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This invention relates to circuit protection devices. Conductive pol yner
FTC cprr_}:)ositions,h and devices, including circuit protection devices
cpntaining 5 them are_known -seepaf u. Nats&is Nos.
2,978,665, 3,243,753, 3,8¥Rd2T 4, B%égﬂckﬁ, 1%?376. For details
recent devel opnents, reference nmay be made for exanple to German COLS
2,948,350, 2,948,281, 2,949,173 and 3,002,721, to European patent
publication 10 0022611, and to GB 2056204 and 2062246, and to the .
AppL%%gtions filed contenpBRidecbueentiencrplatag kpycepcult pgosegsion
2074169, 2074585, 2074376 and 2074375. In further investigations of the use
of Pweviously pr@ﬁ%&@ﬂscircuit protection devices conprising 15 PTC
conduct.i ve pol yner . el ementswe recogni zed a probl em whi ch had not previously
been consi dered, nanely that when such a device was used to protect a

circuit froma very rapid foasgaseylnpSIeRER! pha! EohBYsitebngyagRRe, from a

short or the intrusion of a new power ce) e were many .

conbi nati ons of rr g i fexi ' e sa i
orose the devi CEOReERr L ERFLbaLRYTaLERE L B CRel R oAty L een R ng

device to fugictioRem, ££éckhbUR! ¥sdeNssbcexahplenBss. Bitenssr ek, when the
2,978,665, 3,243,753, 3,351,882, 4,017,715 and 4,177,376.

.\'

For detaiis of recent developments, reference may be
made for example to German OLS Nos. 2,948,350, 2,948,281,
2,949,173 and 3,002,721, to Europeén patent publication

10 0022611, andlto GB 2056204 and 2062246, and to the
Applications filed contemporaneously herewiéh namely GB
2074570, 2074169, 2074585, 2074376 and 2b74375.

In further investigatiohs of the use df
previously proposed circuit protection dgvibes comprising
15 PTC conductive polymer elements;we recognized a problem

which had not éreviously been considered, namely that
when such a device was used to protéct alcitcuit from a.
very rapid increase in current (arising, for example,
from a short or the intrusion of a new power source),
20 there were many combinations of peak current through the
device and peak voltage drop across the device which
would substantially impair the ability of the device

to function



tripping of the device (ie. its conversion to a high resistance high _
tenperature state) took place slowy, eg. 'as a result of a slowincrease in
the curpy or an 5 - increase in the tenperature of the nmedium -
' he device, no such problems were apparent. W found, for

d previ ously proposed devices, such as those specifically

descri bed GCerman OLS Nos. 2,948, 281 and 3, 002, 721, mere.capable of _
provi di ng~ef fective protection 10 oﬁlrepeated tripping either (a) at peak,
currents of less than 1 anp, even at voltages as high as 240 volts (and, we
believe, also doing so at yet higher voltages), or (b) at voltages of Le@s;.
than 50 volits, even at peak currents of 200 anps (and, we believe, also E#*
doi ng so at r%fFe?@ivhlgh%rﬂwnhqzwn%)timqamtt&ythmhrigandmrue arez onnd
that such devjces would provide effective protection for at nost rips

and often femkﬁ%pﬁﬁﬂﬂl??fﬁﬂﬁxF%ﬁ&ﬁ? i koo penyergdiont &0 @l bdghi ca

stress, e.g. at_a volta eﬂ@igﬁbOUt 00 vol t r nore and a peak current of

10 anps 20 orehrancq 49 : AR ARARs tooks@dace slovilye esfective
PrOTCtyon bgeuse dAnle 465 YARE AR AETETIRY bR e oL T

tripped under the normal operating con e}

oLhers gher e #ier €654 OfHY O i d Mt df' '6HY "o ddGROTARTLGA RN gO¥REOST O

25 or flam ng. : _
device, no such problems were apparent. We found, for

example,uthat.previbusly pfoposed devices, such as those
speéificgliy descfibed.in Ggrmgn UFS ﬁns. 2,948,281 and
3,002,721, were.cépable_of'providing effective_protection
10 -oﬁ fepéated tfipping éither (a) at péak currents of less
than 1.amp, even a£ Qolﬁaées as high.ég 240 Qoltéz(and, we
beliéve, also doing.so at.yet highér voltages), or
(b) at voltages of less than 50 volté,.even at peak -
currénts of ZOOIamps (and, we Qeliéve,.also'doing so at
15 yet higher;currents). On the other hand, we alsﬁ found
that such devices would provide effective protection for
at most & ﬁrips.and'often Feﬁet,”whén tripped.under
conditions of greatér'electrical stréss, e.g. at a voltage
‘of about 200 volts or more and a peak current of 10 amps
20 or'more; In some désés the deviééé ceased to ﬁfovide
effective protection because Eheir resistance héd_increased
"to a level where they'tripped under the normal operating
conditions of the circuit, while in others there was
catastrophic failure on tripping, accompanied by explosiaon

25 or flaming.

