SIW/DSS TEXTS.EREADY.70249TXT.DOC 15
Eﬁescripﬁen 1 paged ..o to paged ..\7...

@ Claim(s)  : paged .1%... to paged J0...

l;{/Brzswing{s) 1030 e 10 pEGLD veians
Abstract  : paged ?\ fo paged ...

BATTERY WITH TESTER LABEL
AND METHOD FOR PRODUCING IT

The present invention relates to a tester device for a battery, the device
forming an integral part of the label encasing the battery.

‘Batteries are generally stored for various periods of time before being put
into use. The batteries may be stored in shops, for example; by the seller and
frequently when purchased they are again stored by the buyer before being used.
On occasion, batteries stored for a long period before being used will lose some
of their charge. In view of this, therefore, it is desirable to have some means for
testing the battery before use in order to determine if the battery has sufficient
charge to operate the desired device.

Battery testers have been developed and are available. Initially, the
testers developed were separate from the battery itself, but these testers could be
used to measure the strength remaining in the battery. More recently battery
testers that are either included in the battery package or assembled in the label
secured to the battery have been developed. Testers of this type are generally
used to indicate the capacity remaining in the battery.

U.S. Patent No. 4,702,564 discloses a device for testing a battery,
particularly a small, portable battery, which device comprises a flexible,
transparent substrate on which is deposited a narrow band of a black light
absorbing material. A conductive material, which may taper outwardly in
opposite directions from a central point to a pair of outer terminals, is then
deposited on top of the substrate on the same side of the substrate as the
absorber layer or on the opposite side of the substrate to the absorber layer. A
layer of a chloesteric liquid crystal material is then deposited on the substrate
either on the opposite side from the black absorber layer or over the absorber
layer. The conductive material used in the device of this patent is an epoxy
cement-based conductor, preferably silver, printed or painted directly on the
substrate. An indicator scale is located along sections of the conductive
material. To test a dry cell battery, the terminal ends of the conductive material
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are placed in contact with the battery terminals, causing a current to flow which,
in turn, heats the conductive material. The heat generated is most intense at the
central point and radiates outwardly. The heat is transferred through the thin
substrate to the liquid crystal layer which results in a colour change in the liquid
crystal. The traverse of the colour change along the length of the indicator scale,
outwardly from the centre point, is proportional to the current or voltage output
or the condition of the battery to be tested and can be read on the indicator scale
which is calibrated accordingly. The tester also includes means for determining
the amp-hours or life of a battery.

U.S. Patent No. 5,015,544 discloses a battery strength indicating and
switch means on a battery. This device is coupled across the terminals of the
battery and is provided with an indicating means to indicate the strength of the
battery. In addition, the battery strength indicating means is provided with an
in-line switch which can easily be depressed to complete the circuit so as to
place the indicator means across the terminals of the cell and display the charge
of the battery.

U.S. Patent No. 5,059,895 discloses a battery voltmeter comprising:

(A) a dielectric layer;

(B) a conductive layer above or below one of the surfaces of the dielectric
layer; and

(C) a temperature sensitive colour indicator layer in thermal contact with the
conductive layer,

characterised in that the conductive layer has (i) thermal insulating means under
one of it surfaces and (ii) sufficient heat generating capacity to affect a change in
the temperature sensitive colour indicator layer. The voltmeter of this patent can
be integrated into a label and attached directly to a battery.

U.S. Patent No. 4,835,475 discloses an apparatus for indicating the
electromotive force of a dry battery which comprises:

(i) afilm base;
(i) an electrically conductive layer disposed on one side of the film
base,
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(iii) a protective layer disposed on the electrically conductive layer,
and
(iv) athermochromic layer disposed on the other side of the film base.

Although testers for determining the strength remaining in a battery are
available, even incorporated into the label of the battery, this art is still quite
young and problems, particularly with the manufacture and expense of the
devices, are encountered. Of particular significance is the fact that the prior art
devices all consist of a large number of individual layers, each of which must be
correctly positioned with respect to the battery itself, resulting in time-
consuming manufacture and expense both to the manufacturer and to the end
consumer. Furthermore, it has been found that, if the conductive layer is
disposed close to the housing of the battery, which is usually a metallic material,
then such housing can be used as a heat sink. If this occurs, the heat generated

-in the conductive layer may be insufficient to be properly detected by the

thermally sensitive material and may thereby provide inaccurate information as
to the strength of the battery. It has been proposed to use insulation means
between the base material and the conductive layer so as to overcome this
problem. However, the use of an additional layer, which will increase the
overall thickness of the label, increases both the difficulties of manufacture and
the cost of the article.

