a metal piece. The key top
supporting portion 30 is provided on the support plate 60 so as to rise from the other part of the support plate 60 (as
being integral with the support plate 60) and is located with a clearance to the opposed part of the key top supported
portion 20. When the key top 220 is pushed, the key top supporting portion 30 comes into contact with the key top
supported portion 20. The contact part of the key top supporting portion 30 is of a semispherical concave shape so as
to be able to support the convex part at the tip of the key top supported portion 20. As shown in Fig. 34, the concavo-
convex structure of the key top supported portion 20 and the key top supporting portion 30 enables the key top supported
portion 20 to incline together with the key top 220 in a state in which the key top 220 is pushed to be supported on the
key top supporting portion 30. An electrode 31 is attached to the concave part of the key top supporting portion 30. As
in the first embodiment, Fig. 7(a) shows a vertical cross section of the electrode 31, and Fig. 7(b) a top plan view of
the electrode 31. As shown in Fig. 7 (a) and (b), the electrode 31 is provided with a plurality of electric contacts 31a,
and those contacts 31a are connected to either the wiring line 32a or the wiring line 32b. When the input key 10 is
pushed to establish contact between the key top supported portion 20 and the key top supporting portion 30 as shown
in Fig. 33, the electrode 21 attached to the key top supported portion 20 comes into contact with a plurality of contacts
31a of the electrode 31 attached to the key top supporting portion 30, so that the wiring line 32a and the wiring line
32b turn into an electrically conducting state through the contacts 31a and electrode 21. This causes the push detector
36 to detect the conducting state and thereby detect a push on the input key 10.
[0175] The inclination detectors 50 are provided in the respective directions of up, down, left, and right on the opposite
surface in the key top 220 to the support plate 60. The distal end of the inclination detectors 50 is of a semispherical
convex shape and an electrode 51 is attached to that part of each detector as in the case of the key top supported
portion 20. Fig. 32 shows the opposite surface in the key top 220 to the support plate 60. As shown in Fig. 32, the
electrode 21 attached to the key top supported portion 20 is located in the center of the opposite surface, while the
electrodes 51 attached to the inclination detectors 50 are located in the respective directions of up, down, left, and
right. The inclination detectors 50 are arranged to come into contact with the support plate 60, as shown in Fig. 34,
during a push with an inclination of the key top 220. Electrodes 55 are attached to portions of the contact in the support
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plate 60. The electrodes 55 have the structure similar to the electrode 31 attached to the key top supporting portion
30 and detect contact of an inclination detector 50 with the support plate 60 in a manner similar to the detection of the
contact between the key top supported portion 20 and the key top supporting portion 30. It is assumed herein that the
relation of d1 < d2 is satisfied by the distance d1 between the key top supported portion 20 and the key top supporting
portion 30 and the distance d2 between the inclination detectors 50 and the support plate 60 in a state in which no
force is exerted on the key top 220. This is for assuring establishment of a state in which the key top supported portion
20 comes into contact only with the key top supporting portion 30 when a force vertical to the key top 220 is exerted,
and is also for assuring that the supported state of the key top supported portion 20 is always supported by the key
top supporting portion 30 when an inclination detector 50 is in contact with the support plate 60. Namely, this is for
assuring establishment of a state in which a clearance is secured for a structure wherein the key top supported portion
20 comes into contact only with the key top supporting portion 30 and an inclination detector 50 is not in contact with
the opposite surface when a force vertical to the key top 220 is exerted, and a push vertical to the key top 220 can be
achieved surely, and is also for assuring establishment of a state in which the key top supported portion 20 supported
on the key top supporting portion 30 is made to function as an axis of an inclination during the inclination of the key
top 220. In the present embodiment, the inclination detectors 50 are shorter than the key top supported portion 20, in
order to satisfy this condition.
[0176] The detection of the contact may be implemented by any other method, e.g., a method of setting a button, a
switch, or the like in the contact part and detecting the contact thereby, instead of the method of attaching the electrodes
to the respective contact portions as described above.
[0177] The processing executed in the input apparatus 200 of the present embodiment will be described below with
reference to the flowchart of Fig. 9.
[0178] When the user pushes the input key 10, the processing is started. The user pushes an input key 10 assigned
