L Q502 24a- 5~
"‘BATTERY. W TH TESTER LABEL METHOD FOR PRODUCI NG, I T

The present invention relates to a tester device for a batteWﬁgtI‘]E".\ﬂevi ce
-formng an integral part of the |abel encasing the battery. _

Batteries are generally stored for various periods of tinme before being put
into use. The batteries nmay be stored in shops, for exanple, by the seller
and frequently when purchased they are agrgi n stored by the buyer before

bei ng used. BATTERY WITH TESTER LABEL AND
METHOD FOR PRODUCING IT

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

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

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

U.S. Patent No. 4,702,564 discloses a device for testing a battery,
particularly a small, portable battery, which device comprises a flexible,
transparent substrate on which is deposited a narrow band of a black light
absorbing material. A conductive material, which may taper outwardly in
opposite directions from a central point to a pair of outer terminals, is then
deposited on top of the substrate on the same side of the substrate as the
absorber layer or on the opposite side of the substrate to the absorber layer. A
layer of a chloesteric liquid crystal material is then deposited on the substrate
either on the opposite side from the black absorber layer or over the absorber -
layer. The conductive material used in the device of this patent is an epoxy
cement-based conductor, preferably silver, printed or painted directly on the
substrate. An indicator scale is located along sections of the conductive -
material. To test a dry cell battery, the tefminal ends of the conductive'magérial
are placed in contact with the battery terminals, causing a current to flow which,
in turn, heats the conductive material. The heat generated is most intense at the
central point and radiates outwardly. The heat is transferred through the thin
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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;

(ii) an electrically conductive layer disposed on one side of the film
base, _

(iii) a protective layer disposed on the electrically conductive layer,
and

(iv) athermochromic layer disposed on the other side of the film base.
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transparent substrate on which is deposited a narrow band of a black |ight
absorbing material. A conductive material, which may taper outwardly in
.opposite directions froma central point to a pair of outer termnals, is
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t he absorber |ayer or on the opposite side of the substrate to the absorber
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poi nt and rcolisanrng menufactize ankhexpense 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 dlﬁcultles 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 of opposite polarity, the
device comprising: a non-conductive film having two openings being so
arranged that, in use they expose at least part of the first and second terminals of
the battery; an expanded insulating material disposed between said openings; a
conductive circuit layer so disposed on the non-conductive film and expanded
insulating material as to cover the openings and at least a part of the expanded
insulating material 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
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2 substrate to the liquid crystal layer which results in a col our change
inthe liquid crystal. The traverse of the colour change along the |ength
.of the indicator scale, outwardly fromthe centre point, is proportional
‘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
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battery.

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

In a further preferred embodiment, the conductive circuit layer and the
expanded insulating material are so arranged that that section of the conductive
circuit layer not disposed over the openings in the non-conductive film is
electrically and thermally insulated from the battery housing by the expanded
insulating material.

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

In a particular embodiment, the present invention provides 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; an expanded insulating material disposed between said first opening and
said second opening; a conductive circuit layer disposed and secured over the first
opening, second opening and expanded insulating material 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 electrically and thermally insulated from
the battery housing by the expanded insulating material; 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.

The present invention also relates to a method for preparing a battery test
label comprising: adhering a non-conductive film comprising two openings
being so arranged that, in use they expose the first and second terminals of the
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U S. Patent No. 5,015,544 discloses a battery strength indicating and
switch means on a battery. This device is coupled across the termnals of
the battery and is provided with an indicating nmeans to indicate the-
strength of the battery. In addition, the battery strength i ndi cati ng neans
is provided with an in-line switch V\/mch can easily be depressed to
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t'hat the’condustive circuit layer is so disposed on the non-conductive layer
as to cover at least the openings and the expanded insulating material 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
the expanded insulating material is positioned therebetween, 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 and a spaced apart second
opening; and depositing an expanded insulating material on said base film between
said first opening and said 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 the expanded insulating material 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 expanded
insulating material provides an electrical and thermal insulating layer for at least a
portion of the remaining conductive circuit layer between said first opening and
said second opening;
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‘(C) a tenperature sensitive colour indicator layer in thermal contact with
the conductive | ayer, characterised in that the conductive |ayer has (i)
thermal insulating nmeans under one of it surfaces and (ii) sufficient heat
generating capacity to affect a change in the tenperature sensitive col our
I ndicator layer. The voltneter of this patent can be integrated into a
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opening is positioned over the first terminal and the second opening is positioned
over the second terminal so that said first selected area cdn 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 and said expanded insulating material providing an
electrical and thermal insulating layer for at least the portion of the conductive
circuit layer between said first opening and said second opening.

Brief Description of the Drawis

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

Figure 1a is an exploded view of the various components of a test circuit label
of this invention;

Figure 1b is an isometric view of another embodiment of an expanded
insulating material having a plurality of openings;

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

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

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 comprises two openings, one of which
must, in use, be disposed over the first terminal and the other of which must, in
use, be disposed over the second terminal of the battery. The precise size of
these two openings is not essential to the present invention and depends on, for
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“and (itv) a thernochrom c |ayer disposed on the other side of the

film base. Al t hough testers far determning the strength
remaining in a battery are available, even incorporated into the |abel of
the battery, this art is still quite young and problens, particularly with

t he manuf acture and expense of the devices, are encountered. O particular

signi fi canceydipidthd Gk dftttery forRWhith tBE tester is destined. In particular, the
openings should be of a size sufficient to allow contact between the conductive
circuit layer covering said openings and the terminal of the battery. Typically,
however, we have found that openings of from 0.001 square inch to 0.008
square inch (6.45 x 105 um2 to 51.61 x 105 um2), preferably from 0.002 to
0.005 square inch (12.19 x 107 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.

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). 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 um2) and for D size cells the first and second
openings could be of from 0.003 to 0.008 square inch (19.35 x 104 to 51.62 x

105 um?2).

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

In the present invention, an expanded insulating material is deposited on the
base film under the conductive circuit layer which will act as a thermal and
electrical insulation for the conductive layer. The precise nature of the insulating
material used is not essential to the present invention, so long as this is capable of
preventing contact, either physical or electrical, between the conductive layer and
the housing of the battery and of acting as a thermal barrier, except at the
-designated areas. Preferably, the expanded insulating material should have a
porosity of at least 10 percent, the exact porosity being dependent on the
mechanical strength of the material and the effect that this has on the handling of
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‘devices all consist of a |arge nunber of individual |ayers, each of which
must be correctly positioned with respect to the battery itself, resulting
din time- consum ng manufacture and expense both to the manufacturer and to
t he end consuner. Furthernore, it has been found that, if the conductive

| ayer is disposed close to the housing of the battery, which is usually a
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Alternative expanded insulating materials include acrylic foams, PVC foams and
polyethylene foams.

The expanded insulating material may be formed on the base film as a unitary
solid shape or as a plurality of substantially circular, elliptical, square, rectangular, .
triangular or any polygonal shapes or as shaped openings in a solid shape. The
individual shapes or openings could be uniformly spaced apart so that the area
between the individual shapes or in the openings could accommodate air which
could add to the thermal insulation characteristics of the expanded material. We
generally prefer that the shapes of or openings in the expanded insulating material
are substantially circular and that these are spaced apart so that air can be trapped
between the adjacent expanded shapes or in the openings.

The precise size of the shapes of or openings in the expanded insulating
material is not essential to the present invention so long as the surface area of the
expanded insulating material included in the device is sufficient to act as a thermal
insulator. We have generally found that the area of the individual openings may be
from 0.0001 square inch to 0.008 square inch (6.45 x 104 to 51.61 x 105 um?2),
preferably from 0.002 to 0.006 square inch (25.8 x 103 to 77.4 x 103 um?2) and
most preferably from 0.003 square inch to 0.005 square inch (19.35 x 105 to 32.26
x 105 um2), while, generally, the area of the individual shapes may be from 0.0002
square inch to 0.01 square inch (12.9 x 104 to 64.5 x 105 pum?2), preferably from
0.0008 square inch to 0.003 square inch (51.6 x 104 to 19.35 x 105 pm?2).

As indicated above with relation to the openings in the non-conductive film,
the exact size of the openings in or shapes of the expanded material may vary
according to the size of the battery for which the tester is destined. Thus, for AAA
size cells the area of the individual expanded shapes would be at the lower end of
the range while the D size cells would generally be towards the higher end of the
range.

-
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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 pm), preferably 0.001 to 0.003
inch (25.4 to 76.2 um), 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, nickél, 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
combinations thereof which could be applied onto a substrate as the conductive
layer. It is preferred that this layer is formed from silver.

The device of the present invention also includes means for indicating the
capacity of the battery. The indicating means, in the form of a thermally
sensitive layer, are in responsive contact with the area of controlled resistivity
and will respond to and indicate the capacity of the battery. For example, a

_temperature will be generated in that area when a current flows through the

conductive circuit layer Thermally sensitive material will be in thermally
transferable contact with the area of controlled resistivity and will indicate to the
consumer the capacity of the battery. This indication can be qualitative such as
a "good" reading, or quantitative such as a remaining percentage of useful life.
The thermally sensitive materials would be readily viewable by a consumer.
Thus the consumer, based on, for example, the colour change, can determine
whether the battery is good or needs to be replaced.

