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piezoelectric polymer film having electrodes on both surfaces thereof.
US-A-3,940,637 also dis- Technical Field
closes two such polymer films having electrodes The present invention
relates generally to elec-  on opposing surfaces thereof with the film
layers trical switches, and more particularly to non-    5    being
separated by an insulating layer and in contact piezoelectric switches and
interface cir-   which the two outer sets of electrodes are cuits therefor.
adapted to be connected to ground potential. Other examples of
piezoelectric non-contact Background Art
switches include US-A-3,382,338, (Arseneault, Switches are increasingly
being used in a    10   et al) Push Button Actuator for Elastomeric variety
of application and particularly in groups   Switch, issued May 7, 1968;
US-A-/3,798,473 for the control of household appliances, industrial
(Murayama, et al) Polymer-Type Electro-Acoustic control applications, and
alphanumeric key-         Transducer Element, issued March 19, 1974; and
boards, for example. For these applications, a      US-A-3,832,580
(Yamamuro, et al) High Mole- small size low cost, high reliability switch,
which   15   cular Weight, Thin Film Piezoelectric Transducers, is
relatively insensitive to outside electromagnetic  issued August 27, 1974.
interference, is desired.                             A  disadvantage  to
the  above-described Conventional metal contact switches have, of
apparatus, especially when configured in a multi- course, been used for
some time. With these         layer piezoelectric polymer film structure is
that conventional metal contact switches, the contact   20   the devices
are not shielded and are therefore resistance tends to increase with age,
and also is  sensitive  to  outside  electromagnetic  dis- affected by
external environmental conditions,      turbances. Since the signal
generated by the such as temperature and moisture. This tends to
strained piezoelectric polymer film material is create long-term
reliability problems due to       relatively small the device is
particularly sensitive increasing contact resistance. An example of a    25
to outside interference. multiple contact switching apparatus is US-A-
Since the signal pulse generated by the strained 3,240,885 (Grunfelder, et
al) Multiple Switching    piezoelectric polymeric material is relatively
Apparatus, issued March 15, 1966.                   small, it therefore
needs to be amplified by Non-contact switches have also existed for
associated electronic circuitry in order to produce some time. An example
of such a non-contact   30   a signal which may be transmitted to other
touch switch would be a capacitance sensor.         electronic components
to indicate switch closure. However, in order for capacitance sensors to
work   An example of such associated electrical circuitry properly, the
touch surface must be kept clean      is illustrated in US-A--4,078,187,
(Kanisawa, et from dirt, grease, or other contaminants. Further,  al)
Piezoelectric Switching Device, issued March the capacitance sensor might
not work if the    35   7, 1978. A disadvantage in this electrical circuit,
operator is wearing gloves. A still further dis-    however, is that it is
not as sensitive as possible, advantage with capacitance sensors is that
most     and its threshold is not readily adjustable. are not readily
configured into a matrix array, and further that they provide no tactile
sensation of    Disclosure of Invention switch activation.
40     According to this invention there is provided a To solve some of
these problems, non-contact       pressure sensitive apparatus for
producing elec- piezoelectric switches have been developed. In      trical
signals on two electrodes, comprising a first general, an impact imparted
upon a piezoelectric    conductive layer adapted to be connected to ceramic
generates a voltage which may be            ground potential; a first
piezoelectric polymer utilized to indicate switch closure. Examples of   45
film layer disposed adjacent to said first conduc- these  piezoelectric
switches  are  US-A-          tive layer; a first electrode layer having at
least 4,078,187  (Kanisawa) Piezoelectric Switching        one electrode
and disposed on the opposite side Device, issued March 7, 1978;
US-A-3,648,279        of said first piezoelectric polymer film layer from
(Watson) Multielectrode Transducer Element,         the first conductive
layer; a second electrode issued March 7, 1972; and US-A-3,303,290    so
layer having at least one electrode; a second (Suloway) Signaling
Arrangements Employing           piezoelectric polymer film layer disposed
adja- Piezoelectric Devices. An improved type of non-     cent to said
second electrode layer; an insulating contact piezoelectric switch has
replaced the       layer separating the two film layers; and a second
piezoelectric ceramic material with a piezoelectric  conductive layer
adapted to be connected to polymeric material; for example, polyvinylidene
55   ground potential and disposed on the opposite fluoride. Some of these
piezoelectric polymeric      side of said second piezoelectric polymer film
switches have been arranged in keyboard type        layer from the second
electrode layer charac- arrangements. An example is US-A-3,935,485
terized by said first electrode layer and the second (Yoshida, et al)
entitled "Piezoelectric Key Board  electrode layer are disposed adjacent to
said Switch" issued January 27, 1976, which includes   60   insulating
layer. a single layer of piezoelectric polymer film having   The
piezoelectric polymer film layer may be electrodes on both surfaces. A
second example is     constructed of polyvinylidene fluoride and the
US-A-3,940,637 (Ohigashi, et al) Polymeric          apparatus may also
further include support layers Piezoelectric  Key  Actuated  Device, issued
sandwiching the layers previously described, 



February 24, 1976, which also includes a single   65   each having an
opening at the position where the    3                   0 044 342
4 two electrodes are located. The layers can be        Brief Description of
the Drawings integrally bonded together or the layers may be        The
foregoing objects, advantages, construc- held together by the mechanically
affixing of the    tion and operation of the present invention will support
layers to each other or by a combination     become more readily apparent
from the following thereof.                                        5
description  and  accompanying  drawings in The layered structure just
described may be        which: constructed by taking an insulating layer
and          Figure 1 is a cross sectional view of the layered sandwiching
that insulating layer between two        structure of the non-contact
piezoelectric switch; piezoelectric polymer films, each having one of
Figure 2 is an exploded perspective view of the the electrodes on one
surface thereof and having    10   layered structure; a conductive plane on
the other surface thereof,       Figure 3 is a perspective view of an
assembled adapted to be connected to ground with the           layered
structure; electrodes in closest proximity to the insulating      Figure 4
is one electrical sensing circuit featur- film.