In view of the problems associated with the prior art, there is still a need
for a testing device for a battery, which device can be assembled with the battery
label and which has few components, thus making it easy to assemble,
preferably by an efficient automatic assembly operation, and thereby reducing
the overall cost to the manufacturer and consumer.

Accordingly, in its first aspect, the present invention provides a testing
device for a battery having first and second terminals, the device comprising: a
non-conductive film having two openings being so arranged that, in use they
expose the first and second terminals of the battery and a plurality of openings
arranged therebetween,; a conductive circuit layer so disposed on the non-
conductive layer as to cover at least the openings and arranged so that, in use,
the conductive circuit layer can be caused to contact the terminals of the battery;
and a thermally senstive material disposed in responsive contact with the
conductive circuit layer such that, when the conductive circuit layer is caused to

I
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contact both of the terminals, the heat produced by the flow of current through
the conductive circuit layer results in an indication by the thermally sensitive
layer of the charge in the battery.

In a preferred embodiment of this aspect of the invention, the testing'
device forms all, or part, of the label for the battery.

In a further preferred embodiment, the conductive circuit layer and the
plurality of openings in the non-conductive film are so arranged that the
conductive circuit layer is unable significantly to contact the battery through the
plurality of openings in the non-conductive film.

In a specific embodiment of this aspect of the invention, there is provided
a battery having a first terminal and a second terminal of opposite polarity; said
battery at least partially encased with a nonconductive film having a top surface
and a bottom surface and said film defining a first opening exposing a segment
of the first terminal and a spaced apart second opening exposing a segment of
the second terminal; a plurality of openings disposed between said first opening
and said second opening; a conductive circuit layer disposed and secured over
the first opening, second opening and plurality of openings so that a first
segment of the conductive circuit layer can be deflected through the first
opening to contact the first terminal, a second segment of the conductive circuit
layer can be deflected through the second opening to contact the second terminal
and the remaining segment of the conductive circuit layer is unable to contact
any part of the battery housing through the plurality of openings; a thermally
sensitive material disposed in responsive contact with the conductive circuit
layer such that when the first segment and second segment of the conductive
circuit layer contact the first terminal and second terminal, respectively, of the
battery, a current will flow through the conductive circuit layer heating the
thermally sensitive material which in turn will indicate the charge condition of
the battery.

In an alternative aspect, the present invention provides a battery including
a testing device as defined above.

The present invention also relates to a method for preparing a battery test
Iabel compnsmg adhenng a non-conductive film comprising two openings
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being so arranged that, in use they expose the first and second terminals of the
battery, and a plurality of openings arranged therebetween, to a substrate
comprising a thermally sensitive material secured to and in thermal contact with
a conductive circuit material, such that the conductive circuit layer is so
disposed on the non-conductive layer as to cover at least the openings and,
optionally, securing a further non-conductive outer film over at least the top
surface of the exposed non-conductive film and conductive circuit material.

The present invention further provides a method for the attachment of a
tester device, as defined above, to a battery, comprising adhering the free surface
of the non-conductive film to the housing of a battery having a first and a second
terminal such that one of the openings in said film is positioned over the first
terminal, a second of said openings is positioned over the second terminal and
any remaining openings are disposed between the first and second terminals and
further such that the conductive circuit layer covering said openings disposed
over the terminals can be deflected to contact the first and second terminals to
complete an electrical circuit in which current will flow through the conductive
circuit layer creating heat that will be detected and displayed by the thermally
sensitive material.

