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1 DESCRI PTI ON ELECTRI C COVWPCSI TE ELEMENT 5 [Field of
the lLnvention] [0001] The present invention provides
an electric conposite elenment, nore specifically an
el ectric conposite elenment conprising a polyner PTC
el ement and a tenperature fusel 10 nenber. The present

i nvention further provides an electrical device, such
as a secondary battery pack, containing an electrica
circuit having such electric conposite elenent, for
exanple as a circuit prRERCIRH TéOMent, and an

el ectric apparatus, such as a charging 15 apparatus, a
cel l ul ar phone apparatus, etc. in which such

el ectrical device is used. [Background Art] [0002] 20
When using angal BCITReB! CIBM PO SUTE & RMSERAGndary
battery (for exanple a lithiumion battery) pack or an
el ectrical apparatus using such device, various
abnormal conditions may arise. If such abnornma

fpf‘é’id'd’fntﬁ%n;h{? ‘?Ftl?ﬁ"lt hout being elimnated, the

errperature 0 trical 25 device or the
{47 cal apparatus rises, then the device or 2

' ppar us gets overheated, and in the worst case may

Catch'l'fﬂéepresent invention provides an electric composite
element, more specifically an electric composite element
comprising a polymer PTC element and a temperature fuse
member. The present invention further provides an

electrical device, such as a secondary battery pack,

~containing an electrical circuit having such electric

composite element, for example as a circuit protection

element, and an electric apparatus, such as a charging
apparatus, a celliular phone apparatus, etc. in which such

electrical device is used.

[Background Art]
[0002]

When using an electrical device such as a secondary
battery (for example a lithium ion batiery) pack or an
electrical apparatus using such device, various abnormal
conditions may arise. If such abnormal condition continues
without being eliminated, the temperature of the electrical

device or the electrical apparatus rises, then the device or
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[0003] For exanple, if a failure occurs wherein the
termnals 5 of the electrical device are
short-circuited, the tenperature of the electrica
device rises to create an abnormal condition.

However, if the short-circuitiig of the terminals is
detected quickly and elimnated, the abnornal
condition is elimnated. For exanple, when recharging
a secondary 10 battery pack, an abnormal condition is
@Epacdtubepehs ovaekpedesd almat inciheuvorstaase may
through a foreign matter such as a netal piece having
eeaatty ifcd. conductivity (such as a clip), conmes in
contact between the termi nals; by renoving such

oo @n matter, the condition returns to 15 nornal
Such abnormal condition can be described as a

"transi ente @@ IR ifcantafiuee bteureXxwiéesimthe terminals
resol vable tenporary failure condition)". Electrical

Qﬁvtﬁgseléembﬁmﬁé@l@ér§%tSH69F%Pb9nt@$e'Tﬁ’ét fehperature
order to protect the circuit during abnorhalities,

4K the bFeBRlicRFCEETREL! Mised ‘i’SSbFQQIté éﬁeabﬂ%r%é?u't

protection device to permanently open circuit of

Wi 8 AEH. | dbyflevbee e Sy ﬂrl?uetmg B8P Borminals

conditi on ari ses. bs case, e cause:

RIS '“Rﬂgc%@s %gfvﬁf@ﬁ@gg%}‘a@%f ELbbpaitior
i 2 [ vV

ﬁrSéFfrha?é‘t%ﬁp PR Ay E%Zn@?m reah A g 4 iskkppdary

be a'r ettable el e that the el ectrical

d@/ﬁt@éch@ P& GNP OH @Hé‘ddé't%’é Isscreated when an

unexpected short-circuit occurs through a foreign matter
such as a metal piece having electrical conductivity (such
as a clip), comes in contact between the terminals; by
removing such foreign maiter, the condition returns to
normal. Such abnormal condition can be described as a
“transient abnormal condition (for example, a resolvable
temporary failure condition)”. Elecirical devices
incorporate circuit protection elements in order to protect
the circuit during abnormalities, but it is not necessarily
desirable for the circuit protection device to permanently
opénthe circuit of the electrical device when such transient

abnormal condition arises. In this case, the cause. of the

“abnormal condition can be removed relatively easily for

example by the device user, so that the circuit protection

element is preferably of a reverting type that temporarily
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removed. [0004] 5 In contrast to the above case, if
an intrinsic failure exists in the electrical device
itself (e.g. a problemexists in the circuit design
of the electrical device, so that excessive current
inevitably flows under a certatn condition), the
tenperature of the electrical device also 10 rises to

create an abnormal condition. Such abnor mal conditi on

cannottgé?erally have the cause easily renmoved by

apansithe ol ecigierivicéecutvenei tbena r&ﬁetetmbhesed@tment 80
off and the tenperature of the electrical device is
thatrtdd: alleetriszake debroransiarcdmrlins-ors edl 10naei deepbyause is
accidentally re 15 applying current, so that an

egtmeweldy dangerous condition is created. Such

abnormal condition is a "serious abnormal condition
(@004]an intrinsic failure condition that cannot be
repaired easily)". Fromthe standpoint of safety, in

order |hocoAYPA 8t tthetl 8- aboWd &$e Ofif &h averirasiic failure
condition (and the 20 danger of a fire occurring

Bl 5 Bt Yhecévééﬂ'lbléIr@e%ﬁ)@byn@.@alfqlé" end pHdbPeln exists
renDV|ng the cause of the ure clircult

Ol tdiPB UR %‘?@igﬁ WfﬁeréiégthEatl h@e@'i@ét rdFahat

eVICG IS pre era a non-reverting ype 1. e.

PR SRR idn! E@%NE%W?F%{%?W@%%&E%#' o’
%lo%ccﬁlt'i&n?,l H%nEeHﬁ?grﬁu?‘e%f?H elecirical device also

rises to create an abnormal condition. Such abnormal

-condition cannot generally have the cause easily removed

by the user side of the device. Even if the current is cut off

-and the temperature of the electrical device is lowered, the

same abnormal condition will arise by accidentally re-
applying current, so that an extremely dangerous condition
is created. Such abnormal condition is a “serious abnormal
condition (e.g. an intrinsic failure condition that cannot be
repaired easily)”. From the standpoint of safety, in order to
avoid the re-occurrence of an overheat condition (and the
danger of a fire occurring ult‘imateiy) caused by re-applying
current without removing the cause of the failure, the
circuit protection element incorporated in the electrical
d'evice is preferably of a non-reverting type, i.e. non-
reseuable,thatpermanentw'opensthe circuit of the

electrical device.
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protection elenent is a polynmer PTC el enent. Wen

excessive current flows through the elenment, it

sel f-heats 5 through Joul e heat and reaches a high

tenperature, as a result of which the resistance

rises to reduce the circuit chrrent; thus the el enent

has the function of protecting the <circuit. If an

abnormal ity occurs, not through self-heating of the

gol ynmer PTC el enment but through increase of the 10
@8Rt tenperature of the element, as a result of

which the tenperature of the PTC eI enent rises, the

el ect Arcaixa mgsliesodnad ef e chid CebEaBR Nt itssed rapi @G rpH it

a simlar way. In this case, if the polynmer PTC .

eretectios ¢ remeror s el p?cmlytrher BPITeCteieale ndi.r diten

causi ng the abnormal condition of the 15 anbi ent

eares eiwe e uirsmyfidwe thiroegth thewebgmdmughsehe-heats

circuit is substantially cut off by the el enent which

R0 ulkEF IR i e dersd aweched BeRighotd mparatiurat,eds a

fromthe <circuit, as a result of which the increased

aERiAtof WY Qh'ér ?e'sfistjé?ﬁb%aﬁﬁe‘}bs 30 FeQRfde lthd kercuit

present specification, such rapid rise in the

C?r'uer‘?%rigcjlhtwst‘!?% 1) fnttHsspmérﬁln&TGr?'oan%téétmg the

escCri ement actuating (or tripping

Q:l?FcuﬁW' tghéﬂgg% Qlittpt OE% aﬁg:i hqfoJ@Z §dff-heating

enent er t I ncrease of the

534-8 @%aﬁéfgﬁfegﬁgéfgthf%m #ter{ [Pé &91 H lh?ﬁgg se of the

a
[
NN

aabngr:%lt'tté/m%ferta %r%l ) t{t'wgatlalé::"nrenut' tastQ result of which

the temperature of the PTC element rises, the electrical
resistance of the element rises rapidly in a similar way. In
this case, if the polymer PTC element is incorporated in the
electrical circuit causing the abnormal condition of the

ambient temperature rising, the current flowing through the

circuit is substantially cut off by the element which has

become high-resistance and heating is eliminated from the
circuit, as a result of which the increased ambient
temperature is decreased.

[0006]

In the present specification, such rapid rise in the

electrical resistance of the polymer PTC element is

described as the PTC element “actuating (or tripping (or
switching))”, and the temperature of the PTC element

immediately after the rapid increase of the resistance is
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el ectrical resistance value of the polynmer PTC el enent
decreases to the original electrical resistance val ue

or a5 value close to it, and substantially does not
affect when the electrical apparatus is re-used
afterwards. In this sense, t pol ynmer PTC elenent is
a reverting type device. [0007] |In another

enbodi ment, a tenperature fuse nmenber is 10 utilized
as an electric elenent used for a circuit protection
eRéledt" agiyating 4ardrépt (@AW ChdRGUAt a8 P fendtiie”. After
formed by a readily fusible netal (may al so be an
pehoyying Nee iz orfron ity (cfbrthexahgcterrwarieclr@tuutpthe
plate, and the like). As in the case of a polyner PTC
el epenitc,a whesi s tenaebv aht e 161 tthmpercdym er rP $€5 ¢liement
prescribed tenperature, the nenber fuses and actuates
teares ébetwithauiorigmahisdle dihcdusesiseahee value or a
i ncorporated. The tenperature at which the fuse

rerber clbys Bstitataasd coubesaanigllyodblee MRt aRtePOWIien the
of the netal (or alloy) conposing the fuse nenber,

and ciPi dAMapaH e &) 4 W%eﬁeltﬁ@édaﬁ\‘t@t\ﬁa@ﬂ svarmouﬁ.s sense,
tenperatures are commercially available as fuse