ing an adjustable MOS circuit; The apparatus may also have an electrical
15       Figure 5 is an electrical sensing circuit featuring sensing
circuit coupled to one of the two elec-      a unipolar operational
amplifier; trodes and to its associated conductive plane          Figure 6
is an electrical sensing circuit featuring utilized as signal ground for
amplifying the elec-   an alternative unipolar operational amplifier;
trical signal. This electrical sensing circuit may be  Figure 7 is an
electrical sensing circuit featuring either a high impedance voltage
sensing interface   20    a bipolar operational amplifier; or may be a low
impedance current sensing              Figure 8 is an electrical sensing
circuit featuring interface. Both interfaces may be adjustable for     an
alternative bipolar operational amplifier; sensitivity.
Figure 9 is an electrical sensing circuit featuring The apparatus for
producing an electrical signal   a current actuated operational amplifier;
may be configured in a matrix keyboard, having    25   Figure 10 is an
electrical sensing circuit featur- switch positions arranged in a plurality
of rows     ing an alternative current activated operational and columns.
Such a pressure sensitive keyboard      amplifier; switch is comprised of
an insulating film, two         Figure 11 is an electrical sensing circuit
featur- piezoelectric polymer films each having elec-        ing a "Norton"
operational amplifier. trodes on one surface thereof, adapted to be    30
Figure 12 is an electrical sensing circuit featur- connected to ground, one
disposed on each side       ing an alternative "Norton" operational
amplifier; of the insulating film with the electrodes in closest  Figure 13
is an electrical sensing circuit featur- proximity to the insulating film
with each of the   ing another alternative "Norton" operational electrodes
on one of the two piezoelectric           amplifier; and polymer films
being a strip and constituting one    35  Figure 14 is an electrical
sensing circuit featur- of the rows of the keyboard switch positions and
ing still another alternative "Norton" operational each of the electrodes
on the other of the two       amplifier. piezoelectric polymer films, being
a strip con- stituting one of the columns of the keyboard         Best Mode
for Carrying Out the Invention switch positions. The apparatus also
includes two    40  Figure 1 illustrates a preferred embodiment for support
substrates, each having an opening at        obtaining the layered
piezoelectric structure. The each of said keyboard switch positions, one of
the   layers consist of a conductive plane 10, a piezo- two support
substrates disposed on each side of      electric polymer film 12, an
electrode layer 14, an the two piezoelectric polymer films.
insulating layer 16, another electrode layer 18, Such an apparatus provides
all of the advan-   45   another piezoelectric polymer film  20, and tages
of using piezoelectric polymeric materials. It  another conductive plane
22. This particular is suitable for matrix encoding and provides
layered structure may be accomplished by taking outside ground planes to
provide for electrical      the insulating layer 16 and sandwiching it with
shielding. Further, it is also easier to insulate the  two piezoelectric
polymer films 12 and 20, each described apparatus because of the ground
50   coated with a conductive plane 10 and 22 on one planes being in
existence on the outside of the       side and coated with at least one
electrode 14 and r               layered structure instead of signal
electrodes.       18 on the other side. The sandwich is then The sensing
circuits described provide both a      brought together with the electrode
layers 14 and high impedance interface which is voltage sensi-     18 in
closest proximity to the insulating layer 16. tive and adjustable, and
current sensing low    ss    The resulting sandwich provides the conductive
impadence interface. The electrical sensing cir-     planes 10 and 22 on
the outside surfaces of the cuits coupled to the layered structure, allows
the   structure. This alows both for immunity from complete structure to
simulate an ordinary con-      electromagnetic interference, and for ease
of tact switch, and which provides none of the          insulating the
structure to support substrates. disadvantages of an ordinary contact
switch.   60      The insulating layer 16 in Figure 1 is con- 



The structure described does not suffer from       structed from any thin
insulating film such as thin contact oxidation. The functioning of the
structure  polyethylene or thin mylar. If polyethylene is used is
insensitive to an operator wearing gloves, and    a thickness of about 25
micrometers is preferred. is insensitive to the build-up of dirt and
grease.   The piezoelectric polymer films 12 and 20 are 65   constructed of
polyvinylidene fluoride and in a    5                   0 044 342
6 preferred embodiment are each approximately 25        Although Figure 2
illustrates openings 28 as micrometers thick. This is thick enough to
provide  complete passages, it is to be emphasized that the for mechanical
stability and for electrical output  purpose of the openings 28 is to allow
the piezo- but still thin enough to allow for deflection upon  electric
polymer film 12 and 20 to be physically stress by an operator. The
conductive planes 10    5    strained at individual switch positions. This
and 22 are metallized, as, for example, nickel, or  requires that the
piezoelectric polymer film 12 and aluminum. In a preferred embodiment
aluminum        20 be allowed to deflect from both support sub- is
deposited in a layer approximately 0.1 micro-    strates 24 and 26 and that
access for straining be meters thick. The electrodes 14 and 18 are
allowed for one support substrate, e.g., 24. Thus deposited on the