o



The present invention relates to circuit protec- tion devices which have

i mproved performance when subj ected "'to repeated tripping caused by -a=xapid
i Rcrease in current. In the interests of clarity and brevity in 5 &J
descri bing and claimng the present invention, a nunber of terns la

in this specification wwth the particul ar neani ngs given bel ow. A
conductive polyner protection device" is a circuit protection device which
conpr«i ses 10 : (1) a PTC el enent composed of a PTC conposition which
has-.a sw tching tenperature [err] and whicloconprises a pol yner conponent
and, ‘U1spersed I n said polynmer conponent, a parti- culate filler conponent

whi &M conpri ses a 15 The reseﬁ%”ﬁ““gﬂﬁ#%J'ﬂ|Fﬂiesa@q Eglcﬁitlﬁﬁﬁie&mo
el ectrodes which can be connected to a source of electrical power

whi ch, when so. cenaacaedzcsamm@mmm inpfdved lerdeghandedwhek ehsﬁeeted
20 A "first test circuit" is a circuit which consists
essentially of "at&’bepeatienittviequing/rmuuqzd)tbeycta' arapddviioeresser dnndedrépt.
still air at [err] or [err], a switch, a fixed resistor of resistance [err]

ohnms and a 120 volt DC Pomer source, where [err] is such that the
conputed current. n the interests of clarity and brevxty in

5 describing and claiming the present invention, a number of
terms are used in this specification with the particular

meanings given below.

A "PTC conductive polymer protection device”

is a circuit protection device which comprises

10 (1) a PTC element composed of a PTC cemposiEion
~which ‘has a switching temperaturé'Ts and
which comprises a polymer component and,
dispersed in said polymer component, a parti-
culate filler component which comprises a

15 _ conductive filler; and

(2) at least two electrodes which can be connected
" to a source of electrical power and which, when
so connected, cause current to flow Ehrough said

PTC element.

20 ) A "fxtst test circuit” is a clrcuit which consists
essentially of a PTC conductxve polymer protection device,
surrounded by still air at 0°Cc, 23°C. or 70° C., a switeh, a

fixed resistor of resistance Ry ohms and a 120.volt DC



density (as defined below in the PTC el enent of the device in the first
test cycle of the devi ce test routiné defined bel ow reaches a maxi mum of

1000 anpss err] 5 (155 anp/[err]). A "second test circuit” is a
circuit (Bh consists essentially of a PTC conductive pol yner protection
devi ce '4ounded by still air at [err] or [err], a swtch, a fixed
resisto resi stance [err] ohns and a 240 volt DC 10 power source,

where [err] is such that the peak current through the device in the first
test cycle of the device test routine defined belowis the higher of 1 anp.
and 3 x [err], where [err] is the maxi‘um steady state current which, VWth
it flows through the device, causes the device to 15 generate heat by~

[err] heating at a rate equal to the rate at which heat can be lost from
t he device. APOW&F 89uT&&» MHErenBy i8 auﬁFoEBﬂhr%h?rFQWRQ§F¢1qq%%ﬁ“%ﬂ

d , Wh .
Forr] s 5, | AeRRYoR oRnPE inag: bEphRLclaothe FiL Sanett [2F ied o ther
for . seconds,(iap Uhe bl JirbESkebh EUELY BF (R0 AR SSEVMS UQledlle

second test circul t) thenh opened an e device is a

to cool to [e%%kzhﬁhobﬁlbuer@%&he&e§tmQXEth'§Fcﬁ6ﬁ¢€%h§§¥1nch2/\

"damageabl e circuit conp%nent Is a conponen
5 (155 ‘amp/en”). '

A "second test circuit” is a eircuit which consists
essentially of a PTC conductive polymer protection device,
surrounded By still air at 0°C., 23°C. or 70°C., a switch,
a fixed resistor of resistance Rz'bhms_ahd.a 240 vaolt DC

10  power source, where R, is such that the peak current

through_fhe device in the first test cycle of the device test

.air

routine defined below is the hlgher of 1 amp. and 3 x lcrltj

air

where icri

t is the maximum steady state current which,
when it flows through the device, causes the device to
15 - generate heat by IZR heating at a rate equal to the rate

at which heat can be lost from the device. {\)

~ A “"device test routine" is a procedure in which
'a first or second test circuit is subjected to N/successive
test cfcles, where N;is 5, in each of which test cycles
20 the switch is closed eithet for 5 seconds (for the first
test circuit) or for 30 seconds (for the second test
circuit), the switch is then opened and the device is
allowed to'coo1'to 23°C before the next.tesﬁ'éycie is

" carried out.



dhlch I's damaged if the current flomnng through it exceeds a value [err]

anps for a time t seconds, where t i's 30. An "intrusion-prone ci

Ggirecuit 5

val ts,

cirrcuit conponent circuit. A "first normal operating condition”

normal operating condition of an intrusion-prone circuit and is 10 an

(2) a

whi ch conprises (1) a power source having a voltag
PTC conductive polymer protection device and (3) a

retist” is a
.
aPn'v eabl e

he

operating'condition in which (A) a current in flows through the device;

(B)

