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THERMOCHROM C BATTERY TESTER : FI ELD OF THE

| NVENTI ON 5 The present invention relates in general to
devi ces for testing the capacity of a battery and, nore particularly,
to a battery tester that may be integrated into the | abel of a

battery. 10 wo 98713885 BACKGROUND COF THE | NVENTPERUS9717596
Batteries of all types, whether frequently or rarely used, discharge

wi th the passage of tine. TRERMOCHRONIC BAAYEERY TESTER aced into service, the
battery or batteries that provide the 15 -energy source for electronic

equi pnent such as flashlights, toys, radios, audiocassette pl ayers,
conpact disc players and %Q%ﬁ%ﬂrxﬂ%&%éﬁ, may or may not have
sufficient charge to power the equil prent. a consequence, a variety
of devices have been proposed whereby a user can determne a battery's

20 energy.level wth reasgnabl e .certainty.. . Per haps t he
earliest ksnovvn bat t erg/lrhfaegir%?e&t Vwivgﬂtlon X’elates in general to devices

for testing the capacity of a battery and, more particularly,

to a battery tester that may be integrated into 'the label of a

battery.
10 BACKGROUND OF THE INVENTION
Batteries of all types, whether frequently or rarely
used, dischargé with the passage of time. Accordingly, when

.placed into service, the battery or batteries that provide the
15 energy source for electronic equipment such as flashlights,
toys, radios, audiocassette players, compact disc players and
myriad other devices, may or may not have sufficient charge to
power the equipment. As a consequence, a variety of devices
have been proposed whereby a user can determine a battery's

20 energy level with reasonable certainty.

Perhaps the earliest known battery testers, which
remain in common usage,. include specifically designated
voltmeters and ammeters. Although quite accurate when properly

25 calibrated and operated, such devices are cumbersome to use,
must be carefully maintained and stored, and can be rather

expensive.
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remain in common usage, include specifically designated
vol tnmeters and ammeters. Al though quite accurate when properly 25

calibrated and operated, such devices are cunbersome to use, must be
carefully maintained and stored, and can be rather expensi ve.
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PCT/ US97/ 1759 L More recently, battery tes{,&r?ss;) Nz been
i ncor por at.ed ﬁl?%s’%ag%tery packagi ng contai ners. These es?’ers,

general ly referred tggQg ;g@n@%hr&%ygE%QSJ QLS have bl Ml 1y conmprom se an
i ih' Ther

el ectrically ‘conductive |ayer contact " Wth a tenperature
sensitive colmorpaditest dnto batteay eackiing tbarfindysof Mhageconductive |ayer
are contacted” with a battery's termnals, electronic current flows

“t hr ough ESATETE r RNEEHEAT AT T4 CROMRIbEFURChIRPiE  CeFRET feat SO
generated Caisea1dy CARIEmIde taﬂeeiél‘i'r‘ig%%ry 'caxaiqut,etﬂ%@gl?n vol tage of the

battery exceeds a predeterm ned thresh ster vices of this sort
are sonevhatthgrial cednitatd wikdr at semperatidec aeseitives esldrishdpeaersel y al i gn
and mai ntajr&é;%@taﬁﬁhé%fthe ends of the conductive layer are contacted
with a_battery's terminals, electronic current flows through
and creates heat in the conductive layer. The heat so
generated causes a change in the indicator.layer if the
10 voltage of the battery exceeds a predetermined threshold.
Tester devices of this sort are somewhat difficult to operate
because a user must precisely align and maintain contact of
the tester's terminals with the battery's terminals to achieve
reliable results. In addition, the tester is usually capable
15 of testing the condition of only a single size of battery,
e.g., a AA battery. Moreover, the battery packaging itself,
which is bulky and susceptible to damage, must be retained and
carefully stored, although it-is commonly misplaced orxr
discarded as trash.
20
Even more recently, thermochromic testers have been
incorporated into the labels encasing the batteries themselves.
Examples of such built-in testers may be found in U.S. Patent
No., 5,015,544. Testers of this sort are in immediate contact
25 with the typically metal housings of the batteries to which
they are attached. As such, the battery may act as a heat sink
for the heat generated during operation of the tester. If not
controlled this loss of heat may hinder the function of both

the tester and the battery. For instance, to achieve the
' 2
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the tester's termnals with the battery's termnals to achieve

reliable results. In addition, the tester is usually capable 15 of
testing the condition of only a single size of battery, e.g., a AA
battery. Moreover, the battery packaging itself, whi ch is bul ky and
susceptible to damage, nust be retai ned and carefully stored, although

it is commnly‘ﬁﬁmﬁied or ~ discarded as trash. 20 popysemirses .
Even nore recently, thernochromc testers have been I ncorporated into

the | abel s en | h Les elyes., | f.su
built-in test g?%%‘%;}hbgep%%%#ﬁ ﬁ.hgﬂ%%tmént%o effe€g$&§§?§4ﬁs Q"tggst ers
of this sort abbor nindiesciralayexgnthettesEbr miiyt havdaoct i arhyedtioad! a

housi ngs of the batteries to which t hey are attached. As such, the
battery may atPRIRF ReRiod ofj hpme than; ypuld, othexyisseher desidedur thaFeBer at i on

of the testerpgy, hlfnat'ﬁQ'Ell{he erQﬂIr[gOl | efle t hib%t‘:@f’f ofh,sheajgdry hi Mge/%he

function of bot tester and the battery. For 1 nstance,

achieve the Additionally, the loss of tester hea? into the battery may
Printed from M nosa 03/31/ 1999 09: 44: 52 page - 4- ) WO
98/ 13885 cause the tester to produce 1naggyﬁq5397yqpﬁgggs of the

battery's strength, i.e., the tester might indicate the battery
to be drained when in fact the battery is still useful. In
these circumstances, a user might mistakenly discard good

10 Dbatteries in reliance upon the errant readings of the tester.

To alleviate battery heat sink problems, U.S. Patent

Nos. 5,059,895, 5,223,003, 5,389,458, 5,393,618, 5,409,788 and
5,538,806 have proposed placement of thermal insulation means

15 between the conductive layer of a thermochromic battery tester
label and the battery housing. The thermal insulation means

may comprise, inter alia, a layer of release paper, plastic
strips, foamed plastic, foamed ink, embossed or printed inks,
adhesives, cloth and the like. These insulation materials may

20. be deployed as substantially continuous layérs or as
discontinuous arrangements defining one or more air pockets
between the conductive layer and the battery housing. Indeed,
because of the extremely low thermal conductivity of air, when

the insulating material is discontinuous in layout, the

25 insulating characteristics of the composite thermal insulation
means, i.e., insulation material and air gaps, are superior to

a continuous layer of.insulating material having no air gaps.
U.S. Patent No. 5,223,003 in particular discloses thermochromic

battery tester thermal insulation means including solid spacers
3
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t hreshol d tenperature sufficient to effect a change in the col or

I ndi cator |ayer, the tester may have to be operated for a | onger
period of time than woul d ot herwi se be desired, thereby prematurely
~draining t he battery of usef ul ener gy. 5 Additionally, the |oss
of tester heat into the battery may cause the tester to produce

i naccurate rqaflsh of the battery's strength, i tester

m ght indicate the battery to be drained when in fa'(':‘?m{sf’{;éH gttery S

still useful gormeliNos foarﬁé&eiﬁagéft{:%t %ﬂg %% :ﬁ]%?g.nén tadp .S;;[o% gply

di scard good 10 batteries’in relianc e errant readi'ngs of the
tester. It will be appferialtkdvildte swaht ar yohewiuckiok @nbihessehd). S.

Pat ent Nos. 5,059,895, 5,223, 003, 5,389,458, 5,393,618, 5,409,788 and
5, 538, 806 haVberﬂ‘Ff)pégﬁ'dliﬂ"&Ber“f‘Eﬁff’tﬁs tHerthd #hHsuPiesm Md&nPlastic pet ween

the conduct i eh-@yranal afr BREIUSY O chePBid LY dE2HS0. | abel and the-
battery housi ng. The thernmal insulation neans may conprise, inter

alia, a lmyer of rel ease paper, plastic strips, foamed plastic, foamed
i nk, enbossed or pri %d ink%, adhesi ves, cloth and the |ike, These
insul ation material s W&y SYGdr pECangdyp Cs Rr 13kHSTURELSE 13 maEBHHE i nuous

layers or & plastidicqnki myeéﬁaqwﬁwpr&e&éﬁgiu%ﬁwg S YusBiE alr

pocket s bet ween the conductive layer and attery houdsing. |ndeed,
because of tuettexireyst cdmmeniherinal cendisctaxibhatief that, cthdun is a the
out, the 25 insulating

I nsul ati ng terial Js.disconiinuous in | _
char act eri stT'& "%fr‘ilﬁ(sa“%% Ss#’?%weteﬁew}ealmﬁﬁ'%l"ft FBrrapped gas qed they
i nsul atimn ride@ma®! irdidatidn GMBSactd @ S YREJEOhE Oinsulation material:
the greater the volume of entrapped gas, the more thermally
insulative the material, and vice versa. However, there is an
inverse relationship between entrapped gas volume and the
structural strength of the insulating material. That is, as
15 the "hollow" or "void" space of a foamed plastic increases, the
material's ability to resist externally applied compressive
force decreases, and vice versa. Hence, the volume of
entrapped gas cannot exceed a threshold level which would
compromise the insulating structure's capacity to withstand
20 extermally imposed forces associated with ordinary
manufacturing shipping, handling and usage of a typical
battery. Yet, this threshold entrapped gas level may not be
sufficient to impart a meaningful contribution to the thermal
insulation characteristics of the material.
25
A need exists, therefore, for a thin thermal
insulation means £or a thermochromic battery tester that

combines optimum thermal insulation properties with high

Printed from Mimosa 03/31/1999 09:44:52 page -6-



a continuous |ayer of insulating nmaterial having no air gaps. u. S
Patent No. 5,223,003 in particul ar discloses thernochromc battery
tester thermal insulation neans including solid spacers

3 Printed from M nposa 03/31/ 1999 09: 44: 52 page -5-
WD 98/ 13885 PCT/ US97/ 17596 for med

of foanmed pl astygegaiags Shaped to define an air pocket. PCTisoM7sds De
appreci ated that such a construction combines the . thermal insulation

benefits of tékeuetaraosk%ngtthhen@Ic@,ﬁkI&m fundBld g,r éf’éec@@gef‘* LeiERNLA ned in
the plastic material When cure f oaned astics ‘or inks

conprise a meAtitRry of cgtﬁvqsﬂltagllalcd@mensﬂonaaterl al which entraps bubbl es of
a gaseous matter, nost commonly air. It is axiomatic that there is a
direct relationship between the vol une of entrapped gas and the 10

t hermal- i nsul ati on characteri fort don material : t he
greater the volune of entrapped gas, the m)re thermal |y insul ative the
mat eri al, Sand vice versa. However, there is an i nverse relationship

en : nd th
bet ween entrapped gas,l%gl upnlgsgng tin%ention contemplates novel thermal

ihsulation means, a thermochromic battery tester device
ineorporating such thermal insulation means, a battery 1label
including such a tester device, a battery including such a
10 battery 1label, and methods of constructing the thermal
insulation means, thermochromic battery tester device, battery

label and battery.

The thermal insulation means of the present invention

15 preferably comprises .at least one l'ayer of flexible, thermally
insulative, dielectric matrix material within which is embedded
structurally strong thermally insulative material. A presently
preferred material for these purposes is a plurality of
miniature spheres usable alone or in combination with other

20 insulative materiale such as fibrous and/or particulate
materials. The spheres are preferably hollow and encapsulate a
thermally insulaf.ive substance, desirably a gaseous substance
such as air. The spheres themselves may be fabricated from
any thermally nonconductive substantially rigid material such

25 as glass or plastic that can be formed into extremely small
spheres by processes known in the art. Moreover, by virtue of
their .spherical shape, which shape inherently possesses
exceptional force distribution and force transmission

characteristics, the spheres provide an excellent means for
5
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structural strength of the insulating material. That is, as 15 the
"hol l ow' or "void" space of a foanmed plastic increases, the material's
ability to resist externally applied conpressive force decreases,
and vice versa. Hence, the volunme of entrapped gas cannot
exceed a threshold | evel which would conprom se the insulating

structure’'s Capgodiaest 0 Withstand 20 externally i .rrpoq,%g { apees
associ at ed W th ordi nary manuf act uri ng shi ppi ng, an& I'ng and

usage of a tymigiaking thbatir@b¥es Y&ha mhért%ﬁﬁm&lerg %Rp%rgQ?l)hevel

may not be sufficient to inpart a neaningfu contr| ution to

t her mal eneoyneeTashby mbattery.stics of the material. 25

A need exists, therefore, for a thin thernal insul ation neans for a

t hernochrom c battery tester that conbi nes optinmum thermal insulation

properties with high For best results the sphere-containthg thermal
Printed from M npbsa 03/ 31/ 1999 09: 44: 52 page - 6- WO
08/ 13885 5 insulation means of the present PERWVERDiHN 7596 preferably

manifested as a random or patterned discontinuous arrangement.
Thus, when the thermal insulation means is disposed between a
battery housing and a conductive layer of a thermochromic
battery tester, one or more air pockets are formed between the
10 conductive layer and the battery housing. In this way, a
structurally strong and impact resistant thermal insulation
means is realized which makes optimum use of the excellent
thermal insulation properties of éir, including both the air in
the air pockets and that encapsulated in the spheres, in
15 combination with the thermally insulative material from which
the spheres are formed and the matrix material within with the

spheres are embedded.

The superior thermal insulation characteristics of
20 thermal insulation means according to the present invention
thereby functions to enhance performance of a thermochromic
battery tester with which the tester may be deployed and to
reduce drain on a battery that may be evaluated by such a
tester.
25
More particularly, the present thermal insulation
means uses the low thermal conductivity of air to considerable
advantage. As a conseguence, the tendency of the battery to

function as a heat sink for the thermal energy generated by the
6
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structural strength and that will function effectively with any

battery of conventional dinensions. - SUMMARY OF
THE INVENTION 5 The present invention contenplates novel

t her mal i nsul ati on neans, a thernochromc battery tester device

I ncorporating such thermal insulation neans, a battery | abel I ncl udi ng
such a tester ¢®uosssess 2 battery including such a 10 batp@Emgsondreeel , and
met hods of constructing the thernmal i nsul ati on neans,

t her nochr om Gakeéierdedrest 8 coiticteve DBAFR Vis effebballyardtbaddaemy.