piezoelectric polymer films 12   10   the scope of the present invention
contemplates and 20 in the desired pattern and are comprised     flexible
substances and other straining apparatus of a suitable metal, again for
example, nickel or   in place of complete passages as openings 23 in
aluminum. In a preferred embodiment aluminum        support substrate 24
and contemplates an even is deposited in a layer approximately 0.1 micro-
broader range of materials as openings 28 in meters thick. Again this
thickness is chosen to   15   support substrate 26. In addition to flexible
sub- provide physical stability.                         stances the
openings 28 in support substrate 26 Figure 2 represents a perspective view
of an      may comprise simply a recess, a concave socket exploded layered
structure. Again, the insulating   or a bubble which would allow the
piezoelectric layer 16 is provided in the middle of the structure  film 12
and 20to deflectwhile being strained from with two piezoelectric polymer
films and 12 and    20   the opposite side. 20 provided on each side. For
ease of illustration,   A perspective view of the completely assem- the two
conductive planes 10 and 22 are not          bled layered structure 30 is
illustrated in Figure 3. specifically shown. The electrode layer 18 is
The layers may be held together merely by shown deposited on the top of
piezoelectric         pressure between the support substrates which polymer
film layer 20 and the electrode pattern   25   would be affixed to each
other mechanically, or layer 14 is shown by dotted lines deposited on the
with a suitable adhesive bonding between the lower side of piezoelectric
polymer film 12. Notice  layers which could include thermal or ultrasonic
that this construction places the electrode layers  bonding of the
piezoelectric film layer structure. 14 and 18 in closest proximity to
insulating layer    In a preferred embodiment a combination of 16. It is
also to be noted that the electrode pattern   30   bonding and support
substrate pressure is 14 consists of a plurality of strips while the
utilized. Each piezoelectric polymer film including electrode pattern 18
also consists of a plurality of  the conductive plane and the electrode is
strips positioned orthogonal to the strips of elec-  integrally bonded to
its associated support sub- trodes 14. This allows a matrix encoded
keyboard    strate. The resulting three piece structure (two switch
arrangement whereby  the  electrode    35   parts of piezoelectric polymer
films bonded to a pattern 14 represents the rows of switch posi-
support substrate and one part insulating layer) is tions, and the
electrode pattern 18 represents the  then sandwiched together utilizing
pressure from columns of the switch positions. Thus, the activa-  the
outside support substrates which are mechan- tion of any individual switch
position would acti-  ically affixed to each other, for example with vate
one row of electrode layer 14 and one    40   screws or similar device.
column of electrode layer 18.                         Pressure on the
individual switch position This layered structure in Figure 2 is further
induces a strain in the piezoelectric polymer films. sandwiched together by
two support substrates       This strain causes a change in the film  net
24 and 26. These support substrates are shown        polarization resulting
in a charge on the elec- having openings 28 at each switch position in the
45   trodes covering the strained area. The charge matrix. This allows
contact with the layered struc-  signal is processed either as a voltage by
a high ture at each individual switch position and the      impedance
electrical interface, or as a current by a piezoelectric film to be
strained producing an      low impedance electrical interface. In either
case, electrical signal on the electrode layers 14 and 18.  an electrical
sensing circuit is coupled to one of These support substrates 24 and 26 may
be   so   the electrodes and to its associated conductive constructed of a
punched aluminum  sheet, a          plane preferably at the edges of the
piezoelectric punched or molded plastic sheet or other suit-
polymeric material. For the purposes of these ably, relatively rigid
material to provide support   electrical sensing circuits, the conductive
plane for the polymeric layers structure. Support sub-     serves a signal
ground for its associated elec- strates 24 and 26 are shown with openings
28   ss   trade, namely all of the electrodes located on the punched out or
molded out to provide for the        electrode layer nearest the particular
conductive 



depression of the piezoelectric layered structure    plane. upon operator
contact to provide for straining the    One such electrical sensing circuit
providing an piezoelectric polymeric material. An alternative    adjustable
sensitivity high-impedance interface to embodiment would provide for one of
the    60   the electrodes as illustrated in Figure 4. Here a support
substrates, for example, support sub-        single input MOS digital gate,
for example, CMOS strate 26 instead of having complete openings 28     hex
inverter type 4609 manufactured by National to have a flexible covering, a
recessed area or a    Semiconductor is shown connected between a simple
dimple to allow for depression of the         positive voltage source and
signal ground. The piezoelectric polymeric material.             65
digital gate may alternatively be part of a more 4    7                   0
044  342                       8 complex logic element. The piezoelectric
polymer     in much the same manner that resistors 60 and 62 film material
52 is shown having an electrode 44     did in Figure 4 for gate 50. and a
conductive plane 46. Electrode 44 is             Figure 6 illustrates an
alternative electrical coupled directly to the input 51 of gate 50.
