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[0024] e) it may be incorporated into or coated onto
one of the electrodes in order to simplify manufac-
turing processes or increase durability in certain
cases.

[0025] The variable resistor generally comprises a poly-
mer and a particulate electrically conductive material. That
material may be present in one or more of the following
states:

[0026] a) a constituent of the base structure of the
element;

[0027] b) particles trapped in interstices and/or adher-
ing to surfaces;

[0028] c¢) a surface phase formed by interaction of
conductive particles (i or ii below) with the base
structure of the element or a coating thereon.

[0029] Whichever state the conductive material of the
variably resistive element is present in, it may be introduced:

[0030] i) ‘naked’, that is, without pre-coat but possi-
bly carrying on its surface the residue of a surface
phase in equilibrium with its storage atmosphere or
formed during incorporation into the element. This is
clearly practicable for states a) and c), but possibly
leads to a less physically stable element in stage b);

[0031] ii) lightly coated, that is, carrying a thin coat-
ing of a passivating or water-displacing material or
the residue of such coating formed during incorpo-
ration into the element. This is similar to i) but may
afford better controllability in manufacture;,

[0032] iii)) polymer-coated but conductive when
undeformed. This is exemplified by granular nickel/
polymer compositions of so high nickel content that
the physical properties of the polymer are weakly if
at all discernible. As an example, for nickel starting
particles of bulk density 0.85 to 0.95 this corre-
sponds to a nickel/silicone volume ratio (tapped
bulk:voidless solid) typically over about 100. Mate-
rial of form iii) can be applied in aqueous suspen-
sion. The polymer may or may not be an elastomer.
Form iii) also affords better controllability in manu-
facture than i).

[0033] iv) Polymer-coated but conductive only when
deformed. This is exemplified by nickel/polymer
compositions of nickel content lower than for iii),
low enough for physical properties of the polymer to
be discernible, and high enough that during mixing
the nickel particles and liquid form polymer become
resolved into granules rather than forming a bulk
phase. This is preferred for b) an may be unnecessary
for a) and c¢). It is preferred for the present invention:
more details are given in co-pending application
PCT/GB99/00205. An alternative would be to use
particles made by comminuting materials as in v)
below. Unlike i) to iii), material iv) can afford a
response to deformation within each individual gran-
ule as well as between granules, but ground material
v) is less sensitive. In making the element, material
iv) can be applied in aqueous suspension;

[0034] v) Embedded in bulk phase polymer. This
relates to a) and ¢) only. There is response to defor-
mation within the bulk phase as well as between
textile fibres.
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[0035] The general definition of the preferred variably
resistive material exemplified by iv) and v) above is that it
exhibits quantum tunnelling conductance (‘QTC’) when
deformed. This is a property of polymer compositions in
which a filler selected from powder-form metals or alloys,
electrically conductive oxides of said elements and alloys,
and mixtures thereof are in is admixture with a non-con-
ductive elastomer, having been mixed in a controlled man-
ner whereby the filler is dispersed within the elastomer and
remains structurally intact and the voids present in the
starting filler powder become infilled with elastomer and
particles of filler become set in close proximity during
curing of the elastomer.

[0036] The connective textile member providing a highly
flexible and durable electrically conductive pathway to and
from each electrode may for example comprise conductive
tracks in the non-conducting textile support fabric, ribbon or
tape. The conductive tracks may be formed using electrically
conductive yarns which may be woven, knitted, sewn or
embroidered onto or into the non-conducting textile support.
As in the construction of the electrodes, stainless steel fibres,
monofil and multifilament are convenient as conductive
yarns. The conductive tracks may also be printed onto the
non-conducting textile support. In certain cases the conduc-
tive tracks may need to be insulated to avoid short circuits
and this can be achieved by for example coating with a
flexible polymer, encapsulating in a non-conducting textile
cover or isolating during the weaving process. Alternatively
the yarns may be spun with a conductive core and non-
conducting outer sheath. In another alternative at least one
connective member comprises variably resistive material
pre-stressed to conductance, as described in PCT/GB99/
02402.

BRIEF DESCRIPTION OF THE DRAWINGS
[0037] FIG. 1 shows a basic switch;

[0038] FIG. 2 shows a switch adaptable to multiple exter-
nal circuits;
[0039] FIG. 3 shows a multiple key device; and
[0040] FIG. 4 shows a position-sensitive switch.
DESCRIPTION OF THE PREFERRED
EMBODIMENTS
[0041] In conjunction with appropriate electronics the

devices may be used for digital type switching, analogue
switching, proportional control, pressure sensing, flex sens-
ing in the following applications, for example:

[0042]
[0043]

interfaces to electronic apparatus such as:
computers, PDA, personal audio, GPS;

[0044] domestic appliances, TV/video, computer
games, electronic musical instruments, toys lighting
and heating, clocks and watches;

[0045] personal healthcare such as heart rate moni-
tors, disability and mobility aids;

[0046]
[0047]
[0048]

automotive user controls;
controls for wearable electronics;

educational aids;