? %rﬂér 'FST@me&?QrﬁQﬁ? i st Beréﬁ’@?f‘iﬂg ‘{8 f iR v @ik Of
is not restored ter f |ng even
he tenperature returns to below the nelting
0|nt In this sense, the fuse menber is a non 25

| .L:}'ﬁgibng[@ﬁgénéﬂ?ﬁgtdéﬂ %ét;g?rﬂl?@q’h dd3hebber is

utilized as an electric element used for a circuit protection
element. This is an electrically conductive element formed
by a reédily fusible metal (may also be an alloy) in various
forms (for example wire, strip, plate, and the like). As in
the case of a polymer PTC element, when the ambient
temperature rises to a prescribed temperature, the member
fuses and actuates to open the circuit in which the fuse
member is incorporated. The temperature ét which the fuse
member thus actuates corresponds to the melting point of
the metal (or alloy) composing the fuse member, and
temperature fuses that actuate at various temperatures are
commercially available as fuse members. It is noted that
the conducﬂvefuhcﬂon of the fuse member is not restored
after fusing even when the temperature returns to below the
melting point. In this sense, the fuse member is a non-

reverting type element, i.e. it is an element that
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A tenperature protection el enment wherein a pol ynmer
PTC element and a neltable netal as a fuse nenber are

- 5 connected in series is disclosed in the foll ow ng

Patent Reference 1. This protection elenent utilizes
the fact that, when the anbi €t tenperature exceeds a
prescribed tenperature, the conductive polynmer of the
PTC el ement expands thermally and overheats, as a
result of which the 10 conductive pol yner heats up
parshagardyf ape mertber civcuitel t. In other words, the
protection elenent is designed so that the fuse
e8] i nevitably fuses when the PTC elenent is
actuated. In other words, the protection device

di scl gsedmpedhtarsoproeyetidmelieynendvendtwivgl peymer
15 polyner PTC elenent is used. [Patent Reference 1]

IFeT d- epgth £t et dABPnicleabd M@ ta|2883a Fudd3nember are
[ Di scl osure of the Invention] 20 [Problemto be Sol ved

@bﬁﬁéck@ﬂem 0l e d POURs A sEF G Bed APV inGP Atient

abnormal conditions may arise in an electric

@f’é’?é?é#ée yher @iy ?t?%%’@ﬁoﬁ H ity u‘fﬂ‘??é%stﬁé%ct that,

ectric apparatuses require t e electrica circult

WhBR BRENEHh Bldnd Rerl bRerBUL LRELS AL & SATR Tripeq

I C appara uses ereli eSI ra

SBThER arure iﬁrbe%ﬁh%ﬁbvp%%ﬁﬁpﬁsﬁt bR Wre?‘%b*g nt

aeban%rq%IS ﬂ?gg'rr}é andI overheats, as a result of which the

conductive polymer heats up causing the fuse member to

melt. In other words, the protection element is designed so

that the fuse member inevitably fuses when the PTC

- element is actuated. |n other words, the protection device

disclosed is of a non-reverting type even though the
polymer PTC eiement is used.
[Patent Reference 1] Laid-open Patent Application No.

2003-317593

[Disclosure of the invention]
[Problem to be Solved by the invention]
[0009]

As described above, various abnormal conditions may
arise in an electric apparatus. When an abnormal condition
occurs, some electric épparatuses require the electrical

circuit to be opened all the time, but there are some
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has occurred. In other words, there are cases where it

is 5 desirable to cut off the current tenporarily in a
transi ent abnormal condition, and to cut off the

current permanently in a serious abnormal condition.

In other words, there are casés where it is desirable

to have both the functions of a reverting type

el enent as well as a non-reverting type 10 el enrent and

to exercise either function depending on the

i lecinit @ecearat Wsass wheSsirvdt tisedRrsobabhg tHatD1bg agrrent
As a result of close consideration of the above

giowl emthd dlascthecrap pandttbais ttben pemperiat orepef mareently
el ectrical apparatus (or electrical device), in the

teanperf firde p abiinplorcand type, of sthielatb hvehyalmeoedition that
often lower than in the serious abnormal condition;
iHasushcapp8d. iih bshBPtwad0ddesii@béeat® des8BNRMENE it is
cut off the current flowing through the circuit of

Lc{}?s R0 t63E uPPAT B 8Sc (e D c?h BB RIrAIS/ Ii nde\ra®sient

rather to cut off the current tenporarily.

CRONBFREAY cdrld h@énaléﬁdbﬁ?%l{tﬁ‘éw oy ird ﬁthﬁetrﬂwean ently

serious abnormal condition, e tenperature o

ot S b U85 BNRARY S RYIBE, o 5F iRl Wi £elnuRS are

rela en consi déra gher  t

(s b8 RRl LT AR BRira A b¥us, Bati e Hanktibhs of -
fl ow 2? th ough Lhe ci[cuit 0 the el ec_tri cal .
EISjoinc Rl Ele t ReC A&t A% CHedFcB) MBI TRYEAEING JYPe

eilement and to exercise either function depending on the

circumstances.

[Means to Solve the Problem]
[0010]

As a result of close consideration of the above
problem, it has been found that the temperature of the
electrical apparatus (or electrical device), in the temporary
abnormal condition, is relatively more often lower than in
the serious abnormal condition; in such cases, it is not
desirable to permanently cut off the current flowing through
the circuit of the electrical apparatus (or the electrical
device), but rather to cut off the current temporarily.
Conversely, it has also been found that, in the serious
abnormal condition, the temperature of the electrical

apparatus (or the electrical device) was relatively more
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5 cut off the current permanently. [0011] It has al so
been found that, when the polyner PTC elenent is in

an actuated state, the tenperature of the elenent

itself is not very different fromthe nelting point of
10 a pol ymer conposing an el e®rically conductive
conposition of a PTC nenber constituting the el enent

if the anmbient tenperature around the elenent is |ow,

i f the anbient erature around the elenent is

aif tan @ﬁntsnde@ﬁrbéwngs@her thhent gnpbeat@ampofathe@bnormal
el ement itself becones considerably 15 higher than the
pelndingo poiint saficht k@ g yikris npoodepimakle to temporarily
specifically, in considering the relationship between
the ofmpaeatureeot fiberipg ¥heo UIC thleementuithed the
actuated (in particular the surface tenperature of the

- 80e el peat apqek dthuks (@rt tpes ks titrécal devidertrodeather to

the PTC elenent)), i.e. the tenperature of the
eLenent takt eLrrant ;ﬁéﬁr‘rﬁr@@mi&@f the polymer PTC

el ement has rapidly increase and t he anbi ent
[gmqe[r]ature around the polynmer PTC elenment, i.e. the
enperiature of the environnent in 25 which the el enent

Is pl @‘P?Pastéﬂ"sd‘ ‘ﬂéé’ﬁ"‘%ﬁ@sgﬁé% Wéngthégé‘eéﬁgirm\g‘repwc

theeement s In an actuated state, the at ed

{eorlpltclsv?ﬁuﬁnoefac h?h gFé‘f E‘ﬂ Fﬁ e B2 6% of the

i c val ue from e ‘anbi ent

%333%@? 4387 o8 STy J.?ﬁgpsr%t%rsﬁvwe melting point of

a polymer composing an electrically conductive composition

of a PTC member constituting the element if the ambient

- temperature around the element is low; if the ambient

temperature around the element is high, on the other hand,
the temperature of the element itself becomes considerably

higher than the melting point of the polymer.

10012]

More specifically, in considering the relationship
between the temperature of the polymer PTC element when
actuated (in particular the surface temperature of the
element (and thus a temperature of an electrode of the PTC
element)), i.e. the temperature of the element after the
resistance of the polymer PTC element has rapidly
increased, and the ambient temperature around the polymer
PTC element, i.e. the temperature of the environment in

which the element is placed, the following results were
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5 (this equilibriumtenperature is called the el enent
tenperature of in this specification); although, in a
region where the anmbient tenperature is sufficiently
| oner than the nelting point (e.g. about 30 C | ower
or nore lower than the nelting point) of the pol yner
(in particular crystalline 10 polyner) in the
conductive polymer conposition used in the polyner

-PTC el enent, the tenperature of the polynmer PTC

Epeimsht Wiseattheee lesneimgi pdnnanofcthatsel pieteorthe
slightly higher, as the anbient tenperature rises,
gfemeratmdtcatcerriﬁisr ataliuee g timese he mpresnt &imech thiee released
nmelting point of the 15 polyner, and when the anbi ent
caipeificurel @gcheds thhe ehemtdmigtpoilng ahiketpod yrelranced

. the device tenperature wll becone considerably

Birghahd @lemédtGeaheS bi @feeltalr@re%tmr BrfUlthQDanéﬂature
the nmelting point of the polyner

(PRI §ili MMt femP®F £N0iré 98PERALY & hid %ﬂ&méh@
pol ymer PTC el enent in an actuated state can reach a

LBPSEREYLPecoNThaiRDloy daheatidI Bith SBLH. " BOYBGion

Its constituent polymer. Thus, i't has béen found

Suc%re r?%‘ha@ t%é‘{nfgg%’g{%%gé‘fu.?étlgal;ﬁ?ﬂ@[eﬂn‘l}Ll'és\aﬁéralhan the

MLl BYR: (5 L0es Pnsgoe P 098 e han
SHATTES 458 BRTHETS TRy LI 2P0 ERBP SRl

PaRMET" iR Pﬁé”@%n%é*ttwae bRITR e PLo MBS s Man"llsed in the

polymer PTC element, the temperature of the polymer PTC
element is at the melting point of the polymer or slightly
higher, as the ambient temperature rises, the element
temperature bécomes higher than the melting point of the
polymer, and whén the ambient temperature exceeds the
melting point of the polymer, the device temperature will
become considerably higher (e.g. 10 °C - 20 °C higher, or
more higher) than the melting point of the polymer.

