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VARIABLE-CONDUCTANCE SENSOR

This application is a continuation of prior U.S. patent
application Ser. No. 09/106,825, filed Jun, 29, 1998 , now
U.S5. Pat. No. 5,999,084, the entire contents of which are
hereby incorporated by reference. This application is alse a
continuation-in-part of co-pending U.S. patent application
Ser. No, 08/677,378 filed Jul. 5, 1996, now U.S. Pat. No.
6,222,525,

BACKGROUND OF THE INVENTION

1. Field of the Invention:

The present invention relales to electzical sensors of the
1ype useful for controlling electrical fiow through a circuit.
The present invention specifically invelves the use of 2
tactile feedback dome-cap in conjunction with pressure-
sensitive variable-conduciance material to. provide
momentary-On pressure dependant variable elecirical out-
pul. The tactile feedback is user discenable for indicating
actuation and de-actuation of the sensor. Novel siructural
embodiments and methods of manufacturing are disclosed.

2. Description of the Related Prior Art

There are many prior art types of swiiches (sensors) and
switch packages. While used widely in many fields, switches
and switch packages are used in game controlters for use in
controlling imagery, and in computer keyboards, other com-
puter peripherals, and in many other host devices not related
10 computers.

A very common prior art switch is comprised of: a
housing 1ypically of non-conductive plastics; a first and a
second conductive element fixed to the housing and in-part
within the housing and in-part exposed external of the
housing; a conductive dome-cap typically made of metal
having a degree of resiliency and positioned within a recess
of the housing and between a depressive actuator and the
two conductive elements, The actuator is retained 1o the
housing via & flange of the acwator positioned beneath a
housing plate with a portion of the aclualor exlending
through a whole in the housing plate to be exposed external
of the housing and thus accessible for depression by a
mechanical member or a humar finger or thumb. Typically,
at the four comers of the housing are plastic studs formed of
conlinuations of the housing material.

10

35

2

to moving which begins low and increases toward a snap-
through threshold wherein at the threshold the dome-cap
snaps creating a snap or click which is user discenable in the
form of a tactiie sensation. The dome-cap then moves further
toward the sceond conductive element. The deme-cap being

of resilient design, returns to a raised position off of the

second conductive element when the actuator is no longer
depressed, and thus the switch or sensor is a momentary-On
type. A tactilc sensation is also produced by the dome-cap
upon returning 1o the normally raised position and in doing
so moving back through the smap-through threshold. As
those skilled in the art recognize, the portion of the actuator
which is external of the housing can be of numerous sizes
and shapes, for example to accommodate attachment of
extending and/or enclosing members such as buttons and the
like, etc.

Such prior art switches are either On or Off and provide
corresponding all or nothing outputs. These simple On/Off
switches are not struchired to provide the user proportional
or analog control which is highly desirable and would be
very beneficial in many applications.

Another type of prior art sensor is described in U.S. Pat.
No. 3,806,471 issued Apr. 23, 1974 10 R. J. Miichell for
“PRESSURE RESPONSIVE RESISTIVE MATERIAL”.
Mitchell describes sensors which utilize pressure-sensitive
variable-conductance material to preduce analog outputs.
However, Miichell fails to recognize any need for tactile
feedback to the user upon actuation and de-actuation of the
sensor. Thus, Mitchell fails 1o anticipale any structuring
useful for providing a tactile feedback discenable to a human
user of his sensors.

There have been hundreds of millions of momeatary-On

smap switches made and sold in the last 25 years. Pressure- -

sensitive varizble-conductance sensors have also been
known for decades, and vet the prior art docs not teach a
pressure-sensitive variable-conductance sensor which
includes tactile feedback to the user wpon actuation and
de-actuation of the sessor. Clearly a pressurc-sensitive
variable-conductanee sensor which included tactile feed-
back 1o the user would be of significant usefulness and
benefit, particularly if provided in a structural arrangement
which was inexpensive to manufacture. Such a sensor would
be useful in a wide variety of applications wherein human

The distal ends of the studs pass through aligned holes in
the housing plate, and when the housing plate is properly
located, the distal ends of the studs are flaitened and enlarged
commondy vsing heating and mechanical pressure so as to
retain the housing plate to the heusing.

The conductive elements are typically highly conductive
and serve as electrical conductors but also sometimes addi-
tionally serve as mechanical members or legs for structural
attachment to circuit boards, although they are ol ten con-
nected direclly o wires. The two conductive elements are
scparated from one another within the housing in a normally
open arrangement or fashion. An end portion of the first
conductive element within 1he housing is positioned to be in
constani contact with an edge of the dome-cap. Sufficient
depression of the actuator causes the actuator to apply force
to the dome-cap, causing the dome-cap lo bow {spap-
through) downward, causing a cenler portion of the dome-
cap 1o contact a more ceatrally positioned end of the second
conductive element and resulting in a conductive bridging or
closing between the first and second conductive elements
with the current flow path being through the conductive
dome-cap. The dome-cap when pressed against sufficiently
to bow toward the sccond conductive element has resistance

—imput-is required—Such—applications—wonld-inelude-home

glectronics, computers and generally devices operated by the
human hand/finger inputs.