‘'t he devi

ce is at a tenperature Tdngnd has a resistance [err]; (O the

devi®e is in contact with a nediumwhich is 15 . at a
terperature Tn; (D) a current less than [err] f1 ows t hrough t he danageabl e
circuit conponent;.and (E) there is a stable equilibriumbetween the rate

at which the device gener af e edbld T1rélit component” D83 i dumpdrkrte
rate at which heat is |lost fromthe device. A"first fault circuit" is a

circuit which isyg{eRtes Pamaddéd CLRIAIHY didvedteClowiay theowgh sitonpresdsg
a new power source and a switch into an intrusion-prone circuit and in

t 30.
which, in the flésﬁal@stxdamage amps for a time t seconds, where t is
An "intrusion-prone circuit®™ is a circuit
5 which comprises (1) a power source having a voltage of V
volts, (2) a PTC conductive polymer protéction device
o -
- and (3) a damageable circuit component circuit.
A "first normal operating condition" is the normal
~operating condition of an intrusion-prone circuit and is
10 an operating condition in’ which
(A) a current i flows through the device;
(B) the device is at a temperature T, and has a
regsistance Rdn‘
(' (C) the device is in contact with a medium which is
15 at a temperature Tn
(D) a current less than idamage flows through thg
damageable cireuit component; and
(E) there is a stable equilibrium between the rate
at which the device generates heat by IZR
20 heating and the rate at which heat is lost from

the device.



5 cycle of the circuit test routine defined below (a) there is an

isnitial fault current flow ng through the' damageabl e circuit conponent
whi ch gxgeeds i (b) there is an initial fault current flow ng 10

.throu Li?' device which results-in a conputed current density as defined
bel ow\i e PTC elenent of the device which reaches a maxi numof 2 155

“anp/[e " (c) the device and the damageabl e circuit conponent 15 _
+are in series; and (d) the voltage“<s such that peak potential drop over
"the device is the higher of 120 volts and 1.5 x V. A "second fault circuit”
is acircuit which is created by introducing new electrical elenments )
conprising a 20 new o'\/\éi'r%'bu?%'él%rﬁj"ac%'%i't df i ed rEitnthdShon- pr one™”"
' it fest cycld test routine

ircuit and i which, in th of .the ciircui
et i ned bl ot 5 TR WL St dRla A ingl To fateat RORRRG 2y ough 1 he

damageabl e ci 114 0, swhivC ceeds [err];
(b) there is %M%ﬁ%ﬁ? ?:ﬁ'{ 2‘1’(;":1'1“Fertenst':"*’icoevm'aﬁ"éi t%rsgl}\gr%ht Eg‘iée\%lﬁce which is
the higher ofjdtAiPiéilprone circuit and in which, in the first test

5 cycle of the circuit test routine defined below

(a) there is an initial fault current flowing
_th:ohgh the damageable circuit component
wﬁicb exceeds id#mage5 |
. (b) there is an initial fault current flowing
- 10 o through the device which results in a computed
curfent:density as defined below in the PTC
element of the device which reaches a maximum of
- 155 amp/cmz;_
(¢) the device and the damageable circuit component
15 - are in series; and

(d) the voltage is such that peak potential drop over

the device is the higher of 120 volts and 1.5 x V.

A "second fault circuit" is a circuit which is
created by introducing new electrical elements comprising a
26 ' hén poyéf source and a switch into an intrusion-prone
ciréuit.and in:which, in fhe first test cycle of the

circuit test raoutine defined below

(a) there is an initial fault current flowing
through the damageable circuit component

25 : which exceeds idamage;



3 x [err] where [err] is the maxi mumcurrent which, when it flows through
the device in the 5 circuit, causes the device to generate
heat by | R heating at a rate equal to the_rate at which heat can be | g
fromthe device; (c) the device and the damageabl e circuit conponent '
series; and 10 (d) the'voltage I's such that the peak potenti a

drop over the device is 240 volts; A "circuit_test routine" is a procedure
in which a first or second fault circuit is éZbJected to N successive test
cycles, where Nis 5, in each of which test 15 cycles the switch is

cl os®d either for 5 seconds (for the first fault circuit) or for 30 seconds

(foMt he second faul t(§)rcthéde fdearbViditidls fldaan eperedtandokbegdent 66ghs
allowed to cool to Tdn before the next test cycle is carried out. 20

A "fixed voltage circuit" tise adevicalivhindh dls cbephiigber(bf a4 BRE sodductive
pol ymer protection device, (2) a power source having a voltage [err] which
I's at least 120 volts, eg.3200if0 p50erd tig, jysual theamarbmgouruereahd (3)
other circuit el ements which are connected in series 25 with the device
and which have an inpedance}@h ¢ |whamsit fRMH%:ﬁhF§“§FeFBFaEPy1§Bb5PahF?aIIy

constant, i. e. does not
5 circuit, causes the device to generate heat by

iéR heating at é rate equal to the rate at which
heat can be lost from the deviqe;

- o/ (¢) the device and the damageable circuit component
are in series; and

10 - {(d) the voltage is such that the peak potential drop

- over the device is 240 volts;

A "circuit test foutine” is a procedure in
which a first or second fault circuit is subjected to N
successive test cycles,-where N is 5, in each of which test
15 cycles the switch is closed either for 5 séconds (for the
first fault circuit) or for 30 seconds (for the second fault
P circuit), the switch is then opened and the device is
allowed to cool to T before the next test cycle is

dn
carried out.

