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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 matenal _,
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of their charge. In view of this, therefore, it is desirable to have sone
means for testing the battery before use in order to determne if the
*battery has sufficient charge to operate the desired device.
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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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absorber | ayer or on the opposite side of the substrate to the absorber

| ayer. A | ayer of a chloesteric liquid crystal material is then
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used in the device of this patent is a epoxy cenent - based conduct or,
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flow which, in turn, heats the conductive material. The heat generated is
nost intense at the

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
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central point and radiates outwardly. The heat is transferred through the
thin substrate to the liquid crystal |ayer which results in a col our
Thange in the liquid crystal. The traverse of the col our change al ong the
|l ength of the indicator scale, outwardly fromthe centre point, is
proportional to the current or voltage output or the condition of the
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a battery sigypr@fithé ohargatin e battergwi t ch neans on a battery. This device is
coupl ed across the termnals of the battery and is provided with an
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the battery. o U. S. Patent No. 5,059, 895 discloses a battery
vol tnmeter conpri h3%urther 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
label comprising: adhering a non-conductive film comprising two openings
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(A) a dielectric layer; (B) a conductive |ayer above or bel ow one of the
surfaces of the dielectric layer; and (C) a tenperature sensitive col our

Y ndicator layer in thernmal contact with the conductive |ayer,

characteri sed

in that the conductive layer has (i) thermal insulating nmeans under one of
It surfaces and (ii) sufficient heat generating capacity to affect a change
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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 film ba

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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(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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consum ng manufacture and expense both to the manufacturer and to the end
consuner. Furthernore, it has been found that, if the conductive |ayer is
8ii sposed close to the housing of the battery, which is usually a netallic
mat eri al , t hen such housing can be used as a heat sink. If this occurs,
t he heat generated in the conductive |ayer may be insufficient to be
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CONSUMBT- square inch (6.45 x 105 pm2 to 51.61 x 105 um?2), 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

This Sheet Has Been Rei

» (WA




3

Accordingly, in its first aspect, the present invention provides a testing
device for a battery having first and second term nals, the device
Eonprising: a non-conductive filmhaving two openi ngs being so arranged
that, in use they expose the first and second ternminals of the battery and
a pIurallty of openings arranged therebetween; a conductive circuit |ayer

so di sposed o104 he5n62x t0Mflued), whilseR reamiting OPeaings cobRESE of RempPeni ngs

Gont act 1 o &k giops st ék&$§”"!ﬁ‘ to,T9 ﬁ'ém% yuiici e material
di sposed in responsive contact with the conductive circuit |ayer such that,

\A/\fhen the conduct e, ﬂrgfgrfed &X%dﬁx?en‘f,%ife &¥ th8 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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contact both of the termnals, the heat produced by the flow of current
t hrough the conductive circuit layer results in an indication by the

fhermally sensitive |layer of the charge in the battery. In a
preferred enbodi nent of this aspect of the invention, the testing device
forms all, or part, of the label for the battery. In a further

preferred enfdbitifibns tHePedTONRi¢R dONE] BE 'aggliéd bRt subisfrate sy thle'CoRbhiétive
openi ngs in the nﬁn- coeg.duc i,ve filmare %qadéangelﬂ, t hat the conductive
circuit |ayd@yfs Mispreterred thatithislayer is fo PM €T hattery through the
plurality of openings in the non-conductive film In a specific
enbodi nent of thig agpect t he inventi herg | rovi ge ttar
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exposi ng a s%é' e 1‘{': Ci@&t‘h%eai?ﬁ; g&%%?émg%rgt?&%gﬁfg&é;%{agggg cé%grape&s)g%gén peni ng
exposi ng a sanghwill 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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the second termnal; a plurality of openings di sposed between said first
openi ng and sai d second opening; a conductive circuit |ayer disposed and
secured over the first opening, second opening and plurality of openings so
that a first segment of the conductive circuit |ayer can be deflected

t hrough the first opening to contact the first termnal, a second segnent

o contact | pe B R e et v
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condi ti on ofthe prodeer eathode is in electripalgondact avith the,eondustive housing of dheent
i nvention prhauefle SirpthidbmBbdinhéift! otk oSthe tefinal GoflR¥t Sgnidhtsl@ids"efthabove.
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 aligned with the second opening such that it is in contact with and
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The present invention also relates to a nethod for preparing a battery test
| abel conprising: adhering a non-conductive film conprising two openings
sbeing so arranged that, in use they expose the first and second term nal s
of the battery, and a plurality of openings arranged therebetween, to a
substrate corrpr|5| ng a thernally sensitive material secured to and in '
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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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The present invention further provides a nethod for the attachment of a
tester device, as defined above, to a battery, conprising adhering the free
surface of the non-conductive filmto the housing of a battery having a
first and a second term nal such that one of the openings in said filmis
positioned over the first term naI a second of said openings is posi ti oned

over Fhe Se‘é@ﬂfg)lét@ﬂ'ﬁeﬂ%erﬁﬂﬁ Qid'ﬂh‘éc%h GusivePsis@s yreen
the first an Condtermnal rther suc t nd ctlv circuit
| ayer coverl‘%ﬁ} g@@é‘%&?“?’ﬁ? ’é%\‘ gﬂf Yect ed
to contact tshssmxrémataﬁd tﬁQﬁ@ﬁdetaeﬁﬁmﬂahdldaﬁoﬁwfnhewe@gih@fﬁ@é bategry, circuit

