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ELECTRI CAL CONNECTI ON FOR A POLYMERI C LAM NATE BATTERY STRUCTURE 5
BACKGROUND OF THE | NVENTI ON The present invention relates to secondary,
rechar geabl e 10 batteries, particularly such batteries which are
construct ed ofw@ayas26d, pol yneric conposition el ectrode and SCIUSPBRITA

el emrents | am nated between current collector foils. Mre particularly, the

invention relates to such batt affjseareeRP cOBottdN atdk i reticul ated
collector foils and provides 15 a neans for naking el ectrical connections

bet ween such col | ector el eRERYMEREC (AIRANATE SHMITERKSTBUETEORE | i zat i on
devices. Typical |am nated polyneric conposition battery 20 structures
with which the present invention is useful are described, for exanple, in
U S. Patents 5,460,904 and 5,478,668. Such a battery conprises respective
positive %pd negative polyneric matri x el ectrode conposition filns of

BACKGROUND QF THE INVENTTION

The present invention relates to secondary, rechargeable
10 batteries, particularly such batteries which are constructed of
layered, polymeric composition electrode and electrolyte
elements laminated between current collector foils. More
particularly, the invention relates to such batteries
comprising ultrathin, reticulated collector foils and provides
15 a means for making electrical connections between such
collector elements or from collector foils to utilization

devices.

Typical laminated polymeric composition battery
20 structures with which the present invention is useful are
described, for example, in U.S. Patents 5,460,904 and
5,478,668. Such a battery comprises respective positive and
negative polymeric matrix electrode composition films of
lithium intercalatiop compound and carbon which are laminated
25 to a common separator and to metal foil current collector
elements that provide the primary terminals for electrical

connections.

Due to the unigquely advantageous solvent extraction
30 process utilized in the manufacture of the above-noted

polymeric batteries, the current collector elements comprise at



lithiumintercal ati on conpound and carbon which are | am nated 25 to a
common separator and to netal foil current collector elenents that provide
the primary termnals for electrical connections. Due to the uniquely
advant ageous sol vent extraction 30 process utilized in the manufacture of
t he above- novenl9sBasneri c batteries, the current collector @®CFUSIVEI74
conprise at - 1 - WO 97/ 33326 )
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extraction f Perforate or reticulate foil grids are particu ar
preferred i nfihid. r béefotmwear retlicudaher fpse Mtaa@emtlincgnamyght
structture of _sugh fq@ ri.ds re U|t§o'n a fr

0

el enent whi cK* yr:ﬁ% Jb t"15'?1Sdu0| WEFRET use %fOVf sazla%?f’ Iggﬁgs such
as sol deri ngligﬁhﬁéﬁgmg,stﬁ‘udﬁdrreamnEccmfdingngMthEGrbﬂllbﬁ

IndUStrySforlimited—surface element which may not be conducive to the use of
vigorous operations, such as soldering, embossing, oxr
ultrasonic welding, commonly employed in the industry for
attaching busses, wires, foils, or other electrical conductors
to battery terminals, particularly to battery cell collector
i0 elements. The present invention provides means for establishing
and maintaining physical electrical contact between such
battery collector grid elements and other electrical conductors

without resort to such potentially destructive techniques.

15

The present invention utilizes adhesive composgitions,
20 preferably heat-activated adhesives, to effect stable
electrical connections to the reticulate or grid foils which
are preferred materials for polymeric laminate battery current

collectors.

25 In its simplest form, the invention may utilize the
thermoplastic composition of the contiguous electrode layer to
laminate a conductor foil of substantially greater strength
into overlying contact with the fragile collector grid.
However, an adhesive priming layer or a thermoadhesive coating

30 is preferably applied to the conductor foil to enhance bonding

to the electrode composition. Thus fixed in physical contact



attaching busses, wires, foils, or other electrical conductors to battery
termnals, particularly to battery cell collector 10 el enents. The
present invention provides neans for establishing and maintaining physi cal
el ectrical contact between such battery collector grid el enents and ot her
el ectrical corMA8T#PE6 without resort to such potentially des®CRASPIR174
techni ques. 15 SUMVARY OF THE | NVENTI ON The present invention utilizes
adhesi ve conpesthi s cAQectprefeiadyena,- abel ¥ahat esherd Meserbasehbest
stable electrical connections tg the reticulate or grid foils which are
preferred matRFIRF%SY fRRGHAEATe Pc CHERPRAL %°’ba%’f‘éﬁ“§naguﬂlr‘:éﬁtlzéﬁﬂpéct ®Fsit 25
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conposition of the contiguous el ectrode |ayer to |l amnate a conductor foil
of substanti aFPydyetenseman hengfifikadobyveotninky coplayedwwehdihe éragile

col l ector ggri HOVEY, £} adhesive primng |ayer or a thernpadhesive
coati ng 38 gglprefe??é%ely applied to the conductor foil to enhance bondi ng

Thermoadhesive coatings on non-conductive, tape-like film
substrates are particularly preferred for effectively joining
sections of conductive foil grids in electrical contact, as

10 well as for similarly joining foil grid or metal-coated plastic
conductors to more substantial imperforate metal foil or wire

electrical conductors.