20 A "fixed voltage circuit" is a circuit which
comprises (1) a PTC conductive poiymer protection device,
(2) a poﬁef source having.a‘voliage V1:which is at least
120 volts, eg. 200 to 250 volts, usually an AC source; and
(3) other circuit elements which are connected in series

25 with the device and which have an impedance RL ohms



vary by nore than [err]25% in the tenperature range of operation of the
circuit. A "second nornmal operating condition" is-the 5 nor mal
operat?_ffb0wdltion of a fixed voltage circuit and is an operating

~condi ti@gnign mhich (A) a current in flows through the device; (B) the
device i\s/at/ a tenperature Tdn and has a resistance Rdn which is | ess than
0.5 x R sk 10 - (preferably less than 0.1 x RL ohm especially
| ess than 0.04 x [err] ohn) and less the® [err] ohnms (preferably 0.03 X .
[err] to 0.3 x [err] ohm especially 0.05 x [err] to 0.2.x [err] ohm; (O
the device is in contact with a medi um which 15 : is at a .
tenperature Thiahd igDprielferabily aubbtBheiggyy! tbrstambet yegn Jﬁs rrﬂétﬁ ats”
whi ch the device generates heat by |2R heating and the rate at whic eat
is |ost from veeydbyi mere2@han +25%, in thé texperaoli@dfaidd ot has a
"positive response to current tripping” if the circuit is such that (a) if
el ements of te@egiatdont ofr §hehgdgedite that the current flow ng through

sai d device increases slowmy from[err] while maintaining [err]
substantially constant, '

A "second normal.operating condition" is the
5 normal operating condition of a fixed voltage circuit

and is an operating cqnditiﬁn in which

(A) a current i, flows through the ﬁevice; ‘-
(B) the device is st a temperature Tyn @nd has a
resistance Rdn which is less than 0.5 x R_ ohm
10 (preferably less than 0.1 x RL ohm, especially
less than 0.04 x R, ohm) and less than V,
ohmg (préfaraply 0.03 x Vl'tﬁ 0.3 x vV, ohm,
__ especially 0.05 x V) to 0.2 x V; ohm);
(C) the device is in contact with a medium which
15 ~ is st a femberature T,s and |
| (D) there is a stable equilibfium between the rate
at which the device generates heat by IZR
hqéting and tﬁe rate at which heat is lost

from the device.

20 ' _ A fixed voltage circuit hag g_"positivg response

to current tripping" if the circhit is such that

(a) if elements of the circuit are changed so

that the current flowing through said



then the tenperature of the device increases slowmy until the circuit
reaches a critical 5 ' operating condition in which—i)
the equili- brium between the rate at which the device generates h qzi?y
[err] heating ahd the rate at which heat is lost fromthe device ik "7
unstable, (ii) the device is at a tenperature 10 Td/trip
and has a resistance [err] (iii) the rate at.which the resistance of the
~devi ce changes with tenperature,[err] is posi\tive, and (iv) the current has
~a a value [err]; and 15 (b) if elements of the circuit are
furtter changed so that the current flow ng through the device increases to
2 x™err], while maintaining Tn substantially constant,_ then the rate at

whi ch the device.generates heat 48yice increases slowly from 1 whide g
exceeds the rate at which heat can ge.lost ron1th€ eyiqf and t.hus causes
the tenperature and the resist af@dnSAiPAAI Ly BWPT N TRALLY, SonsFalte  he
circuit current to fall, and th%&%ﬁfkﬁg EQSpgfﬁfﬁQE ® the devic Hﬁsfefﬁgs

reaches a ‘high tenperature stable operating condition I1n whic
rate at which the

‘gslowly until the circuit reaches a critical
5 : operating condition in which (i) the equili-
brium between the rate at which the device
generates heat bf IzR heating and the rate
at which heat is lost from the device is
_ unstable, (ii) the device is at a temperature
10 | T and has a resistance Rd trip’ ‘///
(iii) the rate at which the resistance of the

dRy tri

device changes with temperature, ?ﬁ:;___Jl ’
trip

is positive, and (iv) the current has a

d trip

a value'icrit; and
15 (b) if elements of the circuit are further
changed so that the currentlflowing through'

the device increasses to 2 x i s while

_ erit
maintaining Tn substantially constant, then

the rate at which the device generates heat

20 by 12R héaiing exceeds the rate at which
heat cﬁn be iqst froﬁ the device and thﬁs
causes the temperature and the resistance of
tﬁe;deviee to risé rapidly.and the circuit
current ﬁo_fall, and therqaftgr the circuit

. 25

reaches a high temperature stable operating



devi ce generates heat by |2R heating is equal to the rate at which heat is
|l ost fromthe device; and (ii) the device'is at a 5 .
. e Td latch which is such that the ratio of the power in the v