In one embodiment of this aspect of the invention, there is provided a
method for preparing and attaching a battery test label to a battery comprising
the steps:

(a) preparing a nonconductive base film having a top surface and a bottom
surface and producing in said film a first opening, a second opening, and a
plurality of spaced-apart openings between said first opening and said second
opening with said plurality of openings each being smaller than the first opening
and second opening;

(b) preparing a conductive circuit layer with a thermally sensitive material
secured to and in thermal contact with the conductive circuit layer and securing
the conductive circuit layer onto the top surface of the film and over the first
opening, the second opening and plurality of openings such that a selected first
area of the conductive circuit over the first opening can be deflected into and
below said first opening, a selected second area of the conductive circuit over
the second opening can be deflected into and below said second opening while
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the remaining conductive circuit layer over the plurality of openings cannot be
deflected into and below the plurality of openings;

(c) optionally securing a nonconductive outer film over at least the top surface
of the base film containing the conductive layer; and

(d) adhering the bottom surface of the base film to the housing of a battery
having a first terminal and second terminal of opposite polarity such that the first
opening is positioned over the first terminal and the second opening is
positioned over the second terminal so that said first selected area can be
deflected to contact the first terminal and said second selected area can be
deflected to contact the second terminal to complete an electrical circuit in
which current will flow through the conductive circuit layer creating heat that
will be detected and displayed by the thermally sensitive material,

Brief Description of win,

The invention will now be further described with reference to the
following drawings, in which:

Figure 1 is an exploded view of the various components of test circuit
labels of this invention.

Figure 2 is a plan view of a continuous sheet of label carrier containing
the individual test circuit devices of this invention.

Figure 3 is an isometric view of a cell employing the test circuit device of
this invention.

Figure 4 is an isometric view of a cell employing the test circuit device of
this invention encased in an outer layer.

The non-conductive, base, film of the tester of this invention includes
numerous openings therein, two of whch openings must, in use, expose the first
and second terminals of the battery. The precise number of openings is not
essential to the present invention and depends, for example, on the size of the
battery for which the tester is destined.
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The non-conductive base film comprises two openings, one of which
must, in use, be disposed over the first terminal and the other of which must, in
use, be disposed over the second terminal of the battery. The precise size of
these two openings is not essential to the present invention and depends on, for
example, the type of battery for which the tester is destined. In particular, the
openings should be of a size sufficient to allow contact between the conductive
circuit layer covering said openings and the terminal of the battery. Typically,
however, we have found that openings of from 0.001 square inch to 0.008
square inch (6.45 x 105 pum? to 51.61 x 105 um2), preferably from 0.003 to
0.005 square inch (19.35 x 105 to 32.26 x 105 um?2) are suitable. Within this
range, the smaller openings would be most suitable for smaller batteries, such as
the AAA type cells, whereas openings towards the top end of the range would be
most suitable for batteries with a larger diameter and different curvature, for
example the D-size batteries.

The precise size of the remaining, plurality of, openings in the non-
conductive base film is likewise not essential to the present invention, although
these openings should preferably be of such a size to prevent deflection of the
conductive circuit layer through the openings onto the battery housing. It is
preferred that these openings are smaller than those arranged to be disposed over
the terminals of the cell. Typically, these remaining openings can vary in size
from 0.0001 square inch to 0.004 square inch (6.45 x 104 t0 25.8 x 105 um2)
and preferably from 0.0004 square inch to 0.002 square inch (25.8 x 104 to 12.9
x 103 um?2). Within this range, openings at the lower end of the range would be
most appropriate for the smaller AAA size cells, whilst for the D size cells,
openings of a size towards the higher end of the range would be more

appropriate.

Thus, for example, AAA size cells could have the two openings disposed
over the terminals of the battery of a size with in the range of 0.001 to 0.003
square inch (64.52 x 104 to 19.35 x 105 um2), whereas the remaining openings
could be within the range of from 0.0001 to 0.0003 square inch (64.52 x 103 to
' 19.35 x 104 um2). For an AA size cell the first and second openings could be of
a size within the range 0.002 to 0.004 square inch (12.9 x 105 to 25.8 x 10>
um?2), whilst the remaining openings could have a size within the range of from
0.0003 to 0.001 square inch (19.35 x 103 to 64.52 x 104 pm2). For D size cells
the first and second opening could be of from 0.003 to 0.008 square inch (19.35
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x 104 to 51.62 x 107 um?2), whilst the remaining openings could be of from
0.001 to 0.003 square inch (64.52 x 104 to 19.35 x 10° pm2).