[0013]

Therefore, when the ambient temperature rises, the
polymer PTC element in an actuated state can reach a
temperature considerably higher than the melting point of
its constituent polymer. Thus, it has been found that, if a
fuse member that actuates (i.e. fuses) at such a high

temperature, i.e. a fuse member whose melting point is
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5 the actuation of the pol ymer PTC el enent that has

reached such a high tenperature will cause the fuse
menber to actuate and fuse to cut off the current
permanently, i.e. bring about a non-reverting

function. [0014] 10 It is not®@d that if the actuation

of the polyner PTC elenent inevitably causes

actuation of the fuse nmenber, the purpose of the

i nvention cannot be achieved. As described above, the
compidaiatl Yohi ghe pbh areth PTO © i Rgem i h & Hee upebymer,
in alow anbient tenperature is at 15 or slightly
Ringhdhet pad yrmer R NG e epoemt af et ftee polafhercoang ctelse the
actuating tenperature of the fuse nenber al so has

aate ibowahdée Ifolymeri B TiGakele metd notsia@chingnsuch a
the actuating tenperature of the fuse nenber, i.e.
hhighneé i pgrapoiatb dhghabetala (rlel\(érddnggftﬂhbbbdn, while
constituting the fuse 20 nenber, needs to be at | east

bhe hicgberidhaof the wRIlyinmgr PTiQe [efmbhe 004y MRis reached
[0015] Based on the know edge descri bed above, the

BLRSEH hl?W@é?ﬂ@@rQwVéd@ﬂIaGa@s%C‘tthf@@épﬁﬁémfber to
el enment 25 conprising a polynmer PTC el enment and

t3f 'ér ffﬁ%ee b cﬁ?'ﬁ’ﬁrtﬁené‘ﬁﬁt@ﬁte'ﬁbﬁﬁ%'rﬁéntly,

t her et o, | ectric corrp03|te el e bei ng
nb b
SHER APl MU PRk e, o et

t[B% 1p£pf ymer PTC eI ement, and the nelting point

It is noted that if the actuation of the polymer PTC
element inevitably causes actuation of the fuse member,
the purpose of the invention cannot be achieved. As
described above, the temperature of the polymer PTC
element when actuated in a low ambient temperature is at

or slightly higher than the melting point of the polymer, and

‘the actuating temperature of the fuse member also has

some allowance. If this is taken into consideration, the
actuating temperature of the fuse member, i.e. the melting

point of the metal (including alloy) constituting the fuse

‘member, needs to be at least 5 °C higher than the melting

point of the polymer.
[0015]

Based on the knowledge described ébove, the present
invention provides an eleciric composite element

comprising a polymer PTC eiement and a femperature fuse
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5 of the nmetal conposing the tenperature fuse nenber
being at least 5 C higher, preferably at least 10 C
hi gher, and nore preferably at |east 15 C higher, for
exanpl e at |east 20 C higher than the nelting point
of the pol ymer conposing the pol ymer PTC el ement. 10
[0016] In the electric conposite el enent of the
present invention, the polymer PTC el ement nay be any
pol ymer PTC el enent known in the field of the
Me/ame o odEN e 6hgdaln Sariesn theresot Hbepedpicdric composite
descri bed above. For exanple, the 15 PTC el enent
ebmgranubiaig g Iod 2t etenizefd tthe threedemperateneifarseas

-an electrical resistance at roomtenperature

froeméred bye ing thea crethgeo dh 200itCis WA €) tdfe dihefranabl y
about 5 mJ - 200 mJ, nore preferably about 5 nJ - 100

vl uaTtt @ fekleet piodam e e FiCarde méher zacd uate anedfind point
preferably at |east 500 tines, nore preferably at

. beasie HWEPal tddi’ﬁ?o§ﬁ‘fg etmb@nﬁﬁ@ﬁtmgeﬁis@ﬁﬁember being

particularly preferably at |east 10000 tines the

gkaelddicsl e cepighanceppefof£n pEtUBE 48D (OWGhigher, and
equi val ent to the resistance at room tenperature). 25

Y] ﬂezfer(éecﬂ?r al! Dé éhel 53°|0"'Fﬁfgl'|°é_|c F&F'B%E‘én“pie at least

colrrprl ses a pol'yner exanpl e a I'am nar
f

7 yﬁehEﬁﬁgmf@%“eé%gcﬁﬁiﬂréyﬁéa%%? e Bafyar o

88’%988'sﬁh8”th8”80'i'§?haér PTC element.

[00186]

In the electric composite element of the present

iinvention, the polymer PTC element may be any polymer

PTC element known in the field of the invention as long as
it can solve thé problem described above. For example, the
PTC element constituting the element of the present
invention has an electrical resistance at room temperature
(generally in the range of 20 °C - 40 °C) of preferably
about 5 mQ — 200 mQ, more preferably about 5 mQ - 100
mQQ, and an elecirical resistance after actuation of
preferably at least 500 times, more preferabiy at least 1000
times, for example 5000 times, and particularly preferably
at least 10000 times the electrical resistance before
actuation (which is equivalent to the resistance at room
temperature). |

[0017]
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5 el ectrodes (for exanple netal foils) bonded to the

.two sides of the polyner PTC nenber. The conductive

pol ymer conposition generally conprises a pol ymer

(for exanple polyethylene (PE), polyvinylidene

fluoride (PVDF), ethylene-buty? acrylate copol yner
(EBA), ethylene-vinyl 10 acetate copol yner (EVA),

etc.) and electrically conductive fillers (for

exanpl e carbon bl ack, nickel fillers, nickel- cobalt

fill elgnerally.dikpepobymearefel G. elame pbigmBprises a
conposi ng the polyner PTC elenent” in the present
ppdginiecd? Tén meank efr ufomentzsirnpéd adaminpolpokrmes PTC
contained in the electrically conductive pol yner
ooapdsét) dornfd1Flor Eara mpdepb g, extvans e ngotldeng) from an
el ectric conposite elenent of the present invention

ase et Ligally tc phatasti venpdly el emygdmbwsidisecendary etal
battery pack, it is desirable that it exhibits the

Byaet 9aeqf (fof wed ip1@ hyeeaklfeMRN bohd &8N Thke two sides
condi tions occurring during recharging when the

BRL{HE Yo HAGK JrS PALCAMI S At UT B eOE o i Ot i8R0 8lo |§Pn Er
t he ot’her hand, i n abnormal conditions occurfing

On
HORp G ioh ' GRRET AL S A TR Ch e RRN PR (B f Saate

- PGB (BT IR AIRE AR (BYOE) epn

BUAIBR IS BghVEste "ESRBTy Y T8 ER) 2EHRIENL -viny|

acetate copolymer (EVA), etc.) and electrically conductive

| fillers (for examplie carbon black, nickel fil!ers,_ nickel-

cobalt fillers, etc.) dispersed therein. “The polymer
composing the polymer PTC element” in the present
specification means just mentioned such a polymer
contained in the electrically conductive polymer
composition.

[0018]

For example, when using the electric composite
element of the present invention as a circuit protection
element for a secondary battery pack, it is desirable that it
exhibits the function of a reverting type element in
abnormal conditions occurring during recharging when the
battery pack is at a temperature of up to about 60 °C. On
the other hand, ‘in abnormal conditions cccurring when the

temperature of the battery pack exceeds 90 °C, it is



10

15

20

5 110 Cis preferred. [0019] In the present
specification, it is noted that the nelting point of

t he pol yner conposing the polyner PTC el enent nmeans a
tenperature nmeasured by DSC (a 10 tenperature at the
top of the peak) based on JIS% 7121 (Method of
Measuring the Transition Tenperatures of Plastics)
applied to the measurenment of crystalline transition
temperatures of plastics. The main nmeasuring
desdrabdesttaat the edevent ashileitpettae duneoedi foa: non-
20 C - 180C Tenperature increase rate: 10 C m na

Measut iengrity ped rolsrhemnd:. dint thgecdsst aupantic S Ky
Instrunments I nc., EXSTAR6000/ 6200 [0020] 20 In the
prre$entednpem?nwr iEhE VA enpd BAYr @ndusiee ueebeif"aifsise
an electrically conductive elenent of a fusible netal

(Y8 hfdle fBYa PEngna Al Ayl agRTgrtalmy ecaltuee of enperagure
fuse"; such fuse nenbers have vari ous shapes, are

Iqrqqy\nct,g aggeey,aéaous actuating tenperatures, and are
25 conmerclal ly avail able. For exanple, alloys of tin,

ggq 14 bisnuth, etc., are used as the fusible
I[nst al . The tenperature fuse nmenber may conprise an

i Thofle dnrSoBMLLEE FRIRGS R, ST PR Adtand o

trrc enent e present

irr?f\a/ %'goBor{%X 8?'{\%” %%@mer composing the polymer PTC

element means a temperature measured by DSC (a
temperature at the top of the peak) based on JIS K 7121
(Method of Measuring the Transition Temperatures of
Plastics) applied to the measurement of crystalline

fransition temperatures of plastics. The main measuring

~conditions are as follows:

‘Temperature condition: 20 °C — 180°C
Temperature increase rate: 10 °C/min.

Measurement atmosphere: nitrogen

Instrument: Seiko instruments Inc., EXSTARB000/6200

[0020]

In the present invention, the “temperature fuse

member” is an electrically conductive element of a fusible
metal (which may be an alloy) 'generaIEy called “temperature
fuse”; such fuse members have various shapes, are known
to have various actuating temperatures, and are

commercially available. For exampile, alloys of tin, lead,
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5 lead required for the elenent to be incorporated

into a predetermned circuit. Al so, another |ead may

be used if required for connecting between the

pol ymer PTC el ement and the tenperature fuse nenber.