SUMMARY OF THE INVENTION

The following summary and detailed description is of
preferred structures and best modes for carrying out the
invention, and althcugh there are clearly variations which
could be made 1o that which is specificaliy herein described
and shown in the included drawings, for the sake of brevily
of this disclosure, all of these variations and changes which
fall within the true scope of the present invention have not
been herein detailed, but will become apparent to those
skilled in the art upon a reading of this disclosure.

The presenl invemtion involves the use of pressure-
sensilive variable-conduclance material electrically posi-
tioned as a variably conductive element between highly
conductive clements in a structural arrangement capable of
providing variable electrical output coupled with siructuring
far providing tactile feedback upon depression of an depres-
sive actuator, and preferably tactile feedback with termina-
tion of the depression of the actuator. The tactile feedback is
preferably discernible for both actuation and de-actuation of

Page 17 of 24
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the sensor, the actuation and de-actuation of the sensor
controllable by way of depression and selease of the depres-
slve actuator,

The present invention provides a pressure-sensitive vari-
able electrical output sensor which produces a tactile sen-
sation discenable 1o the human user to aled the user of the
sensor being activaied and deactivated.

A sensor in accordance with the present invention pro-
vides the user increased control options of host devices, the
ability e variably increase and reduce the sensor output
dependant on pressure ¢xerted by the user to a depressive
actuator so that, for example, images may selectively move
faster or slower or a display, timers, settings, adjusiments
and the like may change faster or slower dependant on the
pressure applied by the user. A benefit provided by a sensor
in accordance with the present invention is a reduction of
confusion or potential confusion on the part of the user as 1o
when the analog scnsor is actuated and de-aciated. I an
analog sensor of the type not having tactile feedback. is
minimally activaied, it is diffcult for the user in some
instances to determine whether the semsor is still minimalty
activated or is entirely de-activated. For example, if the user
is playing an electronic game ulilizing a variable pressure
analog sensor to control a fire rate of a gun, and desires the
gun to be firing very slowly, Le., one shot every 5 seconds
or so, the user would-be depressing very lighily on the
sensor, and would not be immediately aware when he
inadvertently decreased the depression enough Lo fully deac-
tivate the sensor. Conversely for example, without lactile
feedback in (he same arrangement, the user of the clecironic
game may desire that gun should begin to fire very slowly
such as fo conserve ammo, and by lightly depressing on the
sensor the fire rate would be slow, however the user does not
immedialely receive apy notice even upon minimal activa-
tion of the sensor and thus might initially depress so firmly
as 1o cause a firing volley and ¢xpend excessive ammo. The
present invention sclves the above and like problems.

Another example of reduced confusion of the user would
be brought about through the use of the present invention in
devices having a single operable member operable through
a plurality of axes with each axis associaled with one or iwo
sensors. Such device which would be benefited by the
application of the present invention would be my SIX

DEGREE OF FREEDOM CONTROLLER of US Pat No.

35
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art switches withoul re-tooling the mounting structure within
the jovs tick handle and without reiraining of workers who
install the sensors.

A yet still further benefit of a sensor in accordance with
a preferred embodiment of the present invention is that the
sensor is an integrally packaged unit, 1.¢., manufactured ic a
complete packaged unit containing pressure-sensitive
variable-conductance material, two proximal highly conduc-
live elements, a depressive actuator, a resilient dome-cap for
providing tactile feedback, and all integratec logether with
a housing,there by providing ease of handling and
installation, among other benefits.

These, as well as other benefits and advantages of the
present invention will be increasingly appreciated and
understood with continued reading and with a review of the
included drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 kows flat mount sensor or swilch package.

FIG. 2 shows a right angle mouni sensor or switch
package.

FIG. 3 shows a median cross section view of a prior art
fiat mount switch package.

FIG. 4 shows a mediar cross section view of a lat mount
sensor package in accordance with the present invention.

FI1G. 5 shows a median cross section view of a flat mount
sensor package in accerdance with another embodiment of
the present invedition.

FIG. 6 shows a median cross section view of a flat mount
sensor package in accordance with another embodiment of
the present invention.

FIG. 7 shows a median cross section view of a flat mount
sensor package in accordance with another embodiment of
the present invention.

FIG. 8 shows a median cross section view of the embodi-
ment of FIG. 7 in a depressed or actvated condition.

FIG. 9 shows a median cross section view of a flat mount
sensor package in accordance with ancther embodiment of
the present invention.