sensing circuit similar to that circuit illustrates in Conductive plane 46
is coupled directly to signal    5    Figure 5. However in Figure 6,
positive electrode ground. Resistor 60, coupled between the positive    54
of piezoelectric polymer film 52 is coupled to supply of gate 50 and signal
ground, provides a      signal ground while negative electrode 56 is bias
for the input 51 of gate 50. Resistor 60 has an  coupled to input 66 of
comparator 64. Resistors 70 adjustable tap 51 and resistance 62 is shown
and 72 are reversed, however, to account for the connected between input 51
and adjustable tap    10   opposite polarity of the film 52. This positions
61. Resistor 62 is preferably on the order of 10     resistor 74, which is
still coupled to adjustable tap megaohms and resistor 60 is preferably
small         73, between input 68 and the positive supply relative to
resistor 62, for example on the order of  voltage. 100 kilohms. This
provides a bias for input 51 by      A similar circuit is illustrated in
Figure 7 using a providing a quiescent voltage on input 51 so that   15
bipolar powered  comparator 76  connected the charge necessary to be
provided by the piezo-    between a positive voltage source and a negative
electric polymer material 52 is small because only   voltage source. Again,
an operational amplifier a small voltage is required in addition to the
with no feedback may be used as a comparator. quiescent voltage on input 51
to provide the         Again, a piezoelectric polymeric material 52 is
digital threshold for gate 50. Thus less pressure is   20   shown having a
positive electrode 54 and a required  upon  the  piezoelectric  polymeric
negative electrode 56. Positive electrode 54 is material 52 and the
apparent touch sensitivity is    coupled to input 78 and negative electrode
56 is increased.                                           coupled to input
80 of comparator 76. Input 80 is Figures 5 through 14 illustrate electrical
sensing  also made reference to signal ground. Resistor 82 circuits in
which a polarity of electrode for the    25   is coupled between the
negative supply voltage piezoelectric polymer is indicated and is impor-
and input 80. Resistor 82 has an adjustable tap 83 tant. In all cases the
polarity is indicated by      and provides for a bias for input 80.
Resistor 84 is positive electrode 54 and negative electrode 56. It  coupled
between input 78 and the adjustable tap is to be understood, however, that
the electrical    83 and provides for an adjustable bias for nega- sensing
circuits are always connected utilizing an    30   tive input 78. Resistor
84 is preferably 10 mega- electrode and the associated conductive plane.
ohms and resistor 82 is preferably smaller as for The conductive plane is
always the side coupled      example 100 kilohms. to signal ground. For
ease of illustration, polarity   Figure 8 illustrates an alternative
electrical of the piezoelectric film 52 is merely indicated by  sensing
circuit which is similar to that circuit positive electrode 54 and negative
electrode 56   35   illustrated in Figure 7. However in Figure 8, without
regard to which is actually the conductive   positive electrode 54 is
coupled to signal ground plane. It is recognized, of course, that the
polarity  while negative electrode 56 is coupled to input 66. achieved may
be reversed by straining the piezo-     To account for the change in
polarity, resistors 82 electric film in the opposite direction.
and 84 have been reversed. Figure 5 illustrates a similar adjustable sensi-
40  Figure 9 illustrates a similar bipolar powered tivity high impedance
electrical sensing circuit as  operational 86 which again is coupled
between a in Figure 4. Here a comparator 64 with inputs 66     positive
supply voltage and a negative supply and 68 is connected between a positive
voltage       voltage, which provides a low impedance inter- source and
signal ground. An example of a            face to provide a current sensing
circuit. Again, comparator circuit 64 is type LM393 manufac-   45
piezoelectric polymeric material 52 has a positive tured by National
Semiconductor. Alternatively       electrode 54 and a negative electrode
56. Positive an operational amplifier with no feedback may be     electrode
54 is coupled to inverting input 88 while utilized to provide the
comparison function. An      negative electrode 56 is coupled to
non-inverting example of an operational amplifier used as a        input 90
which is also referenced to signal comparator is type LM348 manufactured by
50   ground. Bias resistor 92, preferably several mega- National
Semiconductor. The piezoelectric poly-      ohms, is coupled between output
93 of the oper- 



meric material 52 is shown having a positive         ational amplifier 86
and inverting input 88. Bias electrode and a negative electrode 56.