a symbol to be inputted, while exerting a force on the key top 220 so as to incline it in a direction corresponding to the
symbol to be inputted. For example, where the user desires to enter a symbol of " ", the user pushes the input key
10a assigned " ", while exerting the force so as to incline the key top 220 in the right direction corresponding to " "
as shown in Fig. 34. Here how to incline the key top 220 in the direction corresponding to the symbol to be inputted is
a method of once pushing the key top 220 vertically and then inclining the key top in a state in which the key top
supported portion 20 is supported on the key top supporting portion 30. The user may push the key top 220 while
directly inclining it. In that case, the key top supported portion 20 goes at an initial stage of a push into a state in which
the key top supported portion 20 is supported in contact with the key top supporting portion 30, and the inclination
thereafter is made in a state in which the key top supported portion 20 is supported on the key top supporting portion
30. This inclination method permits the user to perform a continuous operation, without being conscious of two-step
operations of the push and inclination. In either of the two inclination methods, the inclination is achieved in a stable
state in which the key top supported portion 20 supported on the key top supporting portion 30, functions as an axis.
[0179] The push establishes contact between the electrode 21 attached to the key top supported portion 20 and the
electrode 31 attached to the key top supporting portion 30, as shown in Figs. 33 and 34, whereby the line 32a and the
line 32b turn into an electrically conducting state through contacts 31a and electrode 21. This causes the push detector
36 to detect the conducting state, to detect a start of the push on the input key 10, and to start counting a duration of
the push (S11).
[0180] Subsequently, the inclination direction detector 38 detects an inclination of the key top 220 as shown in Fig.
34, in a manner similar to the method of the detection of the push (S12), and a duration of the inclination is counted
(S13). The directions of the inclination are defined by "A" for the center, "B" for the left direction, "C" for the right
direction, "D" for the up direction, and "E" for the down direction, as shown in Fig. 12, and the foregoing durations will
be denoted by tA, tB, tC, tD, and tE, respectively. The unit of time herein is a very small time unit, e.g., millisecond.
[0181] Subsequently, the push detector 36 detects an end of the push on the input key 10. The detection of the push
end on the input key 10 is carried out by determining whether a duration to of a non-conducting state after separation
between the electrode 21 attached to the key top supported portion 20 and the electrode 31 attached to the key top
supporting portion 30 exceeds a given value To (> 0) (S14). When the push on the input key 10 is not finished, the
processes of S12 to S14 are continuously carried out. The determination on the duration of the non-conducting state
is preferably carried out at very short time intervals, e.g., on the millisecond time scale.
[0182] When the push on the input key 10 is finished, the inclination direction detector 38 determines the inclination
direction of the key top 220 as described below, from the values tA to tE of the durations in the inclination directions
determined as described above, based on the decision table (S15).
[0183] First, a decision on a push in the center direction (a push in a state in which the key top 220 does not incline
in either direction) is made as follows. Values of rAB=tB/tA and others are derived from the duration tA of the push in
the center direction and the duration tB of the inclination in the left direction and others (rXY hereinafter refers to tY/tX
(X, Y = any two of A to E). Using these values, it is determined that the push in the center direction was made, if the
following conditions are satisfied, as in the decision table shown in Fig. 13.
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Here TA and RA are positive constant values. The condition of (1) indicates that the push in the center direction continues
over the constant time. Therefore, TA is an appropriate value to assume a push. The condition of (2) indicates that the
durations of inclination in all the directions are not more than the fixed ratio to the duration of the push in the center
direction. Therefore, RA is preferably a value such as 0.05 (a duration of inclination in any direction is 5% of the duration
of the push in the center direction). This condition is given for eliminating a chance of determining that some shake in
the up, down, left, and right directions with the intension of the push in the center direction is an inclination in one
direction.
[0184] Next, a decision on an inclination in one direction of the key top 220 during a push on the input key 10 is made
as follows. A case of the inclination in the right direction will be described as an example. Just as in the above case,
it is determined that the key top was inclined in the right direction, if the following conditions are satisfied, as in the
decision table shown in Fig. 13.