FIG. 10 shows a median cross section view of a flat mount
sensor package in accordance with another embodiment of

5,565,891,

Still another benefit of the present sensor is that the
preferred structure is inexpensive to manufacture, costing
casentially the same or just slightly more than prior art

momentary-On tactile switches of the type manufaciured in

targe volume and highly automated manufaciuring facilities.
Further, a sensor in accordance with a preferred embodi-
ment of the present ipvention is structured to allow manu-
facturing of the sensor absent major and coslly looling and
assembly line changes io existing large volume, highly
automated manufacturing facilities. )
Additionally, a sensor in accordance with a preferred
embodiment of the present investion is structured in a
familiar format having a housing aod electrical connectors
similar to high-volume prior art momentary-On swilches so
that dcsigners may easily substitute the present invention
sensors directly for the prior art devices and receive the
corresponding benefits of the new improved sensors. For
example, where prior art momentary-On switches are utt-
lized as sensors located within a joys tick handle for butions
located on the handle operable by the user’s fingers (or
thumbs), she present sensor can be substituted for the prior

60

the present invenfion.

FIG. 11 shows a median cross section view of a flat mount
sensor package in accordance with another embediment of
the present invention.

FI1G.12 shows a median cross section view of a flal mount
sensor package in accordance with another embodiment of
the preseat inventiozn.

FIG.13 shows a median cross section view ol a fiat mount
sensor package in accordance with another embodiment of
the present invention.

FIGS. 14-16 each show a top view of varied two coa-
ductive element arrangements.

BEST MODE FOR CARRYING OUT THE
INVENTION

A detailed description of the principies ol the present
invention along with specific struciral embodiments in
accordance with the invention and provided for example will
now ensue with reference to the included drawings.

FIG. 1 shows flat mount sensor package which appears as
many prior art switches or sensors. The present invention
can also appear as shown in FIG. 1.

tl
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FIG. 2 shows a right angle mount sensor package which
appears as many prior arl swilches or sensors. The present
invention can #lso appear as shown in FIG. 2.

FIG, 3 shows a median cross section view of a prior art
fiat mount sensor package showing structuring thereof and
which is common to some of the present sensor
embodiments, but lacking pressure-sensitive variahie-
conductance material 30 (see FIGS. 4 through 13} as used in
the present invention. Shown in FIG. 3 is a housing 10
typically of non-conductive plastics; two conductive ele-
menis 12 and 14 which are highly conductive and of fairly
constant conductivity; the conductive elements 12,14 each
fixed 1o housing 10 and in-part within housing and m-part
exposed exlernal of housing 18. Conductive elements 12, 14
are herein sometimes referred to as first conductive element
12 and secend conductive element 14, and are typically
formed via stamping and bending of sheet metal. Typically,
housing 10 is of son-conductive plastics melded around
pertions of conductive elements 12 and 14 so as to retain the
conductive elemenis in proper location to housing 10. As
those skilled in the art undersiand, those portiens or legs of
conductive elements 12,14 external of housing 10 serves
electrical conductors but also sometimes additionally serve
as mechanical members for structural attachment to circuit
boards, additionally they are sometimes connecied such as
by soldering directly to wires with heusing 10 retained in a
supportive socket of a host device. Also shown is a conduc-
tive dome-cap 16 typically made of metal, 2nd positioned
within & large recess or the interior open space defined by
housing 10 and between a depressive actuator 18 amd
conductive elements 12,14. In some embodiments of the
present sensor it is nol necessary that dome-cap 16 be
electrically conductive, and in other embodiments dome-cap
16 must be conductive as will become appreciated with
contimued reading. In FIG. 3, actualor 18 is retained lo
housing 10 viz a flange 20 of actuator 18 positioned bencath
a housing plate 22 with a portion of actuator 18 extending
through whole 24 in housing plate 22 to be exposed exiernal
of housing 10 and thus accessible for depression by a finger,

thumb or mechapical device. Typically at four comers of’

housing 10 are plastic studs 26 [ormed of continuations-of
the material of kousing 10. The distal ends of studs 26 pass
through aligned holes in housing plate 22, and when housing
plate 22 is properly located, the distal ends of studs 26 are

30

44

6

16 “snaps-through” and moves further downward. Asnap or -
click (tactile sensation) can be felt and in some applications
heard (user discernible tactilc feedback) as dome-cap 16
snaps-lbrough its threshold. The snap-through dome-cap 16
being of resiliest design, returns 1o a raised position off of
second conductive element 14 when actuator 18 is no longer
depressed, and thus the switch or sensor is a momeniary-On
type. The snap-through dome-cap 16 typically returns to a
raised position off of second conduciive clement 14 and
creates a user discernible tactile feedback while moving o
the raised position. Also, commoaly the resiliency of the
dome-cap 16 is used as the return spring for depressive
actuator 18, holding the actuator 18 raised or cutward when
not depressed by an external force. As those skilled in the art
recognize, the portion of actuator 18 which is external of
housing 10 can be of mumerous sizes and shapes, for
example 10 accommodate the attachment of or contacting of
¢xtending and/or enclosing members suck as buttons, trig-
gers and the like, etc. The present inveniion also allows for -
various sizes and shapes of actuator 18.