Positive      resistor 94, also preferably several megaohms, is electrode
54 is coupled to input 66 while negative   coupled between negative input
88 and the nega- electrode 56 is coupled directly to signal ground.   55
tive supply voltage. Both resistor 92 and resistor Resistor 70 is coupled
between the positive          94 may be adjusted or made adjustable to
allow supply voltage and input 68, and resistor 72 is      for variable
sensitivity. coupled between input 68 and signal ground.            Figure
10 illustrates an alternative electrical Resistor 72 also has an adjustable
tap 73. Resistor  sensing circuit which is similar to Figure 9. How- 74 is
coupled between input 66 and signal   60   ever, in Figure 10 positive
electrode 54 is coupled ground. Resistor 74 is preferably 10 megaohms
to signal ground while negative electrode 56 is and resistors 70 and 72 are
preferably 50 kilohms    coupled to inverting input 88. To account for the
each. Resistors 70, 72 and 74 provide an adjust-     change in polarity
resistor 94 is coupled to the able bias for operational amplifier 64 to
provide    positive supply voltage rather than the negative for increased
sensitivity and adjustable sensitivity   65   supply voltage. 5    9
0 044 342                       10 In Figure 11 a similar circuit is
illustrated. This  and described a novel apparatus for producing time using
a "Norton" amplifier, for example,        electrical signals. It is to be
understood, however, Type No. LM 3900 manufactured by National
that various changes, modifications, and sub- Semiconductor. Again,
piezoelectric polymeric        stitutions in the form and details of the
described material 52 is shown having a positive electrode    5
apparatus can be made by those skilled in the art 54 and a negative
electrode 56. The "Norton"         without departing from the scope of the
invention amplifier 96 is connected between a positive          as defined
by the following claims: supply voltage and signal ground. Positive elec-
trode 54 is coupled to inverting input 98 and        Claims negative
electrode 56 is coupled to signal ground.   10 Bias is provided by resistor
100, preferably in the    1. A pressure sensitive apparatus for producing
range of 500 kilohms to 10 megaohms coupled          electrical signals on
two electrodes (14, 18), com- between non-inverting input 102 and positive
prising a first conductive layer (10) adapted to be supply voltage.
Resistor 100 may be adjusted or      connected to ground potential; a first
piezo- made adjustable to provide for variable sensi-   15   electric
polymer film layer (12) disposed adjacent tivity.
to said first conductive layer; a first electrode Alternatively, positive
electrode 54 may be        layer (14) having at least one electrode and
coupled to non-inverting input 102 and bias pro-     disposed on the
opposite side of said first vided by resistor 100 coupled between inverting
piezoelectric polymer film layer (12) from the first input 98 and the
positive supply voltage, as in   20   conductive layer; a second electrode
layer (18) Figure 12.                                           having at
least one electrode; a second piezo- A similar arrangement is shown in
Figure 13        electric polymer film layer (20) disposed adjacent where
the polarity of the piezoelectric polymer      to said second electrode
layer (18); and insulating film is reversed from  Figure 11 and 12. Here,
layer (16) separating the two films layers (12, 20); positive electrode 54
is coupled to signal ground    25   and a second conductive layer (22)
adapted to be while negative electrode 56 is coupled to invert-
connected to ground potential and disposed on ing input 98. Again bias is
provided by resistor     the opposite side of said second piezoelectric 100
coupled between non-inverting input 102 and      polymer film layer (20)
from the second electrode the positive supply voltage. To account to the
layer (18) characterized in that said first electrode change in polarity,
however, additional bias resis-   30   layer (14) and the second electrode
layer (18) are tor 104 is required coupled between negative
disposed adjacent to said insulating layer (16). electrode 56 and the
positive supply voltage. Both     2. An apparatus as in claim 1 which is
further resistors 100 and 104 are preferably in the range    characterized
by two support substrates (24, 26), of 500 kilohms to 10 megaohms and may
be             one disposed on each side of said two piezo- adjusted or
made adjustable to provide for vari-   35   electric polymer films (12,
20), each of said two able sensitivity.
support substrates having an opening (28) where Again alternatively,
negative electrode 56 may     said two electrodes (14, 18) are located. be
coupled to non-inverting input 102 and bias         3. An apparatus as in
claim 2 wherein said two provided by resistor 100 coupled between invert-
support substrates (24, 26) are mechanically ing input 98 and the positive
supply voltage and    40   affixed to each other. by resistor 104 coupled
between negative elec-         4. An apparatus as in claim 2 wherein each
of trode 56 and the positive supply voltage, as in      said two
piezoelectric polymer films (12, 20) and Figure 14.
the associated one of said two support substrates Of course, it is to be
recognized that the polarity  (24, 26) are integrally bonded together, and
said of the piezoelectric polymer film  52 may be    45   two support
substrates (24, 26) are mechanically reversed merely by straining the film
in the        affixed to each other. 