Examples of suitable thermally sensitive materials include liquid crystal
materials and thermochromic inks. Suitable liquid crystal materials are of the
cholesteric type, such as cholesteryl oleate, cholesteryl chloride, cholesteryl
caprylate and the like. Examples of suitable colour thermochromic inks include
those comprised of a dye, developer and desensi%ent,forixample as
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‘be caused to contact the ternminals of the battery; and a thermally senstive
mat eri al di sposed in responsive contact with the conductive circuit |ayer
such that, when the conductive circuit layer is caused to contact both of
the termnals, the heat produced by the flow of current through the
conductive circuit |ayer results in an indication by the thermally"

sensitive | gy&foddl ih % SCPaHAENJ] 41843, P74.t $h¥ 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
both of the terminals such that a circuit is completed. However, in a preferred
embodiment of the tester device of the present invention, in use, at one of the
terminals the conductive circuit layer is arranged so as to be in permanent
contact with the terminal, so that, in order to complete the circuit it is necessary
only to deflect the conductive circuit layer through the opening in the non-
conductive film at the other terminal. In one embodiment of the invention either
the anode or cathode is in electrical contact with the conductive housing of the
battery. In this embodiment, one of the terminal contact segments ends of the
tester circuit can be permanently connected to one terminal of the housing while
the other contact end is positioned out of contact with the other terminal of the
housing by an opening in the base layer disposed between the housing and the
segment end of the tester circuit. This opening can act as a switch for the tester

~_ circuit. By forcing the circuit contact segment end into contact with the housing
through the opening, the switch is closed and the tester circuit is completed to
test the battery. This contact can be conveniently made by applying finger or
thumb pressure to the switch areas.

As discussed above, the testing device of this invention is suited for use
as, or forming part of, the label for a battery. In such case, the label may also
comprise additional insulative layers, printing layers, protective layers and the
like. Suitable materials for use as the different layers are those typically used in
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Tn a preferred enbodi nent of this aspect of the invention, the testing
device forns all, or part, of the label for the battery. In a
further preferred enbodi nent, the conductive circuit |layer and the expanded
insulating material are so arranged that that section of the conductive
circuit layer not di sposed over the openi ngs i n the non-conductive filmis
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a battery haw ttackied 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 wh1ch 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
secured to the terminal of the battery (generally the cover) that is not in contact
with the housing. The area of the base film onto which the tester circuit is
placed has a plurality of openings as described above to function as thermal
insulation means for said tester circuit. The thermal indicating material is then
suitably placed over the area of controlled resistivity of the circuit. The
indicating material may be placed directly on the tester circuit or it may be
placed on a separate layer that is placed over the tester circuit. Preferably, the
indicating material is a thermochromic ink and is in thermally transferable
contract with the area of controlled resistivity. Finally a protective layer may be
placed over the indicating material. The type of protective layer is selected so
that the indicating material can be observed by the user. To test the strength of
the battery, the user will press the label at the point above one or both openings
in the insulator film to establish contact with the terminals of the battery
housing. As the circuit is completed, a temperature increase will be generated in
the area of controlled resistivity which will be transferred to the indicating
material. If the desired temperature level is reached, the indicating material will
so indicate and the user can determine the amount of capacity remaining in the
battery.

: In one embodiment of the invention, an outer film may be disposed over
the base film containing the battery tester device and said base material and/or
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second segnent'of the conductive circuit |ayer can be deflected through the

second open

circuit lay
conductive

ing to contact the second terminal and the remaining segnment of

~the conductive C'"Ifhétbdttekﬁyﬁfseﬁﬁwﬂﬁﬁﬂv&ﬁbh)ar@pﬂm#ﬂ?mééondwbhﬁm from
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anodechcathode afnbelectrolyite contaimeghinrg seatel bousimg! Thelounsingf t he
%i%ﬂl)t' hh§ ¥ rop&?iﬂh%ﬁtone 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
completed between the terminals of the battery via the conductive circuit layer

“which in turn generates heat. The heat generated is detected by the thermally

sensitive material to provide a visual indication of the strength of the battery.

One particular advantage of the device of the present invention is the inclusion
in the 1abe1 of the expanded insulating material, particularly of the shapes of or
openings in that material. These shapes and/or openings will 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 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 and a second opening and the deposited
expanded insulating material. An adhesive may then be added to the bottom
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the first terminal and second termi nal , respectively, of the battery, a

current will flow through the conductive circuit |ayer heating the
thermally sensitive material which in turn will indicate the charge
condition of the battery. The present invention also relates to a

met hod for preparing a battery test |abel conprising: adhering a

non- conduct gm&q@mhﬁmgag a8 95 Wil elcAMRE i, | 1 Uo®

t hey expose second -termn
5 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 typiba]ly 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
releasable paper web and positioned over and secured to the selected area of the
base label. '

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

This Sheet Has Been Replaced

T




battery and havi ng deposited thereon between said first and seco openings
an expanded insulating material, to a substrate conprising a thermally
sensitive material secured to and in thernal contact with a conductive
circuit material, such that the conductive circuit ‘layer is so disposed on
the non-conductive layer as to cover at |east the openings and the expanded

outer 11 1m aprot ndii easfif?ﬁéﬁ‘?‘ﬁﬁl’@w@e {04 bR 8 b BORNE Ve (i1 m
and conduct pagiailarapplicader of ase. The present invention further

provi des a nmethod for the attachnment of a tester device, as defined above,
to a battery, conpri.,sing adherl ng th ﬁ ree surface of the non-conductive

filmto the housilhg iBventiagwilbpowihs; ez desqrihedawith sefesenoedoithe i nal such
that one of drd\wingeppéersded Heré.d fil mis positioned over the first _
termnal, a second of said openings is positioned over the second term nal
and the expanded insulating material is positioned therebetwen, and

further such  Referring to Figure la 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 circular spaced apart shapes 8 of an
expanded insulating material. As stated above, the shapes could be any polygonal
shapes such as circles, squares, triangles, rectangles or the like. To prevent
inadvertent shorting of the test component 10 to the cell housing, an insulating
material 9 is placed around opening 4. Preferably, insulating material could be an
expanded insulating material. :

Shown in Figure 1b is a second embodiment of the invention in which the
expanded insulating material is a solid material 13 having a plurality of openings
15. 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 expanded shapes 8 or
openings 15. 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.

As shown in Fig. 2, conductive layer 10 is shown secured on base film 2
releasably secured to carrier layer 11, such as a silicone web, and disposed over
opening 4, opening 6 and the plurality of expanded shapes 8 of the first
embodiment of this invention. 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. The 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 (shown in Figure 1) 3

which is secured to a battery as shown in Figure 3.'\
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that the conductive circuit |ayer covering said openings di sposed over the
termnals can be deflected to contact the first and second termnals to
conplete an electrical circuit in which current will flow through the
conductive circuit layer creating heat that will be detected and displ ayed
by the thermally sensitive material . I n one enbodi nent of this aspect
of the invention, there is provided a nethod for preparing and attaching a
battery test | abel to a batter conpr|5|ng t he steps: preparln a

nonconduct i ve bapecificaly. Wpam@:ctesalabehlﬁmhm @otaahown
produci ng I@eaﬁtdtétﬁémaxﬁn %fb 1200 @oalifetivedefh eﬁP i#¢ ‘I')eciﬁe”' ng;

aaid first GUEH ”diﬂﬁi é‘:i\%aié wWiichtapeseats on@E«?‘r‘rrb\pel?}afia m 8ortlier i ve
circuit lay eondwtiveeseghmnmyey 14<anibe petmanently abnieted ﬁﬂcdnau%ﬁde bavémz. mal
contact W e ondBBRVS Sdoifert thyet' 12 is B SosBl Sver Spening 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 layer 12 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 sensitive material so
that when areas 3 and 5 are depressed, a circuit is completed and the thermally
sensitive material will change color to indicate the state of charge of the cell. If
desired, either area 5 or area 3 could be permanently secured to the second terminal
so that only area 3 or area 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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conductive circuit layer onto the top surface of the film and over the
first opening, the second opening and the expanded insulating material such
~that a selected first area of the conductive circuit over the first opening
can be deflected into and bel ow said first opening, a selected second area
of the conductive circuit over the second opening can be deflected into and

bel ow sai d Wpeni ng while the expanded insul ati-ng nmateri al provides
an electric hermal insulating layer for at least a portion of the
_remai ning conductive circuit |ayer between said first opening and said

second opening; 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 at least part of the first and second terminals of the battery;
an expanded insulating material disposed between said openings; a conductive
circuit layer so disposed on the non-conductive film and expanded insulating
material as to cover the openings and at least a part of the expanded insulating
material 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 expanded insulating material are so arranged that that section of the
conductive circuit layer not disposed over the openings in the non-conductive
film is electncally and thermally insulated from the battery housing by the
expanded insulating material.

3.  The device of Claim 1 wherein the expanded insulating material is in the form
of individual shapes, particularly selected from circles, squares, triangles and
rectangles.

4.  The device of Claim 1 wherein the expanded insulating material is a single
layer having a plurality of openings therein.

5. The device of Claim 1 wherein the expanded insulating material is formed
from a foaming ink, PVC foam, acrylic foam or polyethylene foam.