FIG. 1 shows four extensions external of housing 10
which those skilled in the art understand are in effect two
conductive clements 12, 14 wherein two of the extensions
represent portiens of first canductive ¢lement 12 exiernal to
housing 10, and the other two extensions represent portions
of second conductive element 14; as is common in many
prior art switch packages for allowing increased strength and
options in mechanical and electrical connecting, and such
multi-extension external of housing 10 for ¢ach conductive
element 12, 14 can also be used with the present invention.
In the F1G. 2 right angle mount sensor, four extending legs
are shown, and in the example shown, two of the extending -
legs are simply mechanical strectures for aiding in eounting
the sensor, and two of the extending legs represent the

. conductive elements 12 and 14 of the sensor, although

clearly all four legs could be arranged as conduciive ele-
ments 12 and 14 as in the flat mount sensor of FIG. 1
wherein two legs represent conductive element 12, and the
other two legs would represent conductive elements 14.
As those skilled in the art understand, the term electrical
or electricailly insulating Is relative to the applied voltage.
I1G. 4 shows a median cross section view of a flat mount
sensor in. accordance with the present invention and struc-
tured the same as the F1G. 3 sensor with the exception of the

flattened and enlarged commonly using heating and
mechanical pressure s0 as o retain housing plate 22 to
housing 10, Cenductive elements 12,14, are shown sepa-
rated from one another within housing 10 and in 2 normally
open slate or circuit, being separated by space and the
insulating material defining housing 10. An end poriion of
first conductive element 12 within housing 10 is shown
positioned in constant contact with a side edge of dome-cap
16. Dome-caps 16, as those skilled in the ari understand, are
typically circelar disks having a domed or concavo-
convexed shape. In the FIG. 3 prior art embodiment, depres-
sion of actator 18 sufficiently causes dome-cap cap 16 to
bow downward causing a cenfer portion of dome-cap 16 1o
contact a more centrally positioned end of second conduc-
tive element 14 normally not in contact with dome-cap 16.
The contacling of the center portion of dome-cap 16 with
sccond conductive clement 14 cause an clectrical bridging or
closing between first and second conduetive elements 12, 14
through conductive dome-cap 16. Pome-cap 16 when
pressed against sufficiently to bow toward second conduc-
tive element 14 has resistance to moving, the resistance
begins relatively low and increases toward a snap-through
threshold wherein at the snap-through threshold dome-cap

50

60

instzllation ol a pressure-sersifive vanable-conductance
material 30 shown contacling and adhered in placc on
sccond conductive element 14 within housing ¥0. Conduc-
tive dome-cap 16 is shown in constant contact with first
conductive element 12, and operationally, pressure-sensitive
variable-conductance materizl 30 is positioned as a variably
conductive element electrically between the first and second
conductive elements 12, 14 such that depression of actuator
18 will depress dome-cap 16 pushing it through it’s snap-
through threshold resulting in a tactile feedback and dome-
cap moving further presses onto pressure-sensitive variable-
conductance material 30 to cause variable conductively
dependant upon the degree of force there against, and
electricity will flow between first and second conductive
clements 12,14 with both pressure-sensilive variable-
conductance material 30 and dome-cap 16 in the current
flow path.

At this point in the disclosure it should be quite clear tha
the pressure-sensitive variable-conductance material 30 is a
very important aspect, as is equally the tactile feedback from
the snap-through dome-cap 16 of the present invention.
Additicnally, while the present invention can b ¢ viewed as
an impraved pressure-sensitive variable-cenductance sensor
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improved by way of integrating a tactile feedback dome-cap
therein, the invention can also be viewed as an improved
momeniary-On snap swilch improved by way of integrating
pressure-sensilive variable-conductance material electri-
cally inio a current How path between the first and second
conductive elements. Without regard to how one views the
present invention, sensors strictured in accordance with the
invention can be used i a wide variety of host devices in
ways which can improve the usefuluness, convenience and
cost effectiveness of the host devices.

With the present invention, variable conductance can be
achieved with materials having either varable resistive
properties or variable rectifying properties. For the purpose
of this disclosure and the claims, varable-conduciance
means either variably resistive or variably rectifying. Mate-
rial having these qualities can be achieved utilizing various
chemical compounds or formulas some of which 1 will
herein detail for example. Additional information regarding
such materiais can be found in the Miichell pateni 3,806,471
describing various feasible pressure-sensitive varable-
conduciance material formulas which can be uiilized in the
present invention. While it is generally anticipated that

" variable resistive lype aclive malerials are oplimum [or use
in the pressure sensor(s) in the present invention, variable
rectifying materials are also usable.

An cxample formula or compound having vanable recii-
fying propertics can be made of any one of the active
materials cepper oxide, magnesium silicide, magnesium
stannate, cupreus sulfide, {or the like} bound together with
a rubbery or elastic type binder having resilient qualities
such as silicone adhesive or the like.