The thermal insulation nmeans of the present invention 15 preferably
conpri ses at Hheadmsert | thrsmadf ippelatiee, meprs .l This virtuadyrtheimad,
dielectric | t eld Wi t_hi [ ' e u y
strong ther %ts:éil/éﬁ@uﬁﬁ ;’jgvl-lee r'r:tae{;lérgfwg] g%dﬁ%g‘g%t fa&ﬁé‘} froBr g?‘ér ?’égéear%léjt erial
for these puhpasisy i enabysurtiid t yesfer to Mapidlwr proylder es weapdieal one or
in conbination with other 20 insulative materials such__as fibrous
and/ or _ pdrt ifeARHR® Of 2 PARteKY'§ strenathsphThals ik e eEPEIERABY 2 HoldEow and

encapsul ate gne thedddd’ BALIgL LALLA] \WHEn SHRGLA0CEurdliie! DAL BnlGRAOUS

subst ance such as air. e spheres elves ma fabricated from
any ther mal | yhaoroeaddktciviey dagebsbdntthal Ibateegy deestiear iial SemdficP2h1yas gl ass
or plastic that can be fornmed into extrenely small, spheres by
processes knGAReFied nEowaE. WS ebheFmochyoniq { frFeFial of the battery

tester and not uselessly dissipated by the battery. This

10 phenomenon, in turn, causes the heat sensitive thermochromic
material to rapidly achieve a threshold temperature sufficient
to produce a visible change in the thermochromic material.
Consequently, a user can obtain in about one second or less a
reliable reading of a battery's capacity. By contrast,

15 comparably constructed thermochromic battery testers heretofore
known in the art may take several seconds to achieve a
meaningful reading, especially when the battery's power level

is low.

20 In addition, because the heat generated by the
conductive layer of the battery tester is put to more efficient
use when associated with the thermal insulation means of the
present invention, and also because less time is reqﬁired to
perform a test, less current is drawn from the battery during a

25 test procedure. Therefore, use of a thermochromic battery
tester label incorporating the thermal insulation means of the
present invention reduces drainage of a battery's energy supply

and prolongs the useful service life of the battery.
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their spherical shape, which shape I nherently possesses excepti onal

force di stribution and force transm ssi on characteristics, the
spheres provide an excellent means for Printed from
M nosa 03/ 31/ 1999 09: 44:52 page -7- WO 98/ 13885

PCT/ US97/ 17596 resisting the inpacts and ot her mechani cal shock
normal | y SR tered by a battery. peridoiiSet results
t he sphere-cor'# al n% t her nmal 5 insulation means of the present invention
is preferably. ey d . at terned di sconti nuous
arrangenent . Thus,rfe\%ﬁéﬁ’t evtaﬁ{é@rra(}n}lgéu B itglﬁmrrgeilancs?nggc%’iv gsed

between a  the bairdeeayt hotiirhgl anthsaleoivhIChbxes | as9r BE auddwer RERr omic
battery tester, one or nore air pockets are forned between the 10

conduct i ve | GYEMCAAYE t EPYSEEt ePFVHRSUS| FREater | nresdissanes, then those |
Feal | zed uhi Z oty oaPLORAF 1 CEpSRlnrbHEl Bar AV BeR JanetlTIOT o
properti es oAltemnativelyudithg bdtédrmabe iabuldtion means "of the present
invention may permit a reduction in the volume of material
required for conductive layers formed from conventional
materials. In either case, the time required to perform a
reliable battery test may be even further reduced. And, the
10 materials and fabrication «costs of a tester device
incorporating the present thermal insulation means may be

correspondingly reduced.

Other details, objects and advantages of the present
15 invention will become apparent as the following description of
the presently preferred embodiments and presently preferred

methods of practicing the invention proceeds.

20 BRIEF DESCRIPTION OF THE DRAWINGS

The invention will become more readily apparent from
the following description of preferred embodiments thereof
shown, by way of example only, in the accompanying drawings,

25 wherein:

Figure 1A is a top plan view of a first preferred
embodiment of a battery tester device according to the present

invention;
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the air pockets and that encapsulated in the spheres, in 15 conbination
with the thermally insulative material fromwhich . the spheres are
formed and the matrix material within with the spheres are enbedded.
The superior thermal insulation characteristics of 20 thernmal insulation
means according to the present invention t her eby functions to enhance
performance of ygdgpgdrochrom c battery tester with wg ﬁ et €St er
may be depl oyed and to reduce drain on a battery that may be eval uat ed
by such a .tester. 25 More particularly, the present

t hermal insul ation means uses the | ow thermal conductivity of air to
consi der abl e advdioaye.1B As a moispectiorceiew b tiendencyrpoftebber battery
to functéon as a Eﬁat S|Q$ for the thernal energy generated by the

6 gvice of BASHYRd% rITCRPIIASEd03Ps2/ 209958 Akt Beedydge 2 8-

WD 98/ 13885 pattery; PCT/ US97/ 17596 battery

tester"s conductive layer is effectively vitiated by
5 .

Figure 2A is a top plan view of a further preferred
embodiment of a battery tester device according to the present

invention;

10 Figure 2B is a perspective view of the battery tester
device of Figure 2A incorporated into a label affixed to a

battery; -

Figures 3A and 3B are enlarged cross-sectional views

15 of a switch portion of the battery tester according to Figures
1A and 1B affixed to a battery and depicting the switch of the
tester device in deactivated and activated condition,

respectively;
20 Figure 3C is an exploded view of the essential layers
of a thermochromic battery tester device arranged in accordance

with the present invention;

Figure 4 is a top plan view of thermal insulation

25 means constructed according to the present invention;

Figure 5 is an enlarged cross-sectional view of the

thermal insulation means of Figure 4 disposed in a battery
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the i nstént thermal insul ati on neans. This virtual thernal i sol ati on

of the tester's conductive |layer fromthe battery housi ng enabl es the"
tester to rapidly provide a reliable 5 reading of a battery's strength.
That is, essentially all of the thermal energy created when battery
current passes through the conductive | ayer of the battery tester is

beneficially yoegnslis €Cted toward the thermochrom c nat epigl he battery
tester and not use%ﬁsly di ssi pated by the battery. Thi s sii’gfm{ghenomanon,
in turn, caygss: HieiRe@loSENSAddeYs, (e BOMVAATLEn of whlM GhL&! L9, r aPi dly
achieve a threshold tenperature sufficient to produce a Visibre change
in the thernmechaxtniof vhe eres¢nt inventGonsequent|ly, a user can obtain in

about one second or less a reliable reading of a battery's
capacity. By contrast, 15 conparably constructed thernochromc
battery testers heretp{qi® sa is KROWRed BubbifeAh1 SRed! éﬁ&%@!@é?&nﬁeconds '
to achieve a meani ngf ul readi ng, especially when the battery' s power
level =~ 5 iyi¢wywof thy thermal insylntigudidfi ohhe Iprestrse ihtentiloaat
generated b th ...conductiye |layer of the battery tester is put to
nore effici e%’f‘cucﬁedu“életr\*ﬁe?’\rr%'s%%i°£§bg‘b’ﬁet R t3 t hermal insul ation means
of the present invention, and al so because less tine is required to
performa test, less current is drawn fromthe battery during a 25 test
procedure. Ther ef orBigurgsé ofs aat Achemathe omiew baf t enyapparatuested | abel

i ncor porating the, t ekrn;g[ Lpsul ation, neans_of, t he present invention
reduces drai nage of&a ba steg'rginjgae%epﬁfln?ﬁgﬁ?vc mattery Bester device
10 according to the present invention.

DETA DESCRIPTION OF INVENTIO

Referring to the drawings wherein 1like reference.

15 characters designate lik_e or corresponding parts throughout the
several views, there is shown in Figure 1A a battery tester
device according to a first presently preferred embodiment of

the invention, which device is identified generally by
reference numeral 10. Tester device 10 comprises indicating

20 means preferably constructed as an at least partially
transparent indicating chamber 12 in responsive contact with a
portion of an electrically conductive material layer 14. The
indicator chamber 12 contains at least one layer of thermally
sensitive indicating material 16 which undergoes a visible

25 change when subjected to a predetermined threshold temperature.

Figure 1B dep;'.cts a battery 18 encased by a label 20
which incorporates the battery tester device 10. Battery 18 has

an anode or first terminal 22 ét one end thereof and a cathode
10
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and prolongs the useful service life of the battery.
7 Printed from M nosa 03/ 31/ 1999 09: 44: 52 page -9-
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Moreover, by virtue of its |low thermal conductivity,- t he instant
thermal insulation neans may be used with - conductive layers having
greater resiStyajseasss han those presently enpl oyed pdynidanizegeChr om c
battery tester |abels. 5 Alternatively, the thernmal insulation neans
of the presesi seconditidtBhaDRLNEY dppoBlte @nHCMY! 58S )N t RS MO lHBRN Of
mat eri al required for conductive |ayers fornmed from conventi onal

materials. |#Pctheharteasbe exernpheheusingr efl the peatterm 18 extenddhgabl e
battery test ymy he q,%%n yrther o eggé%gg. oA ot NELe 10, 1Bt erials__and
0 a - tester evi ce at

fabrication <costs ~I'ncor pore [ n"bayt hge pr esent
t her mal- i nsul fibrdeat@hngrsmymbeal . IROMiayP UdhNginstanediC €the metal

O her details, objects and advantages of the present
5 housing may be in elecfrical communication with one of the
anode or cathode. Accordingly, the metal housing is
electrically insulated from the other of the cathode and anode.
Under those circumstances, the metal battery housing

effectively serves as an extension of either the anode or

10 cathode to which it is electrically connected.

The opposite ends of the conductivé layer 14 define
first and second terminals 24, 26 which are adapted for
respective contact with the first and second terminals of

15 battexy 18. The conductive layer 14 way suitably comprise any
conductive material such as metal or metal alloy preferably
formed as a thin film. Conductive layer 14 may be preformed
and -then attached to a substrate such as a dielectric material
including, without 1limitation, paper, plastic or cloth.

20 Alternatively, as will be described in greater detail in
connection with the discussion of Figure 5, conductive layer 14
may comprise a layer of metallized coating or ink which is
applied. on a suitable substrate. Moreover, the conductive
layer 14 may assume any desired shape. For optimum

25 performance, however, the configuration of the conductive layer
14 should be such that its resistance in the region
corresponding to the indicator chamber 12 is at least as great
as in the remainder of the conductive layer. The heat

generated by the conductive layer 14 is dependent on its own
11
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15 invention wll beconme apparent as the follow ng description of t he

presently preferred enbodi nents and presently preferred nmet hods of
practicing the invention proceeds. 20 BRI EF DESCRI PTI ON
OF THE DRAW NGS The invention will become nore readily
apparent from the follow ng description of preferred enmbodinents

t her eof Voddiessty way of exanple only, in the accomﬁﬁﬁghﬂgmgramﬁngs,
25 wherein: Figure |A.is a top plan view of a ftirst

preferred  inheRBROHe@BBtar¥e, 2ad el ¥s (@3t 6110RY £54 a%QEQﬂfpg)ut:Bué he
present I nventi on;

Printed frorand kbya o8 Ftrengh GF: 24bsbtqmyyee.d0- battery 18. that ia\D

96/ 13885 o be tested bx/ tester de PCT/ US97/ 17596

Figure | B |s.. perspectl e V|eM/oFl?%e Dattery tester
5 The indicating material 16 can be any thermochromic
material such as liquid crystal compositions and thermochromic
inks, among others, that will undergo a visible change when the
voltage of the battery 18 drops below or, more typically,
exceeds a predetermined voltage. The indicating material 16 may
10 be such - that its #isible change occurs as a one-time
irreversible event. More preferably, however, the visible
change is reversible in order that the battery may be
repeatedly tested at the discretion of the user. The visgible
change may be a color change such as from a color to colorless,

15 colorless to a color, .or one color to another color.

Suitable indicating materials may include thermally
sensitive liquid c¢rystal compositions such as those of
cholesteric type including cholesteryl oleate, cholesteryl

20 chloride, cholesteryl capr}'rlate and the like. Examples of
suitable thermochromic inks include those comprised of a dye,
developer and desensitizing agent that are disclosed in U.S.

Patent No. 4,835,475, herein incorporated by reference.

25 The indicating materials such as thermochromic inks
can be used singly or combination. For example, different
layers of indicating materials could be employed whereby the
different layers are activated at different temperatures and

can be designed to change different colors at different
12
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device of Figure 1A incorporated into a | abel affixed to a battery;

5 Figure 2Ais a top plan view of a further preferred
enbodi ment of a battery tester device according to the present

i nventi on; 10 Figure 2B is a perspective view of the battery
tester device of Figure 2A incorporated into a | abel affixed to a
battery; WO 98/13885 Figures 3A and 3B are enl arged p&@ghnisygt | onal

views 15 of a switch portion of the battery tester according to Figures

1A and 1B af fiesperagurshat t egucAndagdephstindamiite Spyt ClbeOf ysbep1  in tester
device in deactivated and activated condition, respectively;

20 eqtiagliehidg ias @Aneipivedotadieny stpe héndisment | méarisnyady sa of
a thernochro y_t.est devi ¢ arranged i n_accordance, with the
a%tggﬁiaerr anSiEhe’ (Ehfe % 3 aq“ig Q%Trjé’r? v’i“&?v‘:%@rt her nmal

present i nve ure 4%s

i nsul at-i on Zifeanafe&nac caapgt prstaid am@&ﬂl@gréamw@ Bt e68RLingN\GABL AN, _
Figure 5 is an enlarged cross-sectional view of the thermal insulation

means of M ge@PEY#E$§sed in a battery

The tester device 10 may also be fabricated so that
it indicates a guantitive measure of a battery's capacity such
as a load or no-load voltage threshold. For example, one can

10 select a no-load voltage threshold which is indicative that the
battery is about 25% exhausted, about 50% exhausted, etc., as
- may be suitable for intended purposes. Alternatively, the
cross sectional area of the conductive layer 14 may be varied
in the region thereof corresponding to the indicator chamber
15 1é. In this way, a .gradient of heat may generated along the
conductive layer 14 during testing. This heat in turn is
transferred to the indicating chamber 12 and the indicating
material 16 contained therein. Under these circumstances, the
tester device 10 or the battery label 20 within which it may be
20 incorporated is preferably provided with a calibrated
indicating scale to display the remaining capacity of the
battery being tested. Still further, the indicating chamber 12
and indicator material 16 may be designed to convey a simple
qualitive measure of ﬁhe battery's cbndition such as a "GOOD"

25 or "REPLACE" message.

In addition, the dimensions and resulting resistance
of the conductive layer 14 can be adjusted for any battery

size, voltage or current requirements. And, from Ohm's law the
13
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WO 98/ 13885 PCT/ US97/ 17596 | abel
affixed to a battery, the conbination of which also forns a part of

t he present invention; Figure 5A is an even further

enl arged cross-sectional 5 view of the thermal insulation of the present

I nvention [ﬁﬁﬁh& |l ed within arrow 5A of Figure 5; an .
Figure 6 is a“éc emafi c view of an apparatus and met Hod Fortassenbl i ng
a thernochraqy t t . vice. 10 ccordi to.the present

i nventi on. Wt eBp' L ik 8@&1%? TATLED Bﬁg%ﬁa%‘l"gcﬁ?qtayoﬁ‘-ﬁ' | TRERF ON

Referring tordragniiqvsarydcenaité N sider o eaRee, 35 asParadighsisesi gnate

| i ke or corresponding parts throughout the
thereof.

5 When mounted to a battery such as battery 18 thé
tester device 10 may be in continuous contact with the first

and second terminals of the battery. As such, the device 10
will continuously operate and the indicator chamber 12 will
undergo a visible change only when the output voltage of the

10 Dbattery falls below a predetermined value. The disadvantage of
continuous operation, however, is that such a tester device

imposes a constant drain on the battery's energy supply.