Here TC, α, and RC are positive constant values. The condition of (1) indicates that the inclination in the right direction
continues over the constant time. Therefore, TC is set to an appropriate value to assume an inclination. The condition
of (2) indicates that the duration of the inclination in the right direction exceeds the constant ratio to the duration of the
push in the center direction. This is because the key top supported portion 20 is in contact with the key top supporting
portion 30 even during the inclination of the key top 220 in any direction and the push in the center direction is also
detected. Therefore, α is preferably a value of approximately 0.70 (the duration of the inclination in the right direction
is 70% of the duration of the push in the center direction). The appropriate value of α differs depending upon the
operation speed or the like from familiarity to the push operation. For this reason, α is preferably determined according
to the operation speed or the like from familiarity to the push operation. The condition of (3) indicates that the durations
of inclination in all the directions except for the right direction are not more than the constant ratio to the duration of
inclination in the right direction. Therefore, RC is preferably set to a value of about 0.05 (the duration of inclination in
any direction except for the right direction is 5% of the duration of inclination in the right direction). This condition is
given for eliminating a chance of determining that some shake in the other directions with the intension of the inclination
in the right direction is an inclination in one direction except for the right direction. The inclinations in the other directions
are also determined in similar fashion.
[0185] Subsequently, the symbol determiner 40 determines a symbol to be inputted, based on the symbol conversion
table as shown in Fig. 14, which is held in the assignment information holder 34, from the information about the detected
direction and the input key 10 pushed (S16). For example, in a case where the detected direction is "right" and where
the input key 10 pushed is "key 10a", the symbol to be inputted is determined to be " ", based on the symbol conversion
table corresponding to the key 10a as shown in Fig. 14.
[0186] Subsequently, the symbol determiner 40 outputs the symbol thus determined (S17).
[0187] As described above, the input apparatus 200 of the present embodiment enables stabler input based on the
inclination of the key top 220 around the axis on the key top supported portion 20 in the input key 10. This makes it
feasible to substantialize the input apparatus 200 superior in terms of operability.
[0188] In the present embodiment, as shown in the vertical cross section of the input key of Fig. 42 and in the plan
view of the support plate of Fig. 43, a guard portion 301 bulging high so as to implement easier support of the key top
supported portion 20 may be provided around the part to support the key top supported portion 20, in the key top
supporting portion 30. In this configuration, in order to make the key top supported portion 20 securely supported on
the key top supporting portion 30, the distal end of the key top supported portion 20 is arranged to be lower with respect
to the plane of the support plate 60 than the distal end of the guard portion 301 in a state in which the input key 10 is
not pushed. However, the height of the guard portion 301 should be determined so as to prevent the key top supported

