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1 Thin Type Cell BACKGROUND OF THE I NVENTION Field of the ijpogenti on
This invention relates to a thin type electric cell used for reducing the
size and wei ght of a portable electric equipnment. Mire particularly, it
relates to an electrode termnal structure thereof. Description of Related
Art Recently, an electric cell has cone to play a crucial role
I ndustrially as a power source for portable electrical equipnents. For
reducing the size and the thickness of the equipnents, there is raised a
demand for the cell to be able to-be housed in a linmted space in the
equi pment. For this purpose, a lithiumcell having high energy density and

hi gh out putTgﬁpsj-S; e l@efthought to be nost appropriate. On the other:
hand, for reduci ng[yt he size and the weight of the equipnments, such a cell -
which is fIBAICKGROUNDIIOF MTHE INVENTDON freedom i n nor phol ogy, thin in
t hi ckness and | arge-sized in area or which is thin in thickness and

smal | -si zedFieldapEahe $ndestivad. These requirenents, however, cannot be
met if a conventional nmetal can_ is used as an outer packaging nenber, In
particul ar, witHThis Foventien pieJetehgte yhet it tyPeardpetric I"Fr?l dﬁ?ﬁfig"e‘d of
a heat- fusion type high rmldgcul.ar film]l agter' and, a .netal f.oil 4tgyﬁ]derea

hereti cal | fedtniag Ehe sire and Xeight, ot @ DRLTAR) ChEle ALy o9 1P

particufarly, it relates to an electrode terminal structure thereof.
Description of Related Art

Recently, an electric cell has come to play a crucial role
industrially as a power source for portable electrical equipments.
For reducing the size and the thickness of the equipments, there is
raised a demand for the cell to be able to be housed in a limited
space in the equipment. For this purpose, a lithium cell having high
energy density and high output density is thought to be most
appropriate.

On the other hand, for reducing the size and the weight of the
equipments, such a cell which is flexible and high in the degree of
freedom in morphology, thin in thickness and large-sized in area or
which is thin in thickness and small-sized in area, is desired. These
requirements, however, cannot be met if a conventional metal can
is used as an outer packaging member. In particular, with a
moisture-proofing type multi-layered film, comprised of a heat-
fusion type high molecular film layer and a metal foil layer, 2a
heretically sealed structure can be realized by hot sealing, “while the

film itself has superior strength and air-tightness. Thus, the



filmitself has superior strength and air-tightness. Thus, the

2" noisture-proofing type multi-layered filmis promsing as a candidate
for the outer packaging material for a cell having high degree of freedom
i n norphol ogy or a thin type cell. However, in establishing

el ectrical conduction between the electrode and the external termnal in
the -noi sture-proofing type nulti-layereg film through an el ectrode
termnal at a sealing opening of the oufer packaging naterial, the thin
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sufficient ddofde88Freadont e OFp STV ohca RhDYitgpe diiween the heat
fusion type high nolecular filmlayer and the netal foil (electrode

termnal). The rfEowevers thatstnbliskkialg celeotrichd sbinghictiénsbeewseheatie to
del am nation to render it inpossible to maintain air- tightness of the
cel | . el€btisodei 41d tthe eiké¢etnaldéermimihalinothey meisturerpeoefing typsl

foil, satisfactory air-tightness or nechanjcal strength cannot be ]
achi eved. |mubdriayxanesr ,flgﬁe thrargh o | eledrogs c'fP‘"l"‘l‘ﬁPégt iagatd ohcalipg
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required tocabnenm QQ é@al%idr ivtdlg@ PEfck metal wire, while a fine metal wire by
itself cannot assure sufficient conductivity. The sealing opening can
be reduced in thickness, while conductivity can also be provided,
if a metal foil is used for the electrode terminal. However,
sufficient tightness in adhesion cannot be provided between the
heat fusion type high molecular film layer and the metal foil
(electrode terminal). The result is that application of the slightest
stress leads to delamination to render it impossible to maintain air-
tightness of the cell.

Thus, with the electrode terminal of a metal wire or a metal
foil, satisfactory air-tightness or mechanical strength cannot be
achieved. In particular, the lithiuxﬁ cell, for which investigations are
proceeding briskly because of the high energy density and high
output density, tends to reject possible mixing of the moisture and
hence is required to be high in air-tightness.

SUMMARY OF THE INVENTION
It is therefore an object of the present invention to provide a

thin type cell having superior air-tightness and mechanical strength.



_SUNIVARY OF THE | NVENTI ON It i's therefore an object of the present
Lnvention to provide a thin type cell having superior air-tightness and
mechani cal strength. . 3 As a
result of our perseverant researches, the present inventors have found
that, by using a netted or porous electrically conductive material for the
electrode terminals, it becones possible to inprove tight bondi ng between
the noisture-proofing nulti- layered fiBmand the el ectrode termnals.
That is, the present inventjong.provides a thin.ty g I N di

cat hode, an anodé®arfi 5ﬁs'éftecf’fol‘§}{re, p%ﬁﬁ%{%ea Y fﬁslegﬁjghersmi gihﬁr eg;g)er%eo'?ti ng
multi -1 ayergd, dddomyf 9D giPhiss ddttBY 8P Srou®ledbciichily
whi ch el ectiﬁi%(fedttore}}mﬁ)%g?gfﬂ%deir@ggheﬁgiuﬁgl&:{ectrodes ;bnd oexterngf . y

termnal s agendQErRG Rfatdrifl f& tRE §1eCOrGde Aetaiiniats) 1ty beooeies possitaeber .
The netted or porous electrically conductormay preferably be one of netal

nets, expangedimpreve pigkheblondimg bedwagyr adat emodfturcaphbonfinpemulti-
The netted or porous electrically conductormay preferably be one of
carbon, ni claglered| filinnamd thoppkectrodaderarinatiai nl ess steel, iron, silver,
gold, alloys thereof or netal plated with {he above  netals or alloys.

in the thin typeFheat|inf thie presenf inKantioBn PLAVHAES: e thit t¥Rgiecell

termnals .airnecll:x(a[nrirgda %fatﬁor&eettatexg a?xro eo%%%saglglcetcrt}g?slrtlex sheathed within a
moisture-proofing multi-layered film formed by a high molecular film
and a_metal foil, in which electrode terminals interconnecting.
electrodes and external terminals are formed of a netted or porous
electrically conductive member.

The netted or porous electrically conductormay preferably be
one of metal nets, expanded metal, puriched metal and aggregates of
carbon fibers.

The netted or porous electrically conductormay preferably be
one of carbon, nickel, aluminum, copper, tungsten, stainless steel,
iron, silver, gold, alloys thereof or metal plated with the above
metals or alloys.