The preferred, thermally-activated adhesive compositions
15 useful in the present invention may be selected from any such
materials, typically polymeric in nature, which generate a
fluid tackiness in the range of about 85°C to 125°C and maintain
good tensile strength in the usual battery operating
temperature range of about -20°C to 70°C. Adhesive affinity for
20 metal surfaces is an additional advantage for useful

compositions.

Suitable such thermoadhesive materials include ethylene

acrylic acid copolymers, available commercially as aqueous

25 dispersion priming compositions, e.g., Adcote primers of Morton
International. Extruded films and substrate coatings of
thermoplastic compounds have broad utility for this purpose and
a particularly preferred class of such materials are the
"ionomers" which generally comprise ionic ethylene

30 interpolymers, such as described by Bonotto and Purcell in

Modern Plastics (March 1965), commercially available, e.g., as



to the el ectrode conposition. Thus fixed in physical contact -2- WO

97/ 33326 PCT/ US97/ 02174 with the
collector grid elenment, the conductor foil serves as a prinmary conductor of
current for external utilization, or it may be enployed as an integral base
to which wi @933t her conductors may be affixed by conmoMCFRSHN2EIed

wel ding or 5 sol deri ng neans. Thernoadhesive coati ngs on non-conducti ve,

tape-like fidmp O?EQ%ES oflBu p@éﬁd Cnilahy Pt h ety f 9Fa I iatRd ¥

j oi ni ng sectlon conductive forl grids’in electrical contact, as 10
wel | as for esntuulsaphycpetadngllrmlamigjmq}merdﬁpaﬂ- conpeeipe BuhsETasesuCt or S

to nore subs i al for r qutors
The preferré" %‘hg?:maf‘ ﬁ/%tég?eaéﬁlzll\%le%lgwlggﬁﬁ#gﬁé 41%34 useful in the
present |nVQﬁhm&&tﬁﬁyememéﬂtectﬁsiﬁéliﬂa@nymsmehy enclosure media.
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10 The present invention will be described with reference to

the accompanying drawing of which:

FIG. 1 is a perspective view of a representative section
of a typical polymeric laminated battery structure;
15
FIG. 2 is a plan view of a section of the battery
structure of FIG. 1 showing a current collector grid member

laminated to an underlying electrode layer;

20 FIG. 3 is a plan view of a similar section of battery
structure having a metal foil conductor affixed in electrical
contact with the collector member by means of an adhesive tape

element according to the present invention;

25 FIG. 4 is a partial cut-away elevational view of the

electrical contact structure of FIG. 3 taken along line 4-4;

FIG. 5 is a plan view of a similar section of battery
structure having a metal grid conductor affixed thereto in

30 electrical contact by means of the adhesive tape element;



materials, typically polyneric in nature, which generate a fluid tackiness
in the range of about 85[err]C to 125[err]C and nai ntain good tensile
strength in the usual battery operating tenperature range of about
-20[err]Cto 70[err]C. Adhesive affinity for 20 metal surfaces is an
addi ti onal advO®A¥E26 or useful conpositions. Suitable such tRCEVURSHEMES ve
material s include ethylene acrylic acid copol ymers, available comercially

as aqueous 25  di spagsi @nleraﬁa&w%@selevamoﬁéfo‘frfevprdmh% of
Morton International. Extruded filns and subsirate coati ngs of

t her nopl ast i ¢ XBYFSEn&STHarErer 0B dF IR |5 thpkedr adrng pikrpoteband a
particularly preferred class of such materials are the "iononers" which
general ly conprise ionic ethylene 30 i nt erpol yners, such as described by
Bonotto and Purcel | FIg.Mddésna Pbhan iieew Mfr ¢iwol 885ipscofmeettalldnid
available’se'gkdndﬁ%ﬁﬁé_foil affixed in electrical

contact by means of an

encompassing adhesive tape element;

FIG. 8 is a partial cut-away elevational view of the
contact structure of FIG. 7 taken along line 8-8 showing the
10 implementation of face-to-face portions of the adhesive tape

element;

FIG. 9 is a plan view of two respective strips of
imperforate metal foil and metal grid conductors affixed in
15 electrical contact by means of an encompassing adhesive tape

element;

FIG. 10 is a partial cut-away elevational view of a
contact structure of FIG. ¢ taken along line 10-10 showing the
20 implementation of face-to-face portions of the adhesive tape

element; and

FIG. 11 is a similar cut-away elevational view of a
structure of FIG. 9 showing the implementation of a single

25 overlying adhesive tape element.