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

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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9] (c) optionally securing a nonconductive outer filmover at |east
the top surface of the base filmcontaining the conductive |ayer; and

(d) adhering the bottom surface of the base filmto the housing of a
battery having a first termnal and a second term nal of opposite polarity
such that the first opening is p05|t|oned over the first termnal and the

el octed ar B Z?*CSE 12 RASTA orldl o pOB AT b i tor S ne e, fathior =1

second sel edilssashamorcametal. deflect ed to contact the second terminal to
conplete an electrical circuit in which current will flow through the
conductive circuit ,l ayer creati n eat_ t hat et.ected and di,spl ayed
bt t hor Bl Ly Ageabe ageor 74 8 iR H5. SORANCHNG GG KYords or |

provi di ng aﬁoﬁatfrbtrpﬁlveﬁ,nﬁickﬂ?iﬂﬁ{ c¢ppwl edrbﬁﬂ, lead, scoridactioé pambst t he
portion of th d dUCtll Verslhey DoLyeen sal dffl rst opening and said
second open® Bu ve polymers, corni uctlve

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 and a spaced apart second opening exposing a
segment of the second terminal; and expanded insulating material disposed
between said first opening and said second opening; a conductive circuit layer
disposed over the first opening, the second opening, and at least a portion of the
expanded insulating material 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 eléctrically and thermally insulated from the
terminals of the battery by the expanded insulating material; 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

_—
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Brief Description of the Draw ngs The invention wll now be further

described with reference to the follow ng draw ngs, in which: ' Fi gure
la is an expl oded view of the various conponents of a test circuit |abel of
this invention; Figure Ib is an isonetric view of another enbodi nment

of an expanded insulating material having a plurality of openings;

O i RoPACRAL I B RS i P AP iy 7 0

sensitive material which will indicate the capacity of the battery.

14. A battery including a device according to any one of the preceding
Claims.

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

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

17. A battery according to any one of Claims 13 to 16 comprising a housing

‘composed of a cylindrical container closed at one end and open at the opposite
end, said container forming the first terminal of the battery; and a cover secured
over and electrically insulated from the open end of the container, said cover
forming the second terminal of the battery.

18. A method for preparing a battery test label as defined in any one of
Claims 1 to 12 comprising adhering a non-conductive film comprising two
openings being so arranged that, in use they expose the first and second
terminals of the battery and having deposited thereon between said first and
second openings an expanded insulating material, 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 opemngs and the expanded insulating
material 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 the expanded
insulating material is positioned therebetween, and further such that the

conductive circuit layer covering said openings disposed over the terminals can
_ o
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Figure 3 is an isonetric view of a cell enploying the test circuit device

of this invention; and Figure 4 is an isonetric-view of a cel
enmploying the test circuit device of this invention encased in an outer
| ayer. The non-conductive base filmconprises two openi ngs, one of

which nust, in use, be disposed over the first termnal and the other of

whi ch nust e e di the econd term nal atfery.

The preci sebg ﬁf e%de?%‘Q’ééB eg%réﬁ cndgm U'aise ample %geﬁﬁb@éﬁe

i nvention aoitcui¢ rewdictpcurrémtrwill flow through the conductlve circuit layer creating
heat that will be detected and displayed by the thermally sensitive material.

<

20. A method for preparing and attachmg 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 and a spaced apart second
opening; and depositing an expanded insulating material on said base film between
said first opening and said second opening;

(b) securing a thermally sensitive material to the top surface of a conductive
circuit layer and securing the bottom surface of the conductive circuit layer onto the

- top surface of the base film and over the first opening, the second opening and at
least a portion of the expanded insulating material such that a selected first area of
the conductive circuit layer can deflect into and through said first opening, a
selected second area of the conductive circuit while the expanded material provides
an electrical and thermal insulator for at least a portion of the remaining conductive
circuit layer between the first opening and second opening. '

(c) 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
only the first terminal and said second selected area can be deflected to contact the

. second terminal to complete an electrical circuit between the terminals that will
cause current to flow through the conductive circuit layer creating heat that will be
detected 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 conductive circuit
layer free of said adhesive, and a releasable layer film disposed over the

? : '”{:..,..w.‘;,i.! e
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7 exanple, the type of battery for which the tester is destined. In
particul ar, the openings should be of a size sufficient to allow contact
bet ween the conductive circuit |ayer covering said openings and the
terminal of the battery. Typically, however, we have found that openings- of
from 0.001 square inch to 0.008 square inch (6.45 x 10[err] [err]nferr] to

51.61 x 10[erg] .l efr ertk erably fram 0..002 to 0. 005 sguar.e inch
(1219 x 10p8hesive 3vs5 54 i bepafRby ' Rlkal IRy his simbded pEioy o SHiFiRe ¢ 1
range, the thmtomtuctiveincyit layeritd thebasesfilns usingtthe adbesiverldyerr batteries,
such as the AAA type cells, whereas openings towards the top end of the

range woul d be nost suitable for batteries with a |arger dianeter and
di fferent c2Bvat (ihe 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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exanpl e the D-size batteries. Thus, for exanple, AAA size cells
coul d 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]nferr]). For an AA-size cell the first and second
openi ngs 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] [e@;%gl% and for D size cells the

first and second openi ngs coul d be o 003 to 0.008 square inch

(19.35 x 10[err] to 51.62 x F%)ﬁerr vélerr %rr!%. In one preferred

enbodi ment, one of the t BATIEERYsWITF R LABELni nal s of the

battery is in the formmN#ETﬂpyum@m@t onto the edge
rm

of the non-conductive base f € only proviso béing that the conductive
circuit nmust still be capable of deflection to contact the cover of the

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.

21
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nbodi nent, therefore, the size of either of the two term nal
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8 the material. The higher the porosity, the greater the advantages to the
present invention. It is nore preferred that the porosity is at |east 50
percent and nost preferably at |east 75 percent. Porosity, as used with
reference to the expanded insulating material, is the percent of void
volume in the material. Typically foamng ink is used he expanded

I nsulating material, particularly Kopack Decoratyve Effect UV Ink (DE Ink)
obt ai ned connerC|aIIy from Kopack : _
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Al ternatd ve expanded insulating materials include acrylt
and *pol yet hyl ene foans. The expanded insul ating ne
formed on the base filmas a unitary solid shape or as a
substantially circular, elliptical, sq&a rect angul ar,
pol ygonal shapes or as shaped openings in a solid shap.
shapes or openings coul d BATFERY WITHTESTER LABEL 2 area- ee
t he individual shapes or in ; ggg arr ich cou

add to the thermal insul atioM@m@?g@!{&ém nded material. W
generally prefer that the shapes of or openings in the expanded |nsulat|Eg
material are sub | . p so t hat

; Z’gﬁéggte\}gegmt%ﬁﬁbﬁ ?élat%??o bedter E@vﬁ@ fora ﬁ%}?&?dm[%

air can be trapp ne adj acent expanded s apes ?fenl ngs.

The precise @mlmg)anmtegmlappn@fdhe labebpmasn@therbaﬁﬁéyexpanded i nsul ati ng

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 des1red 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 tésting 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
are placed in contact with the bai'fery termmals, causing a.current to flow which,
in turn, heats the conducfiVé material. _The heat generated-is most intense at the
central point and radiates outwardly The heat i is '
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material is not essential to the present invention so |ong as
area of the expanded insulating material included in the devi
sufficient to act as a thernmal insulator. W have generally f
area of the individual openings may b2 from 0.0001 square inc

square inch (6.45 Olerr] to .61 10[ err err er ,
From 0. 002 sebsEARRt Sieumid crvallavershichoanldy in 4 ColpUs chirg frthe
[er L ] ?Ilgr ;Lbry%%. Ufife?%e‘;ég%bkoi%m&n@@m edength fbftt_mlz thdiedto smél | 1S

i nc . X rL . x.10[err errif rr ile, generally,
the area of OFW-‘JFIEG MY |°¢§H&M%P'@5 %%&@%‘e"q’l fi U )(;1
gqgggg inchofﬂiéébr?diﬂ@%ofg%ebatta@ﬁt&betéﬁé@gndc&sbglwicbon]the ingli@iterﬁd}_i(l)d frfm
: squar.g..ine . squane Lhc B X% X err
Cerr]nforr] PHchTS calfbrited aeaRiRbig, e teftef afdq indinhsd @kﬂ%ﬁ@lroqé ' n the
non- conduct theearhp+hours belifecafa baitery. of t he openings in or shapes of the

expanded material may vary according to the size of the battery for which
the tester is destined. Thus, for AAA size cells the area of the individual

expanded shapes W&b§! Batent No. 5)045|dedisclogesod 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,

(iii) a protective layer disposed on the electrically conductive layer,
and

(iv) a thermochromic layer disposed on the other side of the film base.
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the range while the D size cells would generally be towards {h¢ T gher end
of the range. - . .
non-conductive filmof the tester of thf present invention

y
any desired dielectric polyneric materisal, although it is pr 4

9

a dielectric poleél ric material that w Il shrink when assenblled on a

battery. Exanpl pugh, testers Sopdetermining the strength remamingine
pol yol efin 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.

resi ns,

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 of opposite polarity, the
device comprising: a non-conductive film having two openings being so
arranged that, in use they expose at least part of the first and second terminals of
the battery; an expanded insulating material disposed between said openings; a
conductive circuit layer so disposed on the non-conductive film and expanded
insulating material as to cover the openings and at least a part of the expanded
insulating material 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
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resins and pol yester resins, specific exanples of which in
chl ori de, polyethylene and pol ypropyl ene. The precise thickngss t.he non-
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material whilditerpn conduct an el ectrical charge. Typically, this layer may
be formed froma metallic foil such as silver, nickel, iron, copper, |ead,
etc., and m xtures thereof or a netallized plastic layer. In the

al ternative,. the Inzyprefemmed embodiment ofithis aspeet ofcthe kmwmnﬁﬂimgﬂnglg Chat
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whi ch coul d be applied onto a substrate as the conductive layer. It is

preferred that thnS fifr préfebfed SatbddiBhe the Eonductive circuit layer and the
expanded insulating material are so arranged that that section of the conductive
circuit layer not disposed over the openings in the non-conductive film is
electrically and thermally insulated from the battery housing by the expanded
insulating material.