The "melting point of the tenb®rature fuse nmenber”

nmeans the nelting point of 10 the fusible netal
constituting the conductive elenment, and for
gractlcal pur poses, a nedian of the actuating

esped th ueds . giaren lised Has dhrealfogibie amedaber ding | y

avail abl e tenperature fuse may reasonably be used as
tampeehtiung fuietmeimbee meEparanprdstuse sdebéricalby
(0021] In the present invention, the "tenperature fuse
ooty cbeisgnpinabedsssuthat s & Iaadndérits hentdherineg electric
i nfl uence of the polyner PTC el enent” neans that the

b6 pe g | ek i he ft epes ed sieatfivsce meerm ayecomprise a
connected in 20 placenent so that the heat of the

p@lamnr?éqmﬁeal ﬁcﬁ'iﬁ"lhé elefi@Asftey bed iheolrp@ fate’] into a
as a result of which he actuation of the fuse

pﬁ@%ﬁeﬁmenebhelﬁa;ittl NG\ 1@fo taﬁdmteﬁﬂ 1eaanﬁ¢awengsed if
he tenperature fuse menber '(and the opening ~ of

rgd FSFe@éﬁﬁre)c gcﬁfaftﬁfée,eﬁ h@@ﬁﬂﬂ%?CPW éT@’ment

rect, or via a y conducti ve

%ﬁﬁﬁ“e i E’%@%por%ﬁel?ggﬁé%ﬁr%{iﬂfﬁﬁé“ fighting point of

- iﬁgﬁ rat ué?ail%fe nber e?pﬁe rﬁ%&ﬁ%bﬁhﬁﬂb%ﬂm\@ tptbint of

the fusible metal constituting the conductive element, and
for practical purposes, a median of the actuating
temperatures given in the catalog of a commercially
available temperature fuse may reasonably be used as the
melting point of the temperature fuse member.

[0021]

In the present invention, the “temperature fuse
member being placed so that it is under the thermal
influence of the polymer PTC element” means that the PTC
element and the temperature fuse member are connected in
placement so that the heat of the polymer PTC element is
transferred to the fuse member, as a result of which he
actuation of the fuse member, i.e. the melting of the metal
constituting the temperature fuse member (and the opening
of the circuit thereafter), is effected. This connection may

be direct, or indirect via a thermally conductive member.
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5 preferred that one surface of the PTC el enent (for
exanple its electrode) or a part thereof and a
certain surface (outer surface) of the tenperature
fuse member or a part thereof —are in planar contact.
In this case, heat is efficientPy transferred through
t he planar contact. Also, as long as 10 the heat of
the pol yner PTC el enent can be transferred to the
tenperature fuse nenber and can actuate the fuse

l, a part of the lead (for exanple a tip of the
| ead, an end surface of the lead or the like) of the
tenrpellatcun@ pre§ernedbep egafi bembediment athel petly over
of the polymer 15 PTC elenent. In this case, the
tonCaetemw ¢ ht sardt tdme italrh p elva t uaep bl ae- rondcdr areain direct
linear contact. Further, as long as the heat of the
pontert Rithetamtnothert r Fsf exachdle titeis tpamiecatarle
fuse nmenber, the polynmer PTC el enent and the

beeperagdr EhéUScﬁh 8e80Efa E@Yo P@hROIMTEC! 8dle it gebt YeX8mple
through a thermally conductive material. For exanple,

i e 1Rty BRIe PEE &l paPNthare dfhanie@PeedtHi® Juifice (outer
menber may be connected by a conductor such as a

g‘“‘tﬁr?hc‘@ Y Bf the ”f%trﬁ esr%rtl.lf?e Aisd H’érr ®r 2% Eﬁftﬁ‘étreof

e I'nventi on] 0023] In t l'ectric corrp05|

%'r%”?ﬁ‘tppinépecé’ﬁﬁéﬁf‘t |r¥rﬂ‘1‘?9té%§e tl‘i‘ﬁa@"ﬁ'é’@?h gﬁt

'enment” 1s I'n an actuated st at ut triggeri

 ShEnSRert dH B0y AR AP LoTReBLTmHTSE, NS 2

the heat of the polymer PTC element can be transferred to
the temperature fuse member and ban actuate the fuse
member, a part of the lead (for example a tip of the lead,
an end surface of the lead or the like) of the temperature
fuse member may be bonded to an elecirode of the polymer

PTC element. In this case, the contact will substantially be

‘a point-contact or a linear contact. Further, as long as the

heat of the polymer PTC element is transferred to the
temperature fuse member, the polymer PTC element and the
temperature fuse member may be connected indirectly
through a thermally conductive material. For example, the
polymer PTC element and the temperature fuse member
may be connected by a conductor such as a metal wire, a

metal strip, or a lead wire.

[Effect of the Invention]
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reverting type elenent, while on the other hand, if
the polyner PTC elenent falls into a tripped state
when the anbient tenperature is high, it nmelts the
tenperature fuse nenber connected thereto, i.e. act
as a non-reverting type 10 el Eent . [00.24] Wen
used as a circuit protection elenent, such electric
conposite elenment of the present invention acts as a
reverting type circuit protection elenent with the
“etit 15 tenperature of the elenent in a relatively
| ow tenperature, and acts as a non-reverting type
ci rcul® rotlastohc semapsitthelemenimi he present
tenperature of the el enment becones relatively high.
mveantesol tthe po lyineer rP & G orfeovietrd &8 énean aotuakhed stated
present invention can exhibit a reverting type or a 20
md hhoeMet itigoe tingethanote lbimay attihen t depeeda hgr rf use
abnormal condition. [Brief Explanation of the

ami hgs]whe02hE ambFegtitemp ehatude 18 ¢pmand ea planas a
view of the electric 17 conposite elenent of the

pee2ein g Nwaid | DIk A tShewil e sememas ickaldry halfd guf €h2l
A production process of an electric conposite el ement

FolymeplETenalenent LS mopun prharmic g
ambient temperature is high, it melts the temperature fuse

member connected thereto, i.e. act as a non-reverting type
element.

[0024]

When used as a circuit protection element, such
electric composite element of the'present invention acts as
a reverting iype circuit protection element with the ambient
temperature of the element in a relatively low temperature,
and acts as a non-reverting type circuit protection element
when the ambient temperature of the element becomes
relatively high. As a result, the electric composite eilement
of the presentinvehﬂon can exhibit a reverting type or a
non-reverting type functional action depending on the

abnormal condition.

[Brief Explanation of the Drawings]
[0025]

[Figure 1] A side view and a plan view of the electric
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t he anbi ent tenperatures around Pol yner PTC El enent A
and Pol yner PTC Elenent B, and el ectrical resistances
(upon bei ng unactuated and actuated). 10 [Figure 4] A
graph showi ng the rel ationship between the surface
temperature f Polymer PTC Tenp&fature A when actuated
and the anbient tenperature. [Figure 5] A graph

showi ng the rel ati onship between the surface
tenperature of Polynmer PTC El enment. B when 15 actuated
SEMPHES id/bP éam & Rinsdr i ar el e pRinduiinyy BNtidyRTe & hwis
the non-reverting type function of the electric
s@tpesiatdcalbrent of the present invention wherein a
test tinme, anbient tenperature, and |eak current are
shown.[F2Q Urex gl akatpreod ot tide prpeads]of [002de cli®ie

el ectric conposite elenent 12 - polyner PTC el enent
2Zorpositeselarndet olf8thébpré8entl eade 260ion iissghatvwon
substrate 22 - lead 24 - contact 5 26, 28 - lead 30
sdeshiaiiaysry. :

[Figure 3] A graph showing the relationship between
the ambient temperatures around Polymer PTC Element A
and Polymer PTC Element B, and electrical resistances
(upon being unactuated and actuated).

{Figure 4] A graph showing the relationship between
the surface temperature f Polymer PTC Temperature A when
actuated and the ambient temperature.

[Figure 5] A graph showing the relationship between
the surface temperature of Polymer PTC Element B when
actuated and the ambient temperature.

- [Figure 6] Figure 6 shows the non-reverting type
function of the electric composite element of the present
invention wherein a test time, ambient temperature, and

leak current are shown.

[Explanation of the Legends]

[0026]
10 — electric composite element
12 — polymer PTC element

14 — fuse member
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[ Enbodi nents to Practice the Invention] [0027] 10
Next, the electric conposite el enent according to the
present invention will be nore specifically explained

Wth reference to the attached drawi ngs. A schematic

side view and a schematic pl ah8vi ew of an exanpl e of
the electric conposite elenent of the present
i nvention are shown in 15 Figure 1(a) and Figure 1(b),

| respectively. [0028] The electric conposite el enment

10 of ltthe1@reskm@d i nventi on conprises a pol ymer PTC
el emrent 12 and a tenperature fuse nenber 14 in a
stripZ®rmicenhaticn 2@bdirzly to one of the

el ectrodes (not shown) of the element 12. The pol yner
PTC el2treniezd and the tenperature fuse nenber 14 may
be connected by any appropriate manner such as

el ectdgal cwaitdidyg, resistance wel di ng, sol dering,

| aser welding, and the like. In the enbodi nent shown,
the 2%94d epgerataing fuse nmenber 14 is slightly bent,
and its end 19 surface (substantially in a line form
i s comect edstiq pysprface el ectrode of the pol ymer
PTC el ement 12. [0029] Also, a lead 16 (for exanple
an N lead) is connected 5 to the other el ectrode
(not shown) of the polynmer PTC elenent 12. Another

[Epb BRI ARG B [ilaRitbnp (1o Tuse
[0027]

Next, the electric compositel element according to the
present invention will be more specifically explained with
reference to the attached drawings. A schematic side view
and a schematic plan view of an example of the electric
composite element of the present invention are shown in

Figure 1(a) and Figure 1(b), respectively.

