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[5 7] ABSTRACT 

A selectively energizable keyboard system is disclosed 
including a plurality of selectively actuatable pushbut 
ton members having exposed surfaces adapted to be 
symbolized in accordance with electronic functions 
generated by actuation of the pushbutton members, 
and having opposed surfaces adapted to transmit force 
in response to actuation. A plurality of conductive ele 
ments are supported in registration with the opposed 
surfaces of the pushbutton members, each having a 
dished surface of curvature when in an unactuated 
condition and adapted to be de?ected into an over 
center position in response to application of force by a 
pushbutton member. A conductive member having a 
plurality of contact areas in electrical contact with the 
conductive elements is arranged adjacent the set of 
conductive elements. In addition, a plurality of con 
ductive paths are arranged at a surface of a support 
member facing the conductive member. Each of the 
conductive paths is adapted to be electrically con 
nected to the conductive member through one of the 
conductive elements, when the conductive element is 
de?ected into its over-center position. 

32 Claims, 7 Drawing Figures 
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PUSHBUTTON KEYBOARD SWITCH ASSEMBLY 
WITH IMPROVED OVER CENTER DIAPHRAGM 

CONTACT 

The present invention relates generally to keyboard 
systems and more particularly is directed to an im 
proved pushbutton keyboard system for establishing 
positive electrical contacts in response to actuation. 

Various types of keyboard systems have been 
developed in recent years utilizing pushbutton mem 
bers which are appropriately symbolized in a manner 
indicative of a numeric of mathematical function which 
is generated by depression of the pushbutton member 
to establish electrical contact with various circuit ele 
ments in order to achieve the function desired. Typi 
cally, such pushbutton members are spring biased in a 
retracted position and are adapted to be manually 
depressed to establish the desired electrical contact. 
However, various problems have arisen in connection 
with such arrangements. For example, the spring bias 
ing arrangement may cause operator fatigue in certain 
instances. Alternatively, the bias may be too weak to 
provide sufficient sensitivity to produce tactile feed 
back to the operator indicative of the establishment of 
the requisite electrical contact. Similarly, such arrange 
ments may not produce the abrupt positive electrical 
contact desirable to achieve the desired electrical 
operation, and may be susceptible to problems of con 
tact bounce, particularly when the keyboard system is 
utilized for operating devices, such as electronic calcu 
lators, in which rapid actuation of the pushbutton 
members is contemplated and in which the establish 
ment of erroneous electrical contacts causes inaccurate 
results. 

Various devices have been proposed in order to al 
leviate such dif?culties and achieve abrupt positive 
electrical contact in response to actuation of a pushbut 
ton member, including devices which produce an audi 
ble indication in response to actuation, devices utilizing 
various types of sliding arrangements so as to effect 
wiping contact, etc. However, certain problems have 
still arisen. For example, the provision of audible indi 
cation of operation may result in an intolerable noise 
level, when a large number of such devices are being 
utilized in a relatively enclosed environment, or alter~ 
natively may make the device unsuitable for use in a 
relatively noisy environment, in which the audible indi 
cation could not be sensed. In addition, the provision of 
sliding type arrangements to effect wiping contact, may 
be subject'to durability problems in view of eventual 
mechanical wear of the contacts, the presence of con 
taminants which may interfere with electrical contact, 
etc. 

Moreover, an increasing need has developed in 
recent years for fabricating devices of this nature in 
which a high degree of miniaturization is achieved, as 
technological advances have permitted the fabrication 
of extremely small electronic systems. Such a need has 
become particularly critical in view of the current 
availability of semiconductor devices including an 
enormous number of circuit functions on material 
which may occupy less space than one of the pushbut 
ton members itself. Since the associated electronic cir 
cuitry required for electrical operation occupies a rela 
tively insigni?cant amount of space, it becomes im 
perative also to achieve an analogous reduction in size 
of the keyboard. 
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2 
It is an object of the present invention to provide an 

improved keyboard system adapted for selectively 
establishing electrical contacts in response to mechani 
cal actuation thereof. 

It is another object of the present invention to pro 
vide an improved pushbutton keyboard system in 
which actuation of individual pushbutton members 
establishes a positive electrical contact while providing 
a tactile feedback as an indication of the establishment 
of contact. 

It is still another object of the present invention to 
provide an improved pushbutton keyboard system in 
which a bridging electrical contact is established 
between conductive portions of the system by the 
establishment of a maximum de?ection of a bridging 
contact element in response to the application of a 
minimum amount of force. 

It is a further object of the present invention to pro 
vide an improved miniaturized pushbutton keyboard 
system which is extremely rugged and durable, is capa 
ble of e?‘ecting the generation of electrical information 
in response to actuation thereof, and is adapted for in 
corporation in an electronic calculator. 

Various additional objects and advantages of the 
present invention will become readily apparent from 
the following detailed description and accompanying 
drawings wherein: 

FIG. 1 is a plan view of one embodiment of a selec~ 
tively energizable keyboard system in accordance with 
the present invention; 

FIG. 2 is a vertical sectional view taken along lines 
2—2 of FIG. 1; 

FIG. 3 is a partial sectional view taken along lines 
3-3 of FIG. 2; 

FIG. 4 is a sectional view taken along lines 4-4 of 
FIG. 2; 

FIG. 5 is a graph of force vs. de?ection illustrating 
the mechanical energy produced by actuation of a 
pushbutton member; 

FIG. 6 is a partially broken away perspective view il 
lustrating an electronic calculator incorporating the 
keyboard system; and 

FIG. 7 is an exploded perspective view illustrating an 
alternative embodiment of a keyboard system similar to 
that illustrated in FIGS. 1-4. 