in which current will flow through the conductive circuit layer creating
heat that will be detected and displayed by the thermally sensitive
mat eri al . Oneparticulariadvantage of the devwce of thet preferthinvénticmnisitbe, t here

s provided;g [ SRR MR B il £phihliy'of o ok 20! t0 2
Fphaition fifo &

battery conpris
openmgs ese openmgs 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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(a) preparing a nonconductive base filmhaving a top surface and a bottom
surface and producing in said filma 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 |ayer
with a ther Bﬁbhé&bf@ﬁéqérw&) #Ra 6#1&'011@66%19 d Seciteld ' e @It A A the W LD
t he conductb lcabpf | ayer a securing the conductive circult Iayer ont o
the top sur 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 .0pgnin e def t ed. d, bel 0 aid first
openi ng, a sel ecgég g&gf"gﬁf (‘J’h\@@ ée‘iPPgﬂ E/]t Pecond
openi ng canthestestéirenit layer beforead cutémlayerisdbesaredto the éasmblyahl 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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6 the remai ning conductive circuit layer over the plurality of openings
cannot be deflected into and bel ow the plurality of openings; (c)
soptionally securing a nonconductive outer filmover at |least the top
surface of the base filmcontaining the conductive |ayer; and (d) adhering
t he bottom surface of the base filmto the housing of a battery having a
first termnal and second term nal of opposite polarity such that the flrst

bosl 11 aned bver  ARGhoBgURFiEesnt BHTALty of andsie 1Y dOVERL PGSR can be
ggf Lg?f ggt 2 af Cgﬁ:bgwﬁhhlz ?éleésgbm dé%meau?h §®hﬁ1aﬂa2adlb%henh§d area can
circuit in WHeene-cortedRapgRr. an %f‘ﬁﬁi%’ ﬁ[‘%nﬁpmﬁgc‘g% j“ﬁv@%‘f?ﬁ%‘f&cger
creating he@;%eﬂlh 8¢ 8WDisp bgeddﬁt foptmbmdﬂcﬁve bdyeey 40 ibyhermallysensitive y
sensitive Hat'16. E’rde S 60-Rbh ik Re A1 o8t} Ghot 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

This Sheet Has Been Rerilaced
14

TG




~

The invention will now be further described with reference to the follow ng
drawi ngs, in which: Figure 1 is an expl oded view of the various
-conponents of test circuit |abels of this invention. Figure 2 is a
plan view of a continuous sheet of |abel carrier containing the individual
test circuit devices of this invention. Figure 3 is an isonetric

view of a Celhi@iRhAYrH solthaf & P&n‘&féa%‘ﬁ éndjs\éi'&ﬂe[%s | § ciroiieig | on.

F
., cntplec nd sl ssine sogbol i e e

base, film gfaté Bf chagedf thé céll if dém%@; eﬁhlen drea SaeS 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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nunmer ous openi ngs therein, two of whch o enln s nust, in use, expose the

first and second term nals of the batt ﬁl nunber of openi ngs
is not essential to the present |nvent for exanple, on the
size of the battery for which the tester |s estlned

7 The non-conductive base filmconprises two openi ngs, one of which

nust, in usm.sposed over the first termnal and the other of which
nmust, in UusE i sposed over the second term nal of the battery. The
preci se size of these two openings is not essential to the present

i nvention and degemngrueﬁw for@%f@f}ehaﬁhg firgpandéechad teminile| thetdevicet he
tester is destined.

sufficient tOMTBHE CG @Fﬁﬁ%ﬁbﬁ@v&ﬁﬂ%gﬂ’? lggbgﬁg%% a?’raigé&

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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circuit |layer covering said opening of the battery.
Typically, however, we have found ﬁu Eﬂ!& fron10 001 square inch
to 0.008 square i nch (6.45 X 10[err err x 10[err] [err]),

preferably from0.003 to 0.005 square inch (19.35 x 10[err] to 32.26 X
10[err] [err]) are suitable. Wthin this range, the smaller openings would

be rmost sui Rt Tageér, &H%'léo%ﬁcéﬂ%l EGfidREive PoByinS or iRt tHer 86T, paink Br

wher eas openings ﬁovvards top end of the range woul d be ndst suitable
for batteri r4'ROIL Of 3 -di ameter and different curvature, for exanple
the D-size batteries. The precise size of the remaining, plurality

of , openin int e f | sentlal to
t he pEesen?%l nver{?%Sﬂﬁggfgﬁ'%EQQ@@az&g*%géﬂi%% \?vgfﬁ% Y¥S0f such
a size to prformed from bidver) nickel, itomg coppety carbon, keadccon licagllerpamtr ough the
openi ngs on g{ﬁ@r at these openings are
slrcr)nl I e? thatrfgnﬁg‘g%@& nged tﬁuggu‘éél {snrl)(loos%e overu?% fer m nal s orl‘o thegcel | .