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

In a particular embodiment, the present invention provides 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; an expanded insulating material disposed between said first opening and
said second opening; a conductive circuit layer disposed and secured over the first
opening, second opening and expanded insulating material 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 electrically and thermally insulated from
the battery housing by the expanded insulating material; 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.

The present invention also relates to a method for preparing a battery test
label comprising: adhering a non-conductive film comprising two openings
being so arranged that, in use they expose the firs second terminals of the
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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

the expanded insulating material is positioned therebetween, 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

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 and a spaced apart second
opening; and depositing an expanded insulating material on said base film between
said first opening and said 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 the expanded insulating material 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 expanded
insulating material provides an electrical and thermal insulating layer for at least a
portion of the remaining conductive circuit layer between said first opening and
said second opening;
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Exanpl es of suitable thermally sensitive materials include |l
materials and thernochrom c inks. Suitable liquid crystal ne
the cholesteric type, such as chol estergyl ol eate, cholestefy
chol esteryl caprylate and the Iike. Exanpl es of sui tabl e cpl
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10 di scl osegyrfitelofShe Base film éE@mﬁ&m&m&ep ra_nundl cator materia

coul d change f r&{y a&h ur e the%o%tglni)glgrfaegesof ol our ﬁfms ttﬁe ﬁgilglﬁéeo a boartteg{/]e
having a first termmal and a 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 and said expanded insulating material providing an
electrical and thermal insulating layer for at least the portion of the conductive
circuit layer between said first opening and said second opening. -

E.ED . e E!D .

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

Figure 1a is an exploded view of the various components of a test circuit label
of this invention;

Figure 1b is an isometric view of another embodiment of an expanded
insulating material having a plurality of openings;

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

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

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 comprises two openings, one of which
must, in use, be disposed over the first terminal and the other of which must, in
use, be disposed over the second terminal of the battery The precise size of
these two openings is not essential to the pie ; d-depe
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0.005 square inch (12.19 x 109 to 32.26 x 105 um?) 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.

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). 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 10 to 25.8 x 10 um2) and for D size cells the first and second
openings could be of from 0.003 to 0.008 square inch (19.35 x 104 t0 51.62 x

105 um2).

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

In the present invention, an expanded insulating material is deposited on the

* base film under the conductive circuit layer which will act as a thermal and

electrical insulation for the conductive layer. The precise nature of the insulating
material used is not essential to the present invention, so long as this is capable of
preventing contact, either physical or electrical, between the conductive layer and
the housing of the battery and of acting as a thermal barrier, except at the
designated areas. Preferably, the expanded insulating material should have a
porosity of at least 10 percent, the exact porosity being dependent on the

mechanical strength of the material and the eff| is has on the handling of
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The expanded insulating material may be formed on the base film as a unitary
solid shape or as a plurality of substantially circular, elliptical, square, rectangular,
triangular or any polygonal shapes or as shaped openings in a solid shape. The
individual shapes or openings could be uniformly spaced apart so that the area
between the individual shapes or in the openings could accommodate air which
could add to the thermal insulation characteristics of the expanded material. We
generally prefer that the shapes of or openings in the expanded insulating material
are substantially circular and that these are spaced apart so that air can be trapped
between the adjacent expanded shapes or in the openings.

The precise size of the shapes of or openings in the expanded insulating
material is not essential to the present invention so long as the surface area of the
expanded insulating material included in the device is sufficient to act as a thermal
insulator. We have generally found that the area of the individual openings may be
from 0.0001 square inch to 0.008 square inch (6.45 x 104 to 51.61 x 105 pum2),
preferably from 0.002 to 0.006 square inch (25.8 x 103 to 77.4 x 105 um2) and
most preferably from 0.003 square inch to 0.005 square inch (19.35 x 105 to 32.26
x 105 um?), while, generally, the area of the individual shapes may be from 0.0002
square inch to 0.01 square inch (12.9 x 104 to 64.5 x 105 um2), preferably from
0.0008 square inch to 0.003 square inch (51.6 x 104 to0 19.35 x 105 um?2).

‘As indicated above with relation to the openings in the non-conductive film,
the exact size of the openings in or shapes of the expanded material may vary
according to the size of the battery for which the tester is destined. Thus, for AAA
size cells the area of the individual expanded shapes would be at the lower end of

‘thé range while the D size cells would generally be towards the higher end of the
range.
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or thunb pressure to the switch areas. As di scussed
testing device of this invention is suited for use as, or
the | abel for a battery. In such case, tde | abel may al so [cg
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preferred to usé 1
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 um), 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
combinations thereof which could be applied onto a substrate as the conductive
layer. Itis preferred that this layer is formed from silver.

The device of the present invention also includes means for indicating the

.capacity of the battery. The indicating means, in the form of a thermally

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

Examples of suitable thermally sensitive materials include liquid crystal
materials and thermochromic inks. Suitable liquid crystal materials are of the
cholesteric type, such as cholesteryl oleate, cholesteryl chloride, cholesteryl
caprylate and the like. Examples of suitable colour thermochromic inks include
those comprised of a dye, developer and desensitizing agent, for example as
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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
both of the terminals such that a circuit is completed. However, in a preferred
embodiment of the tester device of the present invention, in use, at one of the
terminals the conductive circuit layer is arranged so as to be in permanent
contact with the terminal, so that, in order to complete the circuit it is necessary
only to deflect the conductive circuit layer through the opening in the non-
conductive film at the other terminal. In one embodiment of the invention either
the anode or cathode is in electrical contact with the conductive housing of the
battery. In this embodiment, one of the terminal contact segments ends of the
tester circuit can be permanently connected to one terminal of the housing while
the other contact end is positioned out of contact with the other terminal of the
housing by an opening in the base layer disposed between the housing and the
segment end of the tester circuit. This opening can act as a switch for the tester
circuit. By forcing the circuit contact segment end into contact with the housing
through the opening, the switch is closed and the tester circuit is completed to
test the battery. This contact can be conveniently made by applying finger or
thumb pressure to the switch areas.

As discussed above, the testing device of this invention is suited for use
as, or forming part of, the label for a battery. In such case, the label may also
comprise additional insulative layers, printing layers, protective layers and the

like. Suitable materials for use as the different lay n
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test the strength of the battery, the user will press the |abel at the

poi nt above one Arpreferredtester tabel 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
secured to the terminal of the battery (generally the cover) that is not in contact
with the housing. The area of the base film onto which the tester circuit is
placed has a plurality of openings as described above to function as thermal
insulation means for said tester circuit. The thermal indicating material is then
suitably placed over the area of controlled resistivity of the circuit. The
indicating material may be placed directly on the tester circuit or it may be
placed on a separate layer that is placed over the tester circuit. Preferably, the
indicating material is a thermochromic ink and is in thermally transferable
contract with the area of controlled resistivity. Finally a protective layer may be
placed over the indicating material. The type of protective layer is selected so
that the indicating material can be observed by the user. To test the strength of
the battery, the user will press the label at the point above one or both openings
in the insulator film to establish contact with the terminals of the battery
housing. As the circuit is completed, a temperature increase will be generated in
the area of controlled resistivity which will be transferred to the indicating
material. If the desired temperature level is reached, the indicating material will
so indicate and the user can determine the amount of capacity remaining in the
battery.

In one embodiment of the invention, an outer film may be disposed over
the base film containing the battery tester device rand_s@jase material and/or
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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
completed between the terminals of the battery via the conductive circuit layer
which in turn generates heat. The heat generated is detected by the thermally
sensitive material to provide a visual indication of the strength of the battery.

One particular advantage of the device of the present invention is the inclusion
in the label of the expanded insulating material, particularly of the shapes of or
openings in that material. These shapes and/or openings will 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 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 and a second opening and the deposited

anded insulating material. An adhesive may thembe-added-to-the-bettom-
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thermochromic ink, An adheswe 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
releasable paper web and positioned over and secured to the selected area of the
base label.