[0028]

The eleciric composite etement 10 of the present
invention comprises a polymer PTC element 12 and a
temperature fuse member 14 in a strib form connected
directly to one of the electrodes (not shown) of the element
12. The poiymer PTC element 12 and the temperature fuse
member 14 may be connected by any appropriate manner
such as electrical welding, resistance welding, soildering,
laser weiding, and the like. In the embodiment shown, the

temperature fuse member 14 is slightly bent, and its end
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connect the electric conposite elenent 10 to a
predeterm ned electrical circuit. 10 [0030] In a
preferred enbodi nent of the present invention, the

el ectric conposite el enent is1%Leferably structured to
be placed on a support nenber i ch supports the
element. In other words, the electric conposite

el enent of the 15 present invention is structured by
pl acin he PTC el enment and the fuse nmenber on e
§H;5[C)%?g stanmipaily Wi Audine Pnim) o §°W°E%‘ih[° a
el ectric conposite elenent may be_treated as a_single
suehene atrictiRdaanlithey perlymher RiT&ctaliednesipbdite

~elenment is nade easier and convenient. 20 Such an

ExB8&ilment is shown schematically in Figure 2. In
Figure 2, the process of producing the elenent of the
pr eseAl sbnvarieiah OB (floe syppopte renbli leadhoswcennecied

~order. [0031] First, an insulation substrate 20 is

bo epey edher wiechrod® {hetedleotwn k ofofipesp b by mleamPrii C
10 is placed. On the 20 insulation substrate 20, a

‘beam 22t i@ beAcotrest ¢d atdd 1tehés ebattgcdr]l ab the other end

pol ymer PTC el enment 12 has been formed in advance. In

bra eFodideRE nshewN 42 qié 86t [ddBamawls® beea to
formed in advance on the insul ated substrate, to 5

%inqbé’f‘gh%n@@fctﬁk? AL 81 e {BTPep &S Lo be

connect e Leads 26 an 8 are connected to the | ead

él?gg%ﬁ%g?ﬁﬂ'{é\ate?écf,chhe&trrcim@'l |y connect the

0030} -

In a preferred embodiment 6fthe present invention,
the electric composite element is preferably structured to
be placed on a support member which supports the element.
In other words, the eleciric composite element of the
present invention is structured by placing the PTC element
and the fuse member on the support member. When
structured in this way, the electric composite element may
be treated as a single element and the héndling of the
electric composite element is made easier and convenient.
Such an embodiment is shown schematically in Figure 2. In
Figure 2, the process of producing the element of the
present invention on the support member is shown in order.
[0031]

First, an insulation substrate 20 is prepared on which

the electric composite element 10 is placed. On the
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conposite elenment of the present invention to the
predeterm ned electrical circuit. 10 [0032] As shown

in the schematic plan view of Figure 2(a), the

pol ymer PTC el enment 12 and the | eads 26 and 28 are,

as shown by the arrows, placedz%n the insul ation
substrate 20 having the lead 22 and the contact 24
formed in advance, 15 and electrically connected. This
connection my be performed in_any appropriate
RGO SHystrge @Bl @adp22te 1 man b aied b the
sol deri ng. }0033] Next, as shown in the schematic
pleatre e of theywa yruey, P TH eleanpidel Rehigsr bepn formed
pl aced so as to straddl e between the el ectrode of the
ATG @&V amee. 200 dhe evebodhitaent 2thamh, al eotntiacdl B¢ has
connected. By this neans, the electric conposite

al ecemeelD fof mde pr esbnancevemt tbe supphatesdl dybstiwte, to
support nmenber 20, is obtained. It is noted that |eads
hizh oife @nd 38.thandenihpecantinetf Pde anerhbereis 48 be
needed, 21 and are not necessarily essential to the

gebegidttegomasade 26! emen8leref comPeesento the lead 22
i nvention. [0034] The support nenber 20 supporting

Bhe) QlRFtd 4 25 GBMBPSEE A call BRI n AB dit St asieek firfc a

predeterm ned | ocation of an intended el ectri cal

BYh %s‘?feeéﬁéhrér?talofaﬂpﬁgﬁé@entQhevfeer'iﬂ@nytbntr?e
ocation sensitive to tenperature changes
predetermined electrical circuit.
[0032]

As shown in the schematic plan view of Figure 2(a),

the polymer PTC element 12 and the Eeads 26 and 28 are,

as shown by the arrows, placed on the insulation substrate

20 having the lead 22 and the contact 24 formed in advance,

and electrically connected. This connection may be

- performed in any appropriate manner; it may, for example,

be performed by reflow soldering.

[0033]

Next, as shown in the schematic plan view of Figure 2(b),
the fuse member 14 is placéd so as to straddle between the
electrode of the PTC element 20 and the contact 24 and'
electrically connected. By this means, the electric
composite element 10 of the present invention supported by
the support member 20, is obtained. It is noted that leads

22, 26, and 28, and the contact 24 are formed as needed,
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when an abnormal condition occurs, and incorporated in
a predeterm ned manner into the electrical circuit.

It is noted 10 that instead of an independent support
menber as shown, a part of the electrical device or

el ectrical apparatus which is 210 use the electric
conposite elenent may be used as the support nenber

For exanple, a part of the casing which contains an

el ectrolyte. in a secondary battery pack may he 15 )
Al e il S§RRFsardivness gidas|to KBgt elastidRoGAMPOSIte
the schematic plan viewin Figure 2(c), the
edapeeatut @ olidbenpiesentdinyewdionas its surrounding

~areas, where needed, nay be covered with a 20 resin

[GPex41830. By covering with the resin layer 30 in this
way, the connection between the tenperature fuse

menbelT hé4s apg drihemmahprear 2RTEugd poelinhgl2hesepsotdct ed
to prevent unintentional nechanical danage, while at

chanpaeitei gte mhead 1058, prawsddihya paid eseapingdt bocation
t he surroundi ngs 25 when heat generated by the pol yner

BFGaal pimidied 32ectrivnsf aenqdet Brtdrdtisealeipearafus,

IS suppressed, so that the tine for the fuse nenber

E‘?eﬁ‘%‘rtaﬂl F YA (bee tPYRf §6ﬁsi¥i‘i‘!§3%a{élﬁ1§3é)iaid}% RHanges
I ce of an

enent en actuated by the occurren

t e@h”a'n. ammggréfgmﬁaw%ﬁnﬁg- Aﬁbﬁn%tdwfﬁoneégy)feg%m a

sensitivity etecting the abnormality

?)r}ré%?éjrm[iﬂg%ﬂnanner into the electrical circuit. It is noted

that instead of an independent support member as shown, a
part of the electrical device or electrical apparatus which is
to use the electric composite element may be used as the
support member. For example, a part of th‘e casing which
contains an elecirelyte. in a secondary battery pack may be
used as the support member.

[003'5'] :

Next, as shown in the schematic plan view in Figure
2(c), the temperature fuse member 14 as well as its
surrounding areas, where needed, may be covered with a
resin layer 30. By covering with the resin layer 30 in this
way, the connection between the temperature fuse member
14 and the polymer PTC element 12 is protected to prevent
unintentional mechanical damage, while at the same time
heat loss, caused by heat escaping to the surroundings

when heat generated by the polymer PTC efement is
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Any appropriate resin may be used for such resin, but
since there is a possibility of the resin |ayer

reaching a 10 high tenperature, silicon-based resins
(silicone resins, etc.). fordfxanple may be used.

Other resins that can be used?dre, for exanpl e, epoxy
resins, urethane resins and the like. [0037] 15

Figure 2(d) is a side view of Figure 2(c), but the

|l ead 22 and the contact 24 are not ,shown. Although in
thaN sérhBRANEN NEhonAS B PR AE %dlﬁfsvﬁerﬁ@ ,atsls& dhat
fuse nenber 14 is connected to the pol yner
éhentielpor dbe fupend sBEPT tonm ek Heueh Umehsurface

-connection is 20 substantially close to a |inear

temperpiura ahdhieeP T EnBoement whese anduaded by the

the tenperature fuse nenber 14 is flat and its bottom
sawgdace mag OE awraeobethat carmaitéb actmayd s whackenéd. In
the polynmer PTC elenent, i.e. a portion of the

pdhevew ¢flds eltheese ravidiveit pofd i detefciihg fve abnormality
tenperature fuse nenber may be in planar contact. In

inhay B3 egas@nceliere is an advantage in that the heat
of the polymer PTC elenent 12 is easily transferred

Fgot:-f@] temperature fuse nmenber 14. 5 [ Exanpl €]
0038]" [ Production of Polynmer PTC El enents] As

summarg g¢d; Bl 8\ ri 5P B i P Hral! BEBOL® A 18R0sBch resin, but
since there is a possibility of the resin layer reaching a
high temperature, silicon-based resins (silicone resins,
etc.) for example may be used. Other resins that can be
‘used are, for example, epoxy resins, urethane resins and
the like.
[0037]

Figure 2(d) is a side view of Figure 2(c), but the lead
22 and the contact 24 are not shown. Although-in the
embodimentshown,onWiﬁe end of the temperature fuse
member 14 is connected to the polymer PTC element 12 (as
can be seen from the Figure, such connection is
substantially close to a linear contact), in another
embodiment, the end portion of the temperature fuse
member 14 is flat and its bottom surface may be connected
to the electrode surface of the polymer PTC element, i.e. a
portion of the polymer PTC element and a portion of the

temperature fuse member may be in p'lanar contact. In this
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wer e produced using the known nethods and materi al s.
10 [0039] [Polynmer PTC Elenment A] A conductive
conmposition was obtai ned by m xing 58 vol % of
et hyl ene-vinyl acetate copolygﬁ£ (EVA, commercially
avai | abl e under the product n UE635- 000 15 from
Equi star Chemicals; nelting point: about 85C) as the
pol ymer and 42 vol % of carbon black (comercially
avai | abl e under the product pa PMD342 from unbi_an
CREM CHI§ras St RE BGNGRIZYE N that e %?? %ﬁ#ﬁepoﬁymef
conductive conmposition obtained was extruded to
BOtGi @l emerled 2 6% e @8iubzastrregd tadbg temparature
(comrercially avail abl e under the product nane N T-CF-
Br¥g1m@mndiest -Ifl.at ed copper foil) from Fukuda Met al
Foil and Powder Industry; thickness 0.035 mm) were
thermally 25 pressed on both surfaces as el ectrodes,
after which the 24 sheet was divided to obtain
kamep|€TC El enents A. The size of Polymer PTC
Element Awas 3.0 nmx 12.0 mmx 0.18 nm [0041] 5
gdgwere installed on the el ectrodes of Polyner PTC
| ement A thus obtained and the basic performance of
Pol ynep r Bl &l 6AEBT PoVpm e fsnCed | elfe AtHEr words,
Pol yner PTC El enent A was placed in a constant

As summarized below, Polymer PTC Elements A and B
were produced using the known methods and materials
[0039]

[Polymer PTC Element A]

A conductive composition was obtained by mixing 58
vol% of ethylene-vinyl acetate copolymer (EVA,
commercially available under the product name UE635-000
from Equistar Chemicals; melting point: about 85°C) as the
polymer and 42 vol% of carbon biack (commercially
available under the product name PMO0342 from Columbian
Chemical) as the conductive filler.