It is more preferable that the tester device 10

15 include at least one switch 28 (as in Figures 1A and 1B) or two
switches 28 {as in Figures 2A and 2B). Thé benefit of at least

one switch 28 is that the tester device 10 is normally biassed

to be in an "OFF" state. Hence, the tester device is only
activated when the switch 28 is on, thus preventing a constant

20 drain on the battery. The construction and operation of switch

28 is best appreciated by reference to Figures 3A and 3B.

As seen in Figures 3A and 3B, a portion, in

particular the switch portion, of a battery label 20

25 incorporating a tester device 10 according to the present
invention is shown affixed to a battery 18. Figure 3C provides

an exploded view of the essential components of the tester
device 10 in an arrangement consistent with the present

invention. Referring collectively to Figures 3A, 3B and 3C,
14
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several views, there is shown in Figure | A a battery tester devi ce
according to a first presently preferred enbodi nent of the i nvention,
whi ch device is identified generally by . ref erence nuneral 10. Test er
device 10 conprises indicating 20 neans preferably constructed as an
at least partially transparent indicating chanber 12 in responsive

contact with awoegnssrtion of an electrically conducti vepdgiseiirgs | ayer
14. The i ndi cat or chanber 12 contains at | east one |layer of thermally

sensi tive i ndigAtdaRbeFPiIRbeal 2d G e INEBNILRR 22 VERBEe Sbstthange when
subjected to a predeterm ned threshol d tenperature. Fi gure
1B depi cts a rared) ¢8 dirdgstuidhymageridle|sugd as papshi chléticerpomates t he

battery teste ' 10._ Battery 18 ha . an anode or first termnal 22
at one end t rr%o&%ﬁﬁ aacat‘f?oefggnc Waterial ‘such’ as °po Yetshyleneio

Printed frompdiessed3/ pdlvddBy I&icddeb2 pBapfinyiehloride which pe/\O
08/ 13885 Bé1yRs p31y208y pBRpRL chiouide. which may bels

terminal at arrtE3pdzed ecrndocpnwetalideed. AsThes @imwmctric maveriad atd, the

ext er nal housci:hr;')%égf sghgsbggt SEXvi]aBe eaXtmeegging of electrical and thermal
insulation between the battery 18 and the working elements of
the battery tester. Disposed between the battery 18 and the
flexible substrate layer 30 is a layer of adhesive 32 which may
10 be any conventional pressure sensitive or curable adhesive.
Desirably, adhesive layer 32 is a pressure sensitive adhesive
carried by the substrate layer 30 for facilitating high speed
placement of the label 20 onto the circumference of the battery

18 using conventional laﬁel attachment apparatus and methods.

15

Disposed on the surface of the subétrate layer 30
opposite adhesive layer 32 is the conductive layer 14. To
minimize the cross-sectional profile of the battery label 20
the conductive layer 14, as previously mentioned, preferably
20 comprises a thin layer of conductive material such as
metallized coating or ink which may be deposited on substrate
layer 30 using conventional coating or printing techniques.
This conductive material may be, for example, silver, nickel,
iron, copper, lead and the like, or wmixtures thereof, and is
25 preferably dispersed in a binder material to form a conductive
ink. Silver is the preferred material and preferred
thicknesses of the conductive layer are contemplated to be
about 0.0001 to about 0.002 inch (about 0.00254 to about 0.0508

mm) .

15
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between the first and second ends of the battery nmay be fabricated

fromnetal . In many such instances the netal 5 housing nmay be in

el ectrical conmunication with one of the anode or cathode.
Accordingly, the netal housi ng S electrically insulated from

t he other of the cathode and anode. Under those ci rcunstances, the
met al bat t efpyp oghissesi NQ effectively serves as an eyépiehfsof either
the anode or 10 cathode to which it is electrically connected.

The opposite ends of the conductive |ayer 14 define first and second
terminals 24, 26 which are adapted for respective contact with the
first and second t er fiasekding tol® pbesdrgly ﬁ&ferﬂaé coduattion, | ayer 14 may

suitably conpri.se conductive eria uch as netal or netal alloy
y congy iz

preferably o f Sgr‘ymd“ < %n%“iaﬁllﬁgf'?altr?\r dfndﬁc PRRSIEFRE 13 ey red
preformed  1ocatféntdielnhat wnzhed &10 tRe SehiRfucRi e 94GEr 3% @pﬁéﬁt@cﬁﬁé c

mat eri al I ncl uding, wthout limtation, paper, plastic or cloth 20
Al t er nat i Vel gubstxate vﬁemer ge. délscha blesd mdlcgtma aratedidlaido pl|aced,
connection V\q_th tg 1dzj SSI ur.e 5, conductive Ia%/ may
conprise a | HaBFL RS F?z% gaf? i§p FMIOURRE chrgtective ]éﬁfﬁFl%% on a

sui tabl e SUQ&té’fGE'Ebly Mlﬁt@ﬁVQE'om Bh&igRnENEd 8 simild @AV sbfberJBY assume
any desired .shape. For optimm 25 perfornmance, however, the

confi gurati okryer 3he dSadpEQteFsivelayer 36 would $iual ehcloee shechabéhat its
resi stance gi pgorre ndi to. the | cat.or chanber 12
asrgemgb alélg é)eI}lne t seaﬁ.gg n%gg?t:d}g ?*}?g'% 5 or‘?d"u C?

is at |east as St he e
| ayer. 10 Thﬁxdlheﬁing materlal 16 shown in Figures 1A, 1B, 2A, 2B and 5.

To assure perception of visible changes in the indicator
material 16 during a battery test, the protective layer should
be at lea_st partially transparent in the region thereof
corresponding to the indicating chamber 12.
15
The indicating chamber 12 may also be formed in other
acceptable ways. For example, an intermediate layer may be
provided as two sublayers whereby the indicator material 16 may
be deposited at a desired location on one of the sublayers.
20 Thereafter, the sublayers may be laminated together and then

applied to the conductive layer 14, thereby rendering the

protective layer 36 optional.

It will be understood that the layers described above

25 represent a presently preferred embodiment of label 20 and can
be altered, rearranged or assembled in many wayé to provide the
label 20 with a battery tester circuit. Moreover, the labels
useful in the present invention may comprise additional

insulation layers, graphics layers, protective layers, and the
16
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generated by the conductive |layer 14 is dependent on its own

11 Printed from M nposa 03/ 31/ 1999 09: 44: 52 page -13-
WD 96/ 13885 PCT/ US97/ 17596 i nher ent
resi stance, as well as the voltage and current out put and thus the
strength of a battery, e.g., battery 18, that is to be tested by
tester device dosmgss O The indi cati ng mat eri apcrhfsefindebe any

t her nochrom c - material such as liquid crystal conpositions and
thernmochrom gyke. ERfchb18MRAEALNS! for WAL a¥ {he UNFRLBLHA 14 eED! SChange
when t he vol tage of the battery 18 drops below or, nore’typically,

exceeds a prG@@sertupu961Wmlusgge1nTbR;nemd|t&hﬂlﬁganGIanlaﬁelﬁlasayc12§ﬁ be

such that its si bl e cc irreversible
event.  Mor &Y Pﬁ?ie s&k}l”'ﬁzeg &ri%"b‘?y% ‘?‘i‘ér’xﬂasl B?téaﬂ %i:ﬂ%ngé’af’%r r8er si bl e
in order thatthta_h@u@t BRE YeHERY mb e preﬁa%@aa&ﬁ“aispiféé % RlownN R etion

of the user. The visible change nmay be a col or ange such as from a
color to Gol ®uchsas caB-iggl opFiatdngoand cgimdpating ¢he ée&ens ttogargther

color. Further, the label 20 and any variants thereof within the scope

of the present invention can be made in the form of individual
sheets having a seam or as a shrinkable tube in which a battery
may be encased. To prepare the label 20 as a shrinkable tube,
10 after forming the label as generally described above, the label
is placed around a mandrel and welded lengthwise to form a
tube. The tube is then flattened, and wound on a roll

whereupon it is ready for use.

15 Additionally, the above described thermal insulation
means, tester device and battery label of the present invention
may be used with a dry cell battery (as described) or a wet
cell battery, and with both rechargeable and non-rechargeable
batteries.

20

Compérison of Pigures 3A and 3B reveals that the
tester label 20 is activated by depressing the label in the
area of switch 28. To assure proper functioning of the switch
28, the substrate layer 30 is preferably provided with an

25 opening 38. Because of the presence of opening 38 in substrate
layer 30, a similar opening 39 is created in adhesive layer 32
in alignment with opening 38, which openings are alsoc shown in
Figure 3C. Accordingly, the portion of the conductive layer 14

associated with the switch 28 may pass through openings 38 and
17
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Suitable indicating materials may include thermally sensitive liquid
crystal conpositions such as those of ~chol esteric type including

chol esteryl oleate, cholesteryl 20 chloride, cholesteryl caprylate and
the 1like. Exanples of sui tabl e thernochrom c inks include those
conprised of a dye, devel oper and desensitizing agent that are

di scl osed inl%é? Pat ent No. 4,835,475, herein incogpﬁg by
ref erence. B/13885 The indicating materials such™a s@%lﬁ Prochr oni ¢

I nks C b e l.nglky or .c I nat.i_on. For exanpl i fferent
| ayers of indica ﬁgg?gzle%rg}é sogof}lq% b%"%r‘%% 984 S g?‘éﬁy tﬁﬁeq""“:t"eryoli-fferent

| ayers are amuisiagedthérabyl felosihgt eRpenakUess capéuit to Canibltdesi gned to
change different colors at different ) 12
Printed frorh®ffHEsPresrdUTeroo8eTyiag: peessyge frpy. the switch 28 allows\D

98/ 13885 the conductive layer 14 in the regg)%rlwgzéé‘?g‘?ﬁ:ch 28 to
t enper at ur es. Such an arrangenent nay e uséeful  "Th

est abl i sI%i ngreargearioi the epagiatioe nhotvy ih FAdufat3n), tRaebyabpehing the

particul ar anbient tenperature or a qualitative indicator
switch and ceasing the test procedure.

In the tester device shown in Figures 2A and 2B,
wherein two switches 28 are provided, both switches must be

10 simultaneously depressed to carry out a testing procedure.

Figures 4, 5 and S5A illustrate on an enlarged scale,
the particulars of a presently preferred embodiment of thermal
insulation means constructed in accordance with the present

15 invention, which means are generally identified by reference
numeral 40. It will be appreciated that the dimensional
aspecté of the thermal insulation means 40 and the other layers
of the label 20 are greatly exaggerated to clearly represent
the structural features of the invention. In an actual

20 construction, the composite structure of label 20 in the region
of the indicating chamber would be virtually flat. As such, the
presence of the tester device constitutes a negligible
contribﬁtion to the cross-sectional profile of the battery
label and, £from a tactility perspective, is essentially

25 indistinguishable from the remainder of the battery label. As
shown in Figures 3C and 5, thermal insulation means 40 is
disposed so as to be in general alignment with the indicating
chamber 12. Thermal insulation means 40 may be located on the

surface of the substrate layer 30 oppoéite conductive layer 14.
' 18
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means that may provide reliable readings at varying anbient 5

t enper at ur es. The tester device 10 may al so be fabricated
so t hat it indicates a quantitive neasure of a battery's capacity such
as a load or no-load voltage threshold. For exanple, one can 10 select a
no-| oad voltage threshold which is indicative that the battery is
about 25% exhawydsgdssgsbout 50% exhausted, etc., as NESrdaeasvst abl e for
i nt ended pur poses. Alternatively, the cross sectional area of the
conductive | ayeteddblfRy RSvevdE] €khe théfmadiNeif&fifia@Rot NefeAE coy regpondi ng
to the indicator chanber 15 12. 1In this way, a gradient of heat may
gener at ed al gdguatad. as iglyrhretede Hegyeen lthed wondycttioet lager 14THAnd heat in
turn is ransf er o the indigcati chanber. 12 and the indicating
material 16 (‘f‘%)lﬁt g?lzr’lsgtcfrat%%eéae\’er{ fder héggr"ﬁqr FORBtAHCRs Mo maY D& gt er
devi ce 10 or prBeodidid @By al 3bphrat} WohpPbrenthiagh ther®dppi8ed 260 é&ftGREPOr at ed
Is preferabl provided with a calibrated I ndicating scale to

di spl ay t Re rBfafrbstFatapkryery 36f o¥ hehe conduefiver Jayry g -t edreerdigyi | |

R o - AN

designed to conv Ve fneasure 0 ery
condi tion suapphted BYOcBEtindd o prtfinCliubsessrgelayer 30 with a  In
addition, the dinensions and resulting resistance of the conductive

| ayer 14 candpecrmijtusientior odnyrupablerink or simitar \enatige watetiedent
requirement Susf@é” séa[%@%éhég@gphbg, flexographic, gravure or screen

10 printing processes.

The thermal insulation means 40 preferably comprises
at least one layer of thermally insulative dielectric matrix
material 41 such as a dielectric ink or a similar coating

15 composition which is applied to substrate layer 30. The
preferred thickness of the matrix material 41 is from about 2
to about 5 mil in order to minimize the cross-sectional profile
of a label within which tester device 10 may be incorporated.
Most preferably, thermal insulation means 40 is applied to

20 substrate layer 30 in a discontinuous arrangement 42. The
areal dimensions of the discontinuous arrangement 42, as
indicated by length "L" and width "W" in Figure 4, should be at
least as great as those of the indicating chamber 12 (Figures
1A, 1B, 2A and 2B). Most preferably, the area of the

25 diécontinuous arrangement 42 1is somewhat greater than that
covered by the indicating chamber 12. By exceeding the
perimetrical boundary of the indicating chamber 12, the
discontinuous arrangement 42 assures that heat generated by the

conductive layer 14 in the region of the indicating chamber 12
19
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tester device 10 can be calibrated for volts, current, r emai ni ng
service life, state of charge, or any conbi nation t her eof . 5

When nmounted to a battery such as battery 18 the - tester device 10 may
be in continuaygegaagsact with the first and secondpipidpades of the
battery. As such, the device 10 wi |l continuously operate and the

i ndi cator chaihbesssdee Wil isoldtRder gPoR \QnSi gk&eﬁ?fgggtee?%tﬁr\gh\elg c; he

out put voltage of the 1 battery falls bel ow a pre e ue. The
di sadvant ageadfantageousdmtdinectied downzad ithe, iltiwevitg chamiidiat such a tester

devi ce i nposes a constant drain on the battery's energy supply.