In the thin type cell of the present invention, since the
electrode terminals are formed of a netted or porous electrically
conductive member, the high molecular films at the sealing portion,
such as the heat fusible high molecular film layer or the adhesive
resin, penetrates into the interstices of the electrode terminals to
render the electrode terminal and the high molecular film less liable

to be delaminated from each other to realize superior air tightness



conductive nmenber, the high nolecular filns at the sealing portion, such
as the heat fusible high nolecular filmlayer or the adhesive resin,
penetrates into the interstices of the electrode termnals to render the
el ectrode termnal and the high nolecular filmless liable to be

del am nated from each other to realize superior air tightness

4 and nechanlcal strength. In the thin type cell of the present

i nventi on, is desirable that the opeﬁlng portion of the

noi st ur e- pr gp‘%lnpﬁcm allsﬂlg{xgphf' Im is sealed by the high nol ecul ar f| | m

and that tHe e&ultar passed t hrough by the el ectrode term nal

I's thicker than Itntherﬁ{‘i?i' @yﬁs 86835 f0fhd hresent iing eR@idh Ot FOde8 Y, a
resin piece is desirably applied or otherw se covers the surface of the '

el ectrode dhatniltalopieninggpsitionvof hhehaodsnidergrpofiipmulti-layekédifibm
portion of the high nolecular filmlying at the seali ng portion passed
t hrough by isheealedcbydde higivimaledularfiibhesnd Hhat thehkighmeokeaflar@im

sealing portion, the electrode terninals (cathode  and the anode?a can_be
prevented fRasheshothraghiudy o“tﬁ)nf'laﬂﬁtfwdteh tengeingd; dF fthigk Féyé an the

Wth the thin t) e ce ent inventio el ectrode
Verminal s denaisfingdangatinf dBe REiRE ROHIE.I din PEAMEIS. higatt Rigce
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terminal in register with the sealing portion.

If the portion of the high molecular film lying at the sealing
portion passed t‘hrough by the electrode terminal is thicker than
other areas of the sealing portion, the electrode terminals (cathode
and the anode) can be prevented from shorting due to contact with
the metal foil layer.

With the thin type cell of the present invention, in which the
electrode terminals are forﬁed by the netted or porous electrically
conductive members, tl_le bonding between the electrode terminals
and the moisture-proofing multi-layered_ film can be improved in
tightness to assure superior air-tightness and mechanical strength.
Moreover, the shorting of the cathode and the anode can be
prevented from occurring, as a résult of which the service life,
long-term storage characteristics and mechanical strength of the cell
can be improved to improve the performance and the reliability of
the cell.

BRIEF DESCRIPTION OF THE DRAWINGS

-

Fig.1 is a cross-sectional view showing a thin type cell of the



tigﬁtness to assure superior air-tightness and nechani cal strength.
Moreover, the shorting of the cathode and the anode can be prevented from
occurring, as a result of which the service life, |ong-term storage
characteristics and mechani cal strength of the cell can be inproved to

I nprove the performance and the reliability of the cell. BRIEF
DESCRI PTI ON OF THE DRAW NGS Fig..lg S a cross-sectional view showi ng
a thin type cell of the 5
present i nvention gr or, Fig.2 is an expl oded perspective

view of thd@TEeRt a&ném Pr.b?fap %“'oa‘é‘é& i ng. Fig.3is a
cross-sectional pyiey of 4&1%}@%“ ppee,% ctﬂ’@zﬁl f R $82hi B Bbe cell

Fig.4 is aperspegflve Vi ew, rom bove e thin type
subsequent rpt,qogq‘gl §Oking. Fig.5 is a cross-sectional view of a
nmoi st ur e- proofi ng rrultl- | ayered filmof the thin type cell. Fig.6

is a cross-sectiRigad i¢i ewroksthectibnal wipw ofltheviltin type eslh spibsequamtl i ed |
to a sealing portion X of the electrode termnal thereof shown in Fig.1.
Fig.7 is artoexgaldded perspective view of the thin type cell of

Fig.4 is a perspective view, seen from above, of the thin type
cellsuﬁsequentto seaﬁﬁg.

Fig.5 is a cross-sectional view of a moisture-proofing multi-
layered film of the thin type cell.

Fig.6 is a cross-sectional view of the thin type cell with a
resin piece applied to a sealing portion X of the electrode terminal
thereof shown in Fig.1.

Fig.7 is an exploded perspective view of the thin type cell of
Fig.6 prior to sealing.

Fig.8 is an exploded perspective view of the thin type cell of
Fig.6 subsequent to sealing.

Fig.9 is a perspective view, seen from above, of the thin type
cell of Fig.6 subsequent to sealing.

Fig.10 is a perspective view of a thin type cell, prior to
sealing, according to a modification of the present invention.

Fig.11 is 4 perspective view of the thin type cell, subsequent
to sealing, of the modification shown in Fig.10.

Fig.12 is a perspective view of a thin type cell, prior to
sealing, of a further modification of the present invention. ~

Fig.13 is a perspective view of the thin type cell of Fig.12



Fi g.' 6 prior to sealing. Fig.8 is an expl oded perspective view of the

thin type cell of Fig.6 subsequent to sealing. Fig.9 is a
perspective view, seen from above, of the thin type <cell of Fig.6
subsequent to sealing. - Fig.10 is a perspective view of a thin type
cell, prior to sealing, according to a nodification of the present

I nventi on. Fig.11 is a perspective view of the thin type cell, _
subsequent to sealing, of the nodifi catd on shown in Fi g. 10. Fig. 12
is a perspec%i ve Vi etw of a,thin type cell, prior to sealing, of a further
modi f i cat i SHPSE IR tHLSEAI I MBrvent i on. Fig.13 is a perspective view

of the thin type:ge i . : 6
subsequent to sgze{gi' % o & graéﬁ'g.sffﬁnsn% tghreaprk'iﬂg 1(g)vl\}l r?gett eeeﬂr etlhaét isér?rgg'?vveen

the storagger6di f8d 3nd 4B uaTNIndiktaRd $h Uhe élRchhelydlecctrol yte.
Fig.15 is a graph showing the relation between the storage tinme and the

open-ci rcui ti ngRigt eAt isla ofrdpte siedwing the relgtibm ibetavepmpihesisaviraget he
rel ati on between the charging capacity and the discharging capacity of the
cell after témerangéd ther opeenciumsaliting PEEORIIRT IodN heFcPREFERRED ENMBODI VENTS
Reterring to the 808 9% dtaph showing the Telation betweed the charging
t:,apacit'yr and the discha.rging capacity of the cell after storage for
ten weeks.
DESCRIPTION OF PREFERRED EMBODIMENTS
Referring to the drawings, preferred embodiments of thin type
cell according to the present invention will be explained in detail.
A thin type cell according to the present invention is such a
cell in which a cathode 1 and an anode 2 are layered with a
separator 3 and/or a sel or a gel electrolyte in-between and are
sandwiched between outer packaging material made up of moisture-
proofing multi-layered films 4, 4, as shown in Figs.1 to 4. If the
solid electrolyté is not used, the inside of the cell is charged with
a non-aqueous liquid electrolyte.
The moisture-proofing multi-layered film 4 is made up of a
heat fusible high molecular film layer 4a, a metal foil layer 4b and
a high molecular film layer 4c, layered in this order, with the heat
fusible high molecular film layer 4a facing the inside of the cell.
A .cathode terminal § has its one end passed through the heat

fusible high molecular film layer 4a so as to be exposed to outside,

while having its opposite end electrically connected to the cathode



cel [ according to the present i‘nvention will be explained in detail.