In one preferred embodiment, one of the two openings disposed over the
terminals of the battery is in the form of a slot or groove leading directly onto
the edge of the non-conductive base film, the only proviso being that the
conductive circuit must still be capable of deflection to contact the cover of the
cell. In this embodiment, therefore, the size of either of the two terminal
openings could exceed 0.01 square inch (64.52 x 103 um2). In a more preferred
embodiment, it is the opening covering the second terminal which is in the form
of a slit or groove.

In general, the precise shape of the openings, that is the two openings
disposed over the terminals of the battery and the remaining openings
therebetween, is not essential to the present invention. However, it is apparent
from the above description that the openings disposed over the terminals of the
battery must be of such a shape as to allow deflection of the covering conductive
circuit material such that this can contact the terminal. The openings disposed
between those at the two terminals of the battery may be circular, elliptical,
square, rectangular or of any other polygonal shape.

The non-conductive film of the tester of the present invention may be
made of any desired dielectric polymeric material, although it is preferred to use
a dielectric polymeric material that will shrink when assembled on a battery.
Examples of suitable polymeric materials include polyvinyl resins, polyolefin
resins and polyester resins, specific examples of which include polyvinyl
chloride, polyethylene and polypropylene. The precise thickness of the non-
conductive film is not particularly limited and we have found that a thickness of
from about 0.0005 to 0.005 inch (12.7 to 127 um), preferably 0.001 to 0.003
inch (25.4 to 76.2 pum), is particularly suitable.

The conductive circuit layer may be formed from any material which can
conduct an electrical charge. Typically, this layer may be formed from a
metallic foil such as silver, nickel, iron, copper, lead, etc., and mixtures thereof
or a metallized plastic layer. In the alternative, the layer may be formed from an
electrically conductive polymer, or mixtures of such polymers, paints or inks,
such as those that contain graphite, carbon or metals such as silver or
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combinations thereof which could be applied onto a substrate as the conductive
layer. It is preferred that this layer is formed from silver.

The device of the present invention also includes means for indicating the
capacity of the battery. The indicating means, in the form of a thermally
sensitive layer, are in responsive contact with the area of controlled resistivity
and will respond to and indicate the capacity of the battery. For example, a
temperature will be generated in that area when a current flows through the
conductive circuit layer. Thermally sensitive material will be in thermally
transferable contact with the area of controlled resistivity and will indicate to the
consumer the capacity of the battery. This indication can be qualitative such as
a "good" reading, or quantitative such as a remaining percentage of useful life.
The thermally sensitive materials would be readily viewable by a consumer.
Thus the consumer, based on, for example, the colour change, can determine
whether the battery is good or needs to be replaced.

Examples of suitable thermally sensitive materials include liquid crystal
materials and thermochromic inks. Suitable liquid crystal materials are of the
cholesteric type, such as cholesteryl oleate, cholesteryl chloride, cholesteryl
caprylate and the like. Examples of suitable colour thermochromic inks include
those comprised of a dye, developer and desensitizing agent, for example as
disclosed in U.S. Patent No. 4,835,475. The colour indicator material could
change from coloured to colourless, colourless to coloured, or one colour to a
second colour.

The indicating materials, such as thermochromic inks, may be used singly
or in combination. For example, in one embodiment different layers of the
indicating material may be employed. The layers would be activated at different
temperatures or states and can thus be designed to change to different colours at
different temperatures. For example, the layer of material activated at the
highest temperature will preferably be the bottom layer, and the upper layers
would then suitably be arranged according to the temperature of activation such
that the material with the lowest temperature of activation would form or
comprise the top layer.

In the device of the present invention the conductive circuit layer may be
deflected through the opening in the non-conductive layer disposed over one of
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both of the terminals such that a circuit is completed. However, in a preferred
embodiment of the tester device of the present invention, in use, at one of the
terminals the conductive circuit layer is arranged so as to be in permanent
contact with the terminal, so that, in order to complete the circuit it is necessary
only to deflect the conductive circuit layer through the opening in the non-
conductive film at the other terminal. In one embodiment of the invention either
the anode or cathode is in electrical contact with the conductive housing of the
battery. In this embodiment, one of the terminal contact segments ends of the
tester circuit can be permanently connected to one terminal of the housing while
the other contact end is positioned out of contact with the other terminal of the
housing by an opening in the base layer disposed between the housing and the
segment end of the tester circuit. This opening can act as a switch for the tester
circuit. By forcing the circuit contact segment end into contact with the housing
through the opening, the switch is closed and the tester circuit is completed to
test the battery. This contact can be conveniently made by applying finger or
thumb pressure to the switch areas.