It is nore preferable that the tester device 10 15 include at |east one

switch 28 (as in FigumesaléceitdnlBls Urrbfement 48WdyFHRS 228685 &y Fi gures
2A and 2B). The benefit of at |east
5 amorphous shape. Preferably, however, the discontinuous

arrangement defines an identifiable pattern, an illustrative
but non-limitative example of which is depicted in Figure 4.
In that figure, the pattern established by the discontinuous
arrangement 42 is a generally 'open lattice configuration
10 defining a plurality of air pockets 44. Air pockets 44 may be
ahy polygonal or curvilinear shépe and can be of uniform or
non-uniform sizes. The pattern for defining the air pockets 44
does not necessarily have to produce one or more air pockets of
closed-cell configuration. That is, the discontinuous
15 arrangemen.t 42 may be simply a plurality of sﬁbstantially
parallel rows of material, which rows may be straight, curved,
sinusoidal, saw-toothed or otherwise defining an identifiable
pattern, whereby one or both ends of individual air pockets
bounded by the rows of material may be open at the perimeter of

20 the discontinuous arrangement.

The term "discontinuous" when used to describe the
disconl:inuom'ls arrangement 42, therefore, merely means that the
thermal insulation means 40 of the present invention defines a

25 practical measure of open space within its areal boundaries.
This open space, i.e., one or more air pockets 44, must provide
a meaningful "air gap" contribution to the thermally insulative
characteristice of the thermal insulation means 40. A

significant degree, although not necessarily a preponderance,
. 20 ;
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one switch 28 is that -the tester device 10 is normally biassed \
in an "OFF" state. Hence, the tester device is only activated when

to be

the switch 28 is on, thus.preventing a constant 20 drain on the battery.

The construction and operation of switch

reference to

3B, a portion, ydessiggs Particular the switch portion,

28 i s best appreciated by

Fi gures 3A and 3B. As seen in Figures 3A and

25 ‘incorporating a tester device 10 according to the present

i nvention is

col l ectively
Printed from
98/ 13885

battery | abel

pol yneri c

or pol yvi nyl chitt

10

15

20

25

sboasenafs{oaé@okﬁug a;@eﬂga&xhéé F‘E' gyéc%n%&m\gv gg?%ne%mggt an

expl oded view of the essential conponents o _
an arrangenent2 cofistisdmnat ﬂnaﬁﬂaﬂhenpme5n§u4o fromi RypidalonconBRedweiusr Ng

e tester

to F 3A, . 3B a
Moermlsguégt?a‘tﬂ:llféé wea o:gaé:epagléennfé insulation means sugin

as, for example, an unbroken laye Cyfu%ylé&?xg:ﬁ: ink, t;&g
i

20 preferably conprises a flexi

oven’cloth.

of Achedol s | abel

20

14

| e substrate | ayer 30 of
di el ectrics naumoabnssmeltitaef (paper ,ox ipdabtir fibtws eightly poeterabity, or a

er|§ such as %%I et hyl ene, pol yester, pol ypropyl ene

deMERSTEY

As perhaps most clearly seen in Figure SA, which is a
further enlarged cross-sectional view of the thermal insulation
of Figure 5 encircled by arrow SA, thermal insulation means 40
further comprises means 46 embedded in the matrix material 41
of the discontinuous arrangement 42 for enhancing the
structural strength of the thermal insulation means. Means 46
may comprise any suitable thermally insulative material, for
example, fibrous or particulate material or, more preferably, a
plurality of miniature spheres usable alone or in combination
with other strength-enhancing insulative materials, e.g., the
aforementioned fibrous and/or particulate materials. The
spheres 46 are preferably hollow and encapsulate a thermally
insulative substance, desirably a gaseous substance such as an
inert gas (e.g., argon, neon, helium, and the 1like) or air
which, most preferably, has been dehumidified prior to
encapsulation. The spheres 46 may be fabricated from any
substantially rigid material such as glass or plastic (e.g.,
styrene acrylic polymers and the like) that can be formed into
extremely small spheres of from between 0.4pm to about 50 pm in
diameter by processes known in the art. Suitable spheres for
purposes of the present invention include glass spheres

manufactured by Potters Industries Inc. of Parsippany, New
21
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5 netallized or non-netallized. The dielectric material is

chosen so as to provide a neasure of electrical and thermal I nsul ation
bet ween the battery 18 and the working el enents of the battery
tester. Disposed between the battery 18 and the fl exi bl e substrate

| ayer 30 is a | ayer of adhesive 32 which may 10 be any conventi onal
pressure sensigddfsggé curabl e adhesive. Desirably, pahgahMee aver 32
is a pressure sensitive adhesive carried by the substrate [ayer 30 for
facilitatingzQiQl $R688y mean @a"ilE?é@qts:&LstQ? habel Q‘I ong % R:h
circunference of "the battery 8 using conventiona 4 Fachment
appar at us anuiozmelphedsrablﬁless than 20pm, andi apsseplrefmr‘ahby SlLersfsaeﬁa@f t he
substrate | ayer 30 opposi te adhesive layer 32 is the conductive | ayer
14. To Mt Wt he cross-secti onal profile of the battery |abel 20

t he conductive | ayer 14, as previously nentioned, preferably 20 conprises
a thin layer of conductive material such as netallized coating
or ink whdch may be d@p@shtmednpmusw.ethe thdrameridlasisg meanyent i onal
coating or prlrnlaﬁg % chn Lgues Thi s conductive nmaterial may be, for
“exanpl e, sil%er,™ §|  preformed  into, g Prederermined n diFCRREINYPURT xt ur es

t her eof andaﬂ%ngaéenﬂor@f eéraial%e%ap@zs%pwe@ bé Nd&ssd L E" @%% 336 orma

_conductlve Silver is the pre erred - naterl a

preferred (Flguhecﬁhessééteﬁnattheebonc#mdt moee | pyeferabky C atHecmiezinell t 0 be
about O. 0001 t 0.about 0.002 inch gabou 0,00254 to about 0.0508 n .
15 nsulation means 40 may be applied as a curable dielectrie ink

10 or similar coating to the appropriate surface of substrate
layer 30 and in the desired discontinuous arrangement 42 using
conventional printing or coating processes. In either case,
the spheres 46'may be added to the matrix material of the
thermal insulation means after deposition ©f such material.

15 More preferably, however, the spheres 46 are combined and mixed
with the matrix material prior to deposition . to ensure
substantially uniform distribution of the spheres throughout

the matrix material upon deposition thereof.

20 Because of their substantially spherical shape, which
shape inherently possesses exceptional force distribution and
force transmission characteristics, the spheres 46 provide an
excellent means for resisting the impacts and other mechanical
shock encountered by a battery under normal manufacturing,

25 shipping, handling and usage.

The thickness *T" (Figure 5A) of the thermal
insulation means 40, including spheres 46 embedded therein,

need not exceed more than about 5§ mil. Such thickness has been
22
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According to a presently preferred construction, the t her nochrom ¢
indicating material 16 is deposited at a desired | ocation on the
surface of the conductive |layer 14 opposite the 5 substrate |layer 30.
Wth the indi cagyppsagt erial so placed, the | abel 20 pafgs7ane! d
conprise an outer protectlve | ayer 36 preferably forned froma film
material sim b at, | ec, e woul d
"thus enclose t £ccfv%6§{i' ¥ % asse lﬁéﬁ% %gh%gg? é’qéea‘fﬂed Pﬁg%(%gftﬂ%gg
chanber 12 fo::onﬂn.cltmdgmabengi\rmteflwighletﬁhunmmn.nstlaeggtles ekAeptlihna2A, 2B

and 5. To. assure perception of vi si bl e changes, i n_t he |nd|cator
material 16 diPeTRplat ‘B%'lltaé?' (F8BRCI NP IMe TR SPAY Al RAtd e:  be at

| east partially transparent in the region thereof corresponding to the
I ndi cating chanber 12. 15 The indicating chanber 12 may

al so be fobmed-in ot hethe thexmedeplzdllatiays meakor 40xaopl eheanpresiear medi at e
layer may be invention beneficially c_ombines the thermal insulation
pJ-:operties of the air pocket (s) 44, the material of which the
spheres 46 are formed, the air encapsulated in the spheres, and

the matrix material (e.g., dielectric ink) which binds the

10 spheres into a cohesive mass.

The virtually complete thermal insulation provided by
thermal insulation means 40 thus effectively eliminates the
tendency of a battery to function as a héat sink for the

15 thermal energy generatedl by the conductive layer 14 of the
battery tester device 10 when the tester device is incorporated
into a battery label such as label 20. This virtual thermal
insulation of the tester device conductive layer 14 from the
battery housing enables the tester device to rapidly provide a

20 reliable reading of a battery's capacity. That is, nearly all
of the thermal energy created when battery current passes
through the conductive layer 14 in the region of the indicating
chamber 12 is directed toward the thermochromic material 16
contained within the indicating chamber and not uselessly

25 dissiﬁated by the battery. This phenomenon, in turn, causes
the heat sensitive thermochromic material 16 to achieve a
threshold temperature sufficient to produce a rapid visible
change in the thermochromic material. Consequently, a user can

obtain in about one second or less a reliable reading of a
23
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~provided as two subl ayers whereby the indicator material 16 may be
deposited at a desired |ocation on one of the sublayers. 20 Thereafter,

t he subl ayers may be | am nated together and then applied to the
conductive layer 14, thereby rendering the protective | ayer 36
optional . It wll be understood that the | ayers descri bed

above 25 repris@anissf Presently preferred enbodi nent of {,‘?%g’ AhedNd can
be altered, rearranged or assenbled in many ways to provide tﬁe | abel

20 wth a batfigby¥ytEestaba&idyecli t. g, ML L useful in the
pr esent inventionynay c%ﬁprﬁge adayti6%§¥ggt’ Q%ﬁé%&%%%bnc?%ﬁﬁp'?e%raphics
| ayers, protEermoehtanier battaery theters heretofore known in the art may 16
Printed from M nosa 03/31/ 1999 09: 44:52 page -18- . WO

98/ 13885 take several seconds to achieve PCT/ e rngimlgg reading,i ke,

Sui t abl e mat&ygeak £1f0knéts @haSvddierdh § fRLER vBY LS 18K € those typically
used in battery | abels and include plasticized or unplasticized

pol yvi nyl5 chloride, netallic filns, paper and the like, and they nmay.

be prepared and applied by..known net hods 5 such as coatin rinting and
Iam'pna[)i ng the Iasgr S‘[nt Oﬁ :ﬁgpp, because the heat generatedgbyp the J

conductive layer 14 of the battery tester 10 is put to more
efficient use when associated with the thermal insulation means
40 of the present invention, and alsoc because less time is
10 required to perform a test, less current is drawn from the
battery during a test procedure. As a consequence, use of a
thermochromic battery tester label 20 incorporating thermal
insulation means 40 reduces drainage of a battery's energy
supply and thereby prolongs the useful service life of the

15 Dbattery.

Moreover, by virtue of its low thermal conductivity,
the instant thermal insulation means 40 may be used with
electrically conductive layers having greater resistance than

20 those presently employed in thermochromic battery tester
labels. Alternatively, the thermal insulation means of the
present invention may permit a reduction in the wvolume of
material required for conductive layers formed of conventional
materials. In either case, the time requiréd to perform a

25 reliable battery test may be even further reduced. And, the
materials and fabrication «costs of a tester device
incorporating the present thermal insulation means 40 may be

correspondingly reduced.

24
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Further, the | abel 20 and any variants thereof within the scope of the
present invention can be nade in the form of i ndividual sheet s havi ng
a seamor as a shrinkable tube in which a battery may be encased. To
prepare the | abel 20 as a shrinkable tube, 10 after formng the | abel as
general |y descri bed above, the | abel i s placed around a mandrel and
wel ded | engt kvd gggagk form a t ube. The tube is mmgg‘at t ened,
and wound on a roll whereupon it is ready for use.

Additional ly, the abovkedangtimedthdradarnl irisisst #8r Ofeans adaa&risnanqﬁter
device and battery | abel of the present invention may be used with a
dry cell bat ©3p)ag akherss crdFagRIeRusy. w@trmal ingylatipat chpyactggdstiash bot h

rechargeable %%gg | e t

Conparison o Eﬂgur es BgF% re%/neha S ?hrglﬂ‘%‘ﬁ&ml QSttrg ? er PabeﬁheZO S
activat ed by sghpresgisngntde |1ﬁ|b§édls‘tri158ure capalb e ofif withdtelha2lg the assure
proper functioning _of the switch the substrate layer 30 is

preferabl y pPEeEd ¥ pRpLed fSrc??péﬁfinﬁl'@éar pRehRRdEabITigeEs prRid®itce of
opening 38 | oSSl founte dibtfberiimig t%swafabggsm ng 39 is created in

adhesi ve Iayer 32 In alignment wth opening whi ch openi ngs are
al so shown in Figure 3C. Accordingly, the portion of the conductive
| ayer 14 associated wiith the switch 28 may pass through_openi ngs 38
and Referring to Figure 6)there is shown an exemplary and

presently preferred, although not limitative, system for high
10 speed manufacturing of thermochromic battery tester devices 10

according to the present invention.

Construction of the tester devices may be carried out

in a *“single pass” by printing all graphic and functional

15 1layers of a tester device on a single, flexible base substrate
-such as substrate 30 which may or may not be enclosed by a
protective outer layer 36, as reflected in Figure 3C.
Alternatively, as depicted in Fiéure 6, a tester device may be
constructed by printing only selected graphic and/or functional

20 layers on selected ones of two or more flexible substrates and
then joining the individual substrates together, in a manner to

be described hereinafter, to form the completed tester device

10. The combination of functional elements of the tester
device, graphics and other matter applied to each individual

25 substrate may be collectively referred to.as a “pass”. Where
there are two or more passes made during the construction of a
tester device, as there is ih the presently preferred system
depicted in Figure 6, each pass is identified herein by number,

as for example, “first pass”, “second pass”, etc. In multiple
25
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depression of the switch and contact the battery housi ng, thereby
closing the tester circuit to initiate a testing procedure. Renpving
pressure fromthe switch 28 all ows t he conductive layer 14 in the

regi on of the yhybsiisdds 28 to S retract to the position speisehiisdg JUr € 3A,
t her eby opening the switch and ceasing the test procedure.

In the testgysdevddngr ShciMdnsn Bhgyr Pab%gl?lAl%@l B8 been ngirﬁzl t Swi tches

28 are provided, both sw tches nust Si rruﬁ_taneou y (?epre ed to
carry out a sewstahpassescars chrought into precise fdgdHtLRidn @it bndA

illustrate an enl grged scal e, the particulars of a presently
pref erred er?ﬁ‘8g€%ﬁ‘f‘go:?°’f‘ﬁ r"rﬁal%°rm the femRlateE-IRtaRsIdR8t ructed in
accordance with the present 15 invention, which nmeans are generally
i dentified by reference numer al 40. It will be appreciated that -
t he di nedsi onal The péixst gfassheft tbenmbhtiasultasten nmeafacdtrand t he
. | 20 are greatly exaggerated to clearl
?;g?;sgﬁ%/er Satnd assgn]:bltlgg angc:Gess 0r.eveale:gd in !Qg.gure%J is schematically y
depicted as area 48. The “first pass” is that processing pass
in which substrate 36 undergoes treatment. The processing
means by which first pass 48 is constructed generally comprises
10 a laminate substrate positioner 50, an optional corona
treatment station 52, at least one thermochromic ink print

station 54, optional decorative ink print station(s) 56, and at

least one conductive ink print station 58.