{jtn )t he normal operating condition to the power in the circuit ip.
- the hi\g enper at ure stabl e operating condition, the Switching Ratio; is 10
at -l ea , generally at |east 10, preferably substantially higher, eg. at
| east 20, preferably at least 40; tA& device will generally be "latched"
(r.e. it will remain in a high resistance, high tenperature state 15
even if the fault condition is renmoved). A" nodified first test circuity";
is a circuit which consists essentially of a protection device froma fi&%ﬁ
voltage circuit, a swtch, acénsibbiiomsinswivichi (ddsitdheanese] atr whéhhsthad a
power source having the same 20, voltage [err] as thg power source in the
fixed voltage -circuit, the de9Yieepgsnefateshwedcbynili ®# PR8tiage ifedi um at
the sanme tenperature [err] as_in, the fixed,voltage .circuit and. [err] being
such that the computed curreRBUBEnE? kP Fakss | egﬁagpoﬁep Pﬁelé?g kf@ﬂent
of the device in the first e c| f (t.he i T eyice, test
coutine defined thd éévf@@; and (1&3 B esdcdeYsCse! §

' 5 : " temperature Td latch which is such that the

ratio of the power in the circuit in the
normai'operating condition to the power in
the circuit in the high temperature stable
operating condition, the Switching Ratio, is
10 _ R ~ at least 8, generally at least 10, preferably
: substantially higher, eg. at least 20,
preferably at least 40; the device will
generally be "latched” (i.e. it will remain
in a high resistanée, high temperatbre stafe

15 _ - even if the fault condition is removed).

A " modified first test circuit" is a circuit

~ which conéisﬁs eséentially bf'a.prbtection device from a
fixed voltage circuit, a switch, a fixed resistor of
resistance R1'ohms and a power source having the same

20 Qoltégé Vi as.the power source in the fixed voltage

circuif, the déviceﬁbéing in contact with the same medium at
the same tempeféfdre T; as in the fixed voltage circuit
and'Ri'béihg.such that the computed current density as

defined.below in the PTC element of the device in the first



bel ow reaches a maxi num of 155 anp/[err]. A "nodified second test circuit”
is a circuit which consists-essentially of a protection device from5 a
f4 xed voltage circuit in which the power source has a voltage [err] wADCHK
israt |least 240 volts, a switch, a fixed resistor of resistance [err]é&j&
and a power source having the sane voltage [err] as the power source in. the
fixed voltage circuit, the device being in ldontact with 10 t he sane
medi um at the sanme tenperature [err] as in the fixed voltage circuit and
[err] being such that in the first test cycle of the nodified device test
routtne defined bel ow, the peak current through the device is the higher of
| aMp’ and 3 x icrit, where crit is the 15 maximum current which when it
flows through thtegbveyele nof Hcheimedified) dayigier itegtqaoutdnecderinedi ne"
is a procedure in which a nodified Iirsb¥ge t circuit or a nodified second
test circuit i's BebPecERICRYS N TR iiﬁ AMPLCRS + in 20 each of

which test cycles the switch is closed either for 5 seconds (for the first

nodi fied test circuit) or %o;mgé)jffc#);gc%o(r“)rtet e 565014 »nydi ]gi'ﬁgr{_.gﬁ

circuit), whereby the device Tnitia enerates héat by [err eating at a

oL P CeeH R et SISy A St son BB oo
5 a fixed voltage circuit in which the power source has a
voltagé V2 which.is at least 240 volts, a switch, a
W, fixed resistor of resistancelR2 ohms and a power source
having the same voltage V, as the power source in the
fixed voltage circuit, the device being in contact with
10 the same medium at.the same temperature Th as in the
fixed voltage circuit and R, being such that 'in the
first test cycle of tée modified device test routine:
defined below, the peak'current_thraugh_the device is the
higher of 1 aﬁp and 3-x i |

ts Where i t is the

eri eri

15 maximum current which when it flows through the device in

the circuit.

A "modified device test routine" is a procedure
in which a m;dified Firsﬁ test ci;cuit or a modified second
hesilcircuit'is.subjected to N successive test cycles, in

20 } eacﬁ of whiéh teﬁt.éyciéé fhe switch is closed.either for
5 seconds (for the first modified test circuit) or for 30
secﬁnds (for the éecond_ﬁodified test ﬁircuit), whereby

.tﬁe device inifiélly generéfes heat by IZR heating at

a rate which exceeds the rate at which heat can be lost



torise rapidly and the circuit current to fall, and thereafter the device
reach hi gh tenperature stable operating condition in which the rate at

whi c”the)ldevice 5 =~ generates heat is.equal to the rate at which heat is »
| ost{ [fir. the device;, the switch is opened; and the device is allowed to

cool \floMerr] before the next test cycle is carried out. The "electrically

acti urface" of an 10 el ectrode is the surface of the el ectrode

through whi ch current flows when currefid_i s passed through the device. The.
"ef fective surface area" or "ESA" of an electrode is the cross-sectional

area of the electrode when viewed in the direction of current flow

(ignoring any_15 - apertures |n the el ectrode which are sufficiently sna \Tﬁ

for the el ect foem the pdoviem Lthuptayping IV’%GGPBBF@HFPaPFSEP?a@E"b%'ér its

t ot al th kil]ed th t t | ectrod

oral aren) g3 Hs&:ﬁm#zc@&wﬁeﬁ% e
t fl th

current 0% (b tEFE, RACHELER LGN 5 0, SOBPASRFRECHR BRI, 1,

fashi on. The NV RLEae r gest
of (i) the cur'?iﬂ?“%ﬁf.%%*é&ﬁ?‘%'ﬂ?ﬁs“ﬁ‘o"f” i FRet l’*”““?sf:‘e?ﬂﬁe“?i‘#? the
current gli vi dgén@yat &8 Kt Ofs té§ual ta the rate at which heat is lost

" from the device;.tne switch is opened; and the derice is

alloned to cool'to Tﬁ before the next test cycle.is

.carried out.