Typi cal ly, these renmining openings can vary in size from 0.0001 square

inch to 0.0} sq%nevi'ce%cémfét&clﬁﬁﬁs ih vblﬁcﬁ&@cdn&f&i%rclmh&rl

referably f 0004..square 1nch to 0.002 square inch (25.8 0 err to
22. 9 y rme from Sll d ( [ ]

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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x 10[err] [err]). Wthin this range, r end of the range
woul d be nost appropriate for the small qmlﬂﬁmﬂmmmﬂmpe whilst for the %
size cells, openings of a size towards the ‘hi §het end *of the range woul d be
nore appropriate. Thus, for exanple, AAA size cells could have the
two openi ngs di sposed over the termnals of the battery of a size with in

the range of 0.001 to 0.003 square inch (64.52 x 10[err] to 19.35 x 10[err]

[err]), whereas the remsu ni ng openi ngs coyld be within the r e of from
0. 0001 to 014003Ad am&m evics agenrding tor anyieneaf eﬂf‘éﬁr&ﬂ‘g[err])
For an AA sC;ﬁngell t he f| rst and second openings could be of a size within
the range 0.002 to 0.004 square inch (12.9 x 10[err] to 25.8 x 10[err]
[err]), whilst the remaining openings could have a size within the range of
from 0.0003150 0AOpdtergtasterdimgto ClinB54,inwohichrthe devibe faitscall of partjof

[err]) For s the first and second opening could be of from
003 to 0. ﬁtfslsabéﬁare i nch (19. 35

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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8 x 10[err] to 51.6 whi | st the remai ning openi ngs could
be of from 0.001 toqmmmllmlﬂaum IIﬂh (64.52 x 10[err] to 19.35 x 10[err]
{err]). In ohe preferred efbodi ment, one of the two openings

di sposed over the termnals of the battery isinthe formof a slot or

groove leading directly onto the edge of the non-conductive base film the
only proviso being that the conductive circuit nust still be capabl e of

defl ecti on to contact ., the cover .of the cell i, me t herefore,
the size of 28 e&”é?ﬂlﬂl RrSpadngAnd a It@ﬁt%?gﬁam%?ﬁa{‘gé‘d B’aﬁtfr%quare
inch (64.52 @bniiﬁ{lgiﬁg}hdgéﬁ§) In a nore preferred enbodinent, it is the

openi ng covering the second termnal which is in the formof a slit or
groove .

(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

This Sheet Has Been Replaced

LT

19




In gener al Jmmwﬂ lﬂ“ﬂﬁlﬁlﬂ’o of the openings, that is the two openings

di sposed o of the battery and the renai ni ng openi ngs

t her ebet weer’, i‘s fiot "essential to the present invention. However, it is
appar ent fromthe above description that the openings disposed over the
termnals of the battery nust be of such a shape as to allow deflection of

the coveri nqg&'ﬁ%’&f ¥éid adhesivé £idlédsabléTay: éf‘ﬁlmtdié sedBveOeact the

term nal . openi ngs ls osed n s ternlnals of the
bat £ ery ray AoV LxeE AndahiseR ) 2R TGREIDLE 18y Bt iSRGV RSIOLdP SEFHINE hor
pol ygonal shh@eonductive clrcTﬁtelayemtoomdiaséﬁmtismm adliesivedayear of the
present invention may be nade of any desired dielectric polyneric material,
although it is preferred to use a dielectric polyneric material that wll
shri nk when 23sserfhemethodobeain 20 whereimpthesfollowing stepl is added:ner i ¢
materi al s i nclude pol yvinyl resins, polyolefin resins and pol yester resins,
specific exanples of which include polyvinyl chloride, polyethylene and

pol ypr opyl ene T Hd) mesunggatnqmméwx@fﬁkmevm basadilm cantainimgihes not

particul arly, ?&ﬁt tﬁfﬂﬁgﬁ fiets ﬁsh%qﬁ&eﬁﬁl of from about
0.0005 to 0 ﬁﬂ I!ﬁr g o ?pfefler ably 0.001 to 0.003
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inch (25.4 to 76.2 [err]), is particularly suitable. The conducti ve
circuit layer may be fornmed fromany material which can conduct an

el ectrical charge. Typically, this layer nay be formed froma netallic foi
such as silver, nickeL iron, copper, lead, etc., and m xtures thereof or a
metal lized plastic layer. In the alternative, the layer may be formed from
an electrically conductive polynmer, or m xtures of such polyners, paints or
i nks, such as those that contain graphite, carbon or netals such as silver
or conbi nati ons t her eof mhichéggﬁggég%}applied onto a substrate as

the conductive layer. It is preferre s layer is fornmed from
silver.
BATTERY WITH TESTER LABEL
AND METHOD FOR PRODUCING IT

A device containing an integral test circuit device that is activated by
depressing a selected area of the label whereupon a thermally sensitive material

displays whether the battery has capacity and a battery including such a device
as or forming part of the label are provided, together with a method for
producing the test circuit device.
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The device of the present invention also includes neans for indicating the
capacity of the battery. The indicating neans, in the formof a thermally
.sensitive layer, are in responsive contactqytklthe area of controlled
~resistivity and will respond to gpd imdicate the capacity of the battery.
For exanple, a tenperature wll nerated in that area when a current

' ) »er. Thermal | send tive materia

Wt h the Area of controlled
e consung Qe apacity of tq% battery.
ﬂw% such as a "goeQS\r eadi ng, or