(1) tA > TA

(2) rAB ≤ RA and rAC ≤ RA and rAD ≤ RA and rAE ≤ RA

(1) tC > TC

(2) rAC > α

(3) rCB ≤ RC and rCD ≤ RC and rCE ≤ RC
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portion from hitting the guard portion 301 during inclination of the key top 220 to impede an inclination detector 50 from
coming into contact with the support plate 60. The guard portion 301 is made of a material so hard as to function as a
guard and, normally, may be made of a material similar to the support plate 60.
[0189] In the present embodiment, as shown in Fig. 35, the concave part 35 of the key top supporting portion 30
may be made of an elastically deformable material. In this configuration, when the key top 220 is pushed to bring the
key top supported portion 20 into contact with the concave part, this part deforms in accordance with the shape of the
convex part of the key top supported portion 20 depending upon the pressure of the push, so as to increase the contact
area, thereby enabling securer detection of the push.
[0190] In the present embodiment, as shown in Fig. 36, it is possible to adopt a configuration wherein a key top
periphery support 231 made of an elastically deformable material such as a spring, synthetic rubber, soft plastic, or
soft vinyl horizontally supports the key top 220, instead of the key skirt 230.
[0191] In the present embodiment, as shown in Fig. 37, the key top supporting portion 30 of the support plate 60
and the portions to come into contact with the inclination detectors 50 may be configured using the piston and embossed
structure. As shown in Fig. 37, the key top supporting portion 30 is constructed in such structure that a piston 80 having
a part to come into contact with the key top supported portion 20 is made in a concave shape and that an embossed
structure portion 90 made of an embossed sheet or the like is placed below the piston 80. Each of the portions to come
into contact with the inclination detectors 50 is also configured of a piston 82 and an embossed structure portion 90
similar to the above.
[0192] The above configuration permits the user to have a "click feel" from the instantaneous dent and strong restoring
force of the embossed structure portion 90 via the piston 80, 82.
[0193] Furthermore, as shown in Fig. 44, a guard portion 301 bulging high so as to achieve easier support of the
key top supported portion 20 may be provided around the part to support the key top supported portion 20, in the key
top supporting portion 30.
[0194] In the present embodiment the push detector 36 and the inclination direction detector 38 are constructed
separately from the input key 10, but they may be constructed integrally with the input key 10 as shown in Fig. 16.
[0195] The above system adopts the key input based on one symbol per push, but it is also possible to adopt con-
tinuous input of symbols based on continuation of a push state on the input key 10 as described below.
[0196] In the above-stated system, the inclination direction of the key top 220 was determined when the push on the
input key 10 was finished, that is, when the duration to of the non-conducting state exceeded the constant value T0 (>
0). Here the inclination direction is also determined if the following condition is satisfied.

Here Ci is a positive constant value and is an appropriate time enough to assume that the input key 10 was pushed,
e.g., a value of two to several seconds. When the push state on the input key 10 further continues after satisfying the
above condition, the inclination direction is determined every time the following condition is met.

Here DCi is a positive constant value and value indicating an appropriate time enough to assume that a symbol was
entered continuously twice or more times through the input key 10. Since that time is normally a time shorter than that
of the first input, it is preferable to set Ci > DCi.
[0197] As the inclination direction is also determined where the above conditions are met, the inclination direction
of the key top 220 is determined in continuation of the push state, at appropriate intervals during the continuation, thus
enabling the continuous input on the key.

[Sixth Embodiment]

[0198] Fig. 38 shows a vertical cross section of an input key 10 in the sixth embodiment. The exterior configuration
and functional configuration of input apparatus 200, the flow of processing, etc. are similar to those in the fifth embod-
iment unless otherwise stated.
[0199] As shown in Fig. 38, the key top supported portion 20 is provided in the center on the opposite surface in the
key top 220 to the support plate 60 and the inclination detectors 50 are provided in the respective directions of up,
down, left, and right on the opposite surface. In the present embodiment, different from the fifth embodiment, each

ti > Ci (i = any one of A to E)