A thin type cell according to the present invention is such a cell in
which a cathode 1 and an anode 2 are layered with a separator 3 and/or a
sel or a gel electrolyte in-between and are sandw ched between outer
packaging material made up of mpisture- proofing nmulti-layered films 4, 4,
as shown in Figs. 1 to 4. If the solid electrolyte IS not used, the inside
of the cell is charged with a non-aqueols I|qU|d el ectrol yte. The
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one end pasgggsill! wangeﬂsvh?@tltsfdﬁ&mehwm dRlefidally fellnhdcayar tdanto as

to be exposed to outs wnile having its opposite end electrically

connected tgnéde ratMhdecathode terminal 5 and the anode terminal 6 may be
Simlarly, a anode termnal 6 has its one end passed through the heat

fusi bl e hi gdommeeted do fainl relbaymrdelansteris] tar o expuseent colbeetxirdeThehi | e
having its opposite end electrlcally connected to the anode 2. The cat hode
terminal 5 cornestdnanmeshodsrinednds pegssyace bondirgcvelding and@dhrpion

g?tegghgle g(r)tp&i? G e rq??hrga %Ide%(f)é%?%%% x%gQQI?i%tll n%lrtrﬁtot.}%(ﬁs h?gl %d%hode
termmai S and the anode terminal 6 are led out at opposite sides,
the terminals 5, 6 may be arranged in any other optional manner
unless the terminals 5, 6 are contacted with each other to cause cell
shorting.

The feature of the thin type cell according to the present
invention is that a reticulated or porous electrically conductive
material is used for the cathode terminal 5 and the anode terminal
6 (collectively termed electrode terminals).

Specifically, these electrode terminals may be of a reticulated
or netted structure obtained by knitting fine wires, a parallel array
of a number of thin fine wires, or of a netted structure comprised
of an irregular array of fine wires connected together. The
separation between neighboring fine wires is preferably 0.5 to 2
times the diameter or the long diameter of the fine wire. In
addition, the electrode terminal may be a flat plate structure having
interspersed holes or slits.

The electrode terminals having this netted or porous’structure

may be enumerated by a metal net, expanded metal, punched metal



by an electrically conductive material. Although the cathode termnal 5
and the anode termnal 6 are |l ed out at opposite sides, the termnals 5 6
may be arranged in any other optional manner unless the terminals 5 6 are
contacted with each other to cause cell shorting. The feature of the
thin type cell according to the present invention is that a reticulated or
porous electrically conductive naterialé s used for the cathode termnal 5
and the anode term nal 6 (coIIectlver termed el ectrode term nals).

Speci ficall these- el ectr g s may be of a reticulated or netted
structure t%ﬂwﬁ§¥q$$4E °ﬁ§ ﬁ% fiff-es, a parallel array of a nunber of

thin fine wrese ol BlefoBShehlathEnL grefesmm%&éu@aeermum&ﬁ&ay

of fine wires connec ogeth arat 1 on”bet ween nei ghborin

Wires is pftﬁteem@doeeﬁé&u%alﬁIﬁp%fmm;ﬁi@aﬁiﬁ c@i"béﬁenheﬁgl daﬁfmﬂimof
the fine wire. In addition, the electrdde term nal may be a fl at pl at &

structure Rafper, tWhgsEsHRS Seainhskﬁssteblshtéﬁ silver, Tholé) el 6 psletHegiewifnal s
having this netted or porous structure nay be enunerated by a netal net,
expanded netrametpliqpdia¢ednwitl these metals or alloys, in view of strength and 8
or an aggregate of carbon fibers. Exanpl'es of the materials

(electri calmglcbmkh}éttwe material) for the elect rode termnals pref erably
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e o g@{ngg |0 B i BGPhAAR delbtinal 5 anl'fhS BV tHhIRELB! From
the viewpoint of the electrochemlcal or chemical stability, aluminum,
gold and carbon are preferred for the cathode terminal 5, while
copper . is preferred for the anode terminal 6. Among terminal
materials usable both for the cathode and the anode, nickel and
stainless steel are preferred.

This cell is sealed by hot pressing an opening end not
overlapped with the electrode of the moisture-proofing multi-layered
film 4 as an outer packaging material. This opening end is shown
shaded in Fig.4.

During this sealing, the electrode terminals are passed through
the heat fusible high molecular film layer 4a so as to be sealed at
a sealing end X as shown in Figs.3 and 4. Since the electrode
terminals are of a netted or porous structure, the material of the
heat fusible high molecular film layer 4a penetrates into interstices
of the electrode terminals to unify the electrode terminals with the
material of the front and reverse side heat fusible high molecular

film layers 4a.



termnals, that is cathode termnal 5 and the anode term nal 6.  Fromthe

vi ewpoi nt of the electrochem cal or chemcal stability, alumnum gold and
carbon are preferred for the cathode termnal 5, while copper is preferred
for the anode terminal 6. Anong terminal materials usable both for the
cat hode and the anode, nickel and stainless steel are preferred. Thi s
cell is sealed by.hot pressing an openi 8g end not overl apped with the

el ectrode of the noisture-proofing multi-layered film4 as an outer

. AT : S o as an o .
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in Figs.3 and 4. nce the electrode termnals are of a netted or porous

structure, skhEnFRbE ik tRin tthpe BEH! of udihbeeheh invbacidmr tii¢ lehectyede 4a
penetrates into interstices of the electrode termnals to unify the

el ectrode terminalss and htlidchent diusableofhighe modeicukard fibuelsyesi $@ heat

fusible high. molecular filmlayers 4a. .

9 Si teongly nunéfied t9 tedshheath¢nusivhith Hikgh hersticupasstbility agér

4a penetrates into interstices of the el ectrode t.eém' nal s dyring, seal ing
S
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i nproved signrficantly 1 service [1fe, long-term storage properties anhd

mechani cal sdgeafid téM {:eff&&ﬁwiwgndsmeabnﬁtﬁel | perfornance and
reliability. The thickness of each electrode termnal is required to

be equal or sni@hleerthitlnesfeof tadneslscofodbetémmindlugsbreqhingd tmwlleeul ar
filmlayer 4a at the sealing portion X (sum of the thicknesses of twp front
and reversequialiesyr. smaller than the thickness of the heat fusible high
molecular film layer 4a at the sealing portion X (sum of the
thicknesses of two front and reverse sides).
If tile electrode terminal has an excessive thickness, the risk
is high that, on sealing by thermal fusion, net-like fibers of
electrode terminals pierce the heat fusible high molecular film layer
43 into contact with the inner metal foil layer 4b. If both electrode
terminals of the cathode terminal 5 and the anode terminal 6 are
substantially contacted with the inner metal foil layer 4b, the cell
is short-circuited.
For preventing this short-circuiting, the thickness of the
electrode terminal may be set so as to be smaller than that of the
heat fusible high molecular film layer 4a. Conversely, the thickness

of the resin material of the heat fusible high molecular film layer 4a

may be thicker. The above problem can be addressed by increasing



If the electrode terninal has an excessive thickness, the risk is hi gh
that, on sealing by thermal fusion, net-like fibers of electrode termnals
pierce the heat fusible high nolecular filmlayer 4a into contact with the

inner nmetal foil layer 4b. If both electrode termnals of the cathode
termnal 5 and the anode termnal 6 are substantially contacted with the
i nner netal foil layer 4b, the cell is short-circuited. For

preventing this short-circuiting, the t #0ckness of the el ectrode terninal
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sealing portion X of the hedt fusible high nolecular filmlayer 4a passed
through byHibknekecsf eHe pertibnad s thenrdsdinsmasseialtdthert hhaknidres sehlinige
portion of the resin material other than the sealing portion X need not be
i ncreased yoetionsXratgd not be iForessed umgemessaeilyoi st ur e- proofi ng
multi-layered film4, since the thickness of the resin materjal in the
seal i ng porti on Boneealingoby shei modxr e-pan of g ot krlaysred ft‘ﬁﬂ bl ¥dGeode
termnal in the pelted tate, the thickness of the.resin mategial iLn.the
seal i ng poriheRhickacss,of hekpsin Matetial [hifecs liE hLiBEcK fopfi to
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be i ntrude usron at portion into the inside of the

cell to state, the thickness of the resin material in the sealing portion X is
preferably twice to thrice the thickness of the electrode terminal.
If the resin thickness is excessive, the moisture can be intruded by
diffusion at the thickened portion into the inside of the cell to
deteriorate the cell performance. In addition, the sealing structure
tends to be complex in shape to produce a creased region via which
the moisture can be intruded into the cell.