As discussed above, the testing device of this invention is suited for use
as, or forming part of, the label for a battery. In such case, the label may also
comprise additional insulative layers, printing layers, protective layers and the
like. Suitable materials for use as the different layers are those typically used in
battery labels and inclnde plasticised or unplasticised polyvinyl chloride
(UPVC), polyesters, metallic films, paper and like, and they are prepared by
known methods, such as laminating the layers together. The label may be
attached to the battery by the use of an adhesive. The tester label may be in the
form of a single ply label or a shrinkable tube label in which a battery is
encased.

A preferred tester label may include components as described in the
following. A base insulative film may be adhered to the housing of the battery,
which is in electrical contact with eithe rthe anode or cathode of the battery, by a
suitable adhesive. The insulative film has two openings in it, as described
above, for contact with the cell terminals. A separate tester circuit assembly is
suitably placed on the top surface of this insulative film and one of the terminal
contact segment ends of the circuit will then be aligned with one of the openings
in the base film. The other terminal contact segment end of the circuit should
then be ahgned with the second opening such that it is in contact with and
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secured to the terminal of the battery (generally the cover) that is not in contact
with the housing. The area of the base film onto which the tester circuit is
placed has a plurality of openings as described above to function as thermal
insulation means for said tester circuit. The thermal indicating material is then
suitably placed over the area of controlled resistivity of the circuit. The
indicating material may be placed directly on the tester circuit or it may be
placed on a separate layer that is placed over the tester circuit. Preferably, the
indicating material is a thermochromic ink and is in thermally transferable
contract with the area of controlled resistivity. Finally a protective layer may be
placed over the indicating material. The type of protective layer is selected so
that the indicating material can be observed by the user. To test the strength of
the battery, the user will press the label at the point above one or both openings
in the insulator film to establish contact with the terminals of the battery
housing. As the circuit is completed, a temperature increase will be generated in
the area of controlled resistivity which will be transferred to the indicating
material. If the desired temperature level is reached, the indicating material will
so indicate and the user can determine the amount of capacity remaining in the
battery.

In one embodiment of the invention, an outer film may be disposed over
the base film containing the battery tester device and said base material and/or
the outer film can contain printed and graphic design matter for the battery. A
suitable material for the outer film includes polyester, polyvinyl chloride or the
like.

The batteries useful in this invention are primary or secondary batteries
that have positive and negative terminals. The batteries generally comprise an
anode, a cathode and electrolyte contained in a sealed housing. The housing
typically has an opening in one end that is sealed and closed with a cover. This
cover is usually in electrical contact with either the cathode or anode to provide
a terminal of the battery while the terminal of opposite polarity, generally the
battery housing, is usually in electrical contact with the other electrode.

The test device label of this invention in addition to providing a label for
the battery, provides a test device that is integral with the label and thereafter
becomes an integral part of the battery. The test device operates such that by
depressing one or two selected areas of the conductive circuit layer, the circuit is
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completed between the terminals of the battery via the conductive circuit layer
which in turn generates heat. The heat generated is detected by the thermally
sensitive material to provide a visual indication of the strength of the battery.

One particular advantage of the device of the present invention is the
incorporation into the non-conductive base film of a plurality of a small
openings. These openings act as a thermal insulation for the conductive layer.
Thus the segment of the base film will function as a thermal and electrical
insulator for the conductive circuit layer. In this arrangement, a minimum
number of parts are required to produce a battery label having an integral battery
tester for checking whether the battery is charged.

The present invention also provides a method for the production of a
testing device, as well as a method for the attachment of such a testing device
onto a battery as hereinabove described.