30
The structure of a representative polymer-based Li-ion

battery may be seen in the model of FIG. 1 as comprising a



WD 97/ 33326 PCT/ US97/ Q2174 Surlyn
resins of Du Pont Conpany. Simlarly available are extrusion-coated film
and polyner/foil conposite substrates which are applicable directly in the
i nventi on as adhesi ve connector elenents, as well as battery enclosure
medi a. 5 BRIwDEBERI PTI ON OF THE DRAW NG 10 The precsrwsere21v€Nnt i ON
W Il be described with reference to the acconpanying drawi ng of which: FIG
1 is a perspgat [ e V. n ric
am nat od. bATERrY ot raarars, PR ar TRl A el cBhpfs L VELE T aPqu?l
battery str uecttdr dtsf aE‘lSGClatedommngemt cxwlrileautoaoleﬂ.emEnt Y2 damenber

| am-nat ed to._gn _un eIe d a 1S &R
view of a si'f ee{:rmeséLc |on BPrB 9 fec lyoel At g'ang\lfl A a ﬂ&%ln?%ﬁtrl
conduct or afdiecxtrdde ebmgbsltﬁbncwireﬁtlﬂ\nvtﬂtﬁ h.etscalsbeeﬁ.ﬂte&&ﬁmﬁfertw means

of an adhe5|v t ape el ement agccordin o, th resent_jnvention;
collector e?ement 58. ﬁge %nltléil assembled for lamination,

the structure components typically include: as electrode 13, a
300 um thick layer of 56 parts by weight of a LiMn,0,
intercalation compound and 6 parts of carbon black intimately
dispersed in a binder matrix of 16 parts of an 88:12 vinylidene

10 fluoride:hexafluoropropylene copolymer plasticized with 16
parts of dibutylphthalate {DBP); as separator 14, an 85 um thick
layer of 20 parts of colloidal silica intimately dispersed in 30
parts of the copolymer plasticized with 50 parts of DBP; and as
electrode 15, a 200 pm thick layer of 56 parts of graphite and

15 3 parts of carbon black intimately dispersed in 15 parts of the
copolymer plasticized with 23 parts of DBP.

Since, as described in the above-noted patents, the post-
lamination processing of the battery structure will include a
20 solvent extraction of the DBP plasticizer from the polymer
matrices, one or both, as depicted in FIG. 1, of copper
collector foil 12 and aluminum collector foil 16 may be
reticulate, for example is in the form of a 50 pm thick expanded
metal grid, such as the MicroGrid precision foil marketed by
25 Delker Corporation, in order to provide suitable solvent
porosity. A convenient electrical connection terminal may be
provided as a collector grid tab 17; however, reliance upon such
an extension of the delicate collector grid foil, particularly
at the exterior of any protective battery enclosure package,
30 severely detracts from a robust nature of the resulting
battery. It is in part to this shortcoming that the present

invention is directed.



25 FIG 4 is a partial cut-away el evational view of the electrical

contact structure of FIG 3 taken along line 4-4; FIG 5 is a plan view of

a simlar section of battery structure having a netal grid conductor

affi xed thereto in 30 el ectrical contact by nmeans of the adhesive tape

el enent; -4- WOSEBBI$ 33326 PCT/US97/0217

PCT/ US97/ 02174 FIG 6 is a partial cut-away el evational view of the contact

structure of FIG 5&@&@&&@03@%}1&3 6s6of e polymedikl dArteey Strb¥eure
strips of netal grid 5 conductor fm? affixed in el ectrlcal contact by

means of an entRdrihe SARgLAAREE] 9F ARG BHPer ey bak tery, geddt shppes and
cut-avay el evaly il P W Qin?i‘é HULAC U afll HEL Ub&t Qdri |dheet b%keanaims

line 8-8 showing the 10 enentation of face-to-face portions of
adhesi ve t ape w¢kmdtie- cuttlng or other division of a master cell sheet ylelds
5 multiple functional battery cells which vary with sheet area in
capacity only, since the voltage range of a cell is determined
by the compositions of the electrode couple. Thus, increases in
battery voltage may be readily achieved by series-stacked
multiplexing of sized battery cells, while battery capacity may
10 be increased by parallel multiplexing. The latter, however,
requires a multiplicity of intercell electrical connections

which the present invention may readily provide.