opposite direction. Or the reverse polarity may be     5. An apparatus as
in claims 1 and 2 wherein achieved by making the electrical sensing circuit
said two piezoelectric polymer films (12, 20) are responsive to the release
of strain to the film      polyvinylidene fluoride. rather than
commencement of strain to the film.    50  6. An apparatus as in claim 2
which is further It is also to be recognized that while two
characterized by an electrical sensing circuit electrodes are always shown
in Figures 4 through     coupled to one of said two electrodes (14, 18) and
14, in all cases it is contemplated that the electri-  coupled to said
conductive plane (10, 22) for cal connection desired is between an
electrode       amplifying one of said electrical signals, said (either
positive or negative responsive) and its   55   conductive plan (10, 22)
being utilized as signal associated conductive plane.
ground. One of the electrical sensing circuits described     7. An
apparatus as in claim 6 wherein said may be connected to one of the
electrodes on         electrical sensing circuit is characterized by a high
each electrode layer illustrated and described in    impedance interface to
said one of said two Figures 1 through 3 to provide for sensing of a    60
electrodes and which provides for an adjustable signal on two of the
electrodes (a row and a         sensitivity. column) to identify a single
switch position which     8. An apparatus as in claim 6 wherein said has
been activated, thus a matrix encoded non-       electrical sensing
circuit comprises  a  low contact piezoelectric switch.
impedance interface to said one of said two Thus, it can be seen that there
has been shown    65   electrodes.    9                   0 044  342
10 In Figure 11 a similar circuit is illustrated. This  and described a
novel apparatus for producing time using a "Norton" amplifier, for example.
electrical signals. It is to be understood, however, Type No. LM 3900
manufactured by National            that various changes, modifications,
and sub- Semiconductor. Again, piezoelectric polymeric        stitutions in
the form and details of the described material 52 is shown having a
positive electrode    5    apparatus can be made by those skilled in the
art 54 and a negative electrode 56. The "Norton"         without departing
from the scope of the invention amplifier 96 is connected between a
positive         as defined by the following claims: supply voltage and
signal ground. Positive elec- trode 54 is coupled to inverting input 98 and
Claims negative electrode 56 is coupled to signal ground.   10 Bias is
provided by resistor 100, preferably in the    1. A pressure sensitive
apparatus for producing range of 500 kilohms to 10 megaohms coupled
electrical signals on two electrodes (14, 18), com- between non-inverting
input 102 and positive         prising a first conductive layer (10)
adapted to be supply voltage. Resistor 100 may be adjusted or   .
connected to ground potential; a first piezo- made adjustable to provide
for variable sensi-   15   electric polymer film layer (12) disposed
adjacent tivity.                                               to said
first conductive layer; a first electrode Alternatively, positive electrode
54 may be        layer (14) having at least one electrode and coupled to
non-inverting input 102 and bias pro-     disposed on the opposite side of
said first vided by resistor 100 coupled between inverting
piezoelectric polymer film layer (12) from the first input 98 and the
positive supply voltage, as in   20   conductive layer; a second electrode
layer (18) Figure 12.                                              having
at least one electrode; a second piezo- A similar arrangement is shown in
Figure 13         electric polymer film layer (20) disposed adjacent where
the polarity of the piezoelectric polymer       to said second electrode
layer (18); and insulating film is reversed from Figure 11 and 12. Here,
layer (16) separating the two films layers (12, 20); positive electrode 54
is coupled to signal ground    25    and a second conductive layer (22)
adapted to be while negative electrode 56 is coupled to invert-
connected to ground potential and disposed on ing input 98. Again bias is
provided by resistor     the opposite side of said second piezoelectric 100
coupled between non-inverting input 102 and      polymer film layer (20)
from the second electrode the positive supply voltage. To account to the
layer (18) characterized in that said first electrode change in polarity,
however, additional bias resis-   30   layer (14) and the second electrode
layer (18) are tor 104 is required coupled between negative
disposed adjacent to said insulating layer (16). electrode 56 and the
positive supply voltage. Both     2. An apparatus as in claim 1 which is
further resistors 100 and 104 are preferably in the range    characterized
by two support substrates (24, 26), of 500 kilohms to 10 megaohms and may
be              one disposed on each side of said two piezo- adjusted or
made adjustable to provide for vari-   35   electric polymer films (12,
20), each of said two able sensitivity.
support substrates having an opening (28) where Again alternatively,
negative electrode 56 may      said two electrodes (14, 18) are located. be
coupled to non-inverting input 102 and bias         3. An apparatus as in
claim 2 wherein said two provided by resistor 100 coupled between invert-
support substrates (24, 26) are mechanically ing input 98 and the positive
supply voltage and    40   affixed to each other. by resistor 104 coupled
between negative elec-         4. An apparatus as in claim 2 wherein each
of trode 56 and the positive supply voltage, as in      said two
piezoelectric polymer films (12, 20) and 



Figure 14.                                           the associated one of
said two support substrates Of course, it is to be recognized that the
polarity  (24, 26) are integrally bonded together, and said of the
piezoelectric polymer film  52 may be    45   two support substrates (24,
26) are mechanically reversed merely by straining the film  in the
affixed to each other. opposite direction. Or the reverse polarity may be
5. An apparatus as in claims 1 and 2 wherein achieved by making the
electrical sensing circuit     said two piezoelectric polymer films (12,
20) are responsive to the release of strain to the film
polyvinylidene fluoride. rather than commencement of strain to the film.