[0040]

The conductive composition obtained was extruded to

obtain a sheet-form extrudate. Nickel metal foils

(commercially available under the product name NIT-CF-
35#31 (nickel-plated copper foil) from Fukuda Metal Foil
and Powder Industry; thickness 0.035 mm) were thermally

pressed on both surfaces as electrodes, after which the
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tenperature oven and the electrical resistance of the
10 unactuated Pol yner PTC El enment A was neasured while
changi ng the tenperature of the constant tenperature
oven as the anbient tenperature. Qher Polymer PTC
El ement A was actuated thr ougﬁ‘l4 an applied voltage of
DC5V whil e changing the tenperature of the constant
tenperature oven, 15 and the |eak current upon being
actuated was neasured and the resistance when

abest we sl viidgslitedo btagar Body mawo kT EnE lessants ¢ The
t he nmeasurenent. [0042{ [ Pol ymer PTC El enent B] 20 A
sonelu@fuR/@lsdnonﬁTtGoE 8k pbt/Aaiwad ByO ningi g 158. 0 vomex
of ethyl ene-butyl acrylate copol ymer (EBA,

GofBenctinal | y avail abl e under the product nane

EA705-009 from Equi star Chem cals; nelting point:
p00u4t1195C) as the polynmer and 42 vol % of the above

menti oned carbon black 25 as the conductive filler.

25 [0@4dsUsene fhetgnedueli YRecemposiddes obtRbngther PTC
Pol ymer PTC El enents B were obtained in the sane way

g3 efobvites tHTE Fbearnéd AndleRasbysie péﬁicﬂlm%@@ of
the el ectrodes of 5 Polyner PTC El enent B thus

PR 1gined. Pfr@'d@lserkﬁeé‘rﬂr% wW&E m%'a%&n‘é&a' Iﬁeétﬁé?r\ﬁ%rafs

t he unact uated Pol yner PTC El enent was mneasured

X‘?ﬁ@?tlb*rC@'Efeer?l'eﬁhaW%véPQ pl';e?éé(HEm BTCoH St B

ctuated was So measur
temperature oven and the electrical resistance of the

unactuated Polymer PTC Element A Was measured while
changing the temperature of the constant temperature oven
as the ambient temperature. Other Polymer PTC Element A
was actuated through an applied voltage of DC5V while
changing the temperature of the constant temperature oven,
and the leak current upon being actuated was measured
and the resistance when actuated was measured. Figure 3
shows the results of the measurement.
[0042]

.[Poiymer PTC Eiement B]

A conductive composition was obtained by mixing 58
vol% of ethylene-butyl acrylate copolymer (EBA,
commercially available under the product name EA705-009
from Equistar Chemicals; melting point: about 95°C) as the
polymer and 42 voi% of the above mentioned carbon black

as the conductive filler.



10

15

20

25

Figure 3 shows the results of the nmeasurenment. 10

[0044] As is clear fromFigure 3, both the polynmer PTC
el ements obtai ned have the functions of a PTC el enment.
For exanple, the resistance in roomtenperature - |ow
tenperature is in the order of23 x 10-2 0; when the

el ement 15 tenperature rises or the el enent actuates,

the resistance becones greater by about 5 x 102 - | x
103 times. [0045] Next, with respect to the produced
POPAr PTC Elenent A and Pol ymer PTC El enent B, the
surface 20 tenperatures of the el enents when actuated
were tsing dbe gsimduatbonstamtp asitpenacbtainedn Radymer
changi ng the anbient tenperature of the elenents. The
$UF CaEdentenpsr At wee eob ktréneldkimnth e samwas way by Polymer
affixing a thernocouple on the surface of the el enent

PTe. Elesn@htel &ct Latedis WeracinatzlledCovi Whe eppciesides of

as in the 26 previous neasurenent, and the resistance

We$| e PFLC Y | e ARASUB N8 U Ptedk ealr ket as before, the
Measurenent results are shown in Table 1 (el enment A

@1@&@#&@1 Pe 6P RARBE BY .thas um@b{uaﬁeunpagm& PTC

“(element A) and Figure 5 (el enent 046] Tabl e
éfol(e %‘ﬁﬁﬂﬁe@)as -Fﬁétas-rdrr@dotﬁelglgetﬁga‘}oréQtﬁ%rYQescgf

Polymer PTC Element B when actuated was also measured.
Figure 3 shows the results of the measurement.
[0044]

As is clear from Figure 3, both the polymer PTC
elements obtained have the functions of a PTC element.
For example, the resistance in room temperature — low
temperature is in the order of 1 x 10°? Q; when the element
temperature rises or the element actuates, the resistance
becomes greater by about 5 x 102 — 1 x 102 times.

[0045]

Next, with respect to the produced Polymer PTC
Element A and Polymer PTC Element B, the surface
temperatures of the elements when actuated were measured

using a constant temperature oven and changing the

~ambient temperature of the elements. The surface

temperature of the element is measured by affixing a
thermocouple on the surface of the element (i.e. its

electrode). To actuate, DC5V was applied as in the



Anbient 40.5 43.0 48.0 58.0 69.0 77.0 86.5 96.0 106.0
115.5 125.5 Tenp (C PTC 87.0 88.0 89.5 92.5 97.0

101.0 105.5 111.0 117.0 123.5 131.0 El enent Surface
Tenmp (' C) Leak Current 0.135 Q.132 0.122 0.104 0.084
0.071 0.058 0.046 0.036 0.02742021 (A) [0047] Table

2 Element B: Test Tinme 0 4 10 20 30 40 50 60 70 80 90

m nutes Anbient 40.0 42.0 46.0 55.0 66.0 75.0 84.0
93.0,102.0 111.5 116. (8 Tem%(% PTC 97.0 97.5 98.0 ?9, 5
RO2VICYS2MP 8ureMeNnto aNY e {#SIS120 e rehtained by
Surfaoe Tenp C 096 0.076 0.060 0.046 0.031 0.023 0014
measurinakhgrieak coirrenty. Measure ®entayesuots diss
Fromthese results, it can be seen that, with either
pbioynerirPT@klenede) emmens i soed t Eapdealurel eonerteB), as
el ement is slightly higher than the nelting point of

wmedi as in Figure 4 (element A) and Figure 5 (element B).

[0046]

Table 1 (Element A):
Test Time 0 4 10 20 30 40 50 60 70 80 a0
(minutes)
Ambient 40.5 43.0 | 48.0 580 |869.0 |77.0 865 | 96.0 | 106.0| 115.5 | 125.5
Temp (°C)
PTC 87.0 | 88.0 89.5 925 | 97.0 | 101.0 § 1055 | 111.0 | 117.0 | 123.5 ] 131.0
Element
Surface
Temp (°C})
Leak Current | 0.135 | 0.132 | 0.122 | 0.104 | 0.084 | 0.071 | 0.058 | 0.046 | 0.036 { 0.027 | 0.021
(A)

[0047]

Table 2 (Element B):
| Test Time 0 4 10 20 30 40 50 60 70 80 80
{minutes)
Ambient 400 | 420 | 4860 |550 |B6.0 {750 |84.0 |93.0 |1020)| 111.5 | 116.0
Temp (°C)
PTC 97.0 [ 975 |98.0 |995 {101.0( 1025 | 104.0 | 107.0 | 112.0 | 117.0 | 121.0
Eiement
Surface Temp
C)
Leak Current | 0,123 | 0.118 | 0.111 | 0.096 | 0.076 | 0.060 | 0.046 | 0.031 | 0.023 | 0014 | 0.010
(A)

[0048]

From these results, it can be seen that, with either
polymer PTC element, the surface temperature of the
element is slightly higher than the melting point of the
polymer when the ambient temperature around the element
is considerably lower than the melting point of the polymer,

for example about 35 °C lower, while on the other hand, the
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15 pol yner when the anbi ent tenperature around the
element is considerably |ower than the nelting point
of the polynmer, for exanple about 35 C | ower, while
on the other hand, the 27 surﬁ?ce tenperature of the
el ement is considerably higher<‘than the nelting point
of the polyner when the anbient tenperature around

' the el enent is higher than the nelting point of the

0049] Int case of Polyner PTC El

BT GeRUASTb ST BkurpI & (hRoSIaM 868 ieerpaSIOGTa Y bhaher
deV| ce is about 90 C when the anbient tenperature is
Lham t @@cm%\Hérag PRENEMAY ERE PEhpEIRE wYRensthpoam s nt
C, the surface 10 tenperature of the device is about
19mm;erﬂtgbeiar@h@ctggé ebe "Ny rrer higloeEl dnentthe meéting
surface tenperature of the device is about 108 C when
PIed ndndf dhte Peniyenarure is about 90 C. A case is now
consi dered wherein an electric conposite el enent of
{684&lesent invention is conposed by 15 conbining a
tenperature fuse nenber having a melting point of 108
C withntthes ¢d€edeviRelymidd @ EOCE IBhoenthe usRigiIBVA for
poi nt of the polymer = about 23 C) and used as a

eixinvipt] epr i €8 i P S MieGR p lrddofl 040t He déW Rc&aseablbofut

~the anbient tenperature |s | ess than 90 C and Pol yner

BTC 6 sRBh Phbsaﬁbk@ﬁ?(ierﬁﬁ%ré%fréc% dissuersuce When
Pol ymer PTC El ement A w |l not exceed
the ambient temperature is about 85 °C, the surface
temperature of the device is about 105 °C. Also in the case
of Polymer PTC Element A, the surface temperature of the
device is about 108 °C when the ambient temperature is
about 90 °C. A case is now considered wherein an electric
com]-a'osite element of lthe present invention is compos_ed by
6ombining a temperature fuse member having a melting
point of 108 °C with this PTC device (diff-e'r‘enc_e from the
melting point of the polymer = about 23 °C) and used as a
circuit protection device.
[0050]

In this case, if the ambient temperature is less than
80 °C and Polymer PTC Element A is actuated, the surface
temperature of Polymer PTC Element A will not exceed
108 °C, so that the temperature fuse member will not melt.