For realfzing this increased thickness, it is possible to increase
the thickness of the resin material of the heat fusible high molecular
film layer 4a of the sealing portion X passed through by the
electrode terminals. Alternatively, a heat-fusible resin piece 7 may
be applied to the surface portion of the electrode terminal contacted
with the sealing portion X of the electrode terminal.

The heat fusible resin used for this purpose may be enumerated
by polyolefin resins, polyamide resins, vinyl acetate resins, acrylic

resins or epoxy resins, similar to those used for the heat fusible

high molecular film layer 4a used on the inner side of the moisture-



deteriorate the cell performance. In addition, the sealing structure tends
to be conplex in shape to produce a creased region via which the noisture
can be intruded into the cell. For realizing this increased thickness,
it is possible to increase the thickness of the resin material of the heat
fusible high nolecular filmlayer 4a of the sealing portion X passed
through by the electrode termnals. Alternatlvely a heat-fusible resin
piece 7 may be applied to t he surface drtion of the el ectrode terninal

cont act ed t e t of e t an The
heat fusi blpé zéxgg use 9"'?%5&@8} i)%‘seo%lrgg gt Q,tar rredtr?%tegg gy pollfoltgfl n
resins, po'e‘(?mx%edé ?éi‘ﬁ?nal’d HW-. preCtadhped Qﬁit'hsanai%@ﬁhﬁn FES4inS 6t ARIYY
resins, simlar to those used f.or the heat fusible high m)l ecular film

| ayer 4a ughed Reatfasitiectesindebat dibe oWy siesie-types may be uggddfithgse
multi-layered film4, only by way of exanples. If the electrode term nals
are pre-coaesinsiarie ahemisallat stapleesnd, cambeonntisfabtotitnibdndedito thsins
but also any resin types may be used if these resins are chemccall stabl e
and can be edactrgdet bermyna dendt dot hthe einttef obpyarer(hendl sfusibleo

i nner | ayer (heat; fu ecul ar il Imla a For exarrpl
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electrode t
stability.

The width and the length of the electrode terminals are
matched to the shape of the cell. Preferably, the width and the
length are selected so that the voltage generated across both ends
of the electrode terminals used as cells will be not higher than
1/100 of the nominal voltage of the cell.

The moisture-proofing multi-layered film 4, used as the outer
packaging material, is comprised of a heat fusible high molecular
film layer 4a for bonding, a metal foil layer 4b for increasing air
tightness and a high molecular film layer 4c¢ for maintaining the
strength. The film layer 4c may also be a heat-fusible high
molecular film. It is indispensable that the metal foil layer is
sandwiched between the high molecular film layers. Thus, a larger
number of high-molecular films or metal foil layers may be layered
together.

Moreover, since the sealing portion X is optimally sealed by
heat fusiion, the side of the moisture-proofing multi-layered film 4

towards the inside of the cell is preferably the heat fusible high



mat ched to the shape of the cell. Preferably, the wwdth and the Iength
are selected so that the voltage generated across both ends of the

el ectrode termnals used as cells will be not higher than 1/100 of the

nom nal vol tage of the cell. The noi sture-proofing nulti-layered film
4, used as the outer packaging nmaterial, is conprised of a heat fusible
hi gh nol ecular filmlayer 4a for bondinq a netal foil -layer 4b for
increasing air tightness and a high nol“&cul ar filmlayer 4c for
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the side of t I sture-proofing multi-layered film towards the inside

of the cel ladiseqivel pésial ynsdea dedt witlsithkchbaglfusible hlgh molecular film.

12 nolecular filmlayer 4a. However, a heat-resistant high-nolecul ar

| ayer may Wi thedadhesivestriesiniionused, thentiing damitn efifeghedoieambientfi | m
| ayer 4a so that the sealing portion X is sealed with the adhesive resin

i nst ead of twimpexdiaingeat fusible high nolecular film |f the adhesive
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The materials of the heat fusible high molecular film layer 4a
for bonding may be enumerated by polyolefin resins, such as
polyethylene or polypropylene, polyamide resins, such as nylon,
vinyl acetate resins, acrylic resins or epoxy resins, only by way of
illustration. The adhesive resins may be enumerated by epoxy resins,
again only by way of illustration, because of adhesive properties to
metal or resin and chemical stability.

There is no particulaf limitation to- the material_s of the metal
foil layer 4b if the material is lightweight, flexible and chemically
stable. An example of the material is aluminum which is meritorious
in view of physical properties and cost.

The material of the high molecular film layer 4c for
maintaining the strength may be enumerated by polyamide resins,
such as nylon, polyethylene terephthalate, and polyolefin resins,

. such as polyethylene or polypropylene resins. Of these, polyethylene
| terephthalate and nylon resins are meritorious in view of mechanical

strength.



for bonding may be enunerated by polyolefin resins, such as polyethyl ene
or pol ypropyl ene, polyam de resins, such as nylon, vinyl acetate resins,
acrylic resins or epoxy resins, only by way of illustration. The adhesive
resins may be enunerated by epoxy resins, again only by way of '
Il lustration, because of adhesive properties to netal or resin and chem cal
stability. There is no particular linmtation to the materials of the
metal foil layer 4b if the material islBightweight, flexible and

chemically stable. An ,ﬁé@&ﬂlr%-gfrok?ﬁxg%ﬁmﬁgayér@é UE RHN Wlell kSown

meritorious in view of physical "properties and Tost. The material of
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enuner at ed by pol yamde resins, such as nylon, polyethylene terephthalate, -

and pol yol efi n gasithe, tlsiuchype pelletshpivemeinrFigsl ¥ptopP| ettee rexstine . rich
these, polyethylene terephthalate and nylon resins are neritorious in view
of mechani pairtieas dfguir. sides) of the moisture-proofing multi-layered f3lm 4 Ag
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for sealing

accommodating the electrode devoices 8 in the moisture-proofing
film 4, as shown in Figs.10 and 11. When housing the electrode
devoices 8 in the moisture-proofing film 4, both ends of the
moisture-proofing multi-layered film 4 may be bonded together to
a ring shape and the resulting two sides may then be hot-pressed
together for sealing, as shown in Fig.13. The sealing state is shown
shaded in Figs.12 and 13.

The thin type cell shown in Figs.1 to 9 is made up of a sole
cathode and a sole anode, only by way of illustration. For example,
plural cathodes and plural anodes may be layered or wrapped
together for.use as the thin type cell. The nuﬁber or the areal
measure of the cathodes and those of the anodes need not be equal
to each other.

The thin type cell according to the present invention may be
of the primafy cell configuration or of the secondary cell

configuration.