An example formula or compound having variable resis-
live properties can be made of the aciive malerial tungsten
carbide powder (or other suilable material such as molyb-

denum disulfide, sponge iren, tin oxide, boron, and carbon 3

powdess, elc.) bound together with a mbbery or elastic type
binder such as silicone rubber or the like having resilient
qualities. The active materials mavbe ip proportion to the
binder material typicaily in a rich ratio such as 80% active
material to 20% binrder by volume ranging 1o a ratio 98% Lo
2% binder,but can be varied widely from these ratios depen-
dant on factors such as voltages o be applied, level or
resistance range desired, depressive pressure anticipated,
material thickness of applied pressure-sensitive variabie-
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electrical insulation 1s avoided. Alternatively, disks of the
material 30 can be formed by way of applying a thin layer

-of the still fluid variable-conductance material to a surface

such as non-stick surface, and after the binder material has
cured, removing the sheet of cured material 30 and using a
hole punch or cutting-die such as a rotary die-cut process,
create disks of the material 30 of a desired dimension,
Another alternative to form the material 30 into a desired
disk shape is to inject or press the stil! fluid variable-
conductance malerial 30 into a mold such as a cylindrical
lube having an interior dizmeler commensurate with the
exterior size and shaped of desire disk, allow the mixture to
care, and then open the mold to remove the material er press
the material from the mold, and then slice the material 30
into the desired thickness. Other methods of defining mate-
rial 30 into suitable shapes and sizes such s squirting from

“an applicator gun or otherwise applying the uncured material

directly in place in the sensor, and then waiting for it to eure,
can be used within the scope of the invention.

With the present sensor in all ecmbodiments shown and
described herein, pressure-sensitive variable-conductance
enaterial 30 is positioned as a variably conductive element
electricalty between first conductive element 12 and second
conductive element 14, although in some embodiments
snap-through dome-cap 16 must be electrically conductive
for current flow te ccour as will be appreciated with con-
tinued reading. Applied physical pressure is provided by a
user depressing actuator 18 which applies pressure onto
snap-through dome-cap 16 which moves onto pressure-
sensitive varigble-conductance material 30 which, depen-
dant upon the force of the applied pressure, alters its
conductivity (i.e., resistive or reclifying properties depen-
dant upon the pressure sensor material utilized) and thereby
provides analog ¢lectrical ouiput proportional to the applied
pressure, assuming a difference in elecirical potential exists

between conduciive elements 12 and 14. The analog elec-

trical output of ihe variable conductance material 30 is

“output into or through or used in cirenitry connected to the

cxposed portions of conductive elements 12,14 and capable
of using such output in a manner which is representational
of the pressure applied by the user.

Purther principles and structural examples of the inven-
tion will now be described. it should be noted that flat mount
sensors and right angle mount sensors in accordance with

conductance material, surface contact atea between the
pressure-sensilive variable-conductance material conduc-
tance and conductive clements 12,14, whether an optional
conduciive plate 34 is to be used, biader type, manufacturing
technique and specific active material used.

A preferred method of manufacture for pertions of that
which is shown 1n FIGS. 7 and 1i, ie., material 30 with
conductive cap 34, is to create a sheet of pressure-sensitive
variable-conductance conductance material 30 adhered 10 2
conductive sheel such as steel, aluminum or copper, for
example, by applying a mixture of the still fluid variable-
conductance malterial to the conductive sheet in a thin even
layer before the binder material has cured. After the binder
malerial has cured and adhered to ihe conductive sheel,
whole punch is wsed to create cirendar disks of the laminaticn
of the conductive sheel and pressure-sensilive variable-
conductance material. The disks may then be secured rela-
tive to any desired surface for contacting with circuit ele-
ments. Securing of the disks maybe accomplished with the
use of adhesives, ar with the silicone rubber as used in the
formula t0 make pressure-sensitive variabie-conductance
material, or with any olber suilable means. The adhesive
should be spread thin or of a type such that significant

45
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the present invention are elecirically the same and generally
only differ in the angular extension of the externally cxposcd
conductive elements 12 and 14 relative to housing 10 and the
exposed portion of actuator 18.