Referring generally to the drawings wherein cor~ 
responding elements in the various views are indicated 
by common reference numerals, and in particular, to 
FIGS. l-4, a keyboard system 8 in accordance with the 
present invention generally includes a non-conductive 
support member 10 having a plurality of conductive 
paths 12 arranged in a preselected pattern at a surface 
thereof, each of the conductive paths including an en 
larged contact portion or pad 14 at one end and a ter 
minal member 16 adjacent an opposite end thereof. 
Each of the conductive paths 12 is adapted to transmit 
electrical signals or information upon the establishment 
of an electrical contact with the contact pad 14, as will 
be subsequently explained in detail. A sheet or layer 18 
of conductive material is disposed in overlying relation~ 
ship with the surface of the support member 10 on 
which the conductive paths 12 are arranged, and is 
separated and electrically insulated therefrom by a 
relatively thin sheet of insulation material 20, having a 
plurality of apertures 21, which expose the contact 
pads 14. Electrical engagement is selectively 
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established between the pads 14 and the conductive 
layer 18 in response to de?ection of a plurality of con 
ductive elements 22, which are arranged in electrical 
contact with the conductive layer 18 and adapted to be 
de?ected in response to the application of a mechani 
cal force to provide a bridging electrical contact 
between the conductive layer 18 and one of the contact 
pads 14. Actuation of the conductive elements 22 to ef 
fect de?ection is accomplished by the application of 
mechanical force to one of a plurality of pushbutton 
members 26, one of such pushbutton members being 
associated with each of said conductive elements 22. 
The pushbutton members 26 are preferably maintained 
in abutment with the conductive elements 22 and are 
adapted to be moved from a retracted to an activating 
position which effects the establishment of the bridging 
electrical contact between the conductive layer 18 and 
one of the conductive pads 14. 
More particularly, the support layer 10 is fabricated 

of a relatively rigid, non-conductive material and is 
adapted to support the keyboard system, as well as as 
sociated electronic circuitry, power supplies, display 
means, etc., when the keyboard is to be incorporated in 
an electronic calculator unit. The sheet 18 of conduc~ 
tive material is of a generally planar con?guration and 
is disposed in spaced facing relationship with the pat 
tern of conductive paths. The sheet 18 includes a plu 
rality of annular contact areas 28 on its surface, the an 
nular contact areas circumscribin'g a plurality of aper 
tures 30 provided in the sheet 18. The contact areas 28 
are maintained in contact with each of the conductive 
elements 22 and are adapted to be electrically coupled 
to the conductive pads 14 upon actuation of a key 
member 26 which causes de?ection of its associated 
conductive element 22 to form a bridging electrical 
contact between the contact area 28 of the conductive 
layer 18 and one of the conductive pads. In this regard, 
the apertures 30 in the conductive sheet 18 preferably 
have a generally circular con?guration of 'a preselected 
diameter less than the size of the conductive elements 
22 so as to accommodate passage therethrough of the 
central portion of the conductive elements 22 upon 
de?ection, while the contact area 28 aids in restraining 
peripheral movement of the conductive element. Each 
of the conductive elements 22 is supported in axial re 
gistry with one of the apertures in the conductive layer 
18 in order to effect the establishment of a bridging 
electrical contact between the contact area 28 and 
hence, with the conductive layer 18, and asassociated 
conductive pad 14 in registration with the aperture 30 
in the conductive layer. In addition, the apertures 21 in 
the layer of insulation material 20, which is disposed in 
termediate the conductive layer 18 and the conductive 
paths 12, preferably have a generally circular configu~ 
ration and are each in axial registry with one of the 
apertures 30 and an associated portion of one of the 
conductive pads 14. The apertures 21 each have a 
preselected diameter which is less than or equal to the 
diameter of the apertures 30, and of a su?icient size to 
accommodate passage therethrough of the central por 
tion of the conductive element 22 upon de?ection 
thereof, such that electrical contact is established 
between the contact area 28 of the conductive layer 18 
and one of the conductive pads 14 through the conduc 
tive element 22, only upon de?ection thereof. 
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4 
Each of the conductive elements 22 is maintained in 

its respective position in axial registry with one of the 
conductive pads 14 and with one of the pushbutton 
members 26, such that peripheral movement of the 
conductive element 22 is restrained by the contact area 
28, and is also arranged such that lateral movement is 
restrained in order to permit the establishment of the 
aforementioned bridging electrical contact. In this re 
gard, the conductive elements 22 are supportingly car 
ried within a generally planar sheet of insulation 
material 34, which is disposed in overlying relationship 
with the conductive sheet 18 and preferably secured 
thereto to maintain the electrical contact between the 
conductive elements and the conductive sheet. More 
particularly, the sheet 34 includes a plurality of aper— 
tures 36 preferably of a circular con?guration having a 
preselected diameter approximately equal to that of 
each of the conductive elements 22, which preferably 
are of a generally circular or disc-shaped con?guration, 
so as to be accommodated within the apertures 36. Ac 
cordingly, the conductive elements are supported in 
close-?tting relationship within the aperture 36. In this 
regard, the rim of each of the conductive elements 22 
preferably is sealingly received within the wall de?ned 
by an associated one of the apertures 36 and is thus 
restrained against lateral motion while de?ection in 
response to an actuating force is permitted and contact 
with the annular contact area 28 of the underlying con 
ductive sheet 18 is maintained. Each of the apertures 
36 in the sheet 34 of insulation is in axial registry with a 
corresponding one of the apertures 30 in the conduc- ‘ 
tive layer 18, but is of a slightly larger diameter than the 
aperture 30 so as to expose the contact area 28 and 
permit essentially continuous electrical contact to be 
maintained between each of the conductive elements 
22 and the conductive sheet 18. Thus, upon de?ection 
of one of the conductive elements 22 in response to the 
application of an actuating force by its associated push 
button member 26, which is maintained generally in 
abutment with the surface thereof, the conductive ele~ 
ment establishes a bridging electrical contact between 
the conductive layer 18 and the associated conductive 
pad l4'which is exposed through the axially aligned 
apertures in the various sheets of material separating 
the conductive sheet from the conductive pads. 