15 The second pass of the embodiment disclosed in Figure
€ is schematically depicted as area 60. The “second pass” is
that processing pass in which base substrate 30 undergoes
treatment. The processing means by which second pass 60 is
constructed generally comprises base substrate positioner 62,

20 an optional corona treatment station 64, optional decorative
ink print station(s) 66, a notcher 68, as least one thermal

insulation print station 70, and adhesive print station 72.

Prior to printing on substrates 30 and 36, it is

25 generally preferable to corona treat the substrates to raise
their surface tension or “dyne” levels, thereby enhancing the
adhesion of printing inks to the substrates. As is known,
corona treatment dimparts a high voltage, low current,

electrical charge to the surfaces of the substrate. Similar
26
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the structural features of the invention. In an actual 20

construction, the conposite structure of |abel 20 in the region of the
i ndi cating chanmber would be virtually flat. As such, the presence of -
the tester device constitutes a negligible contribution to the
cross-sectional profile of the battery | abel and, froma tactility

perspective, i lfsiﬁ ially 25 indistinguishable from t Pérr kggder of
the battery Iagve : ﬁ%@ shown in Figures 3C and 5, thermal 1 nsulation

oS 10 oo eton el kel S8351 bl OUREL M W,

I ndi cating chanmbér 12. I ns

t he sur fatherof eldrtricdiist r aéchdrdygel 3Indopgesiitel candfiate vaehayar 14.
18 ) Printed fromM nosa 03/31/ 1999 09: 44: 52 page - 20-
VO 98/ 13885 er_lhancement treatments known in the artpCT/ US97/ 17596

Preferably, however, the thermal insulation neans 40 is situated, as
Il lustrated, between the conductive |ayer 14 and the substrate | ayer

30. The tshermal i nsulifit tbe dymantewsly offethe subptedtEsned arl assepatat e

‘ ' ' I h
componentand then, pnl e to S NeLa 3 bl eoRSL LALE LRNST 30,20, the

and possibly form ink beads of non-uniform thickness on the
suffaces of the substrates. However, if the substrate dyne
level is sufficiently raised, the inks will tend to adhere more
10 uniformly and with consistent thickness over the surface of the

substrates.

Returning to the presently preferred processing steps

of the two pass embodiment of the present invention depicted in

15 Figure 6, first pass 48 is constructed by fir_st positioning,
via laminate substrate positioner 50, substrate 36 in corona
treatment station 52 where the dyne level of substrate 36 is
increased. Substrate 36 is then positioned in at least one
thermochromic ink print station 54 where thermochromic

20 indicating material 16 of desired configuration and thickness
is deposited on the substrate. Thereafter, the substrate is
positioned into one or more optional decorative ink print
station(s) 56 wherein decorative .inks may be applied. The inks

may be of the same or different colors. Lastly, substrate 36

25 is positioned in at least one conductive ink print station 58

where conductive layer 14 is applied.

Second pass 60, which may be processed simultaneously

with or at a different time than first pass 48, is constructed
27
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to a presently preferred nmethod, thermal insulation nmeans 40 is

applied by coating or printing substrate layer 30 with a di screte
gquantity of curable ink or simlar coating nmateri al
| it hographic, flexographic, gravure or screen 10 printing processes.

The thermal insulation nmeans 40 preferably conprises at | east one

usi ng standard

| ayer of ther jRldgisggéisul ative dielectric matrix mat pedridonfrdesSUCh as a

dielectric ink or a simlar coating 15 conposition which is applied to

substrate | Wbogptzonlﬁe%ase sulpét‘ifa‘%rﬂﬂ ik

41 is from about to about 5 ml in order to mnimze
Cross-secti onal lpasﬁ [ bebstrateofpoaitMr w2.hi n Esfoimc ht Hearst, ertmevb&m: 10 may

be incorporat
applied to

st preferablﬁ thermal insulation nmeans 40 is

d
St§%toest?€1/b5‘ Wapsr HIHUISLYI $2ht PRtioBE JPFEngFPARak2.

Sr&enellE é@att%é d@terial

The

areal di mensieeBga®fve hakdgﬁm@hbnug)umaraioamgﬁ{ger&tt 4éastPone 1aytPdgcated by
l ength "L" and width "W in Figure 4, should be at | east " as great as

-t hose of & halecpdatime igkchiinbes o r(diﬁggolacsrs

Most

Thg¢ Abasd BjubsRRatarahd 2B).

r ef er abl the 25 d| scont i nyous arrangenpent 42 S
: %hfﬂaﬁ t?\%tm%uceé RS & Q87 CPehHeCT | a’fllhﬁrf&’fg

sonewhat gr é4re

By
t he

exceedi NGatie 68 for N¥edatBhg it aBOHRRAE Yorfa b dhNEhEfilrgNe) Cihanber 12,

di sconti nuous arrangenent 42 assures that heat generated by the

conduct i ve |@}enras 3pnanhdB)egi on of the indicating chanber 12

19

10

15

20

25

Following notching, the base substrate 30 may be
coated at at least one thermal insulation print station 70 with
thermal insulation material to produce thermal insulation means
40. As a final treatment operation, the second pass 60
concludes with a layer of adhesive being applied by adhesive
print station 72 to the surface of substrate 30 intended to be

laminated to first pass 48.

First and second passes 48 and 60 may be assembled in
simultaneous or separate  operations. When printed
simultaneously, the first and second passes are preferably
printed on substantially parallel rotdgravure or similar
presses. The printed first pass 48 is then brought into
precise registration with and laminated to second pass 60 at a
registered laminator 74 as described below. The composite
structure then preferably proceeds through an optional die
cutter 76 to separate individual printed tester devices and a
rewinder 78. Prior to rewinding, the composite structure is
preferably provided with a layer of pressure sensitive adhesive

(e.g., element 32 of Figure 3C) and a release means such as
28
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effectively isolated from-an underlying battery and advant ageousl y
directed toward the indicating chanber. The di sconti nuous
arrangenent 42 nay be a random or 5 anorphous shape. Preferably,
however, the yléfisesi nuous arrangenment defines an p&Riorizsabl
pattern, an illustrative but non-limtative exanple of which is
depicted in KeGUige ‘aper (ndf) dl¥Ak) T kOULRabINGRAMASIN Hat @Rbiafed by the
-di sconti nuous arrangenment 42 is a generally open lattice configuration
10 defi ni ng theplugsgersy devicds, paskewedldds #or fpotkidtasesd subspqismnt any
pol ygonal or curvilinear _shape and can be of uniformor, non- uni f orm
sizes. The pAFfarWs sr 8t iﬂf)eng ‘eRESY; r‘PeﬁdEE%t sty indiviguads Rattery
necessarily hau8idgs.produce one or nore air pockets of cl osed-cel |
~configuration. That is, the discontinuous 15 arrangenent 42 may be
sinmply a plurality of substantially parallel rows of material, which

(ovs ey be LTSl ON ekl 1, SUASHE CBbensRElh] OThESsRe S o
i ndi vi dual aigs RECKRGLBy printed and then placed into roll or other form
suitable for further processing at a later time. The roll
comprising the first pass is then mounted to an unillustrated
10 infeed unit at the registered laminator 74. As second pass 60
is printed and delivered to the registered laminator 74, the
first pass is simultaneously unwound, placed into précise
registration with the second pass and laminated to the second
pass at the registered laminator 74. The compoéite structure

15 so produced may then proceed to die cutting and rewinding

stations 76 and 78.

In two or more pass constructions, it is essential to

the successful assembly and operation of a tester device that

20 the individual passes are aligned and joined together such that
the various functional components of the device are in proper
electrical communication with one another and that the graphic
layers are aligned to produce the desired visual effect. To do

so, the various passes are preferably aligned and joined

25 together through an automated and continuously self-adjusting

registration and lamination process at registered laminator 74.

Registered lamination in accordance with the present

invention may be achieved wvia suitably configured and
29
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bounded by the rows of material may be open at the perineter of -20 the

di sconti nuous arrangenent. The term "di sconti nuous" when
used to describe the di sconti nuous arrangenent 42, therefore, nerely
means that the t hermal insul ati on nmeans 40 of the present invention

defines a 25 practical neasure of open space within its areal boundaries.
Thi s open SPaGHp egladgs + ONE Or nore air pockets 44, nust piONdetiSos a
meani ngful "air gap” contribution to the thermally insulative

characteri Stdo%ﬁeré\'fln heuebig 18! wéhnsul:éfﬁ%lgg ®aPSo1 4Oneand {not

significant degree, although not necessarily a preponderance,

20 illustrated) employed ech fooofmidtiios avidd/ 3d4H3381i09: aMoﬁRtnage -22-
WD 98/ 13885 PCT/ US97/ 17596 of open
space thus &1l | FHSSRRL Phe ™R % o R FRI0B]E ar’r%ﬂ@%%‘ff” working ofiny her mal

i nsul ation RaRsrdQtl KRG ddte8al amin@BbE NMHOYS" produce {:wc? -or %BQFH?JQQ ally
I nperforate, thermal insulation nmeans such as, exanpl e, an

unbr oken 5l ayestef dhwiicegt ri an ienempldary diraumbwmkemaxrmnnludé @amédenn
plastic f_i | @umixiazghtsl-élogg)vveve Clrgézpst%atlon control device and a model
number S-2152 web tension control device, both manufactured by
‘The Bobst Group, Inc. of Roseland, New Jersey. Such a system
may be used to control the first pass 48 as it is unwound from
10 the infeed unit at the registered laminator and joined with the
second pass 60 as the second pass exits the press.
Alternatively, registered laminating may be carried out in an
off-line process where both -passes 48, 60 have been previously
printed and rewound.
15

Critical to the automated registered lamination
process is to .continuously monitor the stress characteristics
of each pass 48, 60 during production. Improper stress placed
on first pass 48, for instance, which pass is typically

20 stretched relative to pass 60 during lamination, may cause
delamination or curling of the passes once joined.

To achieve precise, substantially real-time control,
the registered laminator preferably further comprises web
position sensing means (not shown) for monitoring certain

25 physical characteristics of the first and/or second passes 48
and 60 as they traverse the registered laminator. Such web -
sensing means are preferably electronically connected to a
suitable system control device, e.g., a microprocessor (not

shown), which continuously monitors the web sensing means and
' 30
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densely constructed non-woven cl ot h. As per haps nost

clearly seen in Figure 5A, which is a further enlarged cross-sectional
view of the thermal insulation 10 of Figure 5 encircled by arrow 5A
thermal insulation neans 40 further conprises neans 46 enbedded in the
matrix material 41 of the discontinuous arrangenent 42 for
enhanci ng the ywoegnssgé r uctural strength of the thermal i npsgdelPreseans.
Means 46 may conprise any suitable thermally insulative material, for

15 exanple, dindiessedis1parddneybpd € tiB! efdn@‘::.&{s BB &:Ha ef& ati:le\ﬁsn,&x
plurality of mniature spheres usable alone or in conbination

ot her st rengtcrﬂnéﬁﬁbrmﬁaﬁg anek (phat veke metnraa;llgn @ngrol treans responswe
nmaterial s.

af orenmenti on b n artl

spheres 46 arete f)”F&e)f 10%‘ 94 alov’i”/ea o 6 gﬁ f‘ﬁhgt uen %ﬁﬁ‘éf‘ﬂ%l‘ﬁ?“szo The

i nsul ative supst memde&zft&bhymaargaaseﬁw&esul%agf&%t%&hccﬁ&rém means | Nert
gas (e.g., argon, neon, helium and the like) or air whi ch, nost

pr ef er abl )5 4res Préerrblye hdrptabiietio eenitapl the relatemmllans omd The
spheres 46 mm ricated.trom an bstantial Ly rigid materi al
Pe Qgt qtcm te i} tke )sﬁ’to;t}}rle?lfestg’fr 1 65‘f1yﬁ%?c§‘daﬁasﬁfe li ke)

such as gl ass ©or
that can be fm,rmd. into ext rerrel y smal | spheres of from between
O.4[err]mto about 50 [err]min di aneter by processes known in the

art. Suitable spheres for pur poses of the present invention include
Rlle\?vss spheres _ rm'l‘ﬂ:ﬁ&l&ﬁr %gteb).(n?&t%% hésncgjesetnr Idggczl:l ed (J).]:'x ggé‘_ﬂlppany,
10 for the purpose of illustration, it is to be understood that
such detail is solely for that purpose and that variations can
be made therein by those skilled in the art without departing
from the spirit and scope of the invention except as it may be

limited by the claims.
15

3
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navi g IRMHIBLHIIA << of 1 ess cnan  avout sorerrim =~ wore -
preferabl y* | éss®thdn 20[err]m and nost preferably | ess than about

10[err]m 5 As mentioned previously, the thermal insulation
nmeans Qgs prefornmed into a predeterm ned discgg%ﬁ
ar rangenment 42 and thereafter applied to substrate |ayer (Figure
5). Aternatively, and nore preferag%¥ md Ne thermal i nsul ati on nmeans
40 may be applied as a curable diele ink 10 or simlar coating to
the appropriate surface of substrate | ayer 30 and in the desired
dlscontlnuous arrangenpent (42 using conventional printing or coating
processes. WHRhL i§ Fﬁ%’rm‘@aéé the spheres 46 may be added to the matrix
material of the t hermal insulation nmeans after deposition of such
material. 15 More preferably, however, the spheres 46 are conbi ned and

m xed S with the mat rikermal ensalatponotonpridiy:siti on to ensure
substantially uniformdistribution of the spheres throughout t he
matri x material upon deposition thereof.

a dielectric layer; and

thermally insulative means combined with said
10 dielectric layer for enhancing the structural strength of said

dielectric layer.

2. The thermal insulation of c¢laim 1 wherein said
dielectric layer is configured as a discontinuous arrangement

15 defining at least one air pocket.

3. The thermal insulation of claim 2 wherein said

discontinuous arrangement is an open lattice configuration.

20 4, The thermal insulation of claim 1 wherein said

thermally insulative means comprises a plurality of spheres.

5. The thermal insulation of claim 4 wherein aid
spheres are hollow.
25
6. The thexrmal insulation of claim 5 wherein aid

spheres contain air.
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ause of their substantially spherical shape, whi ch
shape”!MHwn ﬁ sses exceptional force distribution and force
trans |st|cs t he spheres 46 provide an excel | ent

means for resisting the i mpacts and ot her nechani cal shock encountered
by a battery under normal manufacturing, 25 shipping, handling and usage.
The thickness wodgnagsé Fi gure 5A) of the thernal PO JsRN NMEANS
40, including sﬁ%eres 46 enbedded therein, need not exceed nore than
about 5 m|. Such thigkne 22
Printed from M rosa Og’/ 31/5'%583‘.%eg'ﬁ§f ]Slésulat:l.on czf claim 4 wherein al%

98/ 13885 spheres are formed from substantlallfﬁéiﬁ&zkégﬁﬁﬁ di scovered
to be sufficient to reconcile the heretofore conflicting objectives of
hi gh structural strength, exceptional thermal insulation capacity and

| ow cross-sectional Plg Of' l'ﬁ'xe therﬁal insulation cﬁe cltalaﬁr qalwheirgsu't%ei on
means 40 of the present

5 diameter of said spheres is no greater than about SOpm

9 The thermal insulation of claim 1 wherein said

dielectric layer comprises dielectric ink.