Symmetrical cell sheet cutting, with guillotine apparatus
15 for example, generally tends to be a more economical
manufacturing operation, yet it prevents the formation of
individual terminal connection tabs such as shown at 17 in
FIG. 1. This result poses a problem of significant proportion
in the noted parallel multiplexing, since there are available
20 for electrical connections only the minimal surface areas of
the laminated collector grids, as is apparent in the plan view
of such a battery cell section 20 in FIG. 2. With so little area
presented by grid strands 12, as well as the considerable
exposed area of electrode composition 13, there is limited
25 utility in commonly-used soldering or welding operations to
establish substantial electrical contacts with collector
grid 12. |

- Such a dilemma is solved by application of the present
30 invention as shown in FIG. 3 where a terminal strip 32 of solid

copper foil is firmly affixed in physical electrical contact



FIG 9 is a plan view of two respective strips of inperforate netal foil
and netal grid conductors affixed in 15 el ectrical contact by nmeans of an
enconpassi ng adhesive tape elenent; FIG 10 is a partial cut-away

el evational view of a contact structure of FIG 9 taken along |ine 10-10
show ng t hewR»733326pl enent ati on of face-to-face portions oPCTHI7E2MTES| ve
tape element; and FIG 11 is a sinmilar cut-away el evational view of a

structure of: i Goidethew gglakﬁ B%p{néﬁﬁgt@f Iaoeve%gllﬁ%%?es%ﬁre taissrizyl ng
adhesi ve tape el enent. OF THE | NVENTI he structure of

r epr esent atA% anasp|Bansess Foxel Flranlyain FI6 ndy saPeedd Famphibsesdeln of
FIG 1 as q&pggéfyégyéﬁbodiment, a flexible substrate 46 of stable polymer

or polymer/foil composite bearing a layer 47 of a thermally-
5 activatable adhesive ionomer composition. In the connection

operation, foil conductor 32 is laid in physical contact, as at
49, with exposed collector grid 12, and tape 34, sized to
encompass a significant portion of its periphery, is overlaid
upon foil strip 32. This overlay is then compressed under a

10 common heat-sealing shoe or bar, not shown, to activate
adhesive 47 and cause it to flow about the surfaces of
electrode 13, grid 12, and conductor strip 32, to effect, upon
cooling, a firm, stable contact connection between grid 12 and
conductor 32 which may extend to a utilization device or serve

15 as a base for further soldered or welded connection of a wire or

other type of conductor.

A variant arrangement, as depicted in FIG. 5, may be

employed where it is desired to establish an electrical

20 connection between cell collector grid 12 and a similar
lightweight grid foil strip 52, such as might be utilized within
a protective battery enclosure to effect parallel intercell
connections. There the grid contact commection, as at 69, is
maintained by adhesive 67 and its supporting substrate 66,

25 while the body of adhesive, as at 68, provides surrounding

reinforcement for grid strip 52.

In another embodiment of the invention, as depicted in
FIG. 7, individual strips 72, 73 of foil grid may be
30 electrically connected by means of tape 74 in oxder, for

example, to extend an internal battery package conductor. As



WD 97/ 33326 PCT/ US97/ 02174 unitary
| am nate of a positive electrode conposition layer 13 with its associ ated
current collector element 12, an internediate separator/electrolyte |ayer
14, and a negative el ectrode conposition |ayer 15 with its associ ated
current 5 col Meces326| enent 16. When initially assenbl ed forPCHESRARNTSN,
the structure conponents typically include: as electrode 13, a 300 [err]m

thick layer obtesfi Réré sci%ﬂe) aRt ret. ag i My phrertbai 66 isilyAld portion
compound and 6 parts of carbon black intinmately dispersed in a binder

matrix of 16 sﬁrFQPth%ﬁh&BOEW%FWTWSf@ surfaee i He 2RERAPT Bich BEFPENe
copol ymer pl a5yl ch3ed il 16s Ragtoratle dopu! KLED 8l 2 PP lirg oS eagtat o