: rcentage of usel ife. Thefthermally
sensitive materials would é?qu% dply viewabl e by a con™™wy. Thlis the
consuner, based on, for exgnhé °d:he eotat—ehange = can d
t he battery S good or nfeq§°b ®e repl aced. ———txanpl e
thermally sensitive nmatdri 4@;5 fclude liquid crystal materi

t her nochrom c i nks. SUI'.A'G ,|qU|d crystal materials are ©of the
chol esteric type, %Pch chgl esteryl ol eate, chol esteryl chloride,
chol esteryl

will be in thernmally transferg
resistivity and will 8 :
Thi's indication can be
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caprylate and the |like. Exanples of suitable colour thernochrom c inks

i ncl ude those conprised of a dye, devel oper and desensitizing agent, for
exanple as disclosed in U S. Patent No. 4,835,475. The col our indicator
material could change from coloured to col ourless, colauphess to col oured,
or one colour to a second col our. The ingtTating materials, such as
t her rochrom ¢ i nks, i)f used si pet T —or—+R~cQAIN ___For exarrpl e, in
one enbodi nent di fferent aye yN“Eri al maﬁQ)e enpl oyed.
The | ayers woul d be activated a fres or states and can

t hus be designed to change to di fferent tenperatures.
For exanple, the layer of materia i ghest tenperature
will preferably be the bottom | aye
suitably be arranged according tdg
the material with the | owest tenge
conprise the top | ayer. Iin
conductive circuit |ayer nmay be

activation such that
on woul d form or
M present invention the
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defl eécted through the opening in the non-conductive |ayer disposed over one
of . " 10 both of the terminals
such that a circuit is conpleted. However, in a preferred enbodi nent of the
tester device of the present invention, in use, at one of the termnals the
conductive circuit layer is arranged so as to be in permanent contact with
the termnal, so that, in order to conplete the circuit it is necessary
only to deflect the conductive circuitzﬂayer t hrough the opening in the
non- conductive filmat the other termnal. In one enbodi nent of the

I nvention either the anode or cathoqﬁggigggggLectrical contact with the
conductive housing of the battery. I odi nrent, one of the term na
contact segnments ends of the

BATTERY WITH TESTER LABEL
AND METHOD FOR PRODUCING IT

A device containing an integral test circuit device that is activated by
depressing a selected area of the label whereupon a thermally sensitive material
displays whether the battery has capacity and a battery including such a device
as or forming part of the label are provided, together with a method for
producing the test circuit device.
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_ _ cseript .on r"" ok 10 D2 ed’s
tester circuit can be permanently connect ed tc Lﬁg ?OE 09
Fhile the other contact end is p03|t|oned out I . 5’€r 3
term nal of the housing by an opening imnthe L‘ J ' pet Vb(éfé
st h BE L\,Eﬂxl‘l‘ll te—segnent end of the tester °Th|§ BT Iy PR&T e
as- £ dr SHEET! ester circuit. By forcing the CI rcuit cont ﬁq grrent
l.s..cl.osed

engl into contact th the housi t hr ough t he Jog¥ARiE d)F (RECIERRIT S
andl {he aguliefogi rEuf t |BAWE£M1WIT%STE‘S&LR& \BEIThi s contact can

ar b T b ANEMEEHOREQR PRODICING'FTI ¢ | nenti on i s
sul.t.ed for use as, r formng part of the |abel for a battery. In such

case, the label may al so conprise additional insulative |ayers, printing
| ayers, protective layers and the like. Suitable materials for use as the
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battery by the Upguefie@RreAtRIAING stolblE forSiridius pRiBls BRYini¥bdford béing 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 batterﬁz
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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formof a single ply |abel or a shrinkable tube |abel in which a battery is
éncased. A preferred tester |label may include conponents as
.described in the follow ng. A base insulative filmmy be adhered to the

housing of the battery, which is in elec g ical contact with eithe rthe
anhode or cathode of the battery, by a s bl e adhesive. The insulative

film has t h N
term nar s, - repged ftFchitatt withthe BSfEn EimAl Tauslle LM AT ho Hol'whlich E°
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then be al i StRstrag th &ﬁ}‘ﬁlaldﬂbfﬁ? results in aicolous changevinthetliguid h and
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 termmals 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:

() afilm base;
(ii) an electrically conductive layer disposed on one side of the film
base, |
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secured to the termnal of the battery (generally hi cover) that fs[not in

contact with the housing. The area of the base fil ntD4wWlci996he] t pst er
circuit is placed has a plurality of openings as des¢ri bed above t
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i idi cating material is then suitably plraced over the _area of controlted
resistivity of tKii)ci agprotectivedayendisposed gnithe electricallyycdnsuptiee layerli r ect | y
on the testgé circuit or it nmay be placed on a separate layer that is

pl aced over %e tester circuit. Preferably, the indicating material is a
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of controlled resistivity. Finally a protective |ayer may be placed over
the indicating material. The type of protective |ayer, is selected so that
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wi Il be gengévices dré 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. I 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



the area of controlled resistivity which will be transferred to the

lsndi cating material. If the desired tenperature level is reached, the
indicating material will so indicate gnd the user can determ ne the anount
of capacity remaining in the batt di rent _of the
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battery tesygs coifitichve diduit dybrieadts Ml indication iy tlie'tﬁeﬁﬁﬁlgf sérisitiyean
contain pripted %ggﬁ%;aphl,c ign matter for the battery. sui t abl e
mat eri al f or@YCR& arge ipthe, s pol yester, polyvinyl chloride or the
like. The batteries useful in this invention are primry or
secondary batteries that hav sitive,and negati,ve. terpinals. The
batteries generah?%ﬁﬁ@%ﬁ@f%s E%qugﬂt%ﬂlvgpg‘%&hFﬁ%%nt ai ned
in a seal eddbeide iforins AN corywartiofghe Jabet fod thetbastemn 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 term nal of the

battery while thinadurthempreférrethembodiment) thei condugtive citiiy layee 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
label comprising: adhering a non-conductive film comprising two openings
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battery housing, is usually in electrical contact wth the other el ectrode.
Fhe test device label of this invention in addition to providing a | abel
for the battery, provides a test devicg that is integral with the |abel and