Referring particularly to FIG. 2, one of the pushbut 
ton members designated by the numeral 26a is illus 
trated in an actuated or depressed condition such that 
the conductive element, designated by the reference 
numeral 22a, associated therewith is in a de?ected con 
dition establishing the aforementioned bridging electri 
cal contact between one of the contact pads and the 
conductive sheet 18. The individual pushbutton mem 
bers 26 may be symbolized as shown, in accordance 
with the electrical function accomplished by establish 
ing electrical contact between the conductive sheet 18 
and one of the conductive pads so that electrical infor 
mation may be transmitted along the conductive path 
associated with the pad to a circuit element or the like, 
to generate the electrical function. In FIG. 1, it may be 
seen that the various pushbutton members are sym 
bolized with the digits 1-9, as well as with symbols in 
dicative of various arithmetic operations, since the par 
ticular keyboard system illustrated is particularly 
adapted for use in an electronic calculator as will be ex 
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plained hereinafter. Each of the pushbutton members 
26, is normally in a non-operative or retracted position, 
and is adapted to be actuated into a contact establish 
ing position in response to the application of a 
predetermined mechanical force thereto as indicated 
by the position of the pushbutton member 26a, as 
previously explained. More particularly, each of the 
pushbutton members 26 includes a force applying sur 
face 38 opposite to the exposed symbolized surface, the 
surface 38 being arranged in abutment with a cor 
responding conductive element 22. In this connection, 
each pushbutton member preferably includes a 
generally cylindrical protrusion 39, integrally depend— 
ing from the exposed surface for transmitting applied 
actuating force to the conductive element. Ac 
cordingly, upon operation of a pushbutton member 26 
by the application of an actuating force, such as in 
response to manual depression by an operator, the 
pushbutton member 26 transmits the applied force 
through the cylindrical protrusion 39 and the surface 
38 to the conductive element 22 to effect de?ection 
thereof as shown by the position of the pushbutton 
member 26a to cause the conductive element to be 
de?ected into the position which it establishes bridging 
electrical contact between the conductive sheet 18 and 
one of the conductive pads 14. 
The pushbutton members are preferably fabricated 

of a relatively resilient material such as elastomers in 
order to permit the storage of a preselected amount of 
force within the material comprising the pushbutton 
member during actuation so as to achieve an abrupt 
and positive de?ection of the conductive element. In 
the illustrated embodiment, the pushbutton members 
26 are formed of a unitary body of material to facilitate 
fabrication, although other con?gurations may be 
suitable as indicated hereinafter in connection with 
FIG. 7. In those instances, in which the keyboard 

. system is adapted to be manually actuated by an opera 
tor, a certain amount of force may be also stored in the 
?esh of the contacting finger tips of the operator so as 
to increase the storage of force in order to further 
enhance the positive de?ection of the conductive ele 
ment. In this regard, reference may be made brie?y to 
the force-de?ection curve of FIG. 5 in which applied 
force in ounces is shown plotted against de?ection in 
thousandths of inches in connection illustrative of the 
de?ection operation of one of the conductive elements 
22. As may be seen, force and de?ection initially in 
crease in an almost linear relationship, as indicated by 
the portion 40 of the curve, and reach a peak at a por 
tion 42 at which point the curve exhibits a negative 
slope region 44 during which de?ection increases with 
a decreasing force eventually approaching a minimum 
point or valley 46 at which the relationship reverses 
and de?ection once again increases in response to the 
increasing force, as shown by the portion 48 of the 
curve. In accordance with an important feature of the 
present invention, the pushbutton members are 
preferably arranged, as previously explained, such that 
a preselected amount of force is stored within the 
mechanism itself in order to effect de?ection of the 
conductive element along the negative slope portion 44 
of the curve illustrated in FIG. 5, and preferably at a 
point which approaches or is at the minimal point 46 at 
which maximum de?ection is achieved in response to a 
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6 
minimum level of applied force. Such an effect is ob 
tained as a result of the arrangement of the various ele 
ments comprising the keyboard system 8, which per 
mits energy storage within the pushbutton member it 
self due to its resiliency as well as in the resilient ?esh 
of the operator, thereby achieving de?ection operation 
along the negative slop portion 44 at a point near or at 
the valley 46 of the curve. 