ti > Ci + nDCi (i = any one of A to E) (n = 1,

2,...)
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protruding portion is not provided with an electrode.
[0200] As shown in Fig. 38, the key top supporting portion 30 is provided on the support plate 60. The key top
supporting portion 30 rises from the other part of the support plate 60 and is located with a clearance to the opposed
part of the key top supported portion 20. The part of the key top supporting portion 30 to come into contact with the
key top supported portion 20 is provided with an embossed structure portion 131a formed of an embossed sheet or
the like, and an electrode 131b is located with a clearance below the embossed structure portion 131a. The embossed
structure portion 131a is provided with an electrode and is constructed in a structure wherein when the key top 220 is
pushed by force applied through the key top supported portion 20 to make the embossed structure portion 131a dented
to the lower side, the electrode part comes into contact with the electrode 131b provided below. This contact brings
the wiring line 32a connected to the electrode of the embossed structure portion 131a and the wiring line 32b connected
to the electrode 131b provided below the embossed structure portion 131a, into an electrically conducting state through
the electrodes, whereby the push detector 36 detects the conducting state and detects a push on the input key 10.
Each of the portions in the support plate 60 to come into contact with the inclination detectors 50 is also constructed
in a structure similar to the key top supporting portion 30, by an embossed structure portion 155a, an electrode 155b,
and wiring lines 56a, 56b. A contact of an inclination detector 50 with the support plate 60 (a push on the support plate
60) is also detected in a manner similar to the above.
[0201] When the user pushes the input key 10, the key top is subject to reaction from the embossed structure portion
131a of the key top supporting portion 30 before the force of the push reaches a given level. Once the force applied
exceeds the given level, the embossed structure portion 131a collapses at a stretch to become dented, so as to de-
crease the reaction at a breath. When the user pushes the input key 10 with a finger, the user can sense the decrease
of the reaction at a fingertip. As the user lifts the finger from the input key 10, the embossed structure portion 131a
gradually returns from the dented state of the central bulging portion to the original state to elevate the input key 10.
When the embossed structure portion returns to a certain shape, the central bulging portion suddenly generates a
strong restoring force to quickly increase the force to lift the input key 10. In the dented state of the embossed structure
portion 131a, the line 32a and the line 32b are in the conducting state through the electrodes as described above to
detect a push on the input key 10. When the central bulging portion of the embossed structure portion 131a recovers
without force of the push, a non-conducting state is established, whereby an end of the push is detected.
[0202] In the dented state of the embossed structure portion 131a during a push on the input key 10, the key top
supported portion 20 is supported by the embossed structure portion 131a, and thus the inclination of the key top 220
is made in a stable state in which the key top supported portion 20 in the supported state functions as a fulcrum.
[0203] The detection of inclination of the key top 220 is also carried out in a manner similar to the detection of the
push, by the structure of the inclination detectors 50, and the portions of the support plate 60 to come into contact with
the inclination detectors 5.0.
[0204] As described above, the input apparatus 200 of the present embodiment enables stabler input and permits
the user to have a touch of a push and inclination of the key top 220, so called a "click feel".
[0205] As shown in Fig. 45, a guard portion 301 bulging high so as to achieve easier support of the key top supported
portion 20 may be provided around the part to support the key top supported portion 20, in the key top supporting
portion 30.
[0206] As shown in Fig. 46, the part to push the embossed structure portion 131a may be constructed in a structure
wherein the key top supported portion 20 pushes a piston 302 and the piston 302 thus pushed then pushes the em-
bossed structure 131a. When this structure is provided with a stopper 303 against the piston 302, it can prevent ex-
cessive pressure from being exerted on the embossed structure portion 131a.

[Seventh Embodiment]