14, an 85 [er ayer O parts of colloidal silica infimtely
di spersed in 301§adt so cﬁrnctdn@a@gpbbymuzrﬂwa,cmemdm ko5 0akeradvasftaogpPof

o0 a3 o 20U OfE A2rch R IE MO SR o BUET o8y e S LS B0°
copol ymer pl a&hlecaéeﬁvaﬁté@ dheintes coimnpoBRtiShntayers 8iesiar ithed opent heid
above noted pat onts, t e POSl . MM b ReEee el M Y Hnd i ok ®BY s
structure wil PTPAEl BBe @
reinforced by the mass of ionomer composition 87, as well as by
tape substrate 86.
10
Similarly, a folded portion of tape 94, in FIG. 3, may be
enmployed to electrically connect strips of foil grid 32 and
solid feil 93, utilizing both the activated adhesion of ionomer
composition 107 to feils 92, 93 and the cohesion of composition
15 surfaces at 108, as seen in FIG. 10. An altermative
implementation, as shown in FIG. 11, relies on the effective
adhesion between a single layer of tape 94 and foils 92, 93 to
maintain the stable electrical connection contact at foil
interfaces 109.
20
It is anticipated that numerous other implementations of
the described manner of effecting stable electrical contacts
and commections for polymeric batteries, such as including
electrically-conductive components, e.g., carbon or metal
25 powder, in the adhesive composition to enhance the conductivity
of the connection, will occur to the skilled artisan, and such °
variants are nonetheless intended to be within the scope of the

present invention as defined in the appended claims.

30



n of the DBP plasticizer fromth I § 9
one ﬂﬂwﬁ" |ﬂﬂ1’ﬂtml’0ed in FIG 1, of copper collecto @3%% BEEN
al uni num cof | €t &r foi | 16 may be reticulate, for exange—is f-orah of
a 50 [err]mthick expanded netal grid, such as the M croGrid preC|S|on f ol
mar ket ed by WeosmwsBebker Corporation, in order to provide suPCHESNOZTHVent
porosity. A convenient electrical connection téerm nal nmay be provided as a
collector gryfataps Idiafievgy,, reliance upon such an extension of the
delicate collector grid foil, particularly at the exterior of any
protective battery encl osure package, 30 severely detracts from a robust

nature of the I esubligs b hghding bl SyLOCPALL) LOAINCE SHAOHEEQELRTa DRl N

present invenfion
PCT/ US97/ 02144 &bexigrideel lad\camidagesvef elémepos yneri ¢ battery structure

5 characterized in that

a}) said conductive elements are placed in physical,
electrically-conductive contact; and
b) at least a portion of an adhesive element comprising a
flexible substrate bearing a layer of adhesive composition is
10 applied over a first of said conductive elements to adhesively
engage said first element and at least a portion of the surface
of the second of said elements which encompasses the area of
said physical contact, thereby maintaining said physical
contact.
15
2. A method according to claim 1 wherein said adhesive

composition is heat-activatable.

3. A method according to claim 2 wherein said adhesive

20 composition comprises a polymeric ionomer.

4. A method according to claim 1 wherein at least the first of
said conductive elements comprises a reticulated foil grid and
said adhesive composition engages said second element surface

25 through the open areas of said grid.

S. A method according to claim 1 wherein at least the first of
said conductive elements comprises a reticulated foil grid and
wherein at least a portion of an adhesive element is applied to

30 each said conductive element, whereby the adhesive compositions
of said adhesive element portions are engaged in a cohesive bond
through the open areas of said grid.

un\iiﬂ‘iiiﬁfi‘ 1
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ot her dtviSidn df naster cell sheet yields 5 mul tiple f Yaitery

cells which vary W|th sheet area in capacity only, since the volta e range
of a cell is wax¥pM2ed by the conpositions of the el ectrodePCHU@2174hys,
I ncreases in battery voltage may be readily achi eved by series- stacked

mul tipl exi ng &. sazedthadt 6f ymalelns arvwmiﬂeethabheryommtidxy e Hatteby

i ncreased by parallel nultl | exing. The latte homev ires. a
Tl plicity GRENGEBFECTPRRFbEre S PPOTESTHF LT oo

i nvention may JeRgakyrPedstdeol yiéTinbedd atll ha&h]ﬁ&taﬁu.tééé‘tg ond th
gui |l oti ne apparatus 15 for _exanple, generally tends to be a nore

econom cal mareiestricahdyopendscipive ml ieCtpreRenPsr t platwaydhil ieamposed at
I ndi vi dualg t erygenal, ¢gnoegki g0 %@é&l%la 29 P 2WAe Aentes N f&dl L < éjnl-galtion

resul t poses a prob em of signiflcant proportion In the note
mul ti pl exi ng, reimgerafer by aféxed st lediiica) cofibact| betwéerala comicttioans

only the mni mall %lrllli:f \%fcigwggegscgflé&eog ampated collector grids, as is

apparent in the
characterized 1in that

a) said conductor element is placed in physical contact
10 with said collector member; and
b) at least a portion of an adhesive element comprising a
flexible substrate bearing a layer of heat-activatable
polymeric ionomer adhesive composition is applied over said
conductor element to adhesively engage said conductor element
15 and at least a portion of the surface of said collector member
encompassing the area of said physical contact, thereby

maintaining said physical contact.