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

In an alternative method, the conductive material may be hot stamped
onto the substrate. We prefer that the conductive circuit layer is formed as a
separate part, preferably on a substrate, and shaped to have first and second
segment ends that are connected to each other via an area of controlled
resistivity. The first segment is suitably provided to contact a first terminal of
the battery and the second segment is likewise provided to make contact with the
second terminal of the battery. Thus, when the conductive circuit layer makes
contact with both terminals of the battery, an electric current will flow through
the area of controlled resistivity which will heat the conductive circuit layer to a
range sufficient to activate the thermally sensitive material. The resistance in the
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thereafter becones an integral part of the battery. The test
operates such that by depressing one or tvwiasel ected areas ¢
conductive circuit |aye the circuit is conpleted between f{
t he batt er yasgaz tmtr@ﬁndmmwt)ccan:mtﬁayealll }mlconstantdepend _, :
The heat ge y the thernmally sensitive nmaterial to
provi de agvPsuaI lclgiﬁjli(gﬁéfdﬁs%)he strength of the battery. One
particul ar advant age of the device of the present invention is the

I nclusion in theTheVention!witl fowdedkether descHibedowith réferdice (}?%&' cularly of

t he shapes ar o in that material. These shapes and/or openi ngs

will act asagwlﬂﬁgw r&a&eé?tpon for the conductive |ayer. Thus the segnment

of the base filmwll function as a thernmal and electrical insulator for

the conductive ﬁ'f‘cu' ! tc|>f-' fire 1a'héde h'ls 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 circular spaced apart shapes 8 of an
expanded insulating materidl. As stated above, the shapes could be any polygonal
shapes such as circles, squares, triangles, rectangles or the like. To prevent
inadvertent shorting of the test component 10 to the cell housing, an insulating
material 9 is placed around opening 4. Preferably, insulating material could be an
expanded insulating material. :

Shown in Figure 1b is a second embodiment of the invention in which the
expanded insulating material is a solid material 13 having a plurality of openings
15. A conductive layer 10 is selectively shaped so that it can be placed over
opening 4, opemng 6 and at least some of the plurality of expanded shapes 8 or
.openings 15. 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 w111 change color upon
detectlon of a particular temperature level.

As shown in Fig, 2, conductive layer 10 is shown secured on base film 2
releasably secured to carrier layer 11, such as a silicone web, and disposed over
opening 4, opening 6 and the plurality of expanded shapes 8 of the first
embodiment of this invention. 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. The 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 (shown in Figure 1)
which is secured to a battery as shown in Figure 3t REPLACEMENT SHEET
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arrangerent, a mni num nunber of parts are required to prO(luR P%GSM%EET

char ged.

| abel having an integral battery tester for checking mhetheer?Q/ﬁattery |//
The present invention also provides a net 29 DE RE® 1 9

production of a testing device, as well as a nethod for tbE pttachnen

such a testing device onto a battery ps herei nabove descri ped. A

preferred method for attachnment of .the test circuit |abel t he 6/;tery S

of a base Tilm @9@21319”1“%?12%?%8%?%‘% tEREBH 27 o b ABF ARRRP B

matter on tlsecured teithe-housing of battery 20.r Conduyetiversegment Jayes ddraandyecini ng and

the deposi t%i’eﬁ@ﬂ%ﬁfhdt Wit 85ver22Whithi rRpreséfits iR teintfal BY bhth&y 30 Phifled

to the botto

conductlve 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 layer 12 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 sensitive material so
that when areas 3 and 5 are depressed, a circuit is completed and the thermally
sensitive material will change color to indicate the state of charge of the cell. If

desired, either area 5 or area 3 could be permanently secured to the second terminal

so that only area 3 or area 5, respecuvely 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. -




13 side of this film which may then be attached to a suitable rel easable
material, such as silicone-coated rel ease paper, to forma |abel carrier.

In a separate operation, a circuit tester |layer of the dfsS
format may then be deposited on a subg:mrate along with a} th
sensitive material, such as thernochr c ink, An adhesijye
added to t hELAIMSm surface of the.substrate |eaving thf
circuit segnment ends free of the adhe5|ve The si de of

whi ch t he adheS| ve has een appl ] t hen typ| caIIy at " -
rel easabl e aper Ve (9T % gHfipséand saeond tprminals, the device

compnsmg a non-conductlve film having two openings being so arranged that,
in use they expose at least part of the first and second terminals of the battery;
an expanded insulating material disposed between said openings; a conductive
circuit layer so disposed on the non-conductive film and expanded insulating
material as to cover the openings and at least a part of the expanded insulating
material 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 expanded insulating material are so arranged that that section of the
conductive circuit layer not disposed over the openings in the non-conductive
film is electrically and thermally insulated from the battery housing by the
expanded insulating material.

3. The device of Claim 1 wherein the expanded insulating material is in the form
of individual shapes, particularly selected from circles, squares, triangles and
rectangles.

4.  The device of Claim 1 wherein the expanded insulating material is a single
layer having a plurality of openings therein.

5.  The device of Claim 1 wherein the expanded insulating material is formed
from a foaming ink, PVC foam, acrylic foam or polyethylene foam.

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

7. A device according to any one of Claims 1 to 6, in which the conductlve
circuit layer is formed from a metallic foil or mixtures th
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hen wound on a roll. The resulting tester circpi
thé i ndi v “m““ﬂn“ “E‘ er devices may then be pl acefd
machi ne s&)“““\ est circuit devices onto t S -
preparatiort of whi ch is described aboyg, in a fixed tim chuplncg II\/leans .
can be included, on the machine to detect when the area of_ the_| abe
cont ai ni ng tplastisplayes: 98 electupally sondnctivei polymenorgnixtures thergnt, painfora t est
circuit devijgR &dthoh Ora M&al.red size may be dispensed without the
rel easabl e paper web and positioned over and secured to the selected area
of the base | abel. | f desired, additional graphics could be printed
on thedbase 8ab§IAmdioeracbbﬁhﬁ tdC@alﬁPWthdhrthé%bﬁdﬂcﬁ% Girdut layey Ry | S
secured to the

| et ed ba t toadeswed
size and th SHi¥, nickel o, qopper, catbon, fead, condfctive paif,
conductlve 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 and a spaced apart second opening exposing a
segment of the second terminal; and expanded insulating material disposed
between said first opening and said second opening; a conductive circuit layer
disposed over the first opening, the second opening, and at least a portion of the
expanded insulating material 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 reinaining segment of the
conductive circuit layer being electrically and thermally insulated from the
terminals of the battery by the expanded insulating material; 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 términal and second terminal, respectively, a
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t he silicone-coated paper web is renoved and the | abel is e 2
holusi ng of the battery. If desired, graphics could be pladed o] Q;:.
| ayer of the | abel. In an alternative met hod, thejcgndud '
material may be hot stanped onto the subsiBate. Ve prefer t et
conductive circuit_layer is fornmed as a separate part, prgferably on a
substrat e, mmwﬂ@pwmmgh the condustivessirmmiia e!gamhheat S e »

connected tQneRiRe |ty The first
segnent is swtably provi g é ?o con%ig‘éttﬁge éérest& etglﬁﬁgt; of the battery and

the second segnment is |ikew se provided to nake contact W|th t he second

terminal of14.he Adiatteryinchiig a'fiRice fRoRERE Y6 ahy duk 'oFEHe prdcRiifify Mo
contact witj both ternlnals o attery, ~“an e ectric c rre Il flow
t hrough th of controlled reS| stivity which will heat the conductive

circuit layer to a range sufficient to activate the thermally sensitive

material. T T eRahehf Scdoidingto Claim 14, in which the device forms all or part of
the label.

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

17.  Ahbattery 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 having deposited thereon between said first and
second openings an expanded insulating material, 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 the expanded insulating
material 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 the expanded
insulating material is positioned therebetween, and further such that the

conductive circuit layer co id t al
ay vering sai Smcgove e terminals can
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on ‘the particular application of use. .' The inventifo
further described with reference to the draw ngs appended k

d4S

a be deflected to contact the first and second terminals to complete-amelectrical — |
circuit in which current will flow through the conductive circuit layer creating
heat that will be detected and displayed by the thermally sensitive material.