[0207] Fig. 39 shows a vertical cross section of an input key 10 in the seventh embodiment. The exterior configuration
and functional configuration of input apparatus 200, the flow of processing, etc. are similar to those in the fifth embod-
iment unless otherwise stated.
[0208] As shown in Fig. 39, the key top supported portion 20 is provided in the center on the opposite surface in the
key top 220 to the support plate 60, and the inclination detectors 50 are provided in the respective directions of up,
down, left, and right on the opposite surface. In the present embodiment, different from the fifth embodiment, each
protruding portion is not provided with an electrode.
[0209] As shown in Fig. 39, a pressure detecting sheet 95 is attached onto the opposite surface in the support plate
60 to the key top 220. A plurality of piezoelectric devices are embedded in the pressure detecting sheet 95 so as to
be able to detect pressure of contact when the key top 220 undergoes a push and inclination to bring the key top
supported portion 20 and inclination detector 50 into contact with the support plate 60. This configuration enables
detection of a push and inclination of the key top 220. In the support plate 60, the part opposed to the key top supported
portion 20 is of a concave dent shape (this part corresponds to the key top supporting portion) and during a push on
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the key top 220 that part can support the key top supported portion 20. The support plate 60 itself is made of an
elastically deformable material.
[0210] When the user pushes the key top 220, the key top supported portion 20 comes into contact with the pressure
detecting sheet 95 to push the pressure detecting sheet 95. This push generates a voltage in a piezoelectric device
in the pushed part buried in the pressure detecting sheet 95, and the push is detected by sensing the voltage.
[0211] Since the support plate 60 is made of an elastically deformable material, it deforms so as to be dented in the
pushed part as shown in Fig. 40 when pushed by the key top supported portion 20. When deformed as described
above, the distance d3 between the inclination detectors 50 and the support plate 60 becomes smaller than the distance
in a state in which the support plate 60 is not elastically deformed (i.e., the distance of (d2 - d1) in Fig. 39). Therefore,
as shown in Fig. 41, the amount of inclination of the key top 220 becomes smaller to facilitate the inclination of key top
220. The inclination is made in a stable state in which the key top supported portion 20 supported in the concave dent
part of the support plate 60, functions as an axis.
[0212] When the key top 220 is inclined to bring an inclination detector 50 into contact with the support plate 60, the
inclination can be detected in a manner similar to the above by the pressure detecting sheet 95.
[0213] As described above, the input apparatus 200 of the present embodiment enables stabler input. The inclination
of the key top 220 for information input becomes easier.
[0214] As shown in Fig. 47, a guard portion 951 bulging high so as to achieve easier support of the key top supported
portion 20 may be provided around the part in the support plate 60 to support the key top supported portion 20.

[Eighth Embodiment]