A preferred method for attachment of the test circuit 1abel on the battery
is in a continuous operation and involves, for example, first the preparation of a
base film, such as a plastic film made with graphics and printed matter on the
top side along with a first opening, second opening and plurality of openings as
discussed above. An adhesive may then be added to the bottom side of this film,
which may then be attached to a suitable releasable material, such as silicone-
coated release paper, to form a label carrier. In a separate operation, a circuit
tester layer of the desired shape and format may then be deposited on a substrate
along with a thermally sensitive material, such as thermochromic ink, An
adhesive is then suitably added to the bottom surface of the substrate leaving the
appropriate test circuit segment ends free of the adhesive. The side of the
substrate to which the adhesive has been applied is then typically attached to
releasable paper, such as silicone-coated paper, and then wound on a roll.

The resulting tester circuit roll containing the individual circuit tester
devices may then be placed in a dispensing machine so as to feed the test circuit
devices onto the base layer, the preparation of which is described above, in a
fixed time sequence. Means can be included on the machine to detect when the
area of the label containing the openings reaches a specific location, at which
stage a test circuit device cut to a desired size may be dispensed without the
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releasable paper web and positioned over and secured to the selected area of the
base label.

If desired, additional graphics could be printed on the base label and/or
the test circuit layer before an outer layer is secured to the base layer. The
completed base layer is cut to a desired size and then fed to another area where
the silicone-coated paper web is removed and the label is secured to the housing
of the battery. If desired, graphics could be placed on the outer layer of the
label.

In an alternative method, the conductive material may be hot stamped
onto the substrate. We prefer that the conductive circuit layer is formed as a
separate part, preferably on a substrate, and shaped to have first and second
segment ends that are connected to each other via an area of controlled
resistivity. The first segment is suitably provided to contact a first terminal of
the battery and the second segment is likewise provided to make contact with the
second terminal of the battery. Thus, when the conductive circuit layer makes
contact with both terminals of the battery, an electric current will flow through
the area of controlled resistivity which will heat the conductive circuit layer to a
range sufficient to activate the thermally sensitive material. The resistance in the
area of controlled resistivity can vary to it can be constant dependent on the
particular application of use.

The invention will now be further described with reference to the
drawings appended hereto.

Referring to Figure 1 there is shown a base film 2 such as PVC, which
has a first opening 4, a second opening 6 in the form of a slot and disposed
between opening 4 and opening 6 is a plurality of small openings 8. A
conductive layer 10 is selectively shaped so that it can be placed over opening 4,
opening 6 and at least some of the plurality of openings 8. Opening 4 is
sufficiently large so that conductive segment layer 12 can be depressed into and
through opening 4. Opening 6 is in the form of a notch so that conductive
segment layer 14 can be depressed into and through notch 6 to contact a terminal
of the cell. On top of conductive layer 10 is a thermally sensitive material 16
such as a thermochromic material, which will change color upon detection of a
particular temperature level.
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As shown in Fig. 2, a plurality of conductive layer devices 10 is shown
secured on base film 2 releasably secured on a carrier layer 11, such as a
silicone-coated paper, and disposed over opening 4, opening 6 and plurality of
openings 8. Disposed on top of conductive layer 10 is thermally sensitive
material 16. If desired, a non-conductive film or coating (not shown) could be
disposed over base film 2 thereby further securing conductive layer 10 and
thermally sensitive material to base film 2. This top layer could have an
adhesive side to secure to the base film 2. This non-conductive film could be in
the form of a tube that could be heat shrunk onto the cell after the label is
applied to the cell. Base film 2 has an adhesive layer 19 on its bottom surface
(see Figure 1) which is secured to a battery as shown in Figure 3.

Specifically, Figure 3 shows a battery test label 17 on base film 2 (not
shown) secured to the housing of battery 20. Conductive segment layer 14 is in
electrical contact with cover 22 which represents one terminal of battery 20.
This conductive segment layer 14 can be permanently connected to conductive
cover 22. The conductive segment layer 12 is disposed over opening 4 and is
spaced apart from the cylindrical housing 24 of the battery 20 which is the
second terminal of the battery 20. Thus the circuit between the two terminals of
battery 20 via conductive segment layers 12 and 14 is open. To close the circuit,
pressure is applied on the flexible upper layer above opening 4 in the base film.
The pressure will cause the conductive segment layer 12 to make electrical
contact with the battery housing 24 through opening 4. Rigidity and springback
in the label will cause conductive segment layer 1 to break contact with housing
24 when the pressure is released. If desired, conductive segment layer 14 can
also be spaced apart from the cover 22 so that to complete the circuit, pressure
will have to be simultaneously applied to the flexible upper layer above both
openings 4 and 6 in the base film. When the pressure is released, conductive
layer segments 12 and 14 will spring back and break contact with the housing 24
and cover 22, respectively. As stated above, suitable graphics and printed matter
can be placed on the base layer, conductive layer, thermally sensitive material
and/or the outer layer.