thereafter becones an int eag’;al part of—the battery. The test device
oper at es subeing rsatampg%;h 4 e 150y eaposmes@nséméae@r&a@mmadmf the

conductive | f‘ﬁﬂ afriinged ther
12 conpl et egd vénedn rmﬂb % %233 bat t erb;tv\‘;'?%n,m ﬁt& ive
circuit |ay%qmmsx§13& spnsiiive materialsecured thand 1g &gntast pathect ed

by the t herﬁbﬁdhc’iﬁ@%xﬁchi’c‘inﬁ@hﬂ | silch thatthe CbAuctive Sirdlit iayet i3dd on of the
strength of _the batt
disposed on the'rion-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 compnsmg
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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One particul ar advantage of the device of the present invention is the
lsngorporation into the non-conductive base filmof a plurality of a snall
ppeni ngs. These openings act as a thermal insulation for the conductive

| ayer. Thus the segnent of the base fil mW| |l function as a thermal and
ekectrical insulator for the conductivebcircuit layer. In this arrangenent,
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as 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.

rief iption 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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di scussed above. An adhesive may then be added to the bottomside of this
fil.m which may then be attached to a suitable releasable material, such as
silicone- coated rel ease paper, to forma label carrier. In a separate
operation, a circuit tester |layer of the-desired shape and format nmay then

be deposited on LdnBuet | ; ok | ipal , such
as t her nochromi cjimﬁﬁ,hékn .adgé‘ﬁ%gawﬁlﬁhéoﬁl?&% t@@fbvl‘lé' ogdd gg, o HP&E{%@

e 1.S then t h tom
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di spensed wisqguare inchd6.45 x 10° pum< to 51.61 x 10° pm<), 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. Itis
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 pm2)
and preferably from 0.0004 square inch to 0.002 square inch (25.8 x 104 t0 12.9
x 105 um2). 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 um?2), whereas the remaining opehings
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 105
pm2), whilst the remaining openings could have a size within the range of from
0.0003 to 0.001 square inch (19.35 x 103 t0 64.52 x 104 um2). 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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13 rel easabl e 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 | abel and/or the test circuit |ayer before an outer layer is
secured to the base | ayer. The conpleted base layer is cut to a desired
si ze and then égd to anoth ea where the silicone-coated paper web is

;
renoved and X h8% tabd |62 % lﬁgm whylstthe remaining epenmgs eorld deyof fremdesi r ed,
graphics co t I B I n an
alternati ve%ﬁgggg%@'?ﬁg%dggg@g'%%‘elri a In’;%/s ggdt?@?ﬂszfarrped

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 pm2). 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 pum), preferably 0.001 to 0.003
inch (25.4 to 76.2 pm), is particularly suitabie.

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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onto the substrate. We prefer that the conductive circuit layer is forned
as.a separate part, preferably on a substrate, and shaped to have first and
second segnent ends that are connecteg to each other via an area of

controlled resistivity. The first segrrent is suitably provided to contact a
first term oembirations thereofwhichneould beapplind onta)rsubstrateias therendushivei ded

to make conI@%} thrsrbrgﬁgr mq&%gﬁ?ggﬁ%daﬁdgg{iﬂlg {4€ry. Thus, when the

conductive CFrcuit Ifayer es contact w termnals of the battery,
an electric current will flow through the area of controlled resistivity

which will heat "
nctivate the therml@%ﬁ@g%&&%@h@u%&mﬁmms%;finfai@@m glthe

control | ed FapACEYY; ek 9hégﬁf}(/ Jme t”?urnlcggﬁegglg‘?ﬂiﬁ i aﬁégglﬁg@ﬂﬁeoﬁr ?ﬁeOf
S b SR RIAgE 4 e, et Mot ituletitiniey 1,
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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 chioride, 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
bhange 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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bet ween 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 |east sone of the plurality of openings 8.
Opening 4 is sufficiently large so that1l@onductive segnent |ayer 12 can be
depressed into and t hrough opening 4. Opening 6 is in the formof a notch

SO that conggh of theReufbiils sidtPthat 4 ciraiitiec laé@.eﬁdwem,qﬂ%eﬁﬂefafw not ch
6 to contact termnal of the,cell. %etop of, conductive layer 10 1s a
Chermal |y séRbadimentat e tsstex devce Af S BreseRl IRYEHIQHLE Use 2 0ng of thei ch

wi |1 change tg@hinalsubetofi@hetive cifcudf lagePRr drraiged sota T dedh Pefmbhats! -

14 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 include 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 prefemed 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
suitabie 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 aligned with the second opening such that it is in contact with and
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As shown in Fig. 2, a plurality of conductive |aydr |degiacddl 194 s {shown
secured on base film2 rel easably secured on a carfriler |ayer 11 udgh as a
silicone-coated paper, and di sposed over opening opening 6 and pljurality
of openings 8. Disposed on top of cond&étlve | ayer{ 10 is the
sensitive material 16. |If desired, a non-conductive filmor coating (not
shown) coul dsepareditojthe wmn&oﬁ)&séaattcm{gsnmdiyeuh; coyerHbat isaotin gntact

conductive |lg #ﬁﬁéﬁc’“‘ t heswe s%ﬁs&lﬁl&gﬁb%ﬁﬁhtﬁetase f,} 2. This

top | ayer cou ave cl Th| S

to secure to b
non- conduct mlecedhaamphmhty@ﬁ openngsrasrdaseribed above tqmﬁmceea
shrunk ont o {06, ﬁsﬁ meHnisFor 4418 tepbiclirduit mwmdi@atﬁﬁgm&mes ﬂiehm 2