FIG. 5 shows a median cross section view of a flat mount
sensor package in accordance with another embodiment of
the present invenlion similar to the FIG. 4 sensor and
showing pressure-sensitive varlable-conductance material
30 adhered to the under side ol dome-cap 16 within housing
10 and held normally off but adjacent second conductive
element 14 In this cxampie, snap-through dome-cap 16 is
electrically conductive and in constani contact with first
conductive element 12. Pressure-sensilive variable-
conductance material 39 is held off of or at least not held
under significant pressure agaiznst the centrally positioned
portion of second conduciive element 14 by the normally
raised position of snap-through dome-cap 16. Pressure
applied 10 zctvator 18 cnto deme-cap 16 moves dome-cap
16 through its snap-through threshold causing a factile
feedback to the human user to alert the human user of
zctuation of the sensor, i.e., the sensor rendered capable of
electrical current flow between first and second conductive
element 12,14. Dome-cap 16 which in this example carrics

Filed 07/31/2006
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pressure-sensitive variable-corductance material 30 then
continues toward the central portion of second conductive
element 14 and brings pressure-sensitive variable-
condnctance material 30 into compression agains: conduc-
tive element 14. The iactile feedback and the contacting of
pressure-sensitive variable-conduciance material 30 against
second conductive element 30 may not occur at precisely the
same instanl, but prelerably are sufficiently close as to be
generally imperceptible 1o the human user, and this is
generally true of all the present sensors herein described and
shown in accordance with the present invention. Compres-
sive force against pressure-sensitive variable-conductance

material 30 cavses it to become sufficiently conductive asto

allow current flow therethrough, the degree of conduciivily
being, dependant upon the applied, received or transferred
pressure or force, which is conirollzble by the human uscr
via varying depressive pressure on actuator 18. With vari-
ably resistive formula mixes of the pressure.-sensitive
variable-conductance material 30 as described above, the
higher the compressive force thereon, the higher the elec-
trical conductivity, ie., the lower lhe resislivily thereol
Upon sufficient release of depressive pressure on actuator
18, dome-cap 16 returns under its own resilience to a
normally raised position, the returning of dome-cap 16
raising pressure-sensitive variable-conductance material 30
from conductive element 14 or at least relieving compres-
sive pressure there on to such a degree as to open the eircuit,
and desirably also raising or pushing actuator 18 1o a normal
resting positton. When snap-through dome-cap 16 returns, it
passes throngh it’s snap-through threshold causing a tactile
feedback or sensation detectable by the human user, thereby
the human user is alerted to the fact thai the sensor has been
[ully de-actuated or in effect has been rendered electrically
apen.

FIG. 6 shows a median cross section view of a flat mount
sensor package in accordance with another embodiment of
the present invention and showing pressure-sensitive
variable-conductance material 30 contacting second conduc-
tive element 14 within a well 32 (smali recess) within
housing 10. Well 32 in this example improves containment
ol pressure-sensitive variable-conduclance material 30. Well
32 offers advantage in confaining the pressure-semsitive
variable-conductance material 30, bui in abroad sense of the
invention the sensor will function without well 32. In this

30

10

resting position. When snap-through dome-cap 16 returns, it
passes throvgh it's spap-through threshold causing a tactile
feedback or sensation detcctable by the human user.

FIG. 7 shows a median cross section view of a flat mount
sensor package in accordance with another embodiment of
the present invention and showing pressure-sensitive
variable-conductance material within a well 32 contacting
second conductive element 14 and capped by a conductive
cap 34. The F1G. 7 embodimest is the same as the FIG. &
embodiment with the exception of the added conductive
plate 34, which as described above can be defined as a
lamination of pressure-sensitive variable-conductance mate-
rial 30 onto conductive sheet material and then cut-oul with
whole punch. Conductive plate 34 being alop pressure-

; sensitive variable-conductance malerial 30 is cffectively

closing pressure-sensitive variable-conductance material 30
within well 32, Conductive plate 34 should either be flexible
5o as 1o be able to bow into pressure-scnsitive variable-
conductance materiat 30, or foose fit in well 32 so as to be
able to move in its entirely into pressure-sensitive variable-
conductance material 30 when pressure Is applied thereto by
snap-through dome-cap 16.

FIG. 8 shows a median cross section view of the embodi-
ment of FIG. 7 with actuator 18 depressed, such as it would
be by a user’s finger or thumb, to such as degree as to cause
dome-cap 16 to impiage upon conduciive cap 34 atop the
pressure-sensilive variable-conductance malterial 34, The
pressure applied to conductive cap 34 is transferred in
pressure-sensitive variable-conductance material 30. FIG. 8
illustrates the commor aspect of the actuator 18 depressing
both dome-cap 16 and pressure-sensitive variable-
conductance material 30 as would be commen to all of the
embodiments herein shown and described in accordance
with the presenl invention, additionally, the arrangement of
dome-cap 16 between actuator 18 and pressure-sensitive
variable-conductance materjal 30 may be reversed, ie.,
pressure-sensitive varizble-conductance material 30 posi-
tioned atop dome-cap 16 with one of the conductive ele-
ments 12 or 14 moved atop pressure-sensitive variable-
conduclance malerial 30, or actuaior 18 may be an
electrically conductive element of the embodiment,