Therefore, the eleciric composite element will function as a

reverting type circuit protection element. However, if the
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108 C, so that the tenperature fuse nenber will not
nmelt. Therefore, the electric conposite elenment wll
function as a 25 reverting type circuit protection

el enent. However, if the 28 appient tenperature
exceeds 90 C and Pol yner PTC enment A i s actuated,
the surface tenperature of the PTC device wll exceed
108 C and the tenperature fuse nenber wll nelt
Therefore, the electric conposite_ element w

AGMHEL ¢ Bh t@sm@ed@iurr@veme@d{sy%@ r 8 P&'dt”é@fl BiC
element. [0051 ] As can be seen fronmthe above, even

EH@m@ﬁntthé fugctuatashr thras usta gt temaeralgrg ofuteg PTC

in the electric conposite elenment of the present
drendictel ovi! | terec eedpdSitt & Cl@ rudvinoe teampeuaturenfuse anember
non-reverting type el enent when the anbi ent
wapbenatfur €T heredGre| tha lede otora ot d sitepebsini ret voill
| oner the tenperature at which a serious abnornmal
¢anditibanasaa hendeteelreichg Thyipe icirbatapseteitioheatement.
of the polyner PTC el enent can be utilized. 15 [0052]

pi51| case is considered wherein a conposite
el enment that functions as a non-reverting type el enent

when e AR 581 s & BAPEF FUEGeCHBRRAS, W &h tﬁ%d@htﬂﬁe fuse

above case, is conposed using Polyner PTC El enent

%’e%@@? A '?ﬁ'uﬂf%rs BIC Bleerrent §setd1§nstqfé 8eﬂ%ctrlc

enperature of the elenment is abou C at an

actu {Hesslttggg%g{%ﬁ?oqfthg %s@nftuﬁ?vé'ﬁmq{ thatcomposite

used
device can function as a non-reverting type element when

the ambient temperature is 90°C. In other words, it is
possible to lower the temperature at which a serious
abnormal condition can be detected. This is because the
heat of the polymer PTC element can be Litilized.

[0052]

‘Next, a case is considered wherein a composite
element that functions as a non-reverting type element
when the ambient temperature exceeds 90 °C, as in the
above case, is composed using Polymer PTC Element B.
Since with Polymer PTC Element B, the surface temperature
of the element is about 105 °C at an ambient temperature of
90 °C, a fuse member that actuates at 105 °C is used. In
this case, it differs in that the difference of the actuation
temperature from the melting point of the polymer is 10 °C,

but substantially the same can be said here as what was
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this case, it differs in that the difference of the
actuation tenperature fromthe nelting point of the
polymer is 10 C, 25 but substantially the sane can be
said here as what was 29 explained using Polynmer PTC
El ement A as the exanple. [0 1 Thus, by conbining a
fuse nenber having a nelting point at |east 5C higher
than the nelting point of the 5 pol ymer corrposi ng the
pol ymer PTC el enent, the site el enent
,{glrgm,eé\,te I§gt!p§|ogxam;:'le
el enent dependi ng on the arrbl ent tenperature. Various
[@@5&I ting point netals (or alloys) are known as the
nmetal used for the tenperature fuse 10 nenber, and may
be appitups, &tyelcy rebliBbn gda Hassel venaber hanisst a melting
tenperature at which it should be determned that a
parinbust dbasitndf Cchigheiroth 2ri e, meléing e irdnsli {he
bet ween the anbi ent tenperature of the polynmer PTC
plod iremé r avsimipi s iy fidee delypreat BTEC wlemacttyatien, as
well 15 as the nelting point of the netal of the fuse
ERMplo g eldworel abirofahiclibat aeea tdaéridng irea non-
melting point of the polynmer. [0054] Specifically, a

: Fé%%rﬁrﬁﬂ@etryﬂé flrabint gepEmerthydh tHd dmpakrer PTC

el ement can be selected in the follow ng way: first,

\ERAEPRELIe] SENELA fod-IGRG boARBIS RS (o slove
61 kndwn as the metal used for the-tempe.rature fuse
member, and may be appropriately selected based on the
ambient temperature at which it should be determined that
a serious abnormal condition exists, the relationship
between the ambient temperature of the polymer PTC
element and its surface temperature upon actuation, aslwell
as the melting point of the metal of ther fuse member and
the relationship between that and the melting point of the
polymer.
[0054]

Specifically, a fuse member preferably combined with
a polymer PTC eiement can be selected in the following
way: first, the ambient temperature at which it should be
determined that a serious abnormal condition exists (Ta) is
decided. This decision is appropriately selected depending
on the electrical device or electrical apparatus which uses

the composite element. Next, from a previously obtained
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deci ded. This decision is appropriately selected
depending on the electrical device or electrical
apparatus whi ch uses 25 the conposite el ement. Next,
froma previously obtained 30 _relationship between

t he anbi ent tenperature of t hedO pol ymer PTC el enent
and the surface tenperature of the elenent when
actuated, the surface tenperature of the polynmer PTC
el emant Ts, i s obtai ned when the anbient 5 tenperature
relaty ongdy pa brataee genblae afthi@nhjempesatyresef dbeed.
By selecting in this way, when the anbient

pétparar Lﬁ“é%aeéaﬁuenhea@ﬂeﬂfmatsusfa oohe mp&T ataret pé the
surface tenperature of the elenent is | ower than Ts,
ahem sin hoehehe afcdsia tieshbthews U faoe reeint, e naiei re erfethe
has the 10 function of a reverting type elenent. On
pldyaiderP TiEnelenban T beisawolltenh etcewleeat tihe andwiecht
the elenent is Ta or higher, the surface tenperature

bémiper#iwrent Pecogrsl dsfuse hidndrer avdustineg &beTs is

fuse nenber will nelt, the elenent has the function

eklacnen- reaqeréelrwcttmrgemlmnwaﬁv&r@@ﬁﬂhérﬁmbnent
practice, if the tenperature difference between Ts,

w@hpﬁwerét@#écaﬁmnacweterwmteeweg %stmfhéﬁleréuq%e

and the nelting point of the polynmer is too

§W?lf%ceth§ Féi@n‘z% dpfgtﬁé éh@rﬁéﬁf‘@gtldﬁ}bf hof*bngand

e |ncr r exanple, the fuse ne

é?ﬁﬂétﬁ\é‘tf&etrﬁ@?ﬁb%t UG BT th%eewgaggg nas the

actuating

FEHJ?:Won %E%v%?t rbgttyt;?e element. On the other hand,

when the ambient temperature around the element is Ta or
higher, the surface temperature of the element becomes Ts
or higher, and since the fuse member will melt, the element
has the function of a non-reverting type element.

[0055]

In practice, if the temperature difference between Ts,
Which is also the actuating temperature of the fuse member,
and the melting point of the polymer is too small, the
possibility of the elerhent maifunctioning may be increased.
For example, the fuse member may actuate at a
temperature lower than the nominal actuating temperature.
In such a case, the fuse member may melt so that the
element may function as a non-reverting type element even

though it should function as a reverting type element. In

~order to reduce the possibility of such malfunctioning, a
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el ement may function as a non-reverting type el enent

even though it should function as a reverting type
elenment. In 25 order to reduce the possibility of such

mal functioning, a 31 certain _amunt of tenperature

di fference shoul d be set as a:3kafety factor between

the nelting point of the netal and the nelting point

of the polymer in the polymer PTC elenment, which is
correlated to the surface tenperature of the 5 pol yner

erri i @Re Uihep fa@ iR tune dibferanrcershpelid be set as a

~electric conposite elenent of the present invention

sataty fagierabetwear nfihrenoeltivaw oigdspf3he nrréal and the
larger this tenperature difference is, the smaller
medtpogspoimi wof tiie palyoreot ioniheg pelymer[ Bd5Glelement,
Therefore, if the tenperature difference between the
Whistl ésteur ras atest it obdue abovie ead erhe ereltuireg op dilng

of the polyner is too small, a higher Ta is decided

po¢ywmeand T Csiengnidhs whehrera claatid fusdheerdeese icf the
sel ected as 15 descri bed above. When Ta i s nmade

Blgbtric danbEo’es eltikert, odstha assd énofinwlirmiohhesuch
melting point of the fuse nenber becones hi gher which

{ ffie e e i
@gse RIS ST SE R Be (M fdte1SR8e D tCY\!eOWhgeéég]ﬁégtrqhm[s

melting point of the polyner larger. 2

[
RSB 1o b RRLE 8 b P
malfunctioning is.
[0058]

Therefore, if the temperature difference between the
Ts selected as described above and the melting point of the
polymer is too small, a higher Ta is decided anew, and
using this higher Ta, the fuse member is selected as .
described above. When Ta is made higher, Ts becomes
higher, as a result of which the melting point of the fuse
member becomes higher which makes the temperature
difference between Ts and the melting point of the polymer
larger.
[0057]

An alternate method may be to prepare different
polymer PTC elements and select a different fuse member
based on the relationships between the ambient

temperature around the polymer PTC elements and the

surface temperatures of the elements when actuated as
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based on the rel ati onshi ps between the anbi ent

tenperature around the polyner PTC el enents and the 25
surface tenperatures of the el ements when actuated as

32 described above. Needl ess.tpo say, the larger the
tenperature difference bet wee?2Ts and the nelti ng

point of the polyner, for exanple at |east 10 C,
preferably at least 15 C,  and nore preferably at

| east 20 Cis nore 5 preferable in ter of
AEPTIEeRoARRY S | DESBSITe PP oducdbnt BP F1IGEF it

Conposite Elenent] An electric conposite el ement .
el alg 1o difteToneschetmReAL 1 snandstBRomelitng point of
Figure 2(d), was produced 10 by connecting directly

t e spei e eral fome e e Hice e nlte 28 bAth* fad Pa&faEadl v ol least
above and a tenperature fuse nenber (manufactured by

WEhF Basan dEstece prothmabhaed 1e@ds! 2dMGdls awelati ng
tenperature 108 C). Wth this tenperature fuse
peaberabievin ¢ecaomsluch aratfurectiosiibge 15 netal is

- placed inside a cylindrical having | eads on both

podsg]ln this electric conposite el ement, this
cylindrical body is positioned on a polynmer PTC

el emepp rglhaaadofnNodE | & 8sUkaCican poisé rEt@mant] t he
cylindrical body is further covered by a silicone

resi nalp¥abct2fe [A0pPlo ¢ eNEi & R h 0 & o FEMEH tidGhe
Function] After measuring the electrical resistance of
b8 sefCiAlEntion, as shown in Figure 2(d), was produced
by connecting directly in series Polymer PTC Eiement A
obtained as described above and a temperature fuse
member (manufactured by Uchihashi Estec; product name

44E: nominal actuating temperature 108 °C). With this

temperature fuse member, a wire conductor of a fusibie

metal is placed inside a cylindrical having leads on both

ends. In this electric composite element, this cylindrical
body is positioned on a polymer PTC element placed on an
insulation substrate, and the cylindrical body is further
covered by a silicone resin layer.
[0059]

[Confirmation of Reverting Function]
After measuring the electrical resistance of the electric
composite element produced as described above, the
element was actuated at various actuating currents at a

room-temperature (about 23 °C) ambient temperature. After



10

15

conposite el ement produced as descri bed above, t
el ement was actuated at various actuating currents at
a 25 roomtenperature (about 23 C) anbient

t enper at ure.