As shown in Figure 4, an outer layer 1 contains designated areas 3 and 5
which correspond to the first terminal area and second terminal area,
respectively, of the cell. Designated area 7 exposes an area of the thermally
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sensitive material so that when areas 3 and 5 are depressed, a circuit is
completed and the thermally sensitive material will change colour to indicate the
state of charge of the cell. If desired, either area 5 or 3 could be permanently
secured to a terminal so that only area 3 or 5, respectively, would have to be
depressed to complete the circuit.

This invention has been described in detail with particular reference to
preferred embodiments thereof, but it will be understood that variations and
modifications can be effected within the spirit and scope of the invention. For
example, an adhesive strip could be secured over the conductive circuit layer
containing the thermally sensitive material so that the conductive circuit layer
could be secured to the base film using the adhesive strip.
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CLAIMS

1. A testing device for a battery having first and second terminals, the device
comprising: a non-conductive film having two of openings being so arranged
that, in use they expose the first and second terminals of the battery and a
plurality of openings arranged therebetween; a conductive circuit layer so
disposed on the non-conductive layer as to cover at least the openings and
arranged so that, in use, the conductive circuit layer can be caused to contact the
terminals of the battery; and a thermally senstive material disposed in responsive
contact with the conductive circuit layer such that, when the conductive circuit
layer is caused to contact both of the terminals, the heat produced by the flow of
current through the conductive circuit layer results in an indication by the
thermally sensitive layer of the charge in the battery.

2. A device according to Claim 1 in which the conductive circuit layer and
the plurality of openings in the non-conductive film are so arranged that the
conductive circuit layer is unable significantly to contact the battery through the
plurality of openings in the non-conductive film.

3. A device according to Claim 1 or Claim 2, in which the plurality of
openings are of from 0.0001 to 0,004 square inch (6.45x 1040258 x 105 p
m2) in size.

4 A device according to Claim 3, in which the plurality of openings are
from 0.0004 to 0.002 square inch (25.8 x 104 to 12.9 x 105 pm?) in size.

5. A device according to any one of Claims 1 to 4, in which the non-
conductive film is formed from a dielectric polymeric material, particularly a
polyvinyl resin, polyolefin resin or polyester resin.

6. A device according to Claim 5, in which the non-conductive film is from
0.0005 to 0.05 inches (12.7 to 127 pm), preferably 0.001 to 0.003 (25.4 to 76.2
um) thick.

7. A device according to any one of Claims 1 to 6, in which the conductive
circuit layer is formed from a metallic foil or mixtures thereof, a metallised
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plastic layer, an electrically conductive polymer, or mixtures thereof, paint or
ink, carbon or a metal.

8. A device according to Claim 7, in which the conductive circuit layer is
formed from silver, nickel, iron, copper, carbon, lead, conductive paint,
conductive polymers, conductive ink or mixtures thereof,

9. A device according to Claim 8, in which the conductive circuit layer is
formed from silver.

10. A device according to any preceding Claim, in which the thermally
sensitive material is a thermocromic ink or a liquid crystal material.

11. A device according to Claim 10, in which the thermally seinsitive
matieral is a thermocromic ink.

12. A device according to any preceding Claim, in which, in use, the
conductive circuit layer is so arranged at one of the terminals to be in permanent
contact with that terminal.