10 10. The thermal insulation of claim 1 wherein said

dielectric layer is no greater than about 5 mil thick.

11. A battery tester device comprising:

15 a first dielectric layer;

a conductive layer adjacent said first dielectric

Iayer;

20 a temperature sensitive indicator layer in thermal

contact with said conductive layer; and

thermal insulation for thermally insulating said

conductive layer from a battery suitable for testing by said

25 Dbattery tester, said thermal insulation being. disposed adjacent
said conductive layer and comprising a second dielectric layer

.and thermally insulative means combined with said second
dielectric layer for_enhancing the structural strength of said

second dielectric layer.
33
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invention beneficially conbines the thermal insulation

pr oper [ ocket (s) 44, the material of which the spheres
46 ar Gﬁllﬂmmummmyimrencapsul ated in the spheres, and the matrix
material (‘e.§.,"di®lectric ink) which binds the 10 spheres into a

cohesi ve nmass. The virtually conplete thermal insulation
provi ded by wooghkygé Ml insulation means 40 thus effectk%w <M nat es
the tendency of a battery to function as a heat sin or e 15
thermal energy generated by the conductive |ayer 14 of the battery
tester device 10 when the tester device is incorporated into a battery
| abel such as |abel 2Q. Thiesbuttdryalcebber Ndvice of i OBdklmAtiiORnefeihe tester
devi ce conductive | ayer 14 fromthe battery housing enables the tester

devi ce to r R8Iy ProtAldeiasulariope| isp|dispased ndesveen haaidr yEsratapacity.
That is, nedjleyedttic 1ayerPhin e ikhELR K reated when battery current
passes tlﬁrgughlct haeyeconguct ilve ﬁgaygﬁgﬁ 1|g§ﬁ/e’fc’ne regi on of the indicating
chanmber B2 is directed toward the thernmochromc material 16 cont ai ned
within the indicati ng chanper and not uselessly 25 dissipated by the
battery.  This phendienorlf®i Rathfty, tegtpedevice eheckndar dembpredre

t her mochr omigg sgaLEEd A ﬁ@l&&ﬁ%hhﬁ%ﬁais coné%%]xee%hlg%d?hgg?ﬁ UL Ss

sufficient to produce a rapid visi nge ermochrom c
mat eri al . Cowsengewenitydefindpgratcdmast oneoditrapacket.about one second or |ess
‘a reliable reading of a 23
10 14. The battery tester device of claim 13 wherein
said discontinuocus arrangement is an open lattice
configuration.
15. The battery tester device of claim 12 wherein

15 said thermally insulative means comprises a plurality of

spheres.

16. The battery tester device of claim 15 wherein
said spheres are hollow.

20

17. The battery tester device of claim 16 wherein

said spheres contain air.

18. The battery tester device of claim 15 wherein

25 said spheres are formed from substantially rigid material.

13. The battery tester device of claim 15 wherein

the diameter of said spheres is less than about 50pm.

This Sheet Has Been Reﬂ 34

l |I||" III'" "II II lilced |

Printed from Mimosa 03/31/1999 09:44:52 page -36-




Printed from M npsa 03/31/ 1999 09: 44: 52 page - 25- WO

capact (N MR ML . comparaniy constructed - thermochrom e
battery*testérs"hefetdbfore known in the art may take several seconds

to achieve a neaningful reading, especially when the battery's

power | evel i s wdobinasss 5 I n addi tion, becaup&riidsmkat
generated by the conductive layer 14 of the battery tester 10 is put

to nore effici enkousernbeparaes9Ciatad Wellicd Ner thrsimRl i RENLAL] ON
means 40 of the present invention, and al so because less tine i1s 10
requi red to F@ifloseroadtdimlectrisdayen comprisesddiairectrbminke battery
-during a test procedure. As a consequence, use of a t her nochrom ¢
battery tester:|abel 20 incorporating thernal i nsul ati on neans 40

reduces drainage of azbattahy baebeFPYrester S¥PRI%iANG1t REELDM, PEQlgONgs the
useful service life of the 15 battery. Mor eover, by

vi rtue of 5t $eFeRf ietesfiricolansat i9inoy greater than jahewtast miharhigk. i nsul ati on
means 40 may be used with
22. A label comprising the battery tester device of

claim 11.

10 ' 23. A battery having a label with an integral
battery tester device, wherein the battery tester device

comprises:

a first dielectric layer;
15
a conductive layer adjacent to said first dielectric

layer;

a temperature sgensitive indicator layer in thermal

20 contact with said conductive layer; and

thermal inéulation for thermally insulating said

conductive layer from a battery suitable for testing by said
battery tester device, said thermal insulation being disposed

25 adjacent said conductive layer and comprising a second
dielectric layer and thermally insulative means combined with
said@ second dielectric layer for enhancing the structural

strength of said second dielectric layer.
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el ectri calllﬁ conductive |layers having greater resistance than 20 those
c

presen_t““‘ UMEW”LH thernochromic battery tester | abel s.

Al ternatil I H hiels | insulation neans of the present invention
may permt a reduction in the volune of - material required for
conductive | ayers formed of conventi onal materials. In either case,

the tinme requi wpdgisggsperforma 25 reliable battery testydiRues ven
further reduced. And, the materials and fabri catci on Hisgé;t S of

a  tester device aq. |nGAEPBAALIN0 JNGIRRSS! HBELIP! odidS Wedbhgn means
40 may be correspondi ngly reduced.

24 dielectric layeri nsedohfigurktinas aa 0313bht 99RO addarimpage - 26-
WD 98/ 13885 - . PCT/ US97/ 17596

The instant THerAAP 35h3GRET i8R ARERSCKEHri ti onal |y bl ends t hese

advant ageous thermal insulation characteristics w th the considerable
I nherent structural strength of the spheres 46 into a rugged structure
capabl e of withstandidfy the The5 dateenal |of apphlaind Ror celseraid Skaidar

mechani cal rjigors,uni que to battery-nmounted thernpchron c tester
| abel S é%contlnuo 8 arrangement q.S an %penulattgj.ce Conrfrg.)guration,

26. The battery of claim 23 wherein said thermally
insulative means comprises a plurality of spheres.
10
27. The battery of claim 26 wherein said spheres are

hollow.

.28. The battery of claim 27 wherein aid spheres

1S contain air.

29. The battery of claim 26 wherein said spheres are

formed from substantially rigid material.

20 30. The battery of claim 26 wherein the diameter of

said spheres is less than about SOum.

31. The battery of claim 23 wherein said second

dielectric layer comprises dielectric ink.

25
32. The battery of claim 23 wherein said second
dielectric layer is no greater than about 5 mil thick.
Tl Hii[fﬁ]fﬁird .
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Referring to Figure 6 there is shown an exenplary and presently

prefe Iml limtative, systemfor high 10 speed

manuf lmytlml HIM"LChrom' c battery tester devices 10 according to
the presert invBntfont Construction of the tester devices
may be carrled out in a "single pass" by printing all graphic and
functional 15 Wwevgngsof a tester device on a single, flexychusSrhase
substrate such as substrate 30 which nmay or nay not be encl osed by a
protective outer |ayer3336, zasméa{dde@tfeqlahﬂfﬁtgﬁﬁg 3thermal iAbURABLI vely,
as depicted in Figure 6, a tester device may be constructed by
printing onl ySaiél Betkad gemRwisdng tdreoptermeti onal 20 |ayers on sel ect ed
ones of two or nore flexible substrates and then joining the

i ndi vi dual substrates together, in a manner to be descri bed
hereinafter, to formt(ae csdmalceing af aséRctdeyina@erial; ARd The conbi nati on
of functional elenents of the tester devi ce, graphics and ot her
matter applied to each individual 25 substrate nay be collectively
referred to as a "passyy W t a WOy re pas es de
during the constructlon of a%kﬁblnlgg tgﬁEgev%géé ﬁ}ﬁgrﬁﬁc ng
presently pretﬁ&rmalﬂ;sysﬁmulatwe depans eEdrn Ehgaklidin@, eagh é)@k&%thﬁal

|dent|f|ed her ei n by nunbe as for example, "first pass", "second
pass", etc. qtﬁeﬁgp? |°|5I gald dielectric material. 25
10 34. The method of claim 33 further comprising the

step of depositing said thermal insulation on a substrate in a

discontinuous arrangement defining at least one air pocket.

35. The wmethod of claim 34 wherein said

15 discontinuous arrangement is an open lattice configuration.

36. The method of claim 33 wherein said thermally

insulative means comprises a plurality of spheres.

20 37. The method of claim 36 wherein said spheres are

hollow.

38. The method of claim 37 wherein said spheres
contain air. |
25
39. The method of claim 36 wherein said spheres are

formed from substantially rigid material.
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gglniﬂml"mm"”lm Hmaach pass has been print E(Cj:T/ Eﬁg?/ 1759Several pg:zses are

brought 4 ntto pregi se registration with one anot her and joined to form
the conpl eted tester device. 5 The first pass of the battery
t est er manuf acyy bgrilshs and assenbl i ng process reveal eqdmsﬁ},.gwe 6is
schematical l'y depicted as area 48. The "first pass" is that processing
pass [0 which SUBS!T ae RABeAdIRE0Res d RAWMER cnlh8: HARESSENT
nmeans by which first pass 48 is constructed generally conprises
| ami nate suPaid gphergspiptlensetharb@boutsouppt i onal corona t r eat nent
station 52, at |east one thernochrom c ink print station 54, optional
decorative ink print station(s) 56, and at | east one conductive ink
print station 58. {5 The method U c386PN RAssef] 48 aﬂm@t&rﬁprt
di sclosed in Figure 6 is schematically depicted as area 60
"second passmateyial comppigesdpebestinig Pukss i n whi ch base substrate 30
under goes treatment. The processing neans by which second pass 60 is
constructed generally conprises base substrate positioner 62,

42, The method of «claim 34 wherein said

discontinuous arrangement is no greater than about 5 mil thick.

10 43. A method of preparing a battery tester device,

said method comprising the steps of:
(a) providing a first dielectric layer;

15 (b) placing a conductive layer adjacent said first

dielectric layer;

(c) placing a temperature sensitive indicator layer
in thermal contact with said conductive layer; and
20
{d) placing adjacent said conductive layer thermal
insulation for thermally insulating said conductive layer from
a battery that is suitable for testing by said battery tester,
said thermal insulation comprising a second dielectric layer
25 and thermally insulative means combined said second dielectric
layer for enhancing the ‘structural strength of said second

dielectric layer.
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20 an treat ment station 64, optional decorative I nk
pri nt i‘:mﬂ:mﬂmt not cher 68, as |east one thernal I nsul ation
print salon ;S adhe5|ve print station 72. Prior to
printing on substrates 30 and 36, it is 25 generally pref erabl e to corona
treat the substrates to raise their surface tension or "dyne |evels,

t hereby enhanci @g ob/i¥ess adhesion of printing inks to thgiidPnhdst €S-
As is known, corona treatnent inparts a high voltage, low current,

I ical ch h I
S C 1 Ca CNArGe 10 L S e hod e PR 5 51 BB o B, (Bhge -28-

WD 98/ 13885 comprises disposing said thermal insulatP&H/WSHéLA7&0B firstresul ts

may |ikew senge achl eve! d usin | asma treat nents and/ or ot her

el ectri cal FEAT 5H8r %’:ﬂ cenfyerdue tkayeron enhancenent
treatments known |nthe art. I f the dyne |l evel of the
substrates 30 and 36 is too Iow, printing inks will tend to adhere in
a non-uni f®rm manner 45S. The method of c¢laim 44 further comprising

configuring said second dielectric layer as a discontinuous

arrangement defining at least one air pocket.

46. The method of claim 45 further comprising
10 configuring said second dielectric layer into an.open lattice

shape.

47. The method of claim 43 wherein said thermally
insulative means comprises a plurality of spheres.
15
48. The method of claim 47 wherein said spheres are

hollow.

49, The method of claim 48 wherein said spheres

20 contain air.

50. The method of claim 47 wherein said spheres are

formed from substantially rigid material.

25 51. The method of claim 47 wherein the diameter of

said spheres is less than about 50um.

52, The method of claim 43 wherein said second

dielectric layer comprises dielectric ink.
39
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and beads of non-uniformthickness on the surfaces
of t I“ﬂ Hovvever I f the substrate dyne | evel is

suffl helnks will tend to adhere nore 10 wuniformy and
with COI’ISI st ent th| ckness over the surface of the substrat es.
Returning to the presently preferred processing steps of the two pass
enbodi nent of wo@useesent invention depicted in 15 Fi Opé@usdmsids’ St pass
48 is constructed by first positioning, via |l am nate substrate
positioner 50, substrate 36 in corona treatment station 52 where the -
dyne | evel of substrate 36 is i ncreased. Substrate 36 is then

positioned in at | ea§t3 oneThe methet nochyleimC 43i ndherpin nkaidt abted 54

where ther cli gn 3 i,ndicating material 16 of _desired configuration
and t hi ckness €% ‘?Pé?foﬂstré?i BR2tTe Bahaber e milTHickatter, the
Substrate is positioned into one or nore optional decorative ink print
station(s) 56 wherein decorative inks may be applied. The inks may be
of the s&me or diffebént Borethed Ot_eﬁﬁSIeylle'mmgt battteer§6ha®ing mslaesl ti oned
in at |east an ongd CtIV i rint station 58 where conductive Iayer
14 is appli e‘%tﬁ &Rl ntegrdf bﬂ%eg’ée%?ﬁ%& paREiEo, SR AMethas ‘Eﬂ?‘%’r‘ﬁt%sed

si mul t aneousdnt steps WEth or at a different tine than first pass 48,
constructed 27

(a) selecting a battery; and

10
{b) applying to said battery a label having an
integral battery tester device, said tester device comprising:
a first dielectric layer;
15

a conductive layer adjacent said first dielectric

layer;

a temperature sensitive indicator layer in thermal

20 contact with said conductive layer; and

thermal insulation for thermally insulating said

conductive layer from said battery, said thermal insulation
being disposed adjacent said conductive layer and comprising a

25 second dielectric layer and thermally insulative means embedded
in said second dielectric layer for enhancing the structural

strength of said second dielectric layer.
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98/ 13&1&" || l "mMm _ PCT/ US97/ 17596 by
posi ti ate 30 in corona treatnent station 64 via base

substrate p03|t|oner 62. From there, the base substrate 30 may
be introduced into one or nore optional decorative ink stations 66

for applying atwhegisgssone | ayer of 5 decorative ink of peppsihsePr e
col ors. The base substrate 30 may then be introduced into a notcher

or simlar perforationss aneeﬂo&8°£0%1s§r@a§4 nqhémnaf&flﬁ%bﬁﬁ
. oW ng

sw tch openi ng( g (Figures 3A and
not chi ng, rsab%avieat és 3eenfdgubed as  acdisemitihuais heastgeprett her nal

insul ation prjot. station .z hernal i nsulation material to
produce t her ?Ell nsgl t?l gng?r\égé‘te air poc%. a final treatnent

operation, the second pass 60 concl udes with a layer of adhesive
bei ng applied by adhesive 15 print station 72 to the surface of substrate
30 intended to be 39-ani naTkal tweethodst ofasslaBnr 55 wherein saidFirst

and second pa&?&%nﬁnm gpr%%mgr?t agsgr?%aagn fattlce confggxlrta%gggus or

separate operati ons.