has an adhesive [ayer on_Its t rface .(see Figure ichi1s

secured to asuttablyp lyceéogwothﬁw @Qmeo TCSISHVIW%&%P’FF% IR€ Figure 3

shows a bat txﬁﬂi&aﬁﬁg&%dtéﬁﬂ zg&itve lmaed&e &xﬂi&oﬁest%bemmt%emmylbbo t he
Cti

W th cover Zaaced onasepia &?ﬁé‘%mﬂyﬁe%ﬁ et figtih PRPEOEG ict i vo
segnent 'ay%dﬂeanﬁgmétenmrsmeﬂﬁbchroﬁﬁamﬁutmqhaﬂnmy 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 & 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 usnally 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



cover 22. The conductive segnment layer 12 is di sposed over opening 4 and is
spaced apart fromthe cylindrical housing 24 of the battery 20 which is the
second term nal of the battery 20. Thus the circuit between the two
termnals of battery 20 via conductive gggnent |ayers 12 and 14 is open. To
ctose the circuit, pressure is applied-omthe flexible upper |ayer above

Fpeni n?.24ti &0 C&F 1 | C-‘E t- i tebtmf}b*yv.?'l[thewh@m ‘ 4.‘0{1@)/6199[:9“'[
ayer (0] e.elecltrica ont a e B r S| oug
batel a2 4" aichin pars,gsnemtes o e Heahgtnerafl ih Aeqechty, B8 amhali o
segment | aygensitive myterid t6 providé awisinl indisation 8f thehstrerpticopthesbattery.i s

rel eased. |f desired, conductive segnent |ayer 14 can al so be spaced apart
fromthe cover 22 so that to conplete the circuit, pressure will have to be

si gl“ taneously an(mé ?&i‘ﬁbﬂai’hévﬁmgd of theugevice ofitherpresemt inventionapthe ngs 4

6 inthe b fi h | . ' |
Segment o 15 epartga o Aoy oo bsd Byh D ARGy BRE Rl VET
and cover 2penitgseJheseopenings autasaithepnakinsulationfor thercopdustivatayepr i nt ed
ot ' can 85, Blaccekath T BEE A Shll SABEYE b ¥ kil ind dheAEA

sensitive e outer |ayer. ) . .
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 label 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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As shown in Figure 4, an outer layer 1 contains designated areas 3 and 5
whi.ch correspond to the first termnal area and second term nal area,

respectively, of the cell. Designated area 7 exposes an area of the
thermal |y sensitive materiall¥lo that when areas 3 and 5 are
depressed, a circuit is conpleted and the thermally sensitive material wll

change col odeleasablepaperiweh ard positioned oyeman@ sequred to the selegted gras ofdhe

ei ther areapjePfapajcoul d be permanently secured to a terminal so that only
area 3 or 5, respectively, would have to be depressed to conplete the
circuit.

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 layertoa
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 10is a thermally sensitive material 16 '
such as a thermochromic material, which will change color upon detection of a

particular tegpaaWe level. REPLA CEMENT SHEET
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This invention has been described in detail with artiﬁﬁ?ﬁt_rﬁ@r nge to
preferred enbodi nents thereof, but it will be undgrdt oo at “varilati ons
and nodifications can be effected within the spirijt h

i nvention. For exanple, an adhesive strip could bg secured over the
conductive circuit layer containing the thermally Sensitive naterral so
that the conductive circuit layer coul d & secured to the base fil musing

t he adhesive strip. - . . . 3
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, suchas 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 segnient laver 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 simuitaneously 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



1. A testing device for a battery having first and second termnals, the
devi ce conprising: a non-conductive film having two openi ngs being so
arranged that the first and second termnals of the battery are exposed

t her et hrough; a conductive circuit | ager di sposed on the non-conductive
ftl'm the circuit |layer covering the two openings in order to be able to

tact the_terminal - I
censi 11 ve naSYe Maferil sb dfae PheT teds kit ot dbre SRR, Bk el ] Y,
circuit | aycompletéd ahdthe theanally sensitive myateial wilbohasgeolounto indicateghet he
e Ompio ‘ _ . W o
both of |t e SRS H hard BE g odPHAUEkicRl, Liler 0B O 31 Could bE emartifty 1 10
mat eri al of stdured tna germinak socthat only sreadnon Jrespecsvely, wauldthawe o beal ity of

openings is gﬁe éd?x%él@feﬂﬁgrb” ductive filmbetween the two openings so
as to provig thermal 1Trsulation Tor the conductive circuit layer and in

that the plurality of openings has an opening size such as to prevent

deflection of theheOpduatibn Ras beén!dbsdribedlindetAloithipaetiohlar sfefenceto
openi ngs onto . I - .
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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non-coneducti ve M| M ate so arranged that the condyciHiReSKEFTHAS Beapell i s
unabl e significantly to contact the batigry t hr oughh t heRgkuAgEDRtyY of

openings in the non-conductive film A devi-tE—acecorairg—to=Ctkai m 1
or Gaimz,Mch the plurality of openings are from0.0001 to 0.004

square inch X 10[err] to 25.8 x 10[err] [err]) in size. 4. A
device according to Caim3, in which the plurality of openings are from

0,000% Lo 0190 kb 00 it 8

non- conduc'compﬁsuign a noﬂ@onéubtt ﬁmgém elopraingschaing so amanged

particularl y, g BOhshBY expbst the 6 A &cofidterhihallf of Bt baRES/ arldes! -
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.