[0215] The eighth embodiment will be described below as an embodiment wherein the inclination detectors of the
input key according to the present invention form part of the opposite surface in the key top to the support plate and
are comprised of a key-top-side slope portion formed so as to increase the distance to the support plate from the interior
side to the exterior side.
[0216] Fig. 56 shows a vertical cross section of an input key 10 in the eighth embodiment. As shown in this Fig. 56,
an input key 10 is comprised of a key top 220, a column 234, a key top periphery support 233, a key top supported
portion 20, and a key top supporting portion 30, and is provided on a support plate 60. Among these, the structure of
the key top supported portion 20 and the structure of the key top supporting portion 30, electrode 55, and wiring lines
56a, 56b on the support plate 60 side are similar to those in the fifth embodiment. However, the inclination detectors
according to the present invention are comprised of key-top-side slope portion 240 forming part of the opposite surface
in the key top 220 to the support plate 60 and made in such a slope shape as to increase the distance to the support
plate 60 from the interior side toward the exterior side. For example, electrodes 53 herein are set on the surface of this
key-top-side slope portion 240.
[0217] The column 234 stands vertically to the support plate 60 and the peripheral part of the key top 220 is connected
to the upper end of the column 234 through the key top periphery support 233. In this structure, the key top 220 is held
with a constant clearance from the support plate 60 in a state in which no force is exerted on the key top 220.
[0218] The key top periphery support 233 is made of an elastically deformable material, e.g., a spring, synthetic
rubber, soft plastic, soft vinyl, or the like. For this reason, when the key top 220 is pushed in an arbitrary direction, as
shown in Fig. 57, the key top periphery support 233 is elastically deformed to incline the key top 220 relative to the
support plate 60 about an axis at a contact point between the key top supported portion 20 and the key top supporting
portion 30, whereby an electrode 53 on the key-top-side slope portion 240 comes into electrical contact with an opposed
electrode 55 on the support plate 60 side. The inclination direction of the key top 220 can be detected by detecting the
electric contact between the electrode 53 on the key-top-side slope portion 240 and the electrode 55 on the support
plate 60 side. The detection of the contact may be implemented by a method of placing a button, a switch, a piezoelectric
device, a strain gage, or the like on one or both of the contact portions and detecting the contact thereby, besides the
method of attaching the electrodes to the contact portions as described above.
[0219] Since the eighth embodiment as described above facilitates the contact with the opposed support plate 60
by provision of the key-top-side slope portion 240, it presents the effect of capability of surely carrying out the detection
of contact through the use of electrodes 53, 55 or the like.
[0220] The inclination detectors according to the present invention do not always have to be placed on the key top
220 side, but may be formed on the support plate 60 side as shown in Fig. 58. Namely, the inclination detectors may
be comprised of a support-plate-side slope portion 250 constituting part of the opposite surface in the support plate
60 to the key top 220 and made in such a slope shape as to increase the distance to the key top 220 from the interior
side toward the exterior side, with effect similar to that in the example of Figs. 56 and 57.
[0221] Furthermore, the inclination detectors according to the present invention may be formed on both sides of the
key top 220 side and the support plate 60 side. Namely, they may be comprised of slope portions formed in the slope
shape on the respective sides of key top 220 side and support plate 60 side so as to increase the distance to the key
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top 220 and to the support plate 60 from the interior side toward the exterior side, with effect similar to that in the
examples of Figs. 56 to 58.
[0222] Incidentally, each of the above embodiments is preferably configured to be able to feed the up-to-date infor-
mation of the conversion tables about the input keys back to the user during the push operation on the input key by
the user. A configuration with such feedback function of the up-to-date information of conversion tables to the user will
be described below. As shown in Fig. 55, the input apparatus 200 is further provided with a controller 41, and during
a push operation on an input key (i.e., during a period from a start of the operation on the key top to confirmation of
operation settlement by a switch) the controller 41 outputs to the display screen 280 information of the conversion table
52 about the input key at that time (information assigned to each direction) to highlight the input candidate information
corresponding to the push operation at the present time on the display screen 280. For example, like an image 42
shown at the upper right corner of the display screen 280, it is feasible to feed back to the user such information that
symbols A to E are assigned to the respective directions and that symbol "A" highlighted by a circle is presently selected.
[0223] The feedback is desirably carried out, for example, at a time of a change in assignment of plural input infor-
mation elements to the input keys according to frequencies of use or the like, or at timing immediately after manipulation
of the F key 162 in Fig. 48 (i.e., immediately after a mode changeover of symbol input) even without any change in
assignment, and this achieves the three effects below. Namely, (1) in the case of a change in assignment of symbol
information or the like to the input keys according to frequencies of use or the like, the user can check the up-to-date
assignment information in the image 42 at the upper right corner of the display screen 280 during a push operation on
the input key. (2) For example, in the case where the input mode is switched from the input mode of the Japanese
hiragana writing symbols to the alphabet input mode, the user can check the up-to-date assignment information of the
different input mode, which is not easily indicated by only the display on the key top, in the image 42. Furthermore, (3)
the user can also check in the image 42 the information as an input candidate corresponding to a push operation at
that moment (information selected at the present time). This feedback function of the up-to-date assignment information
can dramatically improve easiness and certainty of the user operation.

Claims

1. An input key which is assigned a plurality of information items to be inputted, comprising:

a key top which can incline relative to a support plate for supporting the input key;
a key top supported portion provided on an opposite surface in the key top to the support plate and arranged
to be pushed together with the key top;
a key top supporting portion provided on the support plate, and arranged to come into contact with the key
top supported portion during a push on the key top and to support the key top supported portion so as to permit
the key top to incline in a state of the contact with the key top supported portion;
at least one inclination detector provided in a direction assigned one of the information items to be inputted,
on an opposite surface in the support plate to the key top or on the opposite surface in the key top to the
support plate;
push detecting means for detecting a push on the input key; and
inclination direction detecting means for detecting an inclination direction of the key top when the push de-
tecting means detects a push on the input key.