so  6. An apparatus as in claim 2 which is further It is also to be
recognized that while two          characterized by an electrical sensing
circuit electrodes are always shown in Figures 4 through      coupled to
one of said two electrodes (14,18) and 14, in all cases it is contemplated
that the electri-  coupled to said conductive plane (10, 22) for cal
connection desired is between an electrode        amplifying one of said
electrical signals, said (either positive or negative responsive) and its
55   conductive plan (10, 22) being utilized as signal associated
conductive plane.                          ground. One of the electrical
sensing circuits described      7. An apparatus as in claim 6 wherein said
may be connected to one of the electrodes on          electrical sensing
circuit is characterized by a high each electrode layer illustrated and
described in    impedance interface to said one of said two Figures 1
through 3 to provide for sensing of a    60   electrodes and which provides
for an adjustable signal on two of the electrodes (a row and a
sensitivity. column) to identify a single switch position which      8. An
apparatus as in claim 6 wherein said has been activated, thus a matrix
encoded non-        electrical sensing  circuit comprises a  low contact
piezoelectric switch.                         impedance interface to said
one of said two Thus, it can be seen that there has been shown    65
electrodes.    11                  0 044 342                       12 9. A
pressure sensitive apparatus as in claim 2     6. Vorrichtung nach Anspruch
2, gekennzeich- characterized by said apparatus having a plurality  net
durch eine an eine der beiden Elektroden (14, of keyboard switch positions
arranged in a plu-     18) und an eine leitfihige Ebene (10, 22) angekop-
rality of rows and columns, said electrode of said  pelte elektrische
MeBschaltung zum Verstarken first electrode layer (14) being a strip
constituting    5    eines der genannten elektrischen Signale, wobei one of
said rows of said plurality of keyboard      die leitfahige Ebene (10, 22)
als Signalerde ver- switch positions and by said electrode of said
wendet wird. second electrode layer (18) being a strip constitut-  7.
Vorrichtung nach Anspruch 6, dadurch ge- ing one of said columns of said
plurality of        kennzeichnet, dal3 die elektrische MeBschaltung
keyboard switch positions and by said opening    Jo   uber eine
Schnittstelle mit hoher Impedanz an die (28) of said two support substrates
(24, 26) being  genannte eine der beiden Elektroden angekoppelt at one of
said plurality of keyboard switch posi-  ist und daB die Empfindlichkeit
einstellbar ist. tions.                                                8.
Vorrichtung nach Anspruch 6, dadurch ge- kennzeichnet, daB die elektrische
MeBschaltung Patentanspruche                               15   an die
genannte eine der beiden. Elektroden uber eine Schnittstelle von niedriger
Impedanz ainge- 1. Druckempfindliche Vorrichtung zum  Er-         koppelt
ist. zeugen von elektrischen Signalen an zwei Elek-        9.
Druckempfindliche  Vorrichtung   nach troden (14,18) mit einer ersten
leitfahigen Schicht  Anspruch 2, dadurch gekennzeichnet, daB. sie (10), die
an ein Erdpotential anschlieBbar ist;   20   eine Mehrzahl von
Tastenschaltstellen besitzt, die einer aus einer im Bereich der ersten
leitfahigen  in einer Mehrzahl von Zeilen und Spalten ange- Schicht
angeordneten ersten aus einem piezo-        ordnet sind, daB die Elektrode
der ersten Elek- elektrischen Polymerfilm  bestehenden Schicht
trodenschicht (14) ein Streifen ist, der eine der (12); einer ersten
Elektrodenschicht (14), die      Zeilen der Mehrzahl der
Tastenschaltstellen bil- mindestens eine Elektrode besitzt und auf der der
25   det, und daB die Offnung (28) in den beiden Stutz- ersten  leitfahigen
Schicht entgegengesetzten      substraten (24, 26) an einer der in einer
Mehrzahl Seite der ersten aus einem  piezoelektrischen       vorhandenen
Tastenschaltstellen angeordnet ist. Polymerfilm bestehenden Schicht (12)
angeord- net ist; einer zweiten Elektrodenschicht (18) mit   Revendications
mindestens einer Elektrode; einer zweiten aus   30 einem piezoelektrischen
Polymerfilm (20) beste-       1. Appareil sensible a la pression pour
produire henden Schicht, die im  Bereich der zweiten         des signaux
electriques sur deux electrodes (14, Elektrodenschicht (18)'angeordnet ist;
einer die    18), comprenant une premibre couche conduc- beiden
Filmschichten (12, 20) voneinander trenn-    trice (10) prevue pour Atre
reliee a un potentiel de enden Isolierschicht (16) und einer zweiten leit-
35   terre, une premiere couche (12) de film de poly- enden Schicht (22),
die an ein Erdpotential an-     mere piezoelectrique adjacente a ladite
premibre schlieBbar und  die  auf der der zweiten            couche
conductrice, une premiere couche d'elec- Elektrodenschicht (18)
entgegengesetzten Seite     trode (14) comportant au moins une electrode et



derzweiten aus einem piezoelektrischen Polymer-     dispos6e sur la face de
ladite premiere couche film bestehenden Schicht (20) angeordnet ist, da-
40   (12) de film de polymere piezo6lectrique qui est A durch
gekennzeichnet, daB die erste Elektroden-     I'oppos6 de la premiere
couche conductrice, une schicht (14) und die zweite Elektrodenschicht (18)
deuxieme couche d'electrode (18) comportant au im  Bereich der
Isolierschicht (16) angeordnet      moins une electrode, une deuxieme
couche (20) sind.                                               de film de
polymere piezo6lectrique adjacente A 2. Vorrichtung nach Anspruch 1,
gekennzeich-   45   ladite deuxieme couche d'6lectrode (18), une net durch
zwei Stutzsubstrate (24,26), die auf ent-  couche isolante (16) separant
les deux couches de gegengesetzten Seiten der beiden piezoelektri-     film
(12,20), et, une deuxieme couche conductrice schen Polymerfilme (12, 20)
angeordnet sind und     (22) prevue pour etre reliee au potentiel de terre
et die je eine Ausnehmung (28) haben, in deren Be-     disposee sur la face
de ladite deuxieme couche reich die beiden Elektroden (14, 18) angeordnet
50  - (20) de film de polymere piezo6lectrique qui est a sind.