If the cell is of the primary cell configuration, it is preferred



accommodating the el ectrode devoices 8 in the noisture-proofing film4, as
shown in Figs.10 and 11. Wen housing the el ectrode devoices 8 in the

noi sture-proofing film 4, both ends of the noisture-proofing

mul t'i -1 ayered film4 may be bonded together to a ring shape and the
resulting two sides may then be hot-pressed together for sealing, as shown
in Fig.13. The sealing state is shown shaded in Figs.12 and 13. The
thin type cell shown in Figs.1 to 9 is ridde up of a sole cathode and a
sol e anode, onl
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configuratigdy eldctrdlPfef These electrolytes of known structures may be used. 14
that the anode is fornmed of netal lithiumand the cathode is forned of a

mat eri al capabl dfofhecelildsngf thehprimionselToe nfigetatdbyf ctiis ppefdredbl y
a non-aqueous liquid electrolyte, solid electrolyte or, a gel electrolyte.
These el ectthaltyttbs @fmddrovis oedir ef meetabeligbgm, lithiumf glheysepir jas of

the primary cell configuration, 'it,giy prefer‘{ed that the ani),dg,is fornmed
of net al |ixpmgﬁhal| ithat usea | RRME TS introduce or remove lithium, the

cathode is formed of a material that can reversibly introduce or
remove lithium and the electrolyte is formed of one of the non-
aqueous liquid electrolyte, solid electrolyte or the gel electrolyte.
These electrolytes of known structures may be used.

EXAMPLES

The present invention wiil be hereinafter explained with
reference to specified experimental results.
Experiment a

In the experiment a, the use of a netted or porous electrically
conductorfor the electrode terminal was checked as to its
effectiveness.

Example 1

A thin type cell shown in Fig.3 was produced as follows:

First, a moisture-proofing multi-layered film 4 was produced
by heat-fusing a polyethylene terephthalate film (high molecular film
layer 4c) 12 zm in thickness and a polypropylene film (heat fusible
high molecular film layer 4a) 70 um in thickness to one side and to

the opposite side of a aluminum foil (metal foil layer 4b),



material that can reversibly introduce or renove lithium the cathode is
formed of a material that can reversibly introduce or renove |lithium and
the electrolyte is formed of one of the non- aqueous liquid electrolyte,
solid electrolyte or the gel electrolyte. These electrolytes of known

structures may be used. EXAMPLE S The present invention will be
hereinafter explained with reference tggspecified experinental results.
Experinment a In the experinent a, the use-of a netted or porous

el ectrlcally conduct or f or the el ectrode term nal .was ¢ d as ,t |ts
ef f ecti ven&§§pectigiy) ctoy produce, § HpAlThpIE- BE??f%\KPI“ﬁﬁk]I%]Y rﬁdwgél
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(heat fusibl'e h mIayer 4a) 70 [err]min thickness to one

side and tqg ttdmeqpp@éIatseoﬁtaepaékagﬁigmmm | (metal foil layer 4b),
-15 respectively, to produce a noisture-proofing nulti-layered film4

whi ch was 89 [emMbendatholdiecAnesss thieins fabrixtated- pyodispersinigt 60l am%edf
film4 was sliced into two sections, each 8 cmx-10 cmin size, as to
be used as pauwderedciuagigap asst divaide, 2 wt%Tmf mawdesed MéYYﬁéﬁldene

fabricated by di spersing 90 wt % of owder ed anese dio |de f
powder ed p(ﬂgﬂhﬂﬁlpladéhe wi% of pow%ered gram%xmtge in 2 solvent dZmetﬁy?

formamide. The resulting dispersion was coated on a aluminum net
as a current collector and dried in vacuum at 100°C for 24 hours.
The resulting product was suitably pressed by a roll press to a
thickness of 130 um. The resulting produce was cu to sizes of 4 cm
x 8 cm so as to be used as a positive electrode 1.

The anode 2 was fabricated by slicing a plate of metal lithium
300 ym in thickness to sizes of 4 cm X 8 cm.

The cathode terminal 5 and the anode terminal 6 were
fabricated by slicing a metal net, obtained on knitting stainless steel
wires 50 um in diameter at a separation of 75 um to an overall
thickness of 110 um, to sizes of 5 mm x 3 cm. The cathode
terminal 5 -and the anode terminal 6 were press-bonded to the
cathode 1 and to the anode 2, respectively.

The electrode was fabricated as follows:

After mixing ethylene carbonate (EC) and propylene carbonate
(PC) for dissolution, poly acrylonitrile (PAN) was mixed thereto and
agitated to adjust the viscous solution. To this solution was added

lithium phosphate hexafluoride (LiPF6) to give a gellated



fluoride and 7 wt % of powdered graphite in a solvent dinethyl formam de.
The resulting dispersion was coated on a alum numnet as a current
collector and dried in vacuum at 100C for -24 hours.. The resulting product
was suitably pressed by a roll press to a thickness of 130 [err]m The
resulting produce was cu to sizes of 4 cmx 8 cmso as to be used as a
posi.tive el ectrode 1. The anode 2 was fabricated by slicing a plate
of netal Iithium300[err]minthickneséﬁto sizes of 4 cmx 8 cm ‘ The

hod i nal he. anod nj.nal f abr i i<l
et al net . SISEAFABH ot kAR HigpepaPR} ds Lol EhErgi TR GRATE BGTRC e 7
di aneter at fgggpvggé‘ge?%oﬁ 8L PN B pgN=0V£/5 lp 7.8Ni ckness of 110
S mm X

[err]m to IS cm € cathode "termnal 5 and the anode
termnal 6 were pgge -éﬁ%gﬁf} tortHe a CRORAR PYIBAE honlRoWWdRblic was
respectively. 'Sl'ﬁle el ect raode. was fabri catp(]gd as follows: After

m Xi ng et hyheeg, carbonate (EC) and propyl ene carbonate (PC) for

di ssolution, poly acrylonitrile (PAN) was m xed thereto and agitated to
adj ust the vi scdDBesgélintod.clEottdliyseswiast coatedsomdihed cathodieuin pdstiteat e
hexaf |l uoride (Li PF6) to give a gellated . .
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e rap it on o sk HaerT pad theogorsture-proofitd mbll- SRR Alm® 2
4 were layered in this order. The moisture-proofing multi-layered
film 4 was layered with the heat fusible high molecular film layer
4a facing the inside of the cell. '

The cathode terminal 5 and the anode terminal 6 were
sandwiched in the sealing portion X and the rim portion of the
moisture-proofing multi-layered film 4 not overlapped with the
electrode material was heated and fused together to seal the entire
assembly to produce a lithium primary cell.

Example 2

Using iron sulfide (FeS2) and metal lithium for the cathode 1
and the anode 2, respectively, the lithium primary cell was
fabricated in the same sequence as that in Example 1.