20. A method for preparing and attaching a battery test label to a battery
comprising the steps:

() preparing a nonconductive base film having a top surface and a bottom
surface and producing in said film a first opening and a spaced apart second
opening; and depositing an expanded insulating material on said base film between
said first opening and said second opening;

(b) securing a thermally sensitive material to the top surface of a conductive
circuit layer and securing the bottom surface of the conductive circuit layer onto the
top surface of the base film and over the first opening, the second opening and at

~ least a portion of the expanded insulating material such that a selected first area of
the conductive circuit layer can deflect into and through said first opening, a
selected second area of the conductive circuit while the expanded material provides
an electrical and thermal insulator for at least a portion of the remaining conductive
circuit layer between the first opening and second opening. '

(c) 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
only the first terminal and said second selected area can be deflected to contact the
second terminal to complete an electrical circuit between the terminals that will
cause current to flow through the conductive circuit layer creating heat that will be
detected 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 conductive circuit
layer free of said adhesive, and a releasable layer film disposed over the
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shapes 8 of an expanded insulating material. As stated  aoJje
coul d be any pol ygonal shapes such as @Drcles, squares, [
rectangles or_the |ike. TqQ prevent inadverfent shorting 6L,
conponent , adhestye lavee . m@p_r{g)ﬂmq?ma e layier isqemaved poior £0 pramriRg-ar
openi ng 4. _Bi@é@ﬁtﬁiﬂtﬁle_diﬂ%it'lﬁyéﬁﬁ the base ﬂlm%ﬁigjtb@%&@si% ed insulating
mat eri al . Shown in Figure I b is a second 'enbodi nent of the invention
in which the expanded insulating material is a solid material 13 having a
plurality of23ppeThednethod of cl4inil20 whepeinathe followirg stepdsaddedd:y shaped so

that it can be placed over opening 4, opening 6 and at |east sone of the

plurality of expanded shapes 8 or openings 15. Opening 4 is sufficiently

large so that cofdysecuringamoncénduyive filth over the basefibavodtdining thed t hrough
opening 4. ORARAfe itchit ybt nd e thefmally Sérfditive material.
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so that conductive segnment |ayer 14 can be depressed ijntREPAACEMEYIo8HRETNG
6 to contact a termnal of the cell. On top of conductyj vj

thermally sensitive material 16 such as, a thernmochrom
wi | I change col or upon detection of a%rticul ar tenpe

As shown in Fig. 2, conductive Iayermg\m secur '
rel easably secured to carrier |ayer : s a siligone web, and
di sposed over opening 4, opening 6 and the plurality ofexpanded shapes 38

of the first enbodi ment BATTER [ TESTERLABEPP of conductive
| ayer 10 is thermally s t&ﬁiﬂ’ﬁ@hﬁ ﬂ%ﬁl@ non- conducti ve
filmor coating (not sm i1 m 2 thereby

further securing conductive |layer 10 and thermally sensitive nmaterial to
base film2. This top |ayer could have an adhesive side to secure to the

base film 2. The non-conductive filmcould be in the formof a tube that
coul d be heat shrunk onto the cell after the label is applied to the cell.

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.

FIGURE 1A & FIGURE 1B
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Base fi-lm2 has an adhesive layer 19 on its bottom surfhcgg %bgmf@ e
1) "'which is secured to a battery as shown in Figure 3. -EF(L NT%'LEE

15 Specifically, Figure 3 shows a battery test | 17 on b film
2 (not shown) secured to the housing of pattery 20. uct i\E FE8gnesst
| ayer 14 cang)e in electrical contact with cover 22 whi r esents one

a : ¢

term nal of ttery 20. This
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conducti ve segnent [ayer 14 can be pernanently ConneCth,IQ.Cnndurflue
cover 22. The conductive segnent |ayer 12 is disposed ¢
spaced apart fromthe cylindrical housing 24 of the bat

second termi nal of the battery 20. Thus the circuit bet ﬁréwgﬂ
termnals of battery 20 via conductive Zegnent |ayers 221 aig§/é%@;.
close the circuit, pressure is applied on the flexible|udper | [ above
opening 4 in the base film The pressure will cause thgq conductive segnent
| ayer 12 to make electrical contact with the battery hOQusd
opening 4. Rigidity and springback in the |abel will cause conductive |ayer
12 to break contact with housing 24 when the pressure is released. |f
desired, conductive segnent |ayer 14 can al so be spac %part fromthe
cover 22 so that to conplete the circuit, press w | | have to be

si mul t aneously applied to the flexi r above both openings 4
and 6 in the base filn@ n the Ssugeis re dconau@d ve | ayer

segnents 12 and 14 will spri and brFak co t with the housing 24
and cover 22, respectively. AsNif -y
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abo\)e .Sui tabl e graph| cs and printed matter can be placed on t he base
layer, “conductiv sensitive material and/ of*¥& fout er

| ayer . As fﬁMENELSHEEZI an outer layer 1 contains de’SI gnat ed
~areas 3 and 5 whj cfrcorrespomd—tio fhe first term nal== - et

term nal area, rlespetti velryinogf jthe cell. Designateg
of the thernall skensitive rrateri so th& when ar ¢ag

depressed, a cirjcurt TS conpreted fand the thermally}sg

so that onl€LAaIMS 3 or area 5, respectively, would (
conplete the circuit. This invention has been UEST ’ i
with particular reference to preferred enbodi nents thereof, but it WI|| be

under st ood t-hat Adesting device:ifor a battery having first and second terminals, the
device comprising: a non-conductive film having two openings being so
arranged that the first and second terminals of the battery are exposed
therethrough; insulating means located between the openings; a conductive
circuit layer disposed on the non-conductive film, the conductive circuit layer
being disposed over the insnlating means such that the insulating means
provides thermal and electrical insulation for the conductive circuit layer, the
conductive circuit layer further 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,
wherein the insulating means is an expanded insulating material.

2 A device according to Claim 1 in which the conductive circuit layer and
the expanded insulating material are so arranged that that section of the
conductive circuit layer not disposed over the openings in the non-conductive
film is electrically and thermally insulated from the battery housing by the
expanded insulating material.

3. A device according to Claim 1 wherein the expanded insulating material is in
the form of individual shapes, parﬂcularly selected from circles, squares, triangles

and rectangles.

4. A device according to Claim 1 wherein the expanded insulating material is a
single layer having a plurality of openings therein,

5. A device according to Claim 1 wherein the expanded insulating material is
formed from a foaming ink, PVC foam, acrylic foam or polyethylene foam.

6. A device according to any one of Claims 1 to 5, in which the non-
conductive film is formed from a dielectric polymeric material, particularl
polyvinyl resin, polyolefin resin or polyester resin. /V/a;
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7. A device according to any onc of Claims 1 t0 6, in whlch the conductwe
circuit layer is formed from a metallic foil or mixtures thereof, a metallised
plastic layer, an electrically conductive polymer, or mixtures thereof, paint or

ink, carbon or a metal.

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

conductive polymers, conductive ink or mixtures thereof.

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

formed from silver.

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

1. 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 50 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 insulating means disposed
between said first opening and said second opening; a conductive circuit layer
disposed over the first opening, the second opening, and at least a portion of the
insulating means 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 electrically and thermally insulated from the
terminals of the battery by the insulating means; a thermally sensitive material
disposed in respounsive contact with the conductive circuit layer such that when
the first segment and second segment of the conductive circuit layer contact the
. t terminal and second terminal, respectively, a current will flow through the
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1. A tester Iggﬁ Eg-om a battery having a firgt—termmnatand a .
T second term nal WSBEE ity said battery tester Iabel consistin
essential ly of }a fnonconductivejfi]l mat teast partially ercadhy hes'di BeenRePaced
battery and hayi rjg a3t 6pRsBB8age Jand bott om surface and sal d
a first openin dxposi ng a segfert of the first termninal
second openi ng}exposi ng a segnentf of the second term nal f the attery an
expanded t her ahd el ectrical ifnsulating nmaterial dispoged-on the -top
surface of the nonconductive film between said first opening and said

fﬁgongoﬁpegbﬂgcsﬁtve%wu& age :daxﬁi%ﬂ@the&ﬁ %éﬂﬂuﬁ@ﬁﬁt&rﬂlﬂ!?c??;ﬁgt egdf rom
pol ygt hyloeﬁg-ﬁ?ﬁﬁﬁ% gm%%%&@aﬁ L'ﬁﬁE%H‘élﬁ “ﬁuﬁﬂ‘grm?ﬁ'ér}é@zfxﬂﬂ ity of

at | east lihsubatimpmatediatonductive circuit layer disposed over the first
openi ng, the second opening, and at |least a portion of the expanded
insulating material so that_ a first segnent of conductive circuit |ayer can
be 14. A battery mcludmg a device accordmg to any one of Claims 1 to 12.

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

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

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

18. A method for preparing a testing device 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 having deposited thereon between said first and second openings an
expanded insulating material, 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 the expanded insulating material 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 testing device as defined in any one of
Claims 1 to 12, to a battery, comprising adhering 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 the expanded insulating
material is positioned therebetween, 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'cléctrical circitit in Which
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de'f"l ected throug frrst T™hg to contact the fi rstp\EPbM’ﬁ ' Second
%EM@N@. S
conductive circ u t hayer=mett® ¢l ¢ctrically and thermaly
conductive circyit |ayer such that when the first segment and second
| ayer and h eag{d wll indicate the
capacity of ﬂ?lf?cfe@ ﬁﬁ&é&b?%ﬁég{e %erlg%tkgéelpgé “Y%%e “assenbly according to
t herein.
comprising the steps:
opening; and depositing an insulating means on said base film between said first
circuit layer and securing the bottom surface of the conductive circuit layer onto the
circuit layer can deflect into and through said first opening, the insulating means
(c) adhering the bottom surface of the base film to the housing of a battery
over the second terminal so that said first segment can be deflected to contact only
_electrical circuit between the terminals that allows current to flow through the

ssegnent of the t fl ayer can be defl ect rough the secg@d
openi ng to cont c-the second teriinal with the renmaining

the termnals ol fthe battery by}the expanttd insulatin ﬁ@mﬂ\\\
thermal |y sensi{ive materral drspgsed in responsive con

segnent of the conductive circuit |layer contact the first termnal and
second t er ncumentwilbflow theoygh thecxondactiverciréuit layer creating heatthavwillibet i ve
Caim1l wherein the expanded insulating material is in the formeither of

i ndi vidual gbapeq fietiffd forPregdring wm&mgwﬂ baneiytteﬁﬁg deite BPLBAAGS

(a) preparing a non-conductive base film having a top surface and a bottom
surface and producing in said film a first opening and a spaced apart second
opening and said second opening;

(b) securing a thermally sensitive material to the top surface of a conductive
top surface of the base film and over the first opening, the second opening and at
least a portion of the insulating means such that a first segment of the conductive
providing electrical and thermal insulation for at least a portion of the remaining
conductive circuit layer between the first opening and second opening;
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
the first terminal and the second terminal contacts or is contactible with a second
segment of the conductive circuit layer through the second opening to complete an
conductive circuit layer to create heat detectable by the thermally sensitive

material, wherein the insvlating means is an expanded insulating material.