7. A method according to claim 6 wherein said collector member
20 comprises a reticulated foil grid and said adhesive composition
engages at least a portion of said associated electrode member

through the open areas of said grid.

8. A battery structure comprising laminated polymeric

25 electrode and separator/electrolyte members, at least one
electrically-conductive collector member being exposed at a
surface of an associated electrode member, and an electrical
conductor member in fixed electrical contact with said
collector member

30 characterized in that

a) said conductor member is in physical contact with said

collector member; and

- 11 -
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of su section 20 in FIG 2. Wth so little area presented
by gr ﬂ‘ﬂlﬂﬂmmmﬂ wel | as the considerabl e exposed area of el ectrode
conpo ere is limted 25 utility in comonly-used sol dering or
wel di ng operations to establish substantial electrical contacts with

col l ector gwod7a®26 Such a dilenmmm is sol ved by applicati orPGHUSHEM esent

30 I nvention as shown in FIG 3 where a term nal strlp 32 of solid copper
foil is firmy gffixed q,ﬁyﬁwn Qﬂnt%b%cay fAin COMEE by an adndPi9é/ 33326
PCT/ US97/ 02174 with colTector grid by neans of a overﬁ yi ng adhesi ve tape

34. As nay bdemerh @GONRrIIing [ay filnuqibGe gubstprtSermigd sedavier af

preferred e t t fr0
pol yner/ f oi ggﬂg%r%ggl ?orﬁ%e%%&ﬁm 2 a%?r"r"% égagill}é saab#fy&%gxlact | vgfmg?xé
adhesi ve i osndeatcbepssid mnrtnlqm olfe thengecface of said collector member

5 encompassing the area of said physical contact.

9. A battery structure according to claim 8 wherein said

adhesive composition comprises a heat-activatable polymeric

ionomer.

10
10. A battery structure according to claim 9 wherein said
conductor member comprises a reticulated foil grid and said
adhesive composition engages said collector member through the
open areas of said grid.

15
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operation, foil conductor 32 is laid in physical contact, as at 49, with
exposed collector grid 12, and tape 34, sized to enconpass a significant
portion of its periphery, is overlaid upon foil strip 32. This overlay is

t hen conpresseglgﬂﬂgﬁ a 10 common heat-sealing shoe or bar, not shown, to
activate adhes've A728nd cause it to flow about t he surfaces rafisbr@irs0de
13, grid 12, and conductor strip 32, to effect, upon cooling, a firm
stabl e contact connection between grid 13/81d conductor 32 which may extend
to a utilization device or serve 15 as a base for further sol dered or

wel ded connection of a wire or other type of conductor. A variant
arrangenent, as depicted in FIG 5, may be enpl oyed where it is desired to
establish an electrical 20 connection between cell collector grid 12 and
a simlar lightweight grid foil strip 52, such as mght be utilized within
a protective battery enclosure to effect parallel intercell connections.

There the grid contact connectief . =3t 69, isomintained by adhesive 67

and its supporting substratpg ile the"body of adhesive, as at 68,

provi des surroundi ng

FIG. 1
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reinforcenent for grid strip 52. In another enbodi nent of the invention, as
depicted in FIG 7, individual strips 72, 73 of foil grid nay be 30

el ectrically connected by neans of tape 74 in order, for exanple, to extend
an internal battery package conductor. As - 8 - WO 97/ 33326