Example 3

Using lithium cobaltate (LiCo02) and metal lithium for the
cathode 1 and the anode 2, respectively, the lithium secondary cell
was fabricated in the same sequence as that in Example 1.

rd

Specifically, 91 wt% of lithium cobaltate (LiCo02), 3 wt% of



The gellated el ectrolyte was coated on the cathode 1 and the anode 2 and
the noisture-proofing nulti-layered film4, anode 2, separator 3, cathode
1 and the noisture-proofing multi-layered film 4 were layered in this
order. The noisture-proofing nmulti-layered film4 was |ayered with the
heat fusible high nolecular filmlayer 4a facing the instde of the cell.
The.cathode termnal 5 and the anode ternminal 6 were sandwi ched in the
sealing portion X and the rimportion of7t he noi st ur e- proofi ng

multi-layered film4 not, overla “with the electrode material was . heated
and fused PoFedersd tﬂngé%ﬁe‘f%é"g&%?‘r‘%"dgs%ﬁbgyvﬁc&’p‘?’dtg&?gégﬁr? tqﬁat?rhlge '
primary cell. Exan'gl e 2 Using iron sulfide (FeS2) and netal |ithium
for the cafftffei®®and the anode 2, respectively, the lithiumprimry cell

was fabri %a;gaenq 'Q4t he sanme sequence as that in Exanple 1. Exanple 3
Using lithi U CBbal't at e (Li Co®) and netal lithiumfor the cathode 1 and

the anode 2, regngqll VBkNiumhecdbiitade) SEATVORY Gald vasbbabdiffiéent ta the
sanme sequence as that in Exanple 1. “Specifically, 91 w% of |ithium

cobaltate (graph@@ize Fort ¥hef cathode 1 and the anode 2, respectively, th#
powder ed vinylidene pol yfluoride and 9 wt % of "powdered graphite were used.
Exanpl e 4 IithiuhsiswgolmdtathnﬁHoMSt fabricpteddn thadsemebseauenee cas they

in Exaniple 1.

Specifically, 91 wt% of lithium cobaltate (LiC002), 3 wt% of
powdered vinylidene polyfiuoride and 9 wt% of powdered graphite
were used and the same procedure as that used in Example 1 was
used for fabrication.

The anode 2 was fabricated as follows: 91 wt% of carbon
difficult to graphatize and 9 wt% of powdered vinylidene
polyflouride were dispersed in solvent N-methyl pyrrolidone and the
resulting dispersion was coated on a copper foil and dried in -
vacuum at 120°C for 24 hours. The resulting prodilct was suitably
pressed by a roll pre.ss to a thickness of 200 pm so as to be used
as the negative electrode 2.

Examf:le 5

| Using lithium cobaltate (LiCo02) and graphite-for the cathode
1 and the anode 2, respectively, the lithium secondary cell was
fabricated in the same sequence as that in Example 1.

Specifically, 91 wt% of lithium cobaltate (LiC002), 3 wt% of
powdered vinylidene polyfluoride and 9 wt% of powdered'graphite

were used, and the same procedure as that used in Example 1 was



graphatize for the cathode 1 and the anode 2, respectively, the [|ithium
secondary cell was fabricated in the sane sequence as that in Exanple 1.
Specifically, 91 wt% of |ithiumcobaltate (Li CoQ2), 3 w % of powdered

vi nyl i dene pol yfluoride and 9 w % of powdered graphite were used and the
sane procedure as that used in Exanple 1 was used for fabrication. The
anode 2 was fabricated as follows: 91 w% of carbon difficult to graphatize
and 9 wt % of povvdered vi nyl i dene pol yfl d# i de were di spersed in sol vent
N-net hyl pyrrol done, and .t he resulting di spersion was coated on a copper
foil and di%&d f ﬁ'é{hfrﬁté?nlzo[err]c for 24 hours. The resulting product
was suitably PISRSShdde o' Gl PEENARe%abNEGHBGAS Ol 200l 7] Burpods Lo

be used as the negative electr Using lithium cobaltate-

(Li Co®2) andrgicanpi t&fcg'ratmmm hogdfd 19arvdt%heoanqd@wa,ereaspemmabnc the -
l'i thium secondary cell was fabricated in the sane sequence as that in

Exanpl e 1. poly fl:ﬁpﬂdlef iwatlel §ispk seti%osolvehi Nnmcathallt myerolid @eR)nd 3het %
of povvdereé) vinylidene polyfluoride and 9 wt % of powdered graphite were
used, and tresustimg pdlcscpedlrmawatShanoamdd om Ex®APnern fodb and dried in
18 used for fabrication. anode é was fapricated as foll ows: 91
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120[err]C fQ h i ng product was suitably pressed by a
roll press ats tt?e %Lik?]%es-sg g ?érr] mso as to be used as the negative

el ectrode %omggqg@{@g m,ﬁigml el

As the cathode terminal 5 and the anode terminal 6, a nickel

foil 100 pm thickness, cut to sizes of 5 mm X 3 cm, were used.
Using the procedure for fabrication otherwise the same as that of
Example 1, the elec.t.rode terminals were connected to the electrodes
and sealed in a clinched fashion at the sealing portion X of the
moisture-proofing multi-layered film 4 to fabricate the lithium
primary cell.
Comparative Example 2

A nickel foil 100 pm thickness, cut to sizes of S mm x 3 cm,
was used as the electrode terminal in the same way as in
Comparative Exampie 1. Using the procedure for fabrication
otherwise the same as that of Example 3, the electrode terminals
were connected to the electrodes and sealed in a clinched fashion
at the sealing portion X of the moisture-proofing multi-layered film

4 to fabricate the lithium secondary cell.

Comparative Example 3



As the cathode termnal 5 and the anode terminal 6, a nickel foil 100
[err]mthickness, cut to sizes of 5 mx 3 cm were used. Using the
procedure for fabrication otherwi se the sane as that of Exanple 1, the

el ectrode termnals were connected to the electrodes and sealed in a
clinched fashion at the sealing portion X of the noisture-proofing

mul ti-layered film4 to fabricate the Iit9hi um primary cell. ~Conparative
Exanpl e 2 A nickel foil 100 [err]r’hthickness, cut to sizes of 5 mm x

3 cm was uséd as {he elegt e terminal in the sane way,.as in

Conpar ati ve Exanpl®! .°1Lt‘?ﬁg{§)ﬂe‘“ﬁ‘r 6?&%?%0‘?“? ABr P IEES gﬁ Sso‘PHbr’W%é’"Ehe
sane as th f I fh t 1 0d )(nal. s r nn d to the
el ect rodesaé{%g s‘gge(l ed ai(;n?i:ellwcl ?%%%tgrﬁ(#easﬁ?{)@{ﬂe{t altnhet%\ga?fa%gppgﬁfoﬁsx i
the noi st ureppiPpfdtive MEEdmp¥erRd Usigy 4hlkC pPOEL&RLE e |fdUlitMi
secondary cell .MCorrpear ati velpExarrpI e ?f i f) tHitRion
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was used as the electrode termnal in the same way as in Conparative
Exanpl e 1. Weiragcoheeptatadurnbef etedtalbdiesaandnseadiekleini s eclihehesdnads otirhat
of Exanple 4, the electrode termnals were connected to the el ectrodes and
seal ed i n aatthaceaditgpardhon X of the moisture-proofing multi-layered film

4 to fabricate the lithium secondary cell.
Evaluation of Characteristics

The Examples and Comparative Examples were evaluated by
conducting a storage test for measuring the amount of moisture in
the cell.

That is, the cells of Examples 1 to 5 and the Comparative
Examples 1 to 3 were kept for a pre-set time in atmospheric air at
normal temperature and humidity and dismounted subsequently for
measuring the moisture in the electrolyte by a Karl-Fischer moisture
meter. The results are shown in Fig.14.