21. A method according 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 (¢) 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 first segment of the
conductive circuit layer and the second segment of the conductive circuit layer
free of said adhesive, and a releasable film disposed over the adhesive layer, and
the releasable film is removed prior to securing the conductlve\czrcmt layer to

the base film using the adhesive layer RN II i



3. A battery tester |abel assenbly according to daiml or daim2 in
which the-conductive circuit |ayer and the expanded i ' terial are
so arranged tha he conductive circuit layer n \

eft 10

over the openin sﬁ' ﬁcﬁﬁgngﬁg dgctive filmis el ectrimglly and thermall
insulated fromtghg battery housing by theygxpanded insul ¢eakgﬁa|cé
A battery testef lladel B5Sef y|adcording to d ai m2.\/\h¢m I /,7” pdie

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.
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17. insulating material is in the formof indi vi dual shapes, selected from

circles, -squares, triangles and rectangl es. : ﬁgé{-}f@, tester—-lapel
-assenbly according to Claim2 wherein the expande MENJT BHEETifal is
single 1ayer having a plurality of openings thereiln. Abatyer

non-conductive filmis formed froma dielectric pglyneric materi
particularly a polyvinyl resin, polydbefin resin ¢r polyester—restn.
A battery tester | abel assenbly according to any g of Clainms 1 toj6, in

CLAIMS

tester |abel assenbly according to any one of d aijnsg Ig tso;ﬁ; vqugw?i
al

1. A testing device for a battery having first and second terminalg, the
device comprising: a non-conductive film having two openings being sa
arranged that the first and second terminals of the battery are exposed
therethrough; insulating means located between the openings; a conductive
circuit layer disposed on the non-conductive film, the conductive circuit layer
being disposed over the insulating means such that the insulating means
provides thermnal and electrical insulation for the conductive circuit layer, the
conductive ¢ircuit layer further covering the two openings in order to be able to
contact the terminals of the battery therethrough; and a thermally sensitive
material disposed m 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 citcuit layer with both of the terminals results in an
indication by the thexmally sensitive material of the charge in the battery,
wherein the insulating means is an expanded insulating material in the form
either of individual shapes or of a single layer having a plurality of openings
therein.

2. A device according to Claim 1 in which the conductive circuit layer and
the expanded insulating material are so arranged that that section of the
conductive circuit layer not disposed over the openings in the non-conductive
film is electrically and thermally insulated from the battery housing by the
cxpanded insulating material.

3. A device according to Claim 1 wherein the expanded insulating material is in

the form of individual shapes, selected from circles, squares, triangles and
rectangles.

4. A device according to Claim 1 wherein the expanded insulating material is a
single layer having a plurality of openings therein.

5. A device according to Claim 1 wherein the expanded insulating material is
formed from a foaming ink, PVC foam, acrylic foam or polyethylene foam.

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

* This Sheet Has

T R LT



which the conductive circuit layer is forned froma metalic foil or
m xtures thereof, a netallised plastic layer, an el i conductlve

pol ynmer, _or m ur es thereof pai nt or ink, carbon DrﬂE@LA&EMEM SHE

battery g‘ ?rrbly according to Caim?7, Tatal fL gﬁd ctlve
circuit | l fromsilver, nickel, iron, co pif? ,g:‘r % | epd,
conductiv tive polyners, conductlve iIn m i 3 tth reof.

9. A battery tester | abel assenblv accordi ng to | tihe

conductive circuit layer is formed fromsilver. : Abattery test gr
| abel assenbl y accprdin recedi WI
sensitive rrat Y aI‘Rl gfﬁ%ﬁ’%&lﬁmﬁ 5%@9& P}? W“W‘ geaon Fi al .
circuit layer is formed from a metallic foil or mixtures thercof, a metallised
plastic layer, an electrically conductive polymer, or mixtures thereof, paint or

ink, carbon or a metal.

XtU

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

9, A. device according to Claim 8, in which the conducuvc clrcmt layet is
formed, from silver. :

10. A device-ac;:-o;ding to any preceding Claim, in which the thermally
sensitive material is a thermbchromic ink or a liquid crystal material,

11. A device according to Claim 10, in which the thermally sensitive material
is a thermochromic ink.

12. Adevice accérding to any preceding Claim, in which, in use, the
conductive cirouit 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 insulating means disposed
between said first opening and said second opening; a conductive circuit layer
disposed over the first opening, the second opening, and at least a portion of the
insulating means 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 secoud terminal with the remaining segment of the
conductive circuit [ayer being electrically and thermally insulated from the

- terminalg of the battery by the insulating means; a thermally sensitive matexial
disposed in responsive contact with the conductive circuit layer sach 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
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11. A battery tester |abel assenbly according to d ai

thermal Ty Sénsitive material is a thernochromc ink.

| abel assenbl
CII’CUIt

cont act
battery.
the tester fornms a :
assenbly according to Caim13 further including a filmhea

least the testghgnctive circuit layer and heat the thermally sensitive material which will

according to any preceding Claim in [
tHes BeanReplacedinged at one of the termnals be gn“p,e
e battery's first and second t nal s.
ussenbl y accordjfang to any preceqi ng Oarm
a

or part of the bel. 14. AD

indicate the capacity of the battery, wherein the insulating means is an expanded
insulating material in the form either of individual shapes or of a single layer

having a plurality of openings therein.

14. A battery including a device according to any one of Claims.1 to 12.

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

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

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

18. A method for preparing a testing device 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 having deposited thereon between said first and second openings an
expanded insulating material, 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 the expanded insulating material 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 testing device as defined in any one of
Claims 1 to 12, to a battery, comprising adhering 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 the expanded insulating
material is positioned therebetween, 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

* [ L M s *
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| 5. A battery tester |abel assenbly according to any |

conprising a '‘housin nposed of a cylindrical containe
t e opposite end, said container formng the

and a c ver secured over and el ectri cal ly /i

the batter
open’l'!casfn“dl |ner said cover formng the secopd™
batte u‘ “ \ 19

current will flow through the conductive circuit layer creating heat that will be
detected and displayed by the thermally sensitive material.

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 bottom
surface and producing in said film a first opening and a spaced apart second
opening; and depositing an thsulating means on said base film between said first
opening and said second opening;

(b) securing a thermally sensitive material to the top surface of a conductive

-circuit layer and securing the bottom surface of the conductive circuit layer onto the
top surface of the base film and over the first opening, the second opening and at
least a portion of the insulating means such that a first segment of the conductive
circuit layer can deflect into and through said first opening, the insulating means
providing electrical and thermal insulation for at least a portion of the remaining
conductive circuit layer between the first opening and second opening;

(<) adhering the bottom surface of the base film to the housing of a battery
having a first terminal and second terminal of apposite 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 segment can be deflected to contact only
the first terminal and the second terminal contacts or is contactible with a second
segment of the conductive circuit layer through the second opening to complete an
electrical circuit between the terminals that allows current to flow through the
conductive circuit layer to create heat detectable by the thermally sensitive
material, wherein the insulating means is an expanded insulating material in the

form cither of individual shapes or of a single layer having a plurality of openings
therein.