PCT/ US97/ OR17waossamds2eore clearly in FIG 8, it is preferred 3SR ™a
portion of tape to the outwardly-di sposed surface of each of grid strips
72, 73, either as separate tape sections 2B as a single tape folded to
enconpass both surfaces, in order to take advantage of 5 the extra
cohesi ve bond strength achieved at the interface of the activated adhesive
conposition | ayers Sy—g Camvje . ~oum " o~y agmer t he

el ectrical connectio )
conposition 87, as

20
FIG. 2
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10 Simlarly, a folded portion of tape 94, in FIG 9, may be enployed to
electrically connect strips of foil grid 92 and solid foil 93, utilizing
both the activated adhesi on of ionomer conposition 107 to foils 92, 93 and
t he cohesion of conposition 15 surfaces at 108, as seen in FIG 10. An
alternative | NR¥Bd#6ation, as shown in FIG 11, relies on tHIEPTREN ve
adhesi on between a single |layer of tape 94 and foils 92, 93 to maintain the
stabl e el ectrical connection contact at f@A5 interfaces 109. 20 It is
antici pated that nunerous other inplenentations of the described nmanner of
effecting stable electrical contacts and connections for polyneric
batteries, such as including electrically-conductive conponents, e.g ,
carbon or netal 25 powder, in the adhesive conposition to enhance the
conductivity of the connection, will occur to the skilled artisan, and such
variants are nonetheles§ y ntended to be within the scope of the present
i nvention as defined in e appended cl ai ns. 54

66 69 68 54
J /
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30 -9- What is clained is: 1. A nmet hod of making an el ectrical
connection between a pair of electrically-conductive elenents characteri zed
in that a) said conductive elenments are placed in physical, '

el ectrically-conductive contact; and b)at |east a portion of an adhesive

el ement conpr iY@ AY33A2f | exi bl e substrate bearing _a | ayer of abfFEEy #2174
conposition is applied over a first of said conductive elenents to

adhesi vel y engage said first el enent and #f/hl east a portion of the surface
of the second of said elenents which enconpasses the area of said physica
contact, thereby maintaining said physical contact. 2. A et hod accordi ng
to claim1 wherein said adhesive conposition is heat-activatable.
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3. A met hod according to claim2 wherein said adhesive conposition
conprises a polyneric iononer. 4. A nethod according to claim1l wherein
at least the first of said conductive el enents conprises a reticul ated foi
grid and sai d adhesi ve conposition engages said second el enent surface

t hrough the ope@9uB&Res of said grid. 5. A method accordi ngPETHUEFRIM 1
wherei n each of said conductive elenents conprises a reticulated foil grid
and wherein at |east a portion of an ath5K5e el enent is applied over each
said conductive el enent, whereby the adheSiVve conpositions of said adhesive
el ement portions are engaged in a cohesive bond through the open areas of
said grid. 10 6. A nmet hod of mmking an electrical connection to a
battery structure conprising | am nated pol yneric el ectrode and
separator/el ectrolyte nmenbers and having at |east one _T_
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Ly qrosaccy -y
el ectricall'y-conductive collector nenber outwardly exposed at the surface

f - -an associ ated el ectrode nenb m ﬁ“’Lon bei ng made by fi xed
el ectrical contact between a coﬁm"ﬂgll ﬂgﬂm nd said coll ector nenber
charact er wagd i# dikahed)isai d conduttdr &l efdent is placed in physical

contact with said collector nmenber; and b) at |east a portion of an
adhesi ve el enent conprising a flexible substrate bearing a | ayer of

heat - acti yat abhemPOhddTRIe RakPROER Adbesi ¥ cBastisPbdtveaRPii ed over
said conductor elenent to adhesively engage said conductive el enent and at

| east a pBRLFoPf cflecheigulivncongncshve lemests orharaseriee dfp&d3fng the
area of said pRysLoah LRALAELve (diRhi ¥sBEd egg'§%rﬂ,£%¥§Lca' contact .

7. A nmet hod according to claim6 ereln ol I ect’or memnber conpri ses
a reticul efledtfibidliyricdndwnctism donthetsi \aadconposi ti on engages at | east a

rid. 8. A patBEr et SopBr LR A R 2RO SRR B & Toge - ana
separ at or fekrtblo|yubetretddenriay hehsferoE adhesive composition isg

applied over a first of said conductive elements to adhesively

engage sald first element and at least a portion of the surface

of the second of said elements which encompasses the area of

said physical contact, thereby maintaining said physical

contact.

2. A method according to claim 1 wherein said adhesive

composition is heat-actiwvatable.

3. A method according to claim 2 wherein said adhesive

composition comprises a polymeric ionomer.

4. A method according to claim 1 wherein at least the first
of said conductive elements comprises a reticulated foil grid
and said adhesive composition engages said second element

surface through the open areas of said grid.