For the cells of Examples 1 to 5 and the Comparative
Examples 1 to 3, measurements were made of time changes of the
open-circuit voltage after storage for a pre-set time duration versus
initial open-circuit voltage directly following the fabrication. The
results are shown in Fig.15.

For the lithium secondary cells of the Example 3 and the
Comparative Example 2, discharge characteristics on storage for 10
weeks were measured under conditions of the discharge current of

0.25 mA/cm? and the temperature of 23°C. The results are shown



at the sealing portion X of the noisture-proofing nmulti-layered film 4 to

fabricate the lithiumsecondary cell. Evaluation of Characteristics
The Exanples and Conparative Exanpl es were evaluated by conducting a
storage test for neasuring. the anount of noisture in the cell. That

is, the cells of Exanples 1 to 5 and the Conparative Exanples 1 to 3 were
kept for a pre-set time in atnmospheric air at normal tenperature and

humi dity and di snount ed subsequent|y foOnmeasuring the noisture in the

el ectrol yte b%(.a arl -Fischer noisture meter. The results are shown in
Fig. 14. In Figy10-he cells of Exanples 1 to 5 and the Conparative

exanpl es 110 3o {PasUHY® ol WBA® Harkefuph 269889010t fifs capacity

open-circuit voltage a or age r a pre-set 'tinme duration versus

initial opgy 'gruqq@ot avglotrg%g @stectly following the fabrication. The
results are shown in Fig. I5. For the lithium secondary cells of the

Exanpl e 3 and t e isCeppar fitdm et argzud e, ofliFighal 4etocHabr ahuertist ice$lsonf
storage for 10 weeks were neasured under conditions of the discharge
current of th@ Bxamyples?l dwods tdwchibétrhéght airetightagseraqdChighe erfoumancaer.e
shown ~ 20, in Fig.  16. The
secondary debhyenssly, cwitlysbeupells wbdherCrmparative tExamplepk teod g the
storage teS};[e'at fusible high mo.lect-xlar film layer 4a and the electrode terminals
(nickel . foils) at the sealing portion X are delaminated on
application of the slightest stress to allow moisture intrusion to
lose its performance.

On comparison of the anodes 2 (metal lithium) of the Examples
1 to 3 and the Comparative Example 1, metal lithium retained its
metal luster in the Examples 1 t 03, whereas, in the Comparative
Example 1, gray-to-white powders attributable to lithium hydroxide
were left in large quantities.

As may be seen from these results, if a metal net is used as an
electrode terminal, it becomes possible to improve tight bonding
between the electrode terminal and the heat-fusible high molecular
film layer to prevent delamination of the electrode terminals and the
heat-fusible high molecular film layer to prevent intrusion of the
moisture which otherwise significantly affects the cell performance.
Specifically, the use of the netted or porous electrically conductoras
the electrode terminal leads to improved air-tightness and

mechanical strength of the cell.

Experiment &



It is seen fromthe results of Figs.14 to 16 that the cells of the
Exanples 1 to 5 exhibit high air-tightness and hi gh performance.
Conversely, with the cells of the Conparative Exanples 1 to 3, the heat
fusi bl e hirgh nolecular filmlayer 4a and the el ectrode termnals (nicke
foils) at the sealing portion X are delamnated on application of
the -slightest stress to allow noisture LAtrusion to |ose its perfornmance.
On conparison of the anodes 2 (netal lithium of the Exanples 1to 3 and

t he Conparative | 211 [ n_the
Exampl o6 11 031, i ExperiliEdl o the pOIBIE Hee oY 1ptTERy AL ThE rqo
powders at f1g i Bpta01R Eé’ahhkhbblﬁﬂ%hdko%'a‘ieché’@{@d I eft in large quantities.
As may be seen fromthese results, 1f a metal net is used as an el ectrode

termnal, iBExdapdews possible to inprove tight bonding between the

el ectrode term nal and the heat-fusible high nolecular filmlayer to
prevent del am n&drosealingheheltermiodé pontivmalaspahdethiydeheapicces7bd£ thegh
nol ecul ar filmlayer to prevent intrusion of the npisture which otherw se
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pieces 7 were each 100 um in thickness. '

The width of the polyethylene coating was 1 mm on the left
and right sides plus the width of the electrode terminal 1, so that
the combined width was the width of the electrode terminal plus 2
mm., The length of the polyethylene coating was the length of the
sealing portion X plus Imm on both ends, such that the combined
length was the length of the sealing portion X plus 2 mm.

The lithium primary cell was fabricated in otherwise the same
way as in Example 1.

Example 7

The resin thickness at the sealing portion X of the heat fusible
high molecular film layer 4a was set to 200 um.

The width of the thickened resin thickness portion of the heat
fusible high molecular film layer 4a was the width of the electrode
terminal plus lmm on the left and right sides, such that the
combined width is the width of the electrode terminal plus 2 mm,
while the length of the thickened resin thickness portion was the

length of the sealing portion X plus Imm on both sides, such that



| ayer at the sealing portion X was checked. Exanple 6 For sealing
the termnal portion, a polyethylene piece 7 of .the sanme material as the
heat fusible high nolecular filmlayer 4a was previously applfed to each
of the front and back surfaces of the sealing portion X of the el ectrode
termnals. The pol yethylene pieces 7 were each 100 [err]min thickness.
The width of the polyethyl ene coating Wﬁ% 1 mMmon the left and right sides
plus the width of the electrode term nal““l1, so that the conbi ned wi dth was

the width aqf th l.ect r.pl p J

pol yet hyl e(r)1t °c8§6“an13‘°«%§9'?%§?|"g]h§?k‘°owf%‘g‘ 0sqq(;\qa ei Ega%&tgygr{ﬁf%:%sp{frﬁmzon
both ends, gych that the conbined length was the | ength of the sealing
portion X plus 2 mm The lithiumprimary cell was fabricated in

ot herwi se the sanige INghivas prinfacgnpeH was Ealariphéed in othefiWwése a¢hiensame

t hi ckness at the sealing portion X of the heat fusible high nolecular film
| ayer 4a wasageds i E200mpée 1. m The width of the thickened resin )
t hi ckness portion of the heat fusible high nolecular filmlayer 4a was the
wi dth of tHéxampder®bde terminal plus Inmon the left and right sides, such

that th mbi ned width i i dth, of the electrode termnalpl
wni o the ongt kst ind Rtk SUIGF #f CiRocke JERE: BRI 32 OF SRt

of the Sealél@%tp&rigit%r}m%xrt%llu@ejrmp&i%q‘{ﬁysizggﬁd W Ezla"l"}ethylene which
is the same material as that used for the heat fusible high molecular

| film layer 4a. The polyethylene coating was 100 pgm thick on each
side. _

The electrode terminal coating was of a width equal to the
width of the electrode terminal plus I1mm on left and right sides,
such that the combined width was the width of the electrode
terminal plus 2 mm. Also, the electrode terminal coating was of a
length equal to the length of the sealing portion X plus 1 mm on
both ends, such that the combined length was the length of the
sealing portion X plus 2 mm.

The lithium primary cell was fabricated in otherwise the same
way as in Example 1.

Example 9

The resin thickness of the heat fusible high molecular film
layer 4a of the moisture-proofing multi-layered film 4 was set to
200 pm.

The lithium primary cell was fabricated in otherwise’the same

way as in Example 1.