S

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 (6.45 x 1041t025.8x 105 1

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 um?2) 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 nor-conductive film is from
© 0.0005 to 0.05 inches (12.7 to 127 um), preferably 0.001 to 0.003 (25.4 to 76.2
um) thick.

7. A device a'ccording 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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to daim5, in which th m@{

0 aim I n I C e MoMmH S

f. 0. 0 12. "fE :

(rzgm4 = %I{D ll@jﬁﬁm Hﬂ‘zs ( 7 to 127 [err]m, p eferaggyi_&; BEEY 0. 003
A dévi ce accordl—m\\r

REPLACEMENT SHEET 7. dévi ng to any one of T ains
1-to 6, in which the conductlve circuit layer is forned froma netallic

foil of a nmpladticiayer, dhelectiallyetonductive 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. REPLACEMENT SHEET
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metallis an electrically conductive_pol rrer or m xture of
pol. ymersﬁ“m mﬂu““/lumg"lmt or conductive ink; car bolf of - a=Tw . A
devi ce actordiry t"o & afm7, in which the conducti v (FEE ]
fornmed fromsilver, nickel, iron, c? per, carbon, | O AAEEDY e pa'/nt,
conductive pol yners, conductlve I nk m Xt ures thereof . Aeghe
according to aim38, in which the conductive circuit layer is formed from
silver. 10. A device according to any preceding ajm in which the
thermal |y sddsit iA/batterydneladings aevlﬁeuamdmgrm:anmwf the|preeading r yst al
material. HlajmdA device according to Caim10, in which the thermally
sensitive material is a thernochronmic ink. 12. A device according to any
preceding Claim in which, in use, the

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 Jeast 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 fiim 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 housiilg 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 ope_nings disposed
over the terminals can be deflected to contact the first and second terminals to
compléte 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 matgrial. : .- REPL ACEMENT SHEET
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| ayer is so arranged at one of the term nals to be in

pillltlﬂllllmll 15 7"A be

t erm fal ~an & sécond term nal of opp05| te polari }Tf&aﬂ-JQE'bﬁﬁ\ %ng af | east
partially encased with a non-conductive film havijng a B&pLagepace ad
bottom surface and said filmdefini ng first ope EXPOSHRg—a-sefgnent of

the first t n ta ﬁﬂ{%dq ?&&:ﬂg grrent of
t he second fder %&Péﬁgﬂgogﬁ%?%ﬁﬁg@\ge@lsrc | B ayer (ﬁég%?ke)&g%ver the first
openi ng andcampnsngdimistcpﬁm ng so that a first segnent of conductive

circuit layer can be deflected through the first opening to contact the
first termnal and a second se rrent of_the conductive circ i“t | ayer can be

def | ected t (@) cprgpating:a senconrs bage filmchaying 8 top sugface,ard 8 botomml ; a
thermal |y sgnajbing prodae T4 Sghﬂgﬂmﬂﬂrﬁtéﬁ&ﬂﬂﬂ%s&oﬁa gVahd at he

conducti ve CI rcuit I"a

en the segnme nd,seco
segment of Plﬁ@%ﬁgéﬁﬁﬂ\@meﬂﬁmﬁ eg]n&qndfl ﬁirﬁ?ﬁﬂn nd
second ter%éﬁbﬁ'ingmfdg bﬁw@fcpmegstemmemg gmnafmaghhemstcopwng ive
and heat the thérmally se

circuit |ayer nsitive material which will indicate
t he capaci ta}ndosecpa@ OpERIN&r y, characterised . .
(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 (a) 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 ircui

 conductive cirguit———
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T2 527, 7500t o consaet e, )

conduct rvec circdit °l ayer, and in that the plurali nyg?élmeﬁmBEm an
openi ng size such as to prevent defl e ion of thejiconduBEPMECEDT cuit]] | ayer
throough the plurality of openings onto the batter : S ‘battery

I ncl udi ng a device accarding to any one of the precedi ng
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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Clains. 15. A battery according to Claim14, in which the device forns
all or part of a |abel for the battery. 16. A battery according to Claim
15 furt her incl udi ng a filmheat shrunk over at |east the testing device.
17. A battery according to any one of Clains 13 to 16 conprising a housing
conposed of a cylindrical container closed at one end and open at the
opposite end, said container formng th@first termnal of the battery; and
a cover secured over and electrically i'hsul ated fromthe open end of the
contai ner, said cover formng the second termnal of the battery. 18. A
nmet hod for preparing a battery testi mBYERACT as defined in any one of
Clainms 1 to 12 conprising: adhering a non-conductive film having.two

. bei ' , Py i nal £ th
ggf?lepgsargl ng so arrang%&TﬁR@%WﬁtTﬁ@IEﬁﬁgﬂm nal s of the
AND METHOD FOR PRODUCING IT

A device containing an integral test circuit device that is activated by
depressing a selected area of the label whereupon a thermally sensitive material
displays whether the battery has capacity and a battery including such a device
as or forming part of the label are provided, together thh a method for
producing the test circuit device.