The "electrically active surface” of an
10 electrode is the surface of the electrode through which

current Flows when currentfis passed through the device.

The “effective sur face areeﬁ or "ESA" aof an.
electrode ie the cross-sectional area oF.the electrode
when viewed in the direction of current flow (ignoring any

15 apertures in the electrode which are sufficiently small

for the electrode to provide a substantially equipotential U

sur face over its total area).

As those sk;lled xn the art w1ll recognlze, when
_ the electrode does not have a planar sur face at rxght angles
20 'to the d1rection of current flow (e g. when wire electrodes’
are used, as described below), the current dens;ty will vary

across the electrode and PTC element in a complex fashion.

The-”computed current density” ‘in a PTC element means the

largest oF_(i)'the current divided by the ESA of the first



second el ectrode and (iii) the current divided by the m ni num
cross-sectional area of the PTC elenent at right angles to the direction of -
cdrrent fltow The values of 5 (1) and (ii) will usually be th
and the:value of (iii) can be smaller, the sane, or larger."In s
procedures defined above, reference is nmade to the fact that the
current density in the PTC el enent ...reaches a maxi nrum of 155 a m". By
this is neant 10 t hat when t he peak rrent is flow ng through the
device, 2 the conputed current density\i 155 anps/cm The term
"intér-electrode distance", t, |s used herern to denote the shortest

geoﬁbfrlc dlstancg ? gﬁgﬁérgfn 13 ré¥¥¥; dxvz Hgithe ?g?ﬁ%$ﬁ h of an

el ectrode, w, he sna est on o The

length of an el eCLéfB’Rd dlebfrold ! {l‘?ﬂ; 19 R hS ctu*}‘i-ehir a&v d% Sir?é‘ of

the ESA. The equivalent di ameter ectrode I's define ere n as the
di aneter of a ci r(ﬁiﬁma«l@gowesmm ardeed raghlehp TESLLehehbiea el £Ldrode.
The -m ni num cross-sectional area of the PTC elenent, [err], is the area of
the snall est crossngkesi bl the t dicr MG oal afertiurirente €l owbe ehecﬁindes &f
right angles to the direction of current -fl ow

5 (i) and (ii) w;ll usually be the same, and the value of

(iii) can be smaller, the same, or larger. In some of the
procedures defined above, reference is made to the fact
/ that the "computed current density in the PTC element

z".

+s.sreaches a maximum of 155 amp/cm By this is meant

10 that when the peak current is flowing through the device,

the camputed current.density is 155 ambs/cmz.

The term "inter-electrode distance", t, is used
herein to denote the shortest geometric distance between

two electrodes.

15 The width of an_elec:rode, w, is defined herein
as the smallesf dimension of the ESA. The length of an
electrode, 1, is defined herein as the largest dimension
of the ESA.l The_equivalent diameter of an electrode is
defined herein es the diemgter of a ci:cle having the same

20 area as the ESA of the electrode.

The minimum cross-sectional area of the PTC |
element, Am n,_;s the area of the smallest cross-section
of the PTC element between the electrodes at right angles

to the direction of current flow.



In one aspect the present invention provides-a PTC conductive pol yner
devi ce which has a resistance at [err] of '[err] and which is such that,
when the device forns part of a first test circuit (as hereinbefore 5

. ich is subjected to a device test routine (as hereinbefore
or when the device fornms part of a second test circuit (as
efgre defined) which is subjected to a device test routine (as
her ei nbefore defined), then i.n each the test cycles of the test 10
routine the result of closing the switfh is that (a) initially the device
generates heat by I R heating at a rate which exceeds the rate at which:
heat can be lost fromthe device, thus causing the resistance of the devi€e
to rise rapidly and thgnpCioheUiaslspedt’ €Re peebaht. iAGentRonlprovideseafter
the device reaches a high tenperature stable operating condition in which
the rate at WIriCCkRondactdee pelymeer deeickeahiby hesrh bhesisbgnée sfual to
the rate at mhich.hegg is lost fromthe device; and after said test routine
" has been comi3éCeaf {8 dodi @bikhsia seshsthate fiben bhe28&viech is |ess
than 3 x [err] ohms, preferably less than 2 x [err]. In_another aspect, the
present inverfor®s pesk @fs aafirsts tepénchrendtcipeunereinkefarei rcuit which

' 1 ' rce. havij t of :
Conprlsgs ( %e%i%%d rw%%%%??s %ﬁkggc%egokoagedgvice test routine (as

hereinbefore defined); or ﬁhen the device Forms'part
of a second test circuit (as.hereihbeforé'defined) which -
is subjéctéd to a dévice test routine (as héreinﬁefore
definéd),'theﬁ in each of the test'cycles.o?'the test

10 routine the resuit of closing ﬁhe switch is:that (a)
initially the device geﬁefates heat by I2R heaﬁihg at a
rate which exceeds the rate at which heat can be lost from
the device; thus causing the resistanée of the device to
rise rapidlyfand the circuit current to fall, and (b)

15 thereafter the device reaches a high temperature stable
operating céndition in which the rate at which the device

| generates heat by IZR.heafing is equai to the rate at Q;j
which heat is lost from thé device; and after said test
routine ﬁas been cumpleted, the device has a resistance
_ zgR _

20  at 23°C which is less than 3 x 4 ohms, preferably

3 23, -
less than 2 x qu.