l'oppose de la deuxibme couche d'electrode (18), 3. Vorrichtung nach
Anspruch 2, dadurch ge-       caracterise en ce que ladite premibre couche
kennzeichnet, daB die beiden Stutzsubstrate (24,    d'6lectrode (14) et
ladite deuxibme couche d'elec- 26) mechanisch aneinander befestigt sind.
trode (18) sont disposees de manibre A Wtre adja- 4. Vorrichtung nach
Anspruch 2, dadurch ge-   55   centes A ladite couche isolante (16).
kennzeichnet, daB jede der beiden piezoelek-          2. Appareil suivant
la revendication 1, caracte- trischen Polymerfilme (12, 20) und das ihr
jeweils  rise en outre en ce que qu'il comprend deux sub- zugeordnete der
beiden Stutzsubstrate (24, 26)      strats de maintien (24,26), disposes un
de chaque einstuckig miteinander verbunden sind und daB       c6te desdits
deux films de polymbre piezoelec- die beiden Stutzsubstrate (24, 26)
mechanisch an-   60   trique (12, 20), chacun de ces deux substrats de
einander befestigt sind.                            maintien presentant une
ouverture (28) a l'endroit 5. Vorrichtung nach Anspruch 1 und 2, dadurch
ouj sont placees lesdites deux electrodes (14, 18). gekennzeichnet, daB die
beiden piezoelektrischen      3. Appareil suivant la revendication 2, dans
Polymerfilme (12,20) aus Polyvinylidenfluorid be-   lequel lesdits deux
substrats de maintien (24, 26) stehen.
65   sont fixes mecaniquement l'un a l'autre. - 7 ~~~~~IIII 0ll lIII lIII
11~ II II    13                   0 044  342                       14 4.
Appareil suivant la revendication 2, dans         haute impedance, avec
l'une desdites deux elec- lequel chacun desdits deux films de polymbre
trodes et qui procure une sensibilite reglable. pi6zoelectrique (12, 20) et
le substrat associe des-    8. Appareil suivant la revendication 6, dans
dits deux substrats de maintien (24, 26) sont Iies    lequel ledit circuit
de detection electrique consti- ensemble de facon integrale, lesdits deux
sub-    5    tue une interface de faible imp6dance avec l'une strats de
maintien (24, 26) etant fixes m6canique-    desdites deux electrodes. ment
l'un A l'autre.                                    9. Appareil sensible A
la pression suivant la 5. Appareil suivant les revendications 1 et 2,
revendication 2, caracterise en ce qu'il presente dans lequel lesdits deux
films de polymere pi6zo-     une pluralit6 de positions d'interrupteur de
clavier 6lectrique (12, 20) sont de fluorure de polyvinyl-   10   agencees
en une pluralite de rang6es et de idene.
colonnes, ladite electrode de ladite premiere 6. Appareil suivant la
revendication 2, caract6-    couche d'6lectrode (14) etant une bande qui
rise en outre en ce qu'il comprend un circuit de      constitue une
desdites rang6es de ladite pluralite detection electrique raccorde a l'une
desdites        de positions d'interrupteur de clavier, et ladite deux
electrodes (14, 18) et raccorde audit plan    i5   electrode de ladite
deuxieme couche d'electrode conducteur (10, 22) pour amplifier l'un desdits
(18) etant une bande qui constitue une desdites signaux electriques, ledit
plan conducteur (10, 22)   colonnes de ladite pluralite de positions
dinter- etant utilis6 comme terre de signal.                  rupteur de
clavier, ladite ouverture (28) desdits 7. Appareil suivant la revendication
6, dans         deux substrats de maintien (24, 26) etant situee A lequel
ledit circuit de detection electrique est   20    une position de ladite
pluralit6 de positions caracterise en ce qu'il comprend une interface de
d'interrupteur de clavier. 25 30 35 40 45 50 55 60 65    