FIGRE 1.
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exposed therethrough, to a substrate conprising a thermally sensitive
material secured to and in thermal contact with a conductive circuit |ayer,
such that the conductive circuit layer is so disposed on the non-conductive
filmas to cover at |east the openings and, optionally, securing a further
non- conductive outer filmover at |eabst the top surface of the exposed

non- conductive filmand conductiye ¢t | ayer, characterised-in that a
plurality of openings is arrang®dQ&q the non- conductive film between the
two openings so as to provide R Qsul ation for _the Zonductive circuit
| ayer, and in that the pluralfty Jof opes{s openi ng size such as to
prevent deflection of«<he co duc®ve circ t hrough the Blurality of
openi ngs onto the batte S ngQk d8nent of a
testing device as defined £\ to a battery,
conprising adhering the f

14

11
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conductive filmto the housing of a battery having a first and a second

tierm nal such that one of the openings in said filmis positioned over the
first termnal and a second of said openings is positioned over the second
termnal, and further such that the conductive circuit |ayer covering said
openi ngs di sposed over the term nals can be deflected to contact the first

and second termnals to conplete an el ectical circuit iyy which current
will flow through the conductive circuit |ayer cres at that will be
B Ly r=h&c material, characterised

gre—Ccomeigg i ve film

psul ati on for the
{of openi ngs has an
pnductive circuit |ayer

detected and di spl ayed by the ther ngllyr—serrSt:
inthat a plurality of M0QgS iiFﬁiiiﬁﬁﬁﬁlIil'.i
bet ween the two openings so as R oVvi de tpernal
conductive circuit layer, and i %ma..guu-: ol

openi ng size such as to prevent (efl egi+oa Off tjhe
t hr ough
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¢ond a][tesﬁmg deviee fomalbattery havingcfitst ahd yecondverminads, the ond
deet Shtiitts' ShbutoRaRia Rt hviREI8R oriBils Ming 84 oot *The
arrapged thgt thecfirso anidi sedond terminalst of thg battenynate eaposather i ng t he
ffetedtoldt atdnBultivdnittuit A5eP AP & i RH-L&iductive film, the
circuit layer covering the two openings in order to be able to contact the

terminals of the battery therethrough; and a thermally sensitive material

disposed in responsive contact with the conductive circuit layer such that, heat
produced by the flow of current through the conductive circuit layer on contact

of the conductive circuit layer with both of the terminals results in an indication
by the thermally sensitive material of the charge in the battery, characterised in
that a plurality of openings is arranged in the non-conductive film between the

two openings so as to provide thermal insulation for the conductive circuit layer
and in that the plurality of openings has an opening size such as to prevent
deflection of the conductive circuit layer through the plurality of openings onto
the battery housing.

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 from 0.0001 to 0.004 square inch (6.45 x 104 to 25.8 x 10° um?2)
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 um2) 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 um), preferably 0.001 to 0.003 (25.4 to 76.2
pm) thick.

A
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circuit layer is formed from a metallic foil of a metal or mixture of metals; a
metallised plastic layer; an electrically conductive polymer or mixture of
polymers, conductive paint or conductive 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 preéeding Claim, in which the thermally
sensitive material is a thermochromic ink or a liquid crystal material.

11. A device according to Claim 10, in which the thermally sensitive material
is a thermochromic 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 non-conductive film
having a top surface and 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, and a conductive circuit layer
disposed over the first opening and the second opening so that a first segment of
conductive circuit layer can be deflected through the first opening to contact the
first terminal and a second segment of the conductive circuit layer can be
deflected through the second opening to contact the second terminal; 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, characterised
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area of thdayemandtn that the plurality of openings has an opening size such as to prevent

deflection of the conductive circuit layer through the plurality of openings onto
the battery housing.

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
a label for the battery.

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 testing device as defined in any one of
Claims 1 to 12 comprising: adhering a non-conductive film having two
openings being so arranged that, the first and second terminals of the battery are
exposed therethrough, to a substrate comprising a thermally sensitive material
secured to and in thermal contact with a conductive circuit layer, such that the
conductive circuit layer is so disposed on the non-conductive film 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 layer, characterised in that a plurality of openings is arranged in the non-
conductive film between the two openings so as to provide thermal insulation
for the conductive circuit layer, and in that the plurality of openings has an
opening size such as to prevent deflection of the conductive circuit layer through
the plurality of openings onto the battery housing.

19. A method for the attachment of a testing device as defined in any one of
Claims 1 to 12, to a battery, comprising adhering the free surface of the non-
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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
and a second of said openings is positioned over the second terminal, 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, characterised in that a plurality of openings is arranged in the non-
conductive film between the two openings so as to provide thermal insulation
for the conductive circuit layer, and in that the plurality of openings has an
opening size such as to prevent deflection of the conductive circuit layer through
the plurality of openings onto the battery housing.

20. A method for preparing and attaching a battery testing device to a battery
comprising the steps:

(a) preparing a non-conductive base film having a top surface and a bottomn
surface and producing in the base film a first opening and a 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 base film and over the
first opening and the second opening such that a selected first area of the
conductive circuit layer over the first opening can be deflected into and below
said first opening and a selected second area of the conductive circuit layer over
the second opening can be deflected into and below said second opening;

(c) optionally securing a non-conductive outer film over at least the top surface
of the base film containing the conductive circuit 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, characterised
in that a plurality of openings is arranged in the non-conductive film between
the two openings so as to provide thermal insulation for the conductive circuit
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layer, and in that the plurality of openings has an opening size such as to prevent
deflection of the conductive circuit layer through the plurality of openings onto
the battery housing.

21. A method according to claim 20 wherein in step (a) the base film has an
adhesive layer on its bottom surface and a releasable film disposed over the
adhesive layer and in step (d) 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. A method according to 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 layer free of said adhesive, and a releasable layer film disposed over the
adhesive layer and the rOeleasable layer is removed prior to securing the
conductive circuit layer to the base film using the adhesive layer.

23. A method according to claim 20 wherein the following step is added:

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