21. A method according 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 basc 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 first segment of the
conductive circuit layer and the second segment of the conductive circuit layer
free of said adhesive, and a releasable film Wﬂwﬂ, and
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16. A nmethod for preparing a tester |abel as defined fI

being so arranged that in use they expose the first angd Jedbnd .tf@rm naftys
t he battery and havi ng deposited thereon between said fi and Ee’gﬂﬁm
openi ngs the expanded insulating material, to a substrfate conp
thermally sensitive material secured tg)and i n thernal
conductive circuit material, such that the conductive circuit
di sposed on the non- conduct i ve | ayer as to cover at |east the openings
t he expanded itheutlassably file isrrembvedipriordp seonmng|the cawlugtivecireuit kayettor
non- conduct i VegRwaed fi adNesivE Bifer.t e top surface of the exposed
non- conductive fil En{aidéhg%ﬁﬁtl vel circuit material. 17. A nethod for the
attachnment of a tester |abel as defined in any preceding Claimto a
battery, conpr23i ngA astihed axgotding toociaien 20 whereirethei followingtstep isaddedig of a
battery having a first and a second term nal such that one of the openings
in
- {d) sccuring a non-conductive film over the basc film containing the
conductive circuit layer and the thermally sensitive material.
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said filmis positioned o eRE"
Is positioned over the se (0
I S, p05|t|oned t her ebet weep,
| ayer covering said openi

Lnal , a second of said openings
’Er’lﬂ'l SHE'che expanded i nsul ating materi al

hjthat the congyasingemMENT GHEET
he term nals can be defl ected

to coutact the first and jsecand _termnal sf tp conplete an electrical circuit

i n which cu Il flgw through TF gnductive circuit |ayer creating
heat t hat Wdet ect the thermally sensitive
material. 18. A nethod for preparin attaching a tester |label to a

N

naving a tap surbartetieERiiombind oty LBREN it AR s and F secnd
first openitegninal of oppesiteipelaxity; mdchaacqomtargabdmﬂmmgl &Bﬂmdly ofa
sl 3t n ABHRBRARE Ve ifin W 1Eadt Pt AR WEENRF bdld bttty SRS Ralihg Y thp>™' ¢

second openin

ace 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 of the battery; an expanded thermal and
electrical insulating material disposed on the top surface of the nonconductive
film between said first opening and said second opening, wherein said expanded
insulating material is selected from the group consisting of foaming inks, PVC
foams, acrylic foams and polyethylene foams and said expanded insulating
material has a porosity of at least 10 percent; a conductive circuit layer disposed
over the first opening, the second opening, and at least a portion of the expanded
insulating material 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 electrically and thermally insulated from the
terminals of the battery by the expanded insulating material; a thermally
sensitive material disposed in requnsive 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 layer and heat the rhenna]ly sensmvc material
which will indicate the capacity of the battery.

2.

A battery tester label assembly according to Claim 1 wherein the

expanded insulating material is in the form either of individual shapes or of a
single layer having a plurality of openings therain_

3.

A battery tester label assembly according to Claim 1 or Claim 2 in which,

~ the conductive circuit layer and the expanded insulating material are so arranged
that that section of the conductive circuit layer not disposed over the openings in
the non-conductive film is electrically and thermally insulated from the battery
housing by the expanded insulating material.

4. A battery tester label assembly according to Claim 2 whercin the expanded
I —
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(b) securing a thernmally s &PMQ@‘“%T&HEH o the top surface of a

conductive circuit layer gnd] securing THe jbottom surface%‘g) ﬂthve
circuit*layer onto the to sur f &ceibaf 1998e |bajse fi l m andRERAC

openi ng, the second opening jand at
19

insulating material is in the form of mdmdual shapes, selected from circles,
squares, triangles and rectangles.

5. A battery tester label assembly according to Claim 2 wherein the expanded
insulating material is a single layer having a plurality of openings thersin.

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

7. A battery tester label assembly 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 plastic layer, an electrically conductive polymer, or
mixtures thereof, paint or ink, carbon or a metal.

8. A battery tester label assembly 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.  Abattery tester labe] assembly according to Claim 8, in which the
conductive circuit layer is formed from silver. :

1. A batter.y tester label assembly according to any preceding Claim, in
which the ﬂlexmally sensitive material is a thermochromic ink or a liquid crystal
- material.

11. A battery tester label assembly according to Clalm 10, in which the
thermally sensitive material is a thermochromic ink.

12. A battery tester label assembly according to any preceding Claim, in
which the conductive circuit layer is so arranged at one of the terminals to be in
permanent contact with one of the battery's first and second terminals.

13. A battery tester label assembly according to any preceding Clalm, m
which the tester forms all or part of the label.

14, A batrery tester label assembly according to Claim 13 further including a
film heat shrunk over at least the tester.
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| east a portion of the insulajing A&QEMENEUSJ#EtTh pt a first segnent of the
conductive circuit layer can feflect ,into andl tphrough saeg At A-ng,
the insul ating neans providing gl Zé’t iicaf3®nd| t per mal | n'éh\'é&g’\g%r\'?gﬁﬁaf

| east a portion of the remainf ng—canductive clirfuit |ayer between the first
openi ng and second openi ng; (c) adhering the bottom surface of the
base filmto the housing of | irst termnal and second

-t er m nal of;jpppggi,g@g,glqu{%tlﬁa%&ﬁgﬁla&gﬁdﬁr‘t?gﬂgﬁ?&@%?wi tioned

over the first term e second ope over th

. 0
second t er FPTPTSWE 3 RQUSRE epmposed afcd R¥kn cpRtanar ‘Eft‘go“"t"éec%ﬁtﬁn t
'o_nlt K the fiopeh at ﬂ“‘{wsfmﬁiﬁd- bﬁdgaﬁxtmidnef qufﬁiﬁgltmé: ﬁ.ﬁit&?xtrﬁixﬁl o'ﬁ &tcdﬁiﬂ:?jc‘,t i 3' e
Wi a secqnd .segnent o e _conducti.ve, circul ayer. rou secon
openi ng tog%grﬁﬁog’ggs%ﬂaé'#@é'ﬁ i QFT%WE Y ‘W#ﬁ%h"’%ﬁg“t%ﬁﬂ °{Iﬁ5t al | ows
current tocthmmerhsadgovehfomminguheiseeond tarmirtal lofytke bageryr eat e heat
detectable by the thermally sensitive material, wherein the insulating

means is an _expanded insulating material selected fromthe group_consisting
of foani nglPnks A mathed ferpraparingactestes dabel ag defined in any preceding Claim

comprising adhering a non-conductive film, comprising two openings being so
arranged that in usc they expose the first and second terminals of the battery and
having deposited thereon between said first and second openings the expanded
insulating material, 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 the expanded insulating material and, optionally,
securing a further non-conductive outer film over at least the top swrface of the

- exposed non-conductive film and conductive circuit material.

17. A method for the attachment of a tester label as defined in any precading
Claim to a battery, comprising adhering 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 the expanded insulating material is
positioned therebetween, and further such that the conductive circuit layer
covering said openings disposed over the terminals can be deflected to coutact
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,

18. A method for preparing and attaching a tester label to a battery
comprising the steps: ' '

(a) preparing a non-conductive base film having a top surface and a bottom

- surface and producing in said film a first opening and a spaced apart second

opening; and depositing an insulating means on said base film between said first
opening and said second opening; .

(b) securing a thermally sensitive material to the top surface of a canductive
circuit layer and securing the bottom surface of the conductive circuit layer onto the
top surface of the base film and aver the first opening, the second opening and at
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pol yet hyl ene foans and the expame gt erial has a porosity of
at least 10 percent. 109. A REPU&&EMB\EBMEE | ai meP&@Wnerel nin step (a)
the base filmhas an adhesivdg | om sur CABHAERT ce Eg?sabl e
fi'l'm di sposed over the adhesijvel | ayeriian¢g9gn |step (c) the reeasable filmis
renmoved and the bottom surface pf the base fiflis secured to the housing
of the battery using the adhgsi VerTayer-—20" ‘A nethod according to claim
18 'wherein in step (b) the bagttom surfa]c9e of t he conductive circuit |ayer
has an adhesive |ayer with théTirs of the conductive ciycyit

| ayer and tln&tmmgémmmcmmmea@nn:zmrwém selugRve 5j d

adhesi ve, agfkuic hgbeAROdaTdek ik @@?E’yﬁ& r&%fﬂﬁﬁ?'me il fing @.@&hst he
el easabl e f ol {Hmz efeggxnc\gfg.ngrtbgrrmiloms watiad % least aupcrlu\ég Fhé lrjclntl x.nmy er 1o
conducuvc circuit layer between e first apening and sscound apening;

(c) adhering the bamom surfacs of the base Elm ta the housing of 2 batery
kaving a first terminal and second cerminal of oppasite palaricy such that the firse
opening is pasiianed over the first tarminal and the second apening is pasidoned
aver the second tezminal so that said first segment can be deflected o contact cnly
the first terminal and the secand terminal canrtacts or is contactble with a secand
segment of the conduetdve circuit layer through the secand opening to complete an
electrical circuit between the tarminals that allows currant to flow through the
conductve circuit layer to create heat detectable by the thermally sensidve
material, whersin the insulating means is an expanded insulating material selected
from the group consisting of foaming inks, PVC foams, acrylic foams and
polyethtylene foams and the expandcd. insulating mararial has a gorasity ¢f 2t least
10 percant.

1s. A me:hcd. according claim 18 whezsin in step (2) the base film has o
adhesive layer on its botrom surface and a raleasable film disgosad over the
adhesive layer and in step (c) the releasable film is removed and the bewom

surface of the base film is secured to the housing of the bartery using the
adhesive layer.

20. Amethaod according to claim 18 whersin in step (b) the battom surface of
the conductive circuit layer has an adhesive layer with the first segmentof the -
conductive circnit layer and the second segment of the conductive circuit layer
free of said adhesive, and a releasable film disposed over the adhesive layer, and

the releasable film is removed prior to securing the conducuve circuit layer to
the base film using the adhesive layer,

21.  Amethod accarding to claim 18 wherein the follcwiﬁg step is added:

(d) securing a non-conductive film over the base film containing the
canducdve circui layer and the therma.lly sensitve material.
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the base filmusing the adhesive |ayer. 21. A nmet hod according to claim
18 wherein the follow ng step is added: (d) securing a

non- conductive fil mover the base film containing the conduct ive circuit

| ayer and the thermally sensitive material.
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. ABSTRACT

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.

FIGURE 1A & FIGURE 1B