FIG. 9 shows 2 median cross section view of a sensor in
accordance with the present invention wherein pressure-
sensitive variable-conductance material 30 is within a well

example snap-through dome-cap is electrically conductive
and in constani conlact with first conductive element 12.
Pressure applted to actuator 18 onto dome-cap cap 16 moves
dome-cap 16 through its snap-through threshold causing a
tactile feedback to the human user to aleri the human user of
actuation of the sensor, i.e., the sensor rendered capable of
some current flow between first and second conductive
clement 12, 14 via passing through pressure-sensitive
variable-conductance material 30 and the conduclive dome-
cap 16. Dome-cap 16, after spapping-through continues
toward and basically instantaneously engages variable-
conductance material 30. Compressive force against
pressure-sensitive variable-conductance material 30 causes
it to become sufficiently conductive as to allow current flow
therethrough, the degree of conductivity dependant upon the
applied pressure, which is contrellable by the human user
via varying depressive pressure on actuator 18. Upon suf-
ficient release of depressive pressure on actuator 18, dome-
cap 16 returns under ils own resilience 1o a normally raised
position, the returning of dome-cap 16 relieving compres-
sive pressure on pressure-sensilive varable-conductance
material 30 to such a degree as to open lhe circuit, and
desirably also raising or pushing actnator 18 to 2 normal

65

32 and sandwiched befween fitst conductive elemeni 12,
which has been extended from that shown in FIG. 8 to reach
the center of the housing 10, and sccond conductive ¢lement’
14. This sensor embodiment of the preseat invention dem-
onstrates that snap-ithrough dome-cap 16 need not always be
electrically conductive. Dome-cap 16 maybe conductive
plastics or metal, but is not required to be in this
embediment, as first conductive element 12 has been
extended to lay over and in spaced relationship to second
conduclive elemenl 14. Pressure-sensilive variable-
conductance material 30 is focated between the two con-
ductive elements 12, 14. Pressure applied to actnator 18 onto
dome-cap 16 moves dome-cap 16 through its snap-through
threshold causing a tactile feedback to the human user.
Dome-cap 16 then continues toward the central portion of
first conductive element 12, engages the elemem 12, applies
force thereto and the force is transferred into pressure-
sensitive variable-conductance material 30 via a degree off
flexibility in first conductive element 12. Compressive force
against pressure-sensitive variable-conductance malerial 30
causes it 1o become sufficieatly conductive as to allow
curreni flow therethrough, the degree of conductivity depen-
dant upon the applied pressure or force, which is control-
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iable by the human user via varying depressive pressure on
actuator 18. Upon sufficient release of depressive pressure
on actuator 18, dome-cap 16 returns under its own resilience
1o a normally raised position, the returning of dome-cap 16
relieving pressure on conductive clement 12 and pressure-
sensitive variable-conductance material 30 to such a degree
as to oper the circuit, and desirably also raising or pushing
actuator 18 te a normal resting position. When snap-through
dome-cap 16 returns, it passes through it’s spap-through

threshold causing a lactile [eedback or sensation detectable 1

by the human user, thereby the human user is alerted 10 the
fact that the sensor has been de-actuated or in effect has been
rendered electrically open.

FIG. 18 shows 2 median cross section view of a scnsor in
accordance with another embodiment of the present inven-
tion wherein first and second conductive elements 12,14 are
shown proximal to one another within a weil 32 in housing
10 and about the same elevation as one another. Pressure-
sensitive variable-conductance material 30 is shown within
well 32 and contacting each of conductive ¢lements 12, 14
and spanning thereberween beneath snap-through dome-cap
16. Dome-cap 16 in this embodireent is not required 1o be
electrically conductive. Pressure applied to actuator 18 onto
dome-cap 16 moves dome-cap 16 through its snap-through
threshold causing a tactile feedback. Dome-cap 16 then
continues toward and basically instanlanecusly engages
variable-conductance material 30. Compressive force
against pressure-sensitive varjable-conductance material 30
causes Il to alter it’s conductivily 1o become sufficientfy
conductive as to allow current flow therethrough and thus
between conductive elements 12 and 14, the degree of
conductivity or alteration of conductivity dependant upon
the applied pressure, which is controllable by the human
user via varying depressive pressure on actuator 18. Upon
sufficient release of depressive pressure on actuator 18,
dome-cap 16 returns under its own resilience to a normally
raised position, the returning of dome-cap 16 relieving
COMPIESSive pressure o0 pressure-semsitive variable-
conductance materiak 30 1o such a degree as to open the
circait, and desirably also raising or pushing actuator i8 to
a normal resting position. When snap-through dome-cap 16
returns, it passes through it’s snap-through threshold causing
a tactile feedback or sensation deteciable by the human user.

FIG. 11 shows a median cross section view of a sensor in

side-by-side plate-like pads. FIG. 15 shows two conductive
elements 12, 14 as two side-by-side pads having opposed
fingers. FIG. 16 shows two conductive elements 12, 14 as
two side-by-side pads defined by interdigitated fingers.