22 the conbined length was the |l ength of the sealing portion X plus 2 nmm
The lithiumprinmary cell was fabricated in otherwi se the same way as in
Exanple 1. Exanple 8 - The front and back sides of the sealing portion
X of the electrode term nal were previously coated with pol yethyl ene which
Is the sane material as that used for the heat fusible high nolecular film
| ayer 4a. The pol yet hyl ene coating was 10 [err]mthick on each side.

The el ectrode term nal coating was of a wWdth equal to the wdth of the

el ectrode t and right sides, such that the
conbi ned V\AESY u']ﬁ ?r?gs% g?lllgﬁecsel ectrode termnal plus 2 nm Al so,

the el ectrode t@m{ta n%tsoaiﬁ Ngcwasreice dfengdjiecesuaiud o toheshergnlg obnt he
sealing portion X plus 1 nmon both ends, such that the conbined | ength
was the | el‘tgithpbétxblﬁeof&eabmtgagertwasrclﬁéqidadsof tine cells of Bxampliluand
primary cell was fabricated in otherw se the sane vva}l/ as in Example 1.
Exanpl e 9 ExampTae & tsith Thealesadts eretsﬂn@vmau Faleille high nolecular film

| ayer 4a of the noisture-proofing rTU|tI-| ered film4 was set to 200
[err]m The lithiumprimry celT f brlcatedln ot herwi se the sane
way as in Exanple—i-
acceptable rejects due to shorting

Ex.1 3 7

Ex.6 20 0

Ex.7 10 0

Ex.8 10 0

. Ex.9 10 0

As may be seen from the results of Table 1, the rate of
occurrence of rejects due to cell shorting is significantly decreased
with the cells of the Examples 6 to 9. Conversely, witl_l the cell of
Example 1, the probabiiity is high that the cathode terminal 5 and
the anode terminal 6 pierce through the sealing portion to contact
with the aluminum foil (metal foil layer 4b) to cause shorting
responsible for occurrence of rejects.

It is seen from above that, by applying the resin piece to the
sealing portion of the electrode terminal, coating or previously
increasing the thickness of the resin material at the sealing portion
for increasing the thickness of the resin material at the sealing
portion passed through the electrode terminal, the shorti’ng of the

cathode and the anode and hence the initial troubles of the cell can



23 Evaluation of Characteristics The rate of occurrence of rejects
due to shorting on conpletion of assenbl age was checked of the cells of
Exanple 1 and Exanples 6 to 9. The results are shown in Table 1.

TABLE 1 accept abl e rejects due to shorting Ex. 1
3 7 Ex. 6 20 0 Ex. 7 10
0 - Ex.8 10 ' 0 Ex. 9 ' 10 0

As may be seen from the results of Tabl€41, the rate of occurrence of
rejects du Bb ti ificantly decreased wth the cells of
t he Exanpl gg r%@egt% nr\?éxgg)e 3“%19@11 the cell of Exanple 1, the
probability is high that the cathode termnal 5 and the anode term nal 6
pi erce through the sealing portion to contact wth the al um num foi

(metal foil layer 4b) to cause shorting responsible for occurrence of
rejects. It is seen from above that, by applying the resin piece to
the sealing portion of the electrode termnal, coating or previously

i ncreasing the thickness of the resin material at the sealing portion for
i ncreasing the thickness of the resin nmaterial at the sealing



portion passed_through the electrode termnal, the shorting of the cathode
and the anode and hence the initial troubles of the cell can

\ZI\iflA"'tlj'el gr gﬂmmmmmmm[h?% type cell conprising a cathode, an anode aﬁg

an electrblyte,' sffeafheli within a noisture-proofing multi-layered film
formed by a high nolecular filmand a n%eftgal foil, wherein the inprovenent
resides in that el ectrode term nd i nt erconnecting el ectrodes and

ext er nal IR | c3 L1 ﬁq;g.of a netted or porous electrically
conduct i vewﬁen'gglrs.s . iﬁ?e t I'n type cell as claimed in claim1 wherein
the nettedjor A PQLPMS t%gctddlq:alclo)mgﬁ@qjﬁlgt Qri catliod€asanonmode aafigt adn net,
expanded netal, punched netal and aggregates of carbon fibers. 3. The '
thin type ebddtratycéashedtlied cviilinla wheisiuret-peonfitgdnotti-borered film

electrically conductoris at |east one of carbon, nickel al um num copper,
tungsten, €ominededy st ckigh i mohecular dilmgand, & meyal foil, wherein the

improvement resides in that

electrode terminals interconnectihg electrodes and external
terminals are formed of a netted or porous electrically conductive
mefnber.
2. The thin type cell as claimed in claim 1 wherein the netted or
porous electrically conductoris at least one of a metal net, expanded
metal, punched metal and aggregates of carbon fibers.
3. The thin type cell as claimed in claim 1 wherein the netted or
porous electrically conductoris at least one of carbon, nickel,
aluminum, copper, tungsten, stainless steel, iron, silver, gold, alloys
thereof or metal plated with these metals or alloys.
4. The thin type cell as claimed in claim 1 wherein the anode is
formed of metal lithium, the cathode is formed of a material capable
of occluding lithium ions and wherein the electrolyte is one of a
non-aqueous liquid electrolyte, solid electrolyte and gel electrolyte.
5. The thin type cell as claimed in claim 1 wherein the anode is
formed of one of materials that can reversibly introduce or remove
metal lithium, lithium alloys and lithium, the cathode is formed of
a material that can reversibly introduce or remove lithium and
wherein the electrolyte is one of a non-aqueous liquid eléctrolyte,

solid electrolyte and gel electrolyte.



thereof or metal plated-with these netals or alloys. 4. The thin type cell
as clained in claiml erein the anode is forned of netal lithium the

cat hode ﬁ“‘@“m B‘UHE“N erial capable of occluding lithiumions and

wher ei n“‘ iy is one of a non-aqueous liquid electrolyte, solid
el ectrol yt e® and gel electrolyte. 5. The thin type cell as clained in claim
1 wherein the anode is forned of one ohomaterials that can reversibly

i ntroduce or renmove netal lithium lithiumalloys and Iithium the cathode
Is formed of Pl Ed 3y deei1fafls TQUGRYOI¥ EILiRPOUCRhRE e [£NBY Copbhftigim
and wherelrh the elec rgl yte 1s one of a non-aqueous liquid electrolyte,
solid el echpplivie cAN¢h&ChotkBbid-Prolofing multi-layered film is sealed by a

26 6. The thin type cell as clained in claim1l wherein an openin portion’
of the noibigh anpleailargfiiml endl tyertddckness iof thealkigtbynaleailgh es8tll ar
filmand the thickness of the high nolecular filmat_ a sealing portijon
passed t hraugelbyg tertidrqassed throngh by she glegtrode fapminpbs thigkeny

the sealing portion. 7. The thin type cell as clainmed in claim®6 wherein
a resin pi tean othesmfeiasot bhe Feading 2OLLRDt he el ectrode terni nal

correspondjng the sealin ortipn or.a resi. j gvers ce
of the el th rhgbe ttgf?n' type g*fé‘ép%ﬂiﬂhﬁd t*8 ?ﬁael%éggaﬁ’?ﬁﬁrcedﬁr #i f)‘%};}% 3%2@
is applied to the surface of the electrode terminal corresponding to

the sealing portion or a resin piece covers the surface of the

electrode terminal corresponding to the sealing portion.