In another aspect, the present invention
provides an intrusion-prone circuit [i.e. s circuit

which cuﬁpriéés (1) a power source having a voltége of



Vv volts; (2) a PTC conductive polynmer protection device; and (3) a
danmageabl e circuit component] which 'has a first normal operating condition
and which is such that if a first fault circuit (as herei nbefore dekfj ned)
.containing 5 the device is created and is subjected to a cir est
routine (as hereinbefore defined) and/or if a second fault circ:t!i‘ as
her ei nbef ore defined) containing the devicgris created and is subfected to
a circuit test routine (as hereinbefore det¥ned), then in each of the test
cycles of 10 the circuit test routine, the result of closing the switch
is that (a) initially the device generates heat by |2R heating at a rate

whi & exceeds the {8l s LA £ b fCariAR G Bl yhieBpEBEEVER CdoV iU

e
causing 'the resistance the device to rise rapidly and the circuit
current to 15 4@l {3) apdidaagddieedil@uilth @ omiplon@ft It BRoeBhhédea First
-damageabl e circuit conponent reaches a stable value which is | ess than
[err], the poteniémhallr e Oateing v riiticm rapaiclwbich ssablehvihat ihizh is
the higher of 120 volts and 1.5 x V, and the device reaches a high
tenmperature stabfer€0 faubperitduit daalinereinbe figitiec defhoed bt eontaiming t he
device generates heat by [err] heating is equal to the rate at which heat

i's lost frémthetbevdeeicants grestedhiand da supdesterabe BeBATERHDI ELY,
the device has o a ool S{ 200k Fla st tdre PAhed) 2oL EP 3 Hob8hE] rauie

circuit (as hereinbefore defined) contéiping the device- is

\/ created and is subjected to a circuit test routine (as
hereinbefore defined), then in each of the test cycles of

10 the circuit test routine, the rééult of closing the switch

| is that (a) initially the device generates heat by ;ZR

heating at a rate which exceeds the rate at which hgai can
be.ldst from the device, thus causing the resistance of
the device to rise rapidly and the circuit current to

15 fall, and (b) thereafter the current through the damageable
circuit component reaches a stable value which is less
than idamage' the potential drop over the device reaches
a!stable value which is the highgr of 120 volts and 1.5 x
V, and the device reaches a high temperature stable

20 operating condition in which the rate at which the device
generates heat by IZR'heating is equal.tq the rate at
which heat is lost from the device; and after said test
cféles-have been’completed,_the device ha§ a a resistance

at Tdn which is less than 3 x Rdn’ preferably less



*

than 2 x [err]. Preferably the circuit is such that the desired results are
obtained with both the first fault circuit and the second fault circuit. In
anot her_aspect, the present invention 5 provi des a fixed voltage .
I rct [\.e. acircuit which conprises (1) a PTC conductive kpolyner
device; (2) a power source having a voltage of V1 volts which-is
20 volts; and (3) other circuit elenents which are connected in -
seri WA h the device and which 10 .have an inpedance [err] ohnms] which.
has a Second normal operating conditio“a(as her ei nbef ore defined), which
has a positive response to current tripping (as herei nbefore defined) ang)
which is such that if the device, after having been renoved fromthe :
circuit, is iebahper atgﬁ LntpréPerabdynone féEfcdit Sis tiidh AHdWIithe as
her ei nbef ore defi ned) Fch is then subjected to a nodified device test
routine (as hdeeimbdf ceeudési acd) obhdinediwith beth nde phirmdteddultto a
nodi fi ed second test circuit (as hereinbefore defined) which is then
subj ected to gimediti enddtbpceecend Pgult e¢brguid. (as hereinbefore
defined), then the device, after the nodified device test routine has been
carried out, (i) has a_resistance at- [err] which is less than 3 x [err],
less than 0.5 x [err], éﬂd‘F8§§°FhaﬁPf%Fr]lQﬁwﬂfaiﬁﬂf invention '

5 . provides a fixed voltage circuit [i.e. a circuit which

comprises (1) a PTC-conducEive kpolymer protection device;
(2) a power source having a voltage of V¥, volts which '&J
is at least 120 volts; and (3) other circuit elements
which are connected in series with the device and which
10 have an impédance.RL ohms] whiéh has a second normal
operating cqnditiﬁn (as hereinbefore defined), which has
a positive response to current tripping (as hereinbefore
defined) and which is.sﬁch that if the device, after
having been removed from the circuit, is incorporated into
15 a modified first test circuit (as hereinbefore defined)
| which is then subjected to a modifiedIQevice test routine =
(as hereinbefore defined) and/or if it is incarporated ~
into a modified second test circuit (as hereinbefoare
defined) which is then subjected_to a modified device test
20 routine (as hereinbefore defined), then the device, after