The steps involved in manufacturing prior art momentary-
On switches of the on/off type and including snap-through
dome-caps 16 are well known, and although lacking the step
of installing pressurc-scnsitive variable-conductance mate-
rial positioned efecirically for defining a variable conductive
flow path through which electricily must move to complete
a path between conductive elemenis 12, 14, the known
methodology and manufacturing steps of the prior are appli-
cable to the present invention. In reference to the present
mvention, the novel manufacturing step of installing
5 pressure-sensitive variable-conductance material 30,
includes the proper locating of material 30 positioned for
serving as a flow path for electricity to fiow between'the two
conductive elements 12, 14, wherein in some embodimenis
tactile feedback dome-cap 16 is electrically conductive and
in other embodiments the dome-cap 16 is not required {o be
conductive. Such installation and positioning must be such
that depressive actuator 18 and pressure-sensitive variable-
conductance material 30 are in positional relationship to
allow transference of externally appiied force onto depres-
sive actuator 18 through dome-cap 16 and onto pressure-
sensitive varable-conductance malerial 3.

It should be understood, as those skilled in the art will
recognize, that in some instances various features of ong
sensor embodiment can be mixed and malched with other :
features of the different senser embodiments of the present i
invention to define hybrid embodiments which are not :
herein shown and described but which are well within the
scope of the present invention.

Although T have very specifically described the preferred
structures and best modes of the invention, it should be
vaderstood that the specific details are given for sxample to
those skilled in the art. Changes in the specific stmctures
described and shown may clearly be made without departing
from the scope of the invention, and therefore il should be
understood that the scope of the invention is not to be overly
limited by the specification and drawings given for example,
but is 1o be delermined by the broadest possible and rea-
sonable mterpretation of the appended claims. -
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accordance wilh another embodiment of the present inven-

tion wherein first and second conductive elements 12, 14 are
shown proximal to one another within a well 32 in housing
14, and pressure-sensitive variable-conductance material 30
contacting each of the conductive elements 12, 14 and
spanning therebetween, with the addition of a conductive
cap 34 alop pressure-sensitive variable-conductance mate-
rial 30 beeeath snap-through dome-cap 16.

‘T1G. 12 shows a median cross section view of a sensor in
accordance with another embodiment of the present inven-
tion which is basically the same as the FIG. 160 embodiment
only sans well 32,

FIG. 13 shows a median cross section vicw of & scnsor in
accordance with another embodiment of the present inven-
tion which is basically the same as the FIG. 11 embodiment
onlv with the pressure-sensitive variabie-conductance mate-
rial 30 adhered (o the underside of snap-through dome-cap
16.

FIGS. 14-16 show a top view of two conductive elements
12, 14 in various proximal arrangements as they may be
applied iz the embodiments of FEGS. 10-13 within housing
10. FIG. 14 shows two conductive clements 12, 14 as two
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1. A method of controlling variable ontput of a variable
OULPUL SCOSOT, COMprising
pressing an actuator with force, using only a single human
thumb, 1o receive a first Snap-through tactile feedback
to the thumb pressing the actuater,

varying the pressing force for varying the output of the

reducing the pressing force until 2 second snap-through
iactile feedback is received by the thumb.

2. A method of controlling variable cutput of a variable

outpui sensor according to claim 1 further including

increasing the pressing force because of receiving said
second snap-ihrough tactile feedback, to receive a third
snap-through tzctile feedback and to vary the output of
the sensor with varying [oree,

3. A method of controlling a variable output sensor,

pressing an actuator with force, using a thumb or a finger,
to receive a fizst snap-through tactile feedback 1o the
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thumb or finger pressing the actuator, and using the first .

snap-through tactite feedback as indication of output of
the sensor beginning tc be varied,

then,

increasing the pressing force for further varying the
output of the sensor,

followed by

reducing the pressing force until a second snap-through
taciile feedback is received by the thumb or finger
pressing the actuator, and using the second snap-
ihrough tactile feedback as an indication of the cutput
of the sensor no longer being varied.

4. A method according to claim 3 further inchiding
receiving of said second snap-through tactile feedback and
uging said second snap-through tactile feedback as indica-
tion the sepsor is no longer being varied and acting by
increasing the pressing force to receive another tactile
[eedback and again vary the output of the sensor.

5. Amethod of using an analog sensor variably depressed
by a raman finger to variably control an electronic gate, said
methed including the steps:

10

20

14
a) depressing said analog sensor with varying pressure;
b) receiving a user discernible snap-through tactile feed-
back.

6. Amethod according 1o claim 5 wherein said depressing
includes depressing harder to make 2 firing rate faster.

7. A method of using ae analog sensor lor controlling a
host device showing an electronic game, said method
including the sfeps:

. a) pressing, with a hwman (inger, a button associated with
the analog sensor; )

b) receiving, through said finger, a snap threshold tactile
feedback. '
8. A method according 1o claim 7 wherein said threshold
tactile feedback is a snap-through threshold tactile feedback.
9. A method according to claim 8 wherein said pressing
includes pressing harder to make a firing rate faster,
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