2. The input key according to Claim 1, wherein the inclination detector is of such a protruding shape as to facilitate
contact with the surface opposite to the surface where the inclination detector is provided, and

wherein the inclination direction detecting means detects the contact of the inclination detector with the op-
posite surface to detect the inclination direction of the key top.

3. The input key according to Claim 1, wherein the inclination detector is comprised of one or two out of:

a key-top-side slope portion forming a part of the opposite surface in the key top to the support plate and
formed so as to increase distance to the support plate from the interior side toward the exterior side; and a
support-plate-side slope portion forming a part of the opposite surface in the support plate to the key top and
formed so as to increase distance to the key top from the interior side toward the exterior side; and
wherein the inclination direction detecting means detects contact of the inclination detector with the opposite
surface to detect the inclination direction of the key top.

4. The input key according to any one of Claims 1 to 3, further comprising a key top periphery supporting portion
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formed of an elastically deformable material and arranged to support a peripheral portion in the key top so as to
keep the distance substantially constant between the key top and the support plate.

5. The input key according to any one of Claims 1 to 4, wherein the inclination detector is provided on the opposite
surface in the key top to the support plate, and wherein when the key top is inclined during a push on the key top,
the key top supported portion comes into contact with the key top supporting portion to be supported by the key
top supporting portion and the inclination detector comes into contact with the support plate.

6. The input key according to any one of Claims 1 to 4, wherein the inclination detector is provided on the opposite
surface in the support plate to the key top, and wherein when the key top is inclined during a push on the key top,
the key top supported portion comes into contact with the key top supporting portion to be supported by the key
top supporting portion and the inclination detector comes into contact with the key-top-side opposite surface or
with the key top supported portion.

7. The input key according to any one of Claims 1 to 6, wherein one of the key top supported portion and the key top
supporting portion is of a convex shape and the other is of a concave shape.

8. The input key according to any one of Claims 1 to 7, wherein contact detecting means for detecting contact is
placed on both or either one of the inclination detector, and a surface with which the inclination detector comes
into contact during an inclination of the key top, and

wherein the inclination direction detecting means detects the contact of the inclination detector with said
surface by the contact detecting means to detect the inclination direction of the key top.

9. The input key according to any one of Claims 1 to 8, wherein the support plate is formed of an elastically deformable
material.

10. The input key according to any one of Claims 1 to 9, wherein one portion or both portions in at least one combination
out of combinations of portions to come into contact with each other inside the input key during a push on the input
key are of an embossed structure.

11. An input apparatus for input of information through at least one input key assigned a plurality of information items
to be inputted, comprising:

an input key comprising: a key top which can incline relative to a support plate for supporting the input key; a
key top supported portion provided on an opposite surface in the key top to the support plate and arranged to
be pushed together with the key top; a key top supporting portion provided on the support plate, and arranged
to come into contact with the key top supported portion during a push on the key top and to support the key
top supported portion so as to permit the key top to incline in a state of the contact with the key top supported
portion; and at least one inclination detector provided in a direction assigned one of the information items to
be inputted, on an opposite surface in the support plate to the key top or on the opposite surface in the key
top to the support plate;
assignment information holding means for holding assignment information of each of the information items to
be inputted, according to an inclination direction of the key top of the input key;
push detecting means for detecting a push on the input key;
inclination direction detecting means for detecting an inclination direction of the key top when the push de-
tecting means detects a push on the input key; and
information determining means for determining an information item to be inputted, based on the inclination
direction detected by the inclination direction detecting means and the information held in the assignment
information holding means and fed according to the inclination direction.

12. The input apparatus according to Claim 11, further comprising controlling means for, during a push operation on
an input key, outputting assignment information of a plurality of input information elements to the input key at a
time of the push operation, to an external display device and for making the display device highlight information
of an input candidate corresponding to the push operation at the time out of the plurality of input information ele-
ments.
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