Referring in detail to the conductive elements 22, it 
may be seen that each of these elements preferably is 
formed of a segment of a hollow body having a double 
curved outer surface such as a segment of an oblique 
spheroid and is illustrated including a generally convex 
surface of curvature 50, when in an unactuated or rest 
state. In this regard, a fundamental criteria in selecting 
the shape of the conductive element is that the surface 
has an over-center position, when its central position is 
subjected to an axial force, and the surface automati 
cally returns to its original position upon removal of the 
force, to wit, the element has memory. It is contem 
plated that segments of other hollow bodies having 
double curved surfaces may be utilized in forming the 
conductive elements, such as hyperboloids, parabo 
loids, etc., providing the above fundamental criteria are 
met. The force applying surface 38 of the pushbutton 
member 26 is preferably arranged such that it is con 
tiguous or in abutment with the central portion of this 
surface 50 and in a preferred embodiment of the 
present invention, the surface 38 of the pushbutton 
member 26 contacts approximately one-third of the 
surface area of the surface 50 of the element 22 during 
the application of force to the conductive element so as 
to maximize the force being applied thereto. In addi 
tion, the element 22 may be provided with a generally 
dimpled protuberance 52 which depends from the op 
posite surface thereof and is arranged in axial registry 
with the aperture 21 in the insulating sheet 20 and is 
also arranged in registry with one of the conductive 
pads 14 such that upon de?ection of the element 22, 
the protuberance 52 makes a positive electrical contact 
with the conductive pad 14 so as to effectively establish 
the bridging electrical contact between the conductive 
pad and the conductive sheet 18 through the conduc 
tive element 22. The conductive element is arranged as 
shown ad described so that it may undergo a snap-ac~ 
tion de?ection into an over-center position as shown by 
the position of element 22a, as previously mentioned, 
the amount of de?ection accompanying such a snap 
action motion into the over-center position being suffi 
cient to permit the bridging electrical contact to be 
established between the underlying conductive pad and 
the conductive sheet. As a result of this snap-action 
de?ection into the over-center position, an abrupt, in 
stantaneous and positive electrical contact is made in 
which contact bounce is precluded so as to avoid the 
possibility of inadvertent multiple electrical inputs. 
Furthermore, as a result of this snap-action de?ection, 
a tactile feedback is provided which may be sensed in 
the ?ngertips of the operator actuating a particular 
pushbutton. Moreover, an audible acknowledgement 
of de?ection also accompanyingv the snap-action 
de?ection may be sensed by an operator to provide a 
further indication that a pushbutton member has been 
actuated to supply a desired electrical input. 
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Thus, it may be seen that in operation, upon actua 
tion of a selected pushbutton member 26 by the appli 
cation of a suf?cient mechanical force thereto, snap 
action de?ection of an associated conductive element 
22 is producedto cause the conductive element to be 
de?ected into an over-center position in which its sur 
face of curvature 50 is transformed from a convex con 
?guration to a concave con?guration, as indicated by 
the position of element 22a, thereby establishing a posi 
tive instantaneous bridging electrical contact between 
the conductive sheet 18 and an associated conductive 
pad so as to permit an electrical signal tobe transmitted 
along one of the conductive paths to a terminal 
member 16. In this connection, it should be noted that 
the conductive sheet 18 may be connected, if desired, 
to a source of electrical energy to supply signals to a 
conductive pad for transmission along a conductive 
path to a terminal member upon the establishment of 
electrical contact due to de?ection of a conductive ele 
ment 22, the sheet 18 may be connected to a source of 
input information, such as a computer, etc., depending 
upon the use to which the system is to be put. 
The support member 10 may be formed of a suitable 

insulating material having the conductive pattern ar 
ranged at the surface thereof, in a con?guration slightly 
raised from the surface thereof, as shown, so as to per 
mit the establishment of a positive electrical contact 
between the conductive sheet 18 and a selected con 
ductive pad upon de?ection of a conductive element 
22. In this regard, the support member 10 may com 
prise a conventional printed circuit board formed of a 
relatively rigid insulating material with the conductive 
pattern laid down utilizing conventional techniques, 
such as masking, etching, engraving, etc. The insulating 
layer 20 may be formed of a suitable, non-reactive insu 
lation material, such as polyethylene terephthalate, 
commonly sold under the trademark Mylar, and is 
preferably disposed in sealed relationship intermediate 
the conductive sheet 18 and the surface of the support 
board 10 at which the conductive paths are arranged. 
This may be accomplished by providing an adhesive 
backing or the like on sheet 20. The conductive sheet 
18, which is disposed intermediate the insulating layer 
34 and the insulating sheet 20 may be suitably bonded 
to the insulating layer 20 by utilizing a suitable adhesive 
on the underside of the conductive sheet 18 and 
similarly may be bonded to the insulating layer 34 
utilizing a suitable adhesive arranged on the underside 
of the insulating layer 34. The integral sheet comprising 
the pushbutton members may be secured in position by 
an adhesive which bonds the edges thereof to the sup 
port member 10. 

In one example of a device such as that shown in 
FIGS. 1-4 which has been fabricated, the supporting 
board 10 is formed of a preselected insulating material 
such as epoxy bonded glass cloth generally sold under 
the trade description G-l0 by the Formica Company. 
This material has a thickness of approximately one-six 
teenth inch while its lateral dimensions'are approxi 
mately 2% inches X 3 inches. The conductive paths are 
laid down in a preselected pattern on the surface of the 
support 10, using conventional deposition techniques 
and are preferably formed of gold-plated copper having 
a thickness of approximately 0.003 inch. The insulating 
layer 20 disposed intermediate the surface of the sup 
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8 
port board 10 and the conductive layer 18 is fabricated 
of a material such as polyethylene terephthalate com 
monly sold under the trade namer Mylar, and has a 
thickness of approximately 0.0045 inch. The conduc 
tive layer 18 is formed of gold-plated brass having a 
thickness of approximately 0.002 inch. The insulating 
layer 34 which supportingly carries the conductive ele 
ments 22 is also fabricated of epoxy bonded glass cloth 
such as that commonly sold under the trade designation 
G-l0 by the Formica Company. The conductive ele 
ments 22 which are restrained within the apertures 36 
in the non-conductive layer 34 comprise discs of gold 
plated type 302 stainless steel having a thickness of ap 
proximately 0.004 inch while the thickness of the 
protuberance 52 is also approximately 0.004 inch and 
the diameter of the disc is approximately 0.375 inch. 
The key members 22 are preferably fabricated of an in 
tegrally molded unit of a resilient elastomer which per 
mits separate individual movement of each of the key 
members without affecting the position of other push 
button members in view of the resiliency of the materi 
al. 