57. The method of claim 54 wherein said thermally
insulative means comprises a plurality of spheres.
10
58. The method of claim 57 wherein said spheres are

hollow.

59, The method of claim 58 wherein said spheres

15 contain air.

60. The method of claim 57 wherein said spheres are

formed from substantially rigid material.

20 61. The method of claim 57 wherein the diameter of

said spheres is less than about 50pm.

62. The method of claim 54 wherein said second
dielectric layer comprises dielectric ink.
25
63. The method of claim 54 wherein said second

dielectric layer is no greater than about 5 mil thick.
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taneousl the first and second passes are preferably

pr| nt ﬁrﬂﬂuﬂ,ﬂl Uﬂ jiﬂll y parallel rotogravure or simlar presses.
The 48 is then brought -into preci se registration
wi th and | am nat ed to second pass 60 at a regi stered | am nator 74 as
descri bed bel ow. The conposite 25 structure then preferably proceeds
through an opgiy die cutter 76 to separate indi e Nt ed
tester devices and a rewi nder 78. Prior to rew nding, f1e conposite
structure is pref ergb r nsitive
adhesi ve (e.q. &fel e%eh%tbgézé)\gffdﬁgnure g%’llgg)né 59%% eggé%ﬁe&al%g such as
28 said method compPidingethe saepsMolmsa 03/ 31/ 1999 09: 44:52 page - 30-
WD 98/ 13885 PCT/ US97/ 17596 rel ease
paper (not shown) to enable rew nding and storage of the testers
devices, as well as {n faghihtify & %‘dh??é‘&u"d}t a firs@ldBSBARY wifnile tester
devi ces to individual battery housi ngs. When printed

i n separ &t ef oy aprbrmbleheinki r5¢ pawduce a first component of an

electronic device;

{b) printing a surface of a second substrate with a
second printable ink to produce a second component of an

10 electronic device; and

{c) Jjoining said printed surfaces of said first and
gsecond substrates in facing relation such that said first and
second components produce a functional electronic device.

15
65. The method of claim 64 wherein said first and

second substrates are fabricated from flexible material.

66. The method of claim 64 wherein said electronic

20 device is a thermochromic battery tester device.

67. The wmethod of claim 64 further cowmprising
performing printing step (a) and printing step (b) in a high
speed press.

25
€8. Tﬁe method of claim 67 wherein said high speed

press is a rotogravure press.
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48 is fully printed and then placed into roll or other form sui tabl e

for f at a later tine. The roll conprising the
fi rst “Nmml@llﬁmﬂrﬂnnted to an unillustrated 10 infeed unit at the
regi stered lanimatsor *74. As second pass 60 is printed and delivered
to the registered | am nator 74, the first pass is simnultaneously

~unwound, pl acedyp94;3sg8" €CI S€ registration with the sqepsramse and
| aninated to the second pass at the registered |lam nator 74. The

conposite structure 18 so pﬂ@du&@g.,daayof hgqap,{,ocgqedwﬁ&eqhe St | pg and
rew ndi ng . stations 76 and 78. In two or nore pass

constructi onsgonpripes espeasirg t eaid fiiket suemdssf secagisenblibstaates

t f t 20_th di_vi dual d
and J ol ned 1 CRITBPRSERL RAFUER @  REYAEBhs “PRITALGha PobOTRERBAEE of t he

device .are | ncdﬂ't@.ﬁ@éusly morﬁt@ﬁrliﬁg Gl 16860M0Rk Calld ARt ¥kidtienss airotibgse and
that the graphic ers are aligned to produce the desired visual

effect. T doene of §éldt s¢apndreqeads eubstirates efixinging gnegeédsaidl j oi ned
25 Loget her 4y qugh, 9.8 QTELES, ALY, CONULBVGHSIX SSlpathuisting o

registration di dm natron pr am-nat ol _
Regi stered | agdigat if@Pst N A@CO0AaBEE Mubattdiesdr @8 Nkesponsel N¥ENt kPW  MAY
be achieved via suitably configured and
29 monitoring, and uniting said first and second substrates into
desired registration.
10

70. Apparatus for manufacturing an electronic

device, said apparatus comprising:

means for printing a surface of a first substrate
15 with a first printable ink to produce a first component of an

electronic device;

means for printing a surface of a second substrate
with a second printable ink to produce a second component of an

20 electronic device; and

means for joining said printed surfaces of said first
and second substrates in facing relation such that said first
and second components produce a functional electronic device.
25
71. The a;;paratus of claim 70 wherein said first and

second substrates are fabricated from flexible material.
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PCT/ US97/ 17596 cooperati ng
aut omatlJllllMMI “m mt cont rol nmeans (not il lustrated) enployed
in conj erating automatic . web registration neans (al so
not illustrat ed) vvork| ng in concert at registered lamnator 74 to

produce two o S5 ass S tester devices. An exenpl gk agdenent may
i nclude a m)drvT lfsag)nurrber S-3000 web registration contr 'l?lusg.;eﬁ,?:e and a

nodel nunber S-2352 nt L pl Ceqn b uf ur ed by
The Bobst G oup, Inc%of \Iggfshe gbgﬁ%%%\]eége cdl%éhchv% ?hg{g%? saa&h be
used to Contellebtltdlﬂ.cf&é\&lcepﬂs& 4Benatochiromie bammrlydtésmm dd¥licet. he i nf eed
unit at the registered |lam nator and joined with the second pass 60 as
t he second pass exits the press. Alternatively, registered | am nating
may be carried out ip,an mi%r b 8, 60
have been previ ousl y‘93 Thgr ?ﬂ%{?tghg&r E\E}\gﬁﬁ?% n°8hdk Rgﬁﬁgs&é@i ti
to the as@topatindineq storsd étmsitnate o#nd mean|sr does pristimg cOngécundus| y
nonitor the shﬁess characteristi¢ of each pass 48, 60 during

product i on. SPRBYGE CUMm=dSE Rﬁ"é‘c’féﬂg Stan%‘?? Pfr%thlﬁas%pe&é PYS5S-i nst ance,
whi ch pass is typically

cal

74. The apparatus of claim 73 wherein said high
speed press is a rotogravure press.
10
75. The apparatus of claim 70 wherein said means for
joining s=said printed surfaces comprise means for laminating

said first and second substrates.

15 . 76. The apparatus _of claim 75 wherein said
1aminat'ing means comprise means for substantially continuously
monitoring at least one characteristic of at least one of said
first and second substrates as said substrates pass through
said laminating means, means for bringing one of said first and

20 second substrates into registration with the other of said
first and second substrates in response to said monitoring, and
means for uniting said first and second substrates into desired
registration.
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20 stretched relative to pass 60 during |amnation,~ nmay cause

del am nation or curling of the passes once joined. To
achi eve precise, substantially real-tinme control, the registered
| am nat or preferably further conprises web positi on sensing neans (not
shown) for nonitoring certain 25 physical characteristics of the first
and/ or second pwo9sRssss and 60 as they traverse the rRgmséA
| am nat or. Such web sensing neans are preferably electronically
connected to a sui tabl e system control device, e.g., a mcroprocessor
(not shown), which continuously nonitors the web sensing neans and
30 Printed from M nposa 03/ 31/ 1999 09: 44: 52 page - 32-
WO 98/ 13885 PCT/ US97/ 17596
simul taneously controls the functions of the web tension 22 control neans
and the-web registration control means responsive to b position data
received fromthe web sensing neans. The web tefsi ? ol means and
web registration control neans 5 are preferably’ ontrol the
relative tensiontg and regi strations of either jor 10 e first and
second passes \—\ 28 L 4 18
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48, 60. Al t hough the invention has been described in
detail 10 for the purpose of illustration, it is to be understood that
such detail is solely f,@& t hat purpose and that variations can be made
therein by those skilled fH#3s8se art without departing - fromthe spirit
and scope of the invention except as it may be - limted by the clains.
15 31
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What is clainmed is: 1. Thermal insulation conprising:

A dielectric layer; and thernally insul ative neans conbi ned

with said dielectric |layer for enhancing the structural
strength of sai dvolesassestric | ayer wherein said thermally

. : : : : PCT/US97(17596

i nsul ati ve neans conprises a plurality of spheres. y. The
thermal insulation of claimlwhereinsaid spheres are hol | ow.
3. The thermal insulation of <claim2 wherein said spheres

contain air. 4. The thermal insulation of claim1l wherein said
spheres are formed fromsubstantially rigid nmateri al

5. The thermal insulatign of claiml wherein the di aggter of

sai d spheres is no greatler that about 4 err]ml f,\/ 6. The
thermal insulation of claim1 wherein gaid dielecfric | ayer

conprises dielectric 1k hermal insulation of claim
1 wherein said dielectjri I's no _greater that about 5
ml thick. B. ‘ e d8npri si ng:
a first dielectric |ayer} Qnducti ve | ayer adjacent said
py at ure sensitive indicator

i d %gnductive | ayer; and
. uctive
)y d battery tester device,

first dielectric | ayeWb¥
| ayer in thermal contdct
thermal insulation for} t

| ayer froma battery dui
said thermal insulafjio
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adj acent said conductive |ayer and conprising a second
dielectric layer and thermally insul ati ve nmeans conbi ned
with said second dielectric |ayer for enhancing the

structural strength of said thermal insulation. 33 9.
The battery tester device of claim8 wherein - said thermal insulation
i s disposed betwgaaigagssi d first dielectric |layer and sanssunseuct i ve
| ayer. ~10. The battery tester device of claim8 wherein
said second dielectric layer is configured as a discontinuous
arrangement defining at |east one airgmacket 10 11. The
battery tester device of claim 10D whe n said discontinuous
arrangenment is an open Tattljce g§ conyrguratton. 12.
The battery tester device of clajm?9 anﬁrein-§$5 said tpermally
I nsul at-ive neans donprises a ' fi sphergs.
13. The battery testfer device of clainfl2 wherein saj d spheres are
hol | ow., 20
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REPLACEMENT SHEETS SG
14 The bat t er VI ce .of claim 13 where nﬂ Jescrigtiting: magbar, stocmlgé@l n
ait. - mliﬁ hmjﬂ The battery tester deyi®elofn(s) ai mpagad ¥ a@ed%}
Egisesp t t ; f r?)m gl i;s or plastic. [J Drrawing(s) : paged 16 to ed
_ ry tester device o calm n E """
is less than about 50[err meﬂ@ ' mAhsmterfﬁge&gL% 22
17. The bdfhat yis estadim v-"fft-e of claim8 where| Ai’Els _d| QE
| ayer conprlsesqgkghggt£ﬁ 128K on comprising: 18- “Fre—Ha {3 gk oy ria|
8 wherein said 'secon lelectric ?ayer i3 no greater than about 5 mI

t hi ck.
battery tester
a first dielect

A dielectriqdlayex;banterhereniilyy 1asanetvenarngn COPRtL al
o C%]V' Qf:.d Whel &detict hf%yeqat ESF Y enh88ESlg €RYI GRrueldPsl Ses:

strength. of said dielectric 1ayer' wherein said thermally

insulative means comprises a plurality of spheres.

The thermal insulation of claiml whereinsaid spheres
are hollow.

The thermal insulation of claim 2 wherein said spheres

contain air.

The thermal insulation of claim 1 wherein said spheres are

formed from substantially rigid material.

The thermal insulation of claim 1 wherein the diameter of

said spheres is no greater that about 50um.

The thermal insulation of claim 1 wherein said dielectric

layer comprises dielectric ink.

The thermal insulation of claim 1 wherein said dielectric

layer is no greater that about 5 mil thick.

A battery tester device comprising:

a first dielectric layer;

a conductive layer adjacent said first dielectric layer;

a temperature sensitive indicator layer in thermal contact

with said conductive layer; and

REPLACEMENT SHEET

30 JUL 199

thermal insulation for thermally insulating said conductive
layer from a battery suitable for testing by said battery
tester device, said thermal insulation being disposed

adjacent said conductive layer and comprising a second

-———

dielectric layer and thermally insulative means combined
with said second dielectric layer for enhancing the

structural strength of said thermal insulation.

AZo4\33 —
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’

a ,conduttive layer adjacent to said first dielectric |ayer; a
terrperature Ij ntor | ayer in thermal contact with said
conduct i ve || Inm“uuim““n M‘ theymal insulation for thermally

i nsul ating said¢ cbnductSvé | ayer froma battery suitable for testing by
said battery tester device, said thermal insulation being disposed

adj acent sai d conductive | ayer and conprising a second dielectric |ayer
and thermally insul ative ﬁeansThﬂ)rﬂﬁUt@dYWtEhtesaddvmmﬁ cllairecr i whdmiar
for enhanci ng the trug12IEm stren th of said thermal insulation,

35 tt’e‘"‘r‘“@"l gEien aj +5 1918pasedi nbehveerecepid first
d| electric | ayealhieﬁg{]{é %&Eg a4 %agdsco &d&l{g% arrangerrent defini ng

| east one air attery of claim 20

wher ein saig di sconti nuous arrangerrent is an open lattice
configuration. " 22. The battery of claim 19 wherein sal a
thermal |y 10.  The battery tester device of claim ©° wherein

said second dielectric layer is configured as a discontinuous

arrangement defining at least one air pocket.

10 11. The battery tester device of claim 10 wherein
U said discontinuous arrangément is an ope;:x;' lattice
configuration.
12. The battery tester device of claim 9 wherein
15 said thermally insulative means comprises a plurality of
spheres.
13. The battery tester device of claim (2 wherein
said spheres are hollow.
20
L l4. The battery tester device of claim i3 wherein

said spheres contain air.

15. fThe battery tester device of claim 12 wherein

25 said spheres are formed from glass or plastic.

16. The battery tester device of claim |2 wherein

the diameter of said spheres is less than about.SOum.
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i nsul at'i"ve plurality of spheres. 10 . 23.
The battery maljm E in said sg)‘per.es are - - holl ow

24. The bat Wherei nsal d spheres 15 contain air.

25. The battery of clai m 22 wherein said spheres are formed from

gl ass or plastic. 201 h e clal erein t.he
di anet er of sai d spheresThles b%gggrg gﬁga %)u(tﬁé(‘ggc{ Aﬁa Cnﬂalm V\Q wherein
27. The batt esyidfseddondniidl adtenei Daypat Eow@eoBee dieledtfi@Ghki.Cc | ayer
conprises dielectric ink. 25 . 28. The battery of claim 19
wherein said second dielectric layer is no greater than about 5 m|

t hi ck. ' ﬁA met hod, of manufacturing thermal_insulation, said
met hod corrprl si ng e stER Bpttery tegher s‘égeé“tlﬁh‘@ D divdiezednj said

material; and gecong dielectric layer is no greater than about 5 mil thick.