5. A method according to claim 1 wherein each of said
conductive elements comprises a reticulated foil grid and
wherein at least a portion of an adhesive element is applied
over each said conductive element, whereby the adhesive
compositions of said adhesive element portions are engaged in a

cohesive bond through the open areas of said grid.
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-eI e ll lll“ H I ve coll ector nenber having a surface di sposed
out soci ated el ectrode nenber, and an el ectrical conductor

i n f| xed electrical contact with said coll ector nenber characterized
i n that a§.sa s mmcbﬁrmm*ﬁgevani 8lédtrileysi cahneaiibactovh thatzairg col | ect or
menber; an ai d ph 5| contact_is main a| ned byac?%n adhesi ve

el enent c%‘hﬁfq%‘l‘)ﬁgc a‘g’cﬂ?stterdaPB BEEF G SCFE adhesi ve

CO”DOS”lQéba%ﬂt%&VéEé&tﬁl%gl femiSextsd a6 aNEEELRY a&embﬁétm at least a
portion of the surface of said collector nember enconpassing the area of

sai d physPrACTEEALA¥T SoRuCt Lxe hgp HIaaFoFt PSR QUALRBLHN RIPPESE I 3l m 8

wherei n sgid AQEsLVEr GURRSLEL Med UTRELSES adiBRl; asdid /labker D yeric
i onomer. 10. A battery structure according to claim8 wherein said

col | ect orbedneh@adeohyprfixesdt gleetiigalaceutaes |bagwean adcBwiugtor

element and said collector member characterized in that

a) said conductor element is placed in physical contact
with said collector member; and

b) at least a portion of an adhesive element comprising a
flexible substrate bearing a layer of heat-activatable
polymeric ionomer adhesive composition is applied over said
conductor element to adhesively engage said conductive element
and at least a portion of the surface of sald collector member
encompassing the area of said physical contact, thereby

maintaining said physical contact.

7. A method according to c¢laim 6 wherein said collector
member comprises a reticulated foil grid and said adhesive
composition engages at least a portion of said associated

electrode member through the open areas of said grid.

8. A battery structure comprising laminated polymeric
electrode and separator/electrolyte members, at least one
electrically-conductive collector member having a surface
disposed outwardly from an associated electrode member, and an
electrical conductor member in fixed electrical contact with
said collector member characterized in that

a) said conductor member is in physical contact with said

collector member; and

11



.adﬁesi.ve H”L“qulu“ug:“ﬂ?es sai d conductor menber through the open areas
of said’'g ¢ Lk y structure according to claim10 wherein at

| east a portion of an adhesive el enment overlies the outwardly- disposed
surfaces of each cfaiglaptysitdlectontaatdis madutainedrdybeansadideiveby t he

adhesive c ositions of. sai_d_adhesi ve el enent portions are engaged in a
cohesi ve b%n% et%r"]:r Sg%rjt%lengoﬁ"eﬁi‘?ﬁ S gflggté?%tegﬁ%&?lﬁ%.a&a&?ﬁ 8?y structure
accor di ng ddhesdizencdfipodiariennadhedi wilys ahgagitld @alar canthctrdueksdr menber s
conpri ses aC{etiiuI ated foil grid and at |east a portion of an adhesive

el enent oV i¥s 1EART FRREFAPY- Of SR U 3T Rfcsadf Sl ptashmamegrer

wher eby t héndiipaskyeg CEHE @sehi 8PSsHfd pakdieshesintacel enent portions are
engaged in a cohesive bond through the open areas of said grids. 13. A

battery structure according to claim8 wherein said collector nenber

conpri ses q reti gdideed bobhctdiriedaQULMRIY YXoC¥PORES FhelhE, Sl face of said
associ ated el ectrode nenber and said adhesi ve conposition engages at | east
a portion ¥hesdivg composition comprises a heat-activatable polymeric

ionomer.

10. A battery structure according to claim 8 wherein said
collector member comprises a reticulated foil grid and said
adhesive composition engages said conductor member through the

cpen areas of said grid.

11. A battery structure according to claim 10 wherein at
least a portion of an adhesive element overlies the outwardiy-
disposed surfaces of each of said collector and conductor
members, whereby the adhesive compositions of said adhesive
element portions are engaged in a cohesive bond through the

open areas of said grid.

12. A battery structure according to claim 10 wherein each of
said collector and conductor members comprises a reticulated
foil grid and at least a'portion of an adhesive element
overlies the outwardly-disposed surfaces of said each member,
whereby the adhesive compositions of said adhesive element
portions are engaged in a cohesive bond through the open areas

of said grids.

13. A battery structure according to claim 8 wherein said
collector member comprises a reticulated foil grid outwardly
exposed at the surface of said associated electrode member and
said adhesive composition engages at leaét a portion of said

electrode member through the open areas of said grid.
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el ectrode menber t hrough the open areas of said grid. 12
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