Referring to FIG. 6, a keyboard system 8, such as 
that shown in FIGS. l-4, is illustrated incorporated 
within an integral self-contained electronic calculator 
unit 53. More particularly, the embodiment illustrated 
is shown partially broken away to depict the provision 
of a plurality of semiconductor devices 54, such as in 
tegrated circuits. In the illustrated embodiment, the 
semiconductor devices 54 are supported on the same 
surface of the support member 10, on which the pat 
tern of conductive paths are arranged. Each of the 
semiconductor devices 54 includes a plurality of circuit 
elements 56 at a surface thereof with selected ones of 
the circuit elements being electrically connected to 
selected terminal members 16 by the provision of suita 
ble whisker wire leads 58. In addition, a suitable energy 
source (not shown) may be also supported by the board 
and coupled to the semiconductor devices. Suitable in 
dicating means, including a display window 60, may be 
coupled to the semiconductor device 54 and arranged 
to provide visual indication of a particular electronic 
function generated in response to actuation of one of 
the pushbutton members 26 of the calculator unit. 
Similarly, if desired, other types of indicating systems 
could be provided, such as heat sensitive paper adapted 
to be imprinted with information in response to actua 
tion of a pushbutton member, a tape punching ap 
paratus, etc. It may be noted that for the sake of sim 
plicity, only several circuit elements 56 and whisker 
wire lead connections have been illustrated, but it is 
contemplated that semiconductor devices utilizing 
enormous numbers of circuit elements may be em 
ployed in order to provide a complete electronics 
system for a self-contained calculator unit. Thus, in 
operation of the electronic calculator 53 illustrated in 
FIG. 6, upon actuation of one of the pushbutton mem 
bers 26 by depression thereof, a bridging electrical con 
tact is established between the conductive sheet which 
may be coupled to a source of energy, or source of 
electrical information, etc., and one of the conductive 
pads through one of the conductive elements 22. Elec 
trical information is then transmitted along the as 
sociated conductive path to one of the terminal mem 
bers l6 and thence, to a selected one of the circuit ele 
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ments 56, while appropriate output information is 
visually indicated in the display window 60. Additional 
speci?c details regarding the general mode of opera 
tion of electronic calculators actuated in response to 
the application of an electrical signal and the provision 
of a visual or other indication of operation are provided 
in various sources and accordingly, a detailed descrip 
tion of such operation is not set forth herein. 

Referring now to FIG. 7, an alternative embodiment . 
of keyboard system similar to that illustrated in FIGS. 
1—4 is shown. This keyboard system is essentially 
identical to that illustrated in FIGS. 1-4, except for the 
provision of a different type of pushbutton member and 
supporting carriage therefore. More particularly, the 
support member 10 including the conductive pads 14, 
the conductive paths l2 and the terminal members ar 
ranged in a preselected pattern at the surface thereof, is 
generally similar to that shown in FIGS. 1-4 as is the 
overlying insulating layer 20, including the apertures 
21 therein, exposing the conductive pads. Similarly, the 
conductive sheet 18, having apertures 30 therein is pro 
vided overlying the insulating layer 20 to accommodate 
deflection of the conductive elements 22, when the 
bridging electrical engagement is established between 
the conductive sheet 18 and one of the conductive pads 
14. The insulating layer 34 having the plurality of aper 
tures 36 therein for sealingly receiving the conductive 
elements 22, is also provided, although only one of the 
conductive elements 22 is shown for the sake of sim~ 
plicity. However, rather than includinga plurality of 
generally circular shaped pushbutton members in 
tegrally formed of a molded elastomer material such as 
illustrated in connection with FIGS. 1-4, aplurality of 
separate individual pushbutton members 64 are pro 
vided, each of which is appropriately symbolized at an 
exposed surface and which includes an opposed 
protruding surface 66, depending from the main body 
portion thereof and maintained in abutment with the 
central region of the conductive element 22 for effect~ 
ing de?ection in response to actuation of the pushbut 
ton member 64. Each of the key members is sup 
portingly carried within a support casing 68 having a 
generally planar surface from which the exposed sur 
faces of the pushbutton member 64 project. The sup 
port casing 68 may be fabricated of a relatively rigid 
non-conductive material or the like. In this regard, 
each of the pushbutton members 64 includes a ?anged 
portion 70, which in the illustrated embodiment, is ar 
ranged integrally extending from opposed lower edge 
surfaces thereof, these ?anged portions being adapted 
to be received within appropriate receiving channels or 
slots 72 in the casing 68 to preclude lateral motion 
while permitting movement normal to the planar sur 
face of the casing 68 upon actuation. More particu 
larly, the ?anged portions 70 are appropriately 
restrained within the slots 72 to prevent lateral move 
ment of the pushbutton members 64, while permitting 
movement of the pushbutton members from a retracted 
to an actuating position in response to the application 
of a mechanical force to the exposed surfaces thereof, 
similarly to the previous embodiment. Operation of the 
system illustrated in FIG. 7 is essentially identical to the 
embodiment illustrated and described in connection 
with FIGS. l-4. Accordingly, upon actuation of a 
selected pushbutton member, the conductive element 
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22 is similarly caused to execute a snap-action de?ec 
tion into its over-center position in which it establishes 
bridging electrical contact between the conductive 
sheet 18 and an associated conductive pad which is ex 
posed through the aligned apertures in the various 
layers comprising the keyboard system, in the manner 
previously explained. 

Thus, a unique keyboard system has been described 
in detail in which a particularly advantageous snap-ac 
tion bridging electrical contact is provided, as well as 
the incorporation of such a keyboard system in an elec 
tronic calculator. 