19. A battery having a label with an integral
L battery tester device, wherein the battery tester device

comprises:
a first dielectric layer;

a conductive layer adjacent to said first dielectric

layer;

a temperature sensitive indicator layer in thermal

contact with said conductive layer; and

thermal insulation for thermally insulating said
conductive layer from a battery suitable for testing by said
battery tester device, said thermal iﬁsulation being disposed
adjacent said conductive layer and comprising a second.
dielectric layer and thermally insulative means combined with
said second dielectric layer for enhancing the structural

strength of said thermal insulation.
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cenbihing with said dielectric material thernally

(b) .

i nsul dative rr;ﬂmnlmm lt E g the structural strength of said
dielectric d t her naBby i nsul ati ve neans
conprises a pf”ural |lty of spheres. 30. The nethod of claim 29 wherein said

spheres are hol I ow Th t cl ai rej d er

cgnt ain air. Théjorfet hgT of Q%P i 2%%%%8‘?‘%& %r%%grggggre Srnr?ed
from SUbSHﬁ@Iééﬂﬂﬂ: Niaged wat @bhﬁigurecﬁ&-s an'@lé’ﬂi‘iHEQﬂuQﬁscbﬁféﬂ ent
wherein the dianeter of said spheres is less than about 50[err|m

34. The net hodebinigicninm 2easthenei aisagiatkdtel ectric materi al conpri ses
dielectric ink. 35. The nethod of claim 29 wherein said

di sconti nuous arrangenent is no greater than about 5 m | thick. 36.

A net hod of. preparing attery estier devicee s i}d nprj_sing
the ‘steps of : (a)62 T ovi leﬁﬁg a 135St 2 di efec?cr %c g whereix,) said

placing a coggdyeditigucudYSFrarddn@htNis a¥@bfenfidtidice configurdtii®neCtric
| ayer; (c) placing a tenmpérature sensitive indicator  layer in

thermal contact with said conductive |ayer; and (d) placing adjacent
said conductive | ayer thernal - i nsul at| on for thermally
i nsul ati ng sai d conduct32e The batter:ay@ﬁ ¢laim 4% ba't*teéfte}nt saddi sheymalkly e

for testing by, said batter tester eV| ce i d thermnal
i nsul ati on insylative means c°mpr1§¥ ﬁ’é%’h%% *®8tai m 36 wherein

step (d) 19 conprises disposing said ther mal insul ati on between said
first :

\wf. ' 23. The battery of claim 22 wherein said spheres are
hollow. |

24. The battery of claim 23 whereinsaid spheres
15 contain air.
25. The battery of claim 22 wherein said spheres are

formed from glass or plastic.

20 26. The battery of claim 22 wherein the diameter of

said spheres is less than about 50um.

27. The battery of claim |¥ wherein said second
dielectric layer comprises dielectric ink-.
25
28. The battery of claim |9 wherein. said second

dielectric layer is no greater than about 5 mil thick.
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di el ectric layer and said conductlve | ayer. 5 38. The

met hod of l‘ “H“llﬂ““ Mm ‘ ﬂ conpri sing configuring said second
dielectric ti nuous 36 arrangenent defining at |east one

air pocket. The method of claim38 further
conprising 10 <configuring said second dielectric |ayer into an open
lattice shape. 40. The nethod of claim36 wherein

said thermakdy A methsdll 8fi MeniEARureaEPEheeGaR PhéuRtilon, OfsaipneletBod 15
41. The nethod of cl,ai,m 40 MhEFEInHEaId spheres are hol | ow.

42.  The met hod°IPLEAPH ¥he \ihePSi Rfsai d spheres 20 contain air.

43. The nethod ofaxl| asenebitinhesedivlswitdisphetedSiad;eand fornmed from gl ass

or plastic 25 44, The nethod 6f claim40 wherein the dianeter
of sai d spheres is | ess than about 50[err]m 45, The
met hod of claim &) whenieiningal dislecaid dielectric material thermally

insulative means for enhancing the structural strength
of said dielectric material where said thermally

insulative means comprises a plurality of spheres.

30. The method of claim 29 wherein said spheres are hollow.
Kv/ 31. The method of claim 30 wherein said spheres contain air.
32. The method of claim 29 wherein said spheres are formed from
substantially rigid material.
33. The method of claim 29 wherein the diameter of said spheres
is less than about 50um.
34. The wmethod of claim 29 wherein said dielectric material
comprises dielectric ink.
35. The method of claim 29 wherein said discontinuous
. arrangement is no greater than about 5 mil thick.
-

36. A method of preparing a battery tester device, said method

comprising the steps of:

(a) providing a first dielectric layer;

(b) placing a conductive layer adjacent said first
dielectric layer;

(c) placing a temperature sensitive indicator layer in
thermal contact with said conductive layer; and

(d) placing adjacent said conductive layer thermal
insulation for thermally insulating said conductive
layer from a battery that is suitable for testing by

said battery tester device, said thermal insulation.
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di-el ec

4

tric - | dielectric ink. : 46.
thode‘ i}!ﬁnﬂgﬁlﬁmwmﬂrel n said gecond dielectric layer is no
r th RN ck. 3 47. A method of

The me
greate
assenbling a battery having a | abel with an integral battery tester

devi ce,

| abel

sai d method conpfi si ngp heast&ps 3 a) (g
selecting a battery; and 10 he  metho S?alm S ngeredn s%aé g

applylng to said tery a

“havi ng aBomprisédtdEgbabihptdéfly diRGial Gavulfidaibdtivechesad@Viest
conpri si ng: _ . '
conducti ve | aydiebeftucienidayer cirid ssiddéendisttiive layer] ayer;

a tenperature sensitive indicator layer in thermal 20 contact with said
conductive | ayer; and v

5

10

15

20

25

a first dielectric layer; 15

38. The method of claim 37 further comprising
configuring said second dielectric layer as a discontinuous

arrangement defining at least one air pocket.

39, The method of c¢laim 38 further comprising
configuring said second dielectric layer into an open lattice

shape.

40. The method of claim 36 wherein said thermally

insulative means comprises a plurality of spheres.

41. The method of claim 40 wherein said spheres are

hollow.

42. - The method of claim %| wherein said spheres

contain air. .

43.. The method of claim 40 wherein said spheres are

formed from glass or plastic

44, The method of claim 40 wherein the diameter of

said spheres is less than about S50um.

45. The method of c¢laim 3¢ wherein said second

dielectric layer comprises dielectric ink.
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t her mal ‘insulation for th I'ly insulating said conductive |ayer from
sai.d batteryu “ J' j”ﬁFsul ation bei ng di sposed -adj acent sai d
conductive ng a 25 second dielectric layer and thermally
i nsul ative means errbe ded ' “in said3$econd dielectric layer for
enhancing the structural strength of said thermal insul a_tlon _ 39
48. The nethod of claim4l wherein said second dielectric | ayer | s
configured as a disconti ffous aHeang&BI® of cla46f i3g) nﬂh@%eiﬁa%talgn ai
pocket . 5 49, The method of claim wherein sa|

di scontinuous afiahgerrint lpyenniopengreatdcehsondbaur bt mﬁ)n thick.

50. The nethod of claim47 wherein sal d thermal ly i nsul ative neans
conprises a plurality of spheres. v 51. The met _kll_(ﬁd oftﬁl SI m
50 wherein said spheres g e net ho

of claim 51 E\i;\l,here:on sai d sﬁheresepgéé oRSSERPLipe a battery’ having a label

with an integral battery tester device, said method comprising

the steps of:

(a) selecting a battery; and

10
L " (b) applying to said battery a label having an
. integral battery tester device, said tester device comprising:
a first dielectric layer;
15

a conductive layer adjacent said first dielectric

layer;

a temperature sensitive indicator layer in thermal

20 contact with said ‘conductive layer; and

thermal insulation for thermally insulating said

conductive layer from said battery, said thermal insulation
being disposed adjécent said conductive layer and comprising a

25 second dielectric layer and thermally insulative means embedded
in said second dielectric.layer for enhancing the structural

strength of said thermal insulation.
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of claim50 V\/n re n said spheres are formed from gl ass

glraﬁla?z';l C“"I"“Hmsuluj"mu The method of claim50 wherein the

es |s | ess3Phan about 50[err]m
55. The nethod of ¢laim 47 wher ein said second dielectric | ayer

conprises dielectric i nKB. he etPod of, cﬁ@m ‘H"ewﬁgiﬁ %18'
an a

wherein said second dlelectrlc ayer is no greater t out

t hi ck. dielectric layer is %angﬁeéhosls of a ekt iiions aﬁrﬂhc_f&:terzﬁm c
devi ce, said nethod conprising the steps of: , (a)

printing a surdefinigly atfleastt onbsainmmmaketh a 5 first printable ink
to produce a first conponent of an - el ectroni c devi ce;
(b) printing a surface of a second substrate with a second printable

i nk-to produce a secondégorrponeme Ofm@&%d 10¢ el gg%omﬁ dq"\hecr%mandsald
c oM : . ¢

(c) joining said printed”surfaces of sai rst an
discontinuous arrangement is an open lattice configuration.

50. The method of claim %1 wherein said thermally

insulative means comprises a plurality of spheres.

10

" '51. The method of claim 50 wherein said spheres are
hollow. _ s

52. The method of claim §I" wherein said spheres

15 contain air.

-

53. The method of claim 50 wherein said spheres are

formed from glass or.plastic. -

20 54. The wethod of claim %0 wherein the diameter of
w said spheres is léss than about 50um. )
55. The method of claim 47 wherein said second
dielectric layer con'\prises dielectric ink.
25 )
56. The method of claim 47 wherein said second

dielectric layer is no greater than about 5 mil thick.
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second.substrates in faci ng relation such that said first and second

corrponen“lll mmﬂ’ Hmt i onal el ectronic device. 15 58.
The net hoideiat lilg) kel Mer ein sai 8% irst and second substrates are
fabricated ffom flexible material. 59. The net hod of

claim 57 wherein said el gctrogi ﬁ\gghogoof_rﬂ\’;\a\ﬁiu‘fgci:§rﬁ1%%¢lr RRERE PO £ Rl REY

tester device. met hod claimb51l further
conpri sing sapérhetriiadngoppr idinggt bé e4repa) ofind printing step (b) in a
hi gh speed press. 25 61. The nethod of claim60
wherein said high speed press is a rotogravure press.

62. The method of claim57, wherein ste c ., conprises assin
said first and seco p§€rB§f‘?%t%ssurua°%stul)at §ﬁ§853g€b‘iqﬁa§§gﬁ’léﬁ ad

| am nati on agpar : | é lhuqus ni ' t a
one char act e?i stf?%ggf %&Qﬁtggg% aiSA]yor?(e) o?&'gs)(g%éff igrsfh'yg%’\% ggg‘%ﬁggggbsc%f?at%és,
bri ngi ng one of e3akfronic deki&é; and second substrates into registration

wi th the other of said first and second substrates in response to said
nmonitoring, and uniting said first and second substrates into

(b) printing a surface of a second substrate with a
second printable ink to produce a second component of an

10 electronic device; and

{(c) joining said printed surfaces of said first and
second substrates in facing relation such that said first and
second components produce a functional electronic device.

15
58. The method of claim 57 wherein said first and

second substrates are fabricated from flexible material.

59, - The method of claim 57 wherein said electromic

20 device is a thermochromic battery tester device.

60. The method 6f claim %7 further comprising
performing printing step (a) and printing step (b) in a high
. speed press. R
25 ) -
61.- The method of claim 60 wherein said high speed

press is a rotogravure press.
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desi red régi i 63. Apparatus for
manuf.act uri ’rmmﬂmﬁglﬂﬂ &t!!lc dev%fe,- sai d apparatus cohpri sing:
means for prl L s of a first~substrate 15 wth a first

printable ink to produce a first conponent of an el ectroni c devi ce;
means for printing a surface g,g a seqgon sgbstiaie gith.a second )
printable ink to produc®a sectfid €o eft of "3 5 elFBEFFHR] CStcfé’vi é‘é
and compriseBEaANSaddihg Oi OLNG saifd-du i nted S_ugagaﬁ& of s ifledat bEST
and second substrates in facing relation such that said first an

second conponadiinfalpaadoaely €hrmidgonal lemeaht dow Cagpatatus, 25ubstantially
64. The apparatus of claim63 wherein said_first and ) second
substrat es ar econdtinuounstyl Mondtrtiegid desatepng|characteristiqof at least

65. The _appara ¢laim63 wherein_ said el ectroni c devi ¢

f
a therrmchrsomct“eoééque"r"’&dt &dreF aBg §gcond substrates, bringing one of sai

first and second substrates into registration with the other of

said first and second substrates in response to said
monitoring, and uniting said first and second substrates into
desired registration.

10

\_ : © '63. Apparatus for manufacturing an xelectronic

device, said apparatus comprising: ~

means for printing a surface of a first substrate

15 with a first printable ink to produce a first component of an

electronic device;

means for printing a surface of a second substrate
with a second printable ink to produce a second component of an

20 electronic device; and

means for joining said printed surfaces of said first
and second substrates in facing relation such that said first

and second components produce a functional electronic device.

25

64. The apparatus of claim 63 wherein said first and

second substrates are fabricated from flexible material.
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66. The' apparatus of cl wherein said nmeans for 5 printing a first
substrate ar‘iltﬁ WJ jﬂ‘lm I ng a second substrate conprise printing
stations of L 5 S. 42 67. The apparatus of

cl aim 66 wherein said high speed press is a rotogravure press. 10

68. The apparatus of claim 63 wherein said nmea
printed surfaces conpri S(-f?smean\sqh or 2PRAFARYT ng°n?

substrates.

far . j 0i ni ng.said_.
clagy 631 shenRins cenify
edectronic device 6% a tIQ?moé?f@ﬁQ:t E§t-té)zty tlg%@lag] §&,ierein

sai d | am nating neans conprise neans tor substantially continuously
nonitoring at | east one characteristic of at |east one of said first
and second substrates as said substrates pass through said | am nating

means, means for bringi §§ -on@hef appdnktiysr of alrfim 23 wherehn sailskmeanesfont o

registratiopn with the other, of said first and second, substrates in
nél dsubst:ratﬁ.e

response t o> saPd*RAbAP? of

s,
)

ZRe EA0Gni F9Th PEIRYERT 3¢ sgRERd

n

second substr atsgg

The battery te

sfiBotEabe id:3de prine shEILCALAdLBr o nigh speed prope [0,

i ncorporated into a | abel.

10
N

15

20

67. The apparatus of claim 66. wherein said high

speed press is a rotogravure press.

68. The apparatus of claim 63 wherein said means for
joining said printed surfaces comprise means fors' laminating

<

said first and second substrates.

69. The apparatus of claim 68 wherein said
laminating means comprise means for substantially continuously
monitoring at least one characteristicmof at least one of said
first and second substrates as said substrates pass through
said laminating means, means for bringing one of said first and
second substrates into registration with the other of said
first and second substrates in response to said monitoring, and
weans for uniting said first and seécond substrates into desired

registratidn.

70. The battery tester of claim 11, wherein

the battery tester device is incorporated into a label.
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