13. A battery having a first terminal and a second terminal of opposite
polarity; said battery at least partially encased with a nonconductive film having
a top surface and bottom surface and said film defining a first opening exposing
a segment of the first terminal, a spaced apart second opening exposing a
segment of the second terminal, and a plurality of openings between said first
opening and said second opening and a conductive circuit layer disposed over
the first opening, the second opening, and the plurality of openings so that a first
segment of conductive circuit layer can be deflected through the first opening to
contact the first terminal, a second segment of the conductive circuit layer can be
deflected through the second opening to contact the second terminal with the
remaining segment of the conductive circuit layer being unable to contact the
terminals of the battery through the plurality of openings; a thermally sensitive
material disposed in responsive contact with the conductive circuit layer such
that when the first segment and second segment of the conductive circuit layer
contact the first terminal and second terminal, respectively, a current will flow
through the conductive circuit layer and heat the thermally sensitive material
which will indicate the capacity of the battery.
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14. A battery including a device according to any one of the preceding
Claims.

15. A battery according to Claim 14, in which the device forms all or part of
the label.

16. A battery according to Claim 15 further including a film heat shrunk over
at least the testing device.

17. A battery according to any one of Claims 13 to 16 comprising a housing
composed of a cylindrical container closed at one end and open at the opposite
end, said container forming the first terminal of the battery; and a cover secured
over and electrically insulated from the open end of the container, said cover
forming the second terminal of the battery.

18. A method for preparing a battery test label as defined in any one of
Claims 1 to 12 comprising: adhering a non-conductive film comprising two
openings being so arranged that, in use they expose the first and second
terminals of the battery, and a plurality of openings arranged therebetween, to a
substrate comprising a thermally sensitive material secured to and in thermal
contact with a conductive circuit material, such that the conductive circuit layer
is so disposed on the non-conductive layer as to cover at least the openings and,
optionally, securing a further non-conductive outer film over at least the top
surface of the exposed non-conductive film and conductive circuit material.

19. A method for the attachment of a tester device according to any one of
Claims 1 to 12, to a battery, comprising adhering the free surface of the non-
conductive film to the housing of a battery having a first and a second terminal
such that one of the openings in said film is positioned over the first terminal, a
second of said openings is positioned over the second terminal and any
remaining openings are disposed between the first and second terminals and
further such that the conductive circuit layer covering said openings disposed
over the terminals can be deflected to contact the first and second terminals to
complete an electrical circuit in which current will flow through the conductive
circuit layer creating heat that will be detected and displayed by the thermally
sensitive material.
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20. A method for preparing and attaching a battery test label to a battery
comprising the steps:

(a) preparing a nonconductive base film having a top surface and a bottom
surface and producing in said film a first opening, a second opening, and a
plurality of spaced-apart openings between said first opening and said second
opening with said plurality of openings each being smaller than the first opening
and second opening;

(b) preparing a conductive circuit layer with a thermally sensitive material
secured to and in thermal contact with the conductive circuit layer and securing
the conductive circuit layer onto the top surface of the film and over the first
opening, the second opening and plurality of openings such that a selected first
area of the conductive circuit over the first opening can be deflected into and
below said first opening, a selected second area of the conductive circuit over
the second opening can be deflected into and below said second opening while
the remaining conductive circuit layer over the plurality of openings cannot be
deflected into and below the plurality of openings;

(c) optionally securing a nonconductive outer film over at least the top surface
of the base film containing the conductive layer; and

(d) adhering the bottom surface of the base film to the housing of a battery
having a first terminal and second terminal of opposite polarity such that the first
opening is positioned over the first terminal and the second opening is
positioned over the second terminal so that said first selected area can be
deflected to contact the first terminal and said second selected area can be
deflected to contact the second terminal to complete an electrical circuit in
which current will flow through the conductive circuit layer creating heat that
will be detected and displayed by the thermally sensitive material.

21.  The method for claim 20 wherein in step () the base film has an adhesive
layer on its bottom surface and a releasable film disposed over the adhesive
layer and in step (c) the releasable film is removed and the bottom surface of the
base film is secured to the housing of the battery using the adhesive layer.

22. The method of claim 20 wherein in step (b) the bottom surface of the
conductive circuit layer has an adhesive layer with the selected first area of the
conductive circuit layer and the selected second area of the conductive circuit
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layer free of said adhesive, and a releasable layer film disposed over the
adhesive layer and in step (b) the releasable layer is removed prior to securing
the conductive circuit layer to the base film using the adhesive layer.

23.  The method of claim 20 wherein the following step is added:

(d) securing a nonconductive film over the base film containing the
conductive circuit layer and the thermally sensitive material.
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