Various changes and modi?cations in the above 
described invention will be readily apparent to those 
skilled in the art and any of such changes or modi?ca 
tions are deemed to be within the spirit and scope of 
the present invention, as set forth in the appended 
claims. 

I claim: 
1. A selectively energizable keyboard system com 

prising 
a set of selectively operable pushbutton members 
each movable in one direction from a retracted to 
an activating position, each of said pushbutton 
members having an exposed surface adapted to 
receive the application of a preselected mechani 
cal force to effect movement into said activating 
position and having an opposed surface adapted to 
transmit said force, 
set of conductive elements in registration with 
respective opposed surface of said pushbutton 
members, each of said elements having a dished 
surface of curvature when in an unactuated condi 
tion, said surface being in abutment with said op 
posed surface of one of said pushbutton members 
and adapted to be de?ected into an over-center 
position in response to the application of said 
preselected force transmitted by actuation of said 
pushbutton member, 

a generally planar conductive member disposed ad~ 
jacent said set of conductive elements, said con 
ductive member including a plurality of contact 
sections arranged in electrical contact with said 
conductive elements, and 
support member having a plurality of conductive 
paths arranged at a surface thereof in spaced fac 
ing relationship with said plurality of sections of 
said conductive member, selected ones of said 
conductive paths being electrically connected to 
said conductive member through a bridging elec 
trical connection established between said con 
ductive member and one of said conductive ele 
ments only when said conductive element is in an 
over-center position. 

2. A system in accordance with claim 1 wherein 
means are provided for supportingly carrying and 
restraining said set of conductive elements against 
lateral movement relative to. said opposed surfaces of 
said pushbutton members and relative to said conduc 
tive paths to assure positive electrical contact between 
said conductive elements and said selected conductive 
paths through said conductive elements in response to 
actuation of preselected pushbutton members. 

3. A system in accordance with claim 1 wherein said 
conductive elements preclude electrical contact 
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between said conductive paths and said conductive 
member until respective conductive elements are sub 
jected to said preselected force required for de?ection 
into its over-center position in response to actuation by 
an associated pushbutton member, said preselected 
force being at least partially stored to effect an abrupt 
snap~action de?ection of said conductive element into 
its over-center position, thereby effecting a positive in-' 
stantaneous electrical contact between said conductive 
member and said selected conductive path through said 
conductive element. 

4. A system in accordance with claim 3 wherein said 
pushbutton members are adapted to be individually 
manually actuatable and said conductive elements are 
adapted to produce a tactile stimulation transmittable 
through said associated pushbutton member in 
response to the snap-action de?ection into the over 
center position. 

5. A system in accordance with claim 3 wherein each 
of said conductive elements is of a generally circular 
con?guration having a preselected diameter, said con~ 
ductive member includes a plurality of generally circu 
lar apertures, said apertures being in axial registration 
with said conductive elements and having a diameter 
less than said preselected diameter but sufficient to ac— 
commodate de?ection of the central portion of said 
conductive elements therethrough, and at least a por 
tion of each of said conductive paths is arranged in re 
gistration with said apertures to permit the making of a 
bridging electrical connection between each of said 
paths and the conductive member through the conduc 
tive element in response to de?ection thereof. 

6. A system in accordance with claim 5 wherein each 
of said apertures in said conductive member is de?ned 
by an annular contact area circumscribing said aper 
ture, said annular contact area being in electrical con 
tact with an associated one of said conductive elements 
to effect selective electrical contact between the con 
ductive path in registration with said aperture and said 
annular contact area through said conductive element. 

7. A system in accordance with claim 6 wherein each 
of said conductive elements is provided with a 
generally centrally located protuberance facing one of 
said conductive paths through said apertures in said 
conductive elements to enhance electrical engagement 
between said conductive element, said conductive 
member, and said conductive path. 

8. A system in accordance with claim 7 wherein a 
layer of insulating material is disposed intermediate 
said conductive member and the surface of said 
member at which said plurality of conductive paths are 
arranged, said layer of insulating material having a plu 
rality of apertures of a preselected size in axial registra 
tion with said apertures in said conductive members 
and with said conductive elements, said apertures in 
said layer of insulation material each being of a size sufp 
?cient to permit passage therethrough of said protube 
rance on said conductive element into electrical con 
tact with one of said conductive paths to effect the 
establishment of a bridging electrical contact between 
said conductive member and said conductive path 
when said conductive element is de?ected into its over 
center position. 1' 

9. A system in accordance with claim 6 wherein a 
generally cylindrical protrusion is provided de?ning 
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12 
said opposed surface of each of said pushbutton mem 
bers for selectively engaging said conductive elements 
in response to actuation of said pushbutton member, 
said protrusion being in axial alignment with an as 
sociated conductive element and having a surface of 
engagement with said conductive element of a diame 
ter having an area equal to approximately one-third of 
the surface area of the conductive element in order to 
cause snap-action de?ection of said conductive ele 
ment thereby effecting positive establishment of the 
bridging electrical contact in response to actuation of 
said pushbutton member. 

10. A system in accordance with claim 9 wherein 
said pushbutton members are fabricated, at least in 
part, of a resilient material adapted to store energy in 
response to mechanical actuation, said stored energy 
being transmitted to an associated conductive element 
upon engagement with said opposed surface of said 
pushbutton member to produce a positive snap-action 
de?ection of said conductive element into electrical 
contact with said conductive member and one of said 
selected conductive paths. 

11. A system in accordance with claim 3 wherein 
each of said pushbutton members is symbolized in a 
manner indicative of the electronic function 
established by the conductive path electrically con 
tacted by said conductive member in response to actua 
tion of said pushbutton member. 