After

33

mai ntaining in this state,

he

t he

tenperature was brought back % room tenperature and
the resi stance of the el enent was
results are shown in Table 3 and Tabl e 4.

Tabl e 3 (Actuating Currents:

measur ed. The

30A and 40@%

AR Ind0A MetthdSi et tBR taow enaty

Resi st ance After

Initial

[ 0060] 5
Actuatin

:wﬁ%b{gug%t back

Time to Resistance After

Fediat anée MpPpatdf aa@ nentiresisssten aeiof Abeugiesrent was

nc2 (nmsec
ee 8549

(m Q (nsec) md2 1 29.8 33.0 47.3 31.0
. 2TBe gesolts o stwminolrable 33a38. hable 4.

28.0 53.3 30.6 16.0 48.6 Average 31.57 30.33 50.50

BOO6®]16. 17 48. 67

[0061 ] Table 4 (Actuating

o i LI BB O o S K
; ing Culre ) n i ;
TIme 1oy e St A RSt A inttial | P [Ty é"?‘ ' Résistance After
Res! st AREGordddeP ﬁﬁi“?‘hﬁQgﬁ‘ U TBeedsichdhed |Mhip { oAdhvation
(m) —gﬁgﬂ LU Dmsbol| gl 2 ° o0 230" )
29375753488 B aylp 8| LU 970 0 3. 039 185, 498
2 31.9 30.0 50.9 30.2 17.0 47.8
3 33.0 28.0 53.3 30.6 16.0 48.6
Average 31.57 30.33 50.50 30.60 16.17 48.67
[0061]
Table 4 (Actuating Currents: 50A and 60A)
Actuating Current S0A Actuating Current 60A
Initial Time to | Resistance After | Initial Time to | Resistance After
Resistance | Trip Actuation Resistance | Trip Actuation
(mQ) {(msec) | (mQ) (mQ) {msec) | (m)
1 32.0 10.0 51.1 30.5 5.5 50.9
2 30.5 11.0 48.0 29.3 5.5 47.8
3 31.8 10.5 51.0 326 5.0 53.7
Average 31.43 10.50 50.37 30.80 5.33 50.80
[0062]

In each case, the electrical resistance of the element

is in the same order before the actuation and after the

actuation: it can therefore be seen that no substantial

difference has occurred in the function of the element even

after the actuation.

In other words, it can be seen that,

when the ambient temperature is low, the composite device

exhibits a reverting function.

[0063]
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Average 31.43 10.50 50.37 30.80 5.33 50.80 7-71 10
[0062] In each case, the electrical resistance of the
elenent is in the sane order before the actuati on and
after the actuation; it can gp refore be seen that no
substantial difference has o¢clUrred in the function

of the el enent even 15 after the actuation. In other
words, it can be seen that, when the anbi ent
tenperature is |ow, copposite device .exhibits a
ove i ChE Rt of of AbesTEET e [ Gat et BTt

Non- Reverting Function] The electric conpo?ite

el emehhe PARGA GGUH PRSI tac8Le MR .aF3BUTAGEUPP RS

in a constant tenperature oven, and actuated at an
deisicehb ede e we urvéa sf p lCedsin &t SNt demeperagure
A), after which the tenperature of the constant

oerper angt @ ddwusated & anhambbé ohtt erapeaedtueeof 4@s’C
increased at about 1 C mnute and the | eak current
(@abtwa tich g Ther reasul BsAdr efikovwhiichFilyer e @ pdatesie of the
10 As can be seen from Figure 6, the anbient
tenpewaitut engy ouatu B eneah, Noe . 2hrearhédealiolea m@PICature,
approximately 47 mnutes after starting the test, at

WH £ hincheidd e 8 gt lapkueur r@tmilh apeedndaphdl e dlo aerant
Wth respect to Elenent No. 1, the anbient

hAIRS(RbY € TRacheduMpYrel3 iPrapRroduré@dy 40

mnutes after starting the test, at
[0064]

As can be seen from Figure 6, the ambient
temper'ature‘around Eiement No. 2 reached about 93°C
approximately 47 minutes after starting the test, at which
poin-t the leak current dropped rapidly to zero. With respect:

to Element No. 1, the ambient temperature reached about

'85°C approximately 40 minutes after starting the test, at

which point the leak current dropped rapidly to zero. In
other words, it can be seen that, in both cases, the
cbmposite element exhibited a non-reverting function with
the fuse member fusing. It is noted that even though the
fuse member having the actuating temperature of 104 °C
was used, the non-reverting type function was exhibited at
an ambient temperature of about 90°C.
[0065]

The present application claims a priority based on

Japanese Patent Application No. 2005-226910 (filed on



whi ch point the |l eak current dropped rapidly to zero.
In other words, it can be seen that, in both cases,
the conposite elenment exhibited a non-reverting
function with the fuse nenber, {using. It is noted
that even though the 20 fuse er having the
actuating tenperature of 104 C was used, the
non-reverting type function was exhibited at an
nbient te r at out 90C,.[00 The present .
B ehd oAD05: hifa o T8 1V BasiG efstfh% chaeosite
Pat ent Application hb 2005- 226910 flled on
E\u@mnh) aoes alt iaf| Eh@fCPﬁéelnﬁ\‘ieﬁfltB‘r‘P aEEFéldPF‘ltton are
Composite Elenent), and all of the contents of the
Hppd rear Réadaime thienpsese at &P e vifinatinredanreference.
specification by reference. 36 CLAIMS Caiml1l An
el ectric conposite elenment conprising a polynmer 5 PTC
el ement and a tenperature fuse nenber connected in
series thereto, which electric conposite elenent is
characterized in that the tenperature fuse nenber is
pl aced such that it is under the thermal influence of
the polymer PTC elenent, and a nelting point of a
nmetal 10 conposing the tenperature fuse nenber is at
least 5 C higher than a nelting point of a polyner
conposi.ng the polymer PTC el enent.
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Caim2 15 The electric conposite el enent according to
Claiml1l, characterized in that the nelting point of

the netal conposing the tenperature fuse nmenber is at

| east 10 C higher than the lting point of the

pol ymer conposing the polyne TC elenent. 20 Caim3
The el ectric conposite elenent according to Caiml,
characterized in that the nelting point of the netal
conposi ng the tenperaturegé z\ellwgnber' is at least 20 C
25 higher than the neltin B of the polymer
conposing the 37 polyner PTC elenent. Caim4 The

el ectric conposite elenment according to any one 5 of
Clainms 1 to 3, characterized in that the pol ynmer
ebapBsilng the pol yner PTC el enent is an et hyl ene-vi nyl
acetate copolymer or an ethylene-butyl acrylate

copol Ameelectig O POSThe @lemanic COSAPHET I @ dRliyiner
according to any one of Clains 1 to 4, wherein an )
BTdC te icoale nrtegingt antemuper atureduysermenchereaamnected in
after its actuation is at least 500 tines its

gkeias ithadreatesi sttdode ede choirarelo mpmsdt et @keem elrbt Gsai m

6 The electric conposite el ement according to any one
characterized in that the temperature fuse member is

placed such that it is under the thermal influence of the
polymer PTC element, and a melting poin.t of a metal

composing the temperature fuse .member is at least 5 °C
higher than a melting point of a polymer composing the

polymer PTC element.

~Claim 2

The electric composite element according to Claim 1,
characterized in that the melting point of the metal
composing the temperature fuse member is at least 10 °C
higher than the melting point of the polymer composing the

polymer PTC element.

Claim 3

The electric composite element according to Claim 1,
characterized in that the melting point of the metal
composing the temperature fuse member is at least 20 °C

higher than the melting point of the polymer composing the
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of Clains 1 to 5 wherein the tenperature fuse nenber
is at least partially covered by a resin layer. 20
Claim7 The electric conposite el enent according to
any one of Cains 1 to 6, wherein the polynmer PTC
element is placed on an insulation substrate. 25
Claim8 38 An electric device conprising the electric
conposite el ement according to any one of Clains 1 to
7. Caim9.5 The electric device according to Claim38
RO ML thet § ed8eNfherein the el ectric conposite
el enment is placed on the outside of a casing of the
battery pack. Caim10 10 An el ectric apparatus
conprising the battery pack according to Caim?9.
Claim #1 The electric apparatus according to Caim 10
as a 15 cellular phone device.

The electric composite element according to any one

of Claims 1 to 3, characterized in that the polymer

composing the polymer PTC element is an ethylene-vinyl

- acetate copolymer or an ethylene-butyl acrylate copolymer.

Claim 5
The electric composite element according to any one

of Claims 1 to 4, wherein an electrical resistance of the-

polymer PTC element after its actuation is at least 500

times its electrical resistance at normal temperature.

Claim 6
The electric composite element according to any one
of Claims 1 to 5, wherein the temperature fuse member is at

least partially covered by a resin layer.

Claim 7
The electric composite element according to any one
of Claims 1 to 6, wherein the polymer PTC element is

placed on an insulation substrate.

Claim 8
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An eleciric device comprising the electric composite

element according to any one of Claims 1 to 7.

Claim 9
The electric device according to Claim 8 as a battery
pack, wherein the electric composite element is placed on

the outside of a casing of the battery pack.

Claim 10
An electric apparatus comprising the battery pack

according to Claim 9.

Claim 11
The electric apparatus according to Claim 10 as a

cellular phone device.