12. A system in accordance with claim 11 wherein 
terminals pads are provided at preselected locations on 
said support member in electrical contact with said 
conductive paths and in registration with said conduc 
tive elements and at least one semiconductor device is 
provided having a plurality of circuit elements at a sur 
face thereof adapted to be electrically coupled to 
selected terminal pads, said circuit elements being 
adapted to generate selectedelectrical functions in 
response to the electrical contact established between 
said conductive layer and a conductive path upon ac 
tuation of a pushbutton member. 

13. A system in accordance with claim 12 wherein 
said conductive layer is adopted to be connected to a 
source of electrical power so as to effect electrical 
energization of selected circuit elements of said 
semiconductor device in response to actuation of a 
pushbutton member. 

14. A system in accordance with claim 13 wherein 
means are provided for generating an indication of the 
electrical function represented by actuation of a push 
button member. 

15. A system in accordance with claim 13 wherein 
said support member for said conductive paths com 
prises a relatively rigid layer of insulation material, and 
said terminal pads include enlarged contact portions 
de?ned by integral extensions of said conductive path, 
said semiconductor device is supported on said rigid 
layer of insulation material adjacent said terminal pads, 
and said means for generating an electrical function are 
supported on said rigid layer of insulation material. 

16. A pushbutton keyboard system adapted to 
generate electrical information in response to actuation 
thereof comprising 
a support member having a generally planar surface 

at which a plurality of conductive paths are ar 
ranged in a preselected pattern and adapted to 
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transmit electrical information in response to ener 
gization thereof, 

a generally planar sheet of conductive material 
disposed in spaced, facing relationship with said 
pattern of conductive paths, said sheet of conduc 
tive material including a plurality of contact areas 
adapted to be selectively electrically coupled to 
portions of said conductive paths for effecting 
energization thereof, 
plurality of selectively actuatable conductive ele— 
ments disposed in electrical contact with said con 
tact areas and in selective disengagement with said 
portions of said conductive paths, said conductive 
elements being adapted to be individually 
de?ected into a position of engagement with said 
portions of said conductive paths in response to 
the application of a preselected de?ecting force 
thereto, thereby e?ecting an instantaneous 
bridging electrical contact between said conduc 
tive sheet and one of said conductive paths, and 

means for applying the preselected de?ecting force 
to said conductive elements including a plurality of 
pushbutton members adapted to be manually actu~ 
ated to apply the preselected deflecting force to 
said conductive elements to effect, de?ection 
thereof into said position of engagement with said 
conductive paths, each of said pushbutton mem 
bers including a force applying surface adjacent an 
associated conductive element and an exposed 
surface adapted to be symbolized in a manner in 
dicative of the electrical information to be trans 
mitted by the establishment of electrical contact 
between said conductive layer and said portion of 
said conductive path. 

17. A system in accordance with claim 16 wherein 
said conductive elements are each of a generally circu 
lar con?guration having a convex surface of curvature 
in facing engagement with the force applying surface of 
said pushbutton member, said convex surface being 
adapted to be de?ected into a concave con?guration in 
response to the application of the preselected force by 
said force applying surface, thereby establishing the 
bridging electrical contact between said conductive 
layer and one of said conductive paths. 

18. A system in accordance with claim 16 wherein 
said conductive element is adapted to be deflected a 
maximum distance in response to the application of 
minimum preselected de?ecting force. 

19. A system in accordance with claim 17 wherein 
means are provided for supportingly carrying said con 
ductive elements in a manner permitting snap-action 
de?ection of said convex surface into a concave sur 
face while precluding lateral movement of said conduc~ 
tive elements to maintain alignment between said con 
ductive elements and said portions of said conductive 
paths. 

20. A system in accordance with claim 19 wherein 
said means for supportingly carrying said conductive 
elements comprises a sheet of insulation material hav 
ing a plurality of apertures for accommodating said 
conductive elements and the rims of said conductive 
elements are maintained in generally sealed relation— 
ship with the walls of said apertures to permit de?ec 
tion of said conductive elements through said apertures 
in response to actuation by said pushbutton members. 
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21. A system in accordance with claim 20 wherein 

said conductive sheet is disposed between said sheet of 
insulation material carrying said conductive elements 
and said generally planar surface of said support 
member, said conductive sheet having a plurality of 
apertures in axial registration with said apertures in 
said sheet of insulation material, said apertures in said 
conductive sheet being of a smaller diameter than said 
apertures in said sheet of insulation material to define 
annular contact areas circumscribing said apertures in 
said sheet of conductive material, said annular contact 
areas being in engagement with said conductive ele 
ments and adapted to permit de?ection of the central 
portion of the conductive elements through said aper 
tures while restraining peripheral movement of said 
conductive elements. , 

22. A system in accordance with claim 21 wherein a 
spacer sheet of insulation material is provided inter 
mediate said conductive sheet and said pattern of con 
ductive paths at said generally planar surface of said 
support member, said spacer sheet having a plurality of 
apertures in axial registration with said apertures in 
said sheet of conductive material and exposing said 
portions of said conductive paths, said apertures in said 
spacer sheet being of a diameter equal to or less than 
the diameter of said apertures in said conductive sheet 
to maintain said conductive layer electrically insulated 
from said conductive paths until de?ection of said con 
ductive elements is effected to establish the bridging 
electrical contact between said annular contact areas 
of said conductive layer and said exposed conductive 
paths through said apertures in said spacer sheet. 

23. A system in accordance with claim 22 wherein 
said generally conductive elements each include a dim 
pled protrusion extending toward said conductive 
paths, said protrusions being of a size less than the size 
of said apertures in said spacer sheet and being adapted 
to pass through said apertures in response to de?ection 
of said conductive elements so as to facilitate the 
establishment of electrical contact with said conductive 
paths. 

24. A system in accordance with claim 23 wherein 
said support member comprises a sheet of epoxy 
bonded glass cloth, said conductive paths comprise 
gold-plated copper, said spacer sheet comprises 
polyethylene terephthalate resin, said conductive sheet 
comprises gold-plated brass, said conductive elements 
comprise gold-plated type 302 stainless steel, said sheet 
of insulation for carrying said conductive elements 
comprises epoxy bonded glass cloth and said pushbut 
ton key members comprise an elastomer. 

25. A system in accordance with claim 24 wherein 
said gold-plated copper conductive paths have a 
thickness of approximately 0.003 inches, said spacer 
sheet has a thickness of approximately 0.0045 inches, 
said gold-plated brass conductive sheet has a thickness 
of approximately 0.002 inches, said conductive ele 
ments have a thickness of approximately 0.004 inches, 
said sheet of epoxy bonded glass cloth has a thickness 
of approximately 0.015 inches, and said dimpled 
protrusion extends approximately 0.004 inches from 
the surface of said conductive element. 

26. A system in accordance with claim 22 wherein a 
plurality of terminal members are provided at 
preselected locations adjacent one end of said support 
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layer in electrical contact with said conductive paths, at 
least one semiconductor device is disposed adjacent 
said one end of said support layer having a plurality of 
circuit elements at a surface thereof electrically cou 
pled to selected terminal members, said circuit ele 
ments being adapted to perform electrical ‘functions in 
response to the establishment of electrical contact 
between said conductive sheet and one of said conduc 
tive paths upon de?ection of a conductive element, 
thereby generating the electrical information. 

27. A system in accordance with claim 26 wherein 
said conductive sheet is adapted to be electrically con 
nected to a source of electrical power so as to selective 
ly supply electrical power to said circuit elements upon 
the establishment of contact between said conductive 
sheet and said conductive paths through said conduc 
tive elements. 

28. A system in accordance with claim 27 wherein 
means are provided supported by said support member 
electrically coupled to said semiconductor device for 
generating an indication of the electrical information 
generated by actuation of one of said pushbutton mem 
bers. 

29. In an electronic calculator; 
a pushbutton keyboard system adapted to enter elec 

trical information in response to actuation, said 
keyboard system including a support member hav 
ing a generally planar surface at which‘ a plurality 
of conductive paths are arranged in a preselected 
pattern and adapted to transmit electrical informa~ 
tion in response to energization thereof, a 
generally planar sheet of conductive material 
disposed in spaced, facing relationship with said 
pattern of conductive paths, said sheet of conduc 
tive material including a plurality of contact areas 
adapted to be selectively electrically coupled to 
portions of said conductive paths for effecting 
energization thereof, a plurality of selectively ac 
tuatable conductive elements disposed in electri 
cal contact with said contact areas and in selective 
disengagement with said portions of said conduc 
tive paths, said conductive elements being adapted 
to be individually de?ected into a position of en 
gagement with said portions of said conductive 
paths in response to the application of a 
preselected de?ecting force thereto, thereby ef 
fecting an instantaneous bridging electrical con 
tact between said conductive sheet and one of said 
conductive paths, and means for applying the 
preselected de?ecting force to said conductive ele 
ments including a plurality of pushbutton members 
adapted to be manually actuated to apply the 
preselected de?ecting force to said conductive ele 
ments to effect de?ection thereof into said posi 
tion of engagement with said conductive paths, 
each of said pushbutton members including a force 
applying surface adjacent an associated conduc 
tive element and an exposed surface adapted to be 
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of electrical contact between said conductive layer 

- and said portion of said conductive path; 
at least one semiconductor device supported on said 

support member, said semiconductor device hav 
in a luralit of circuit elements t a surf ce thgreofz electilically coupled to saicii conductive 
paths, said circuit elements being adapted to 
generate electrical signals in response to electrical 
information applied thereto from said conductive 
paths upon the establishment of electrical contact 
between said conductive sheet and said conductive 
paths; and 

indicating means supported by said support member 
in communication with said semiconductor device 
for providing an indication of the electrical signals 
generated in response to information applied to 
said circuit elements. ‘ 

30. A multiple switching system comprising in com 
bination: 

a plurality of spaced actuating members selectively 
movable from a ?rst to a second position; 
plurality of contact elements respectively con 
tiguous with said actuating members, each of said 
elements having a double curved outer surface 
with a selected area thereof being contiguous to a 
selected portion of said actuating members, said 
elements being selectively movable from a ?rst to 
a second position in response to selective move 
ment of said actuating members; 

a support member adjacent to but spaced from said 
elements and having a plurality of spaced contacts 
formed thereon respectively positioned adjacent 
to but spaced from said elements; 

an array of conductive areas respectively arranged 
intermediate said elements and said contacts; and 

means for holding said actuating members, said ele 
ments, said support member, and said conductive 
areas in relative position; 

whereby when said actuating members are selective 
ly moved from their ?rst to their second position, 
said respective element is moved from its ?rst to its 
second position into contact with its respective 
spaced contact and electrically connects its 
respective conductive area to its respective spaced 
contact and when ‘said actuating members are 

8. 

selectively moved from their second to their first _ 
position, said respective element automatically 
moves from its second to its ?rst position out of 
contact with its respective spaced contact and 
electrically disconnects its respective conductive 
area from its respective spaced contact. 

31. The multiple switching system’ of claim 30 
wherein each of said contact elements have an over 
center second position when a selected portion thereof 
is subjected to an axial force, said elements automati 
cally returning to their ?rst position when said axial 
force is removed. 

32. The multiple switching system of claim 31 
wherein each of said contact elements are segments of 

symbolized in a manner indicative of the electrical 60 an Oblique spheroid. 
information to be transmitted by the establishment 
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