‘the modified device test routine has been carried out,
(i) has a resistance at Tdn which is less
than 3 x Rdn’ less than 0.5 x RL, and

less than V, ohms; and



-

(i) has an electrical power/tenperature relationship such that, if the
‘device is replaced in the electrical circuit, the electrical circuit 5

(a) has a second normal operating condi- tion (as herebefore defined), and
(b) has a positive response to current tripping (as hereinbefore defi %
Preferably the device behaves in the defined way in 10 both the
first test circuit and the nodified second t‘ t circuit. The devices
this i'nvention are defined - by reference to their behavior when the
surrounded by still air at [err] or [err] and formpart of one of 15 t wo
defiped test circuits. TQus there are six possjible test circuits and the
devi ®8s need have the defilddd pBABoARaRiect iR} \Poyas/JrenpesAtuldnever, a

particul ar device will often have,the defined performance . .in nore than one
of the test circuits, preferabl§°}HQBBPﬂLf%e53§% th?ﬁ%sﬁéiﬁﬂf G5 18 47d

test circuit when the air is at Fgrgrggr:%ac%aﬁ%é _?%g;%i%ﬁ cﬁﬁgﬁﬁital ly in

both circuits when the air is a Vi ces e’circuits
of the invention ' the electrical circuit
5 (a) thas a second normal operating condi-

tion (as herebefore defined), and
(b) has a positive response ta current

~/ . . tripping (as hereinbefore defined).

Preferably the device behaves in the defined way in
10 both the modified first test circuit and the modified

second test circuit.

The. devices of this invention are definéd
by reference to their behavior_when they are surrounded by
still air at.0°C., 23°C.or 70°C and form part of one of
15 two defined test circuits. Thus there are six poésible
. test circuiﬁs and the devices need have the defined
performancé in only one of them. However, a particular
device will often have'tb; defined performance in more
than one of the.test cifcuité, preferably in both the
20  first and the second test circuit when the air is at 8
‘particular temperature, especiqlly in bdfh'citcuits when

the air is at 23°C.



w || be devices of the invention as defined above, especially when the
device, in the circuit, is surrounded by air at O-[err]. A fixed voltage
circuit 5y be an intrusion-prone circuit in which the voltage of the .

power SOufg 5 nore than 120 volts. Tk& definitions of the circuits of the
i nvention () ect fault conditions to ich the circuits may be subject,
.e.g. the." Asi on of a new power source into an 10 intrusiOn-prone

circuit, a4 dead short in a fixed voltage circuit, as well as the nornal .
operating condition of- the circuit and the thernal environnent of the

- devi ce. The presenfthengefices ia phet cdwlcwilts odnatendhvigntidm devices ;-
providing effective protection-against fault conditions in which there isga
rapi d i ncr eamtllnbeudewitesoodit theainventipnaasodefiinedl by a vol tage of at

| east 150 volts and in which the previously proposed devices will not
provi de repeabeveprespecishlyt when2ghepdeviices! \inptheoRiraiti cdess do not
have the required performance in'the yarious test routines above. However

it is to be awreeynded PHapirhatpPedOnC.ded £dxed Molhage iRquit
protection gﬁainst ot her fault conditions which will cause the device to

trip (e. 9. aRRExRBsaNLNSEUSAOPZREQNE, CLESU I8 & & m

SUrTounding {pe, feviee 0 48ugbe "1 b58 Enak’ 120 volts. me

‘definitions of the circuits of the invention reflect
fault conditions to which the circuits may be subject, -
e.g. the intrusion of a new power source into an
10 intrusion-prone circuit, or a dead short in a fixed
voltage circuit, as well as the normal operating condition
of the circqit and the thermal environment of the

device.

The present invention is pafficularly concerned

15 with deviéés préviding effective protection égainst
faﬁlﬁ cdnditioné iﬁ which ther§ is a rapid incréase in
current to ét least 1 amp accompanied'By a voltége of at -
least 150 volts and iﬁ which the previously proposed
devices will nét_provide.repeated protection; thus

20. p:eéioﬁslj propéseé ée#iceshdo not have the reqqired-
peffofmance in the vaf;oué test routines above. However
it is to be undersﬁoéd that the.present devices will
also provide protection against other fault conditions
which will cause the device to trip (e.g. an excessive

25 increase in the temperature of the medium surrounding

the device or a slow increase, to
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an excessive level, in an excessive level, in the current), in which
previ ously proposed devices will also function effectively. Except where
ot herwi se specified, the currents, 5 current densities and voltages
referred to herein may be (or result in) direct current (DC) or alter [
current (AC), the latter termbeing . used to include the case where t
circuit or test circuit includes both an AC power supply and a DC po
supply. AC val ues given herein are 10 M5 values. Simlarly, the.
"resistance"” is used herein to include i dance, and the circuits of the

i nvention may include | oads which are resistive, capaci - tative or

i ndrcti ve or any conbination thereof. The term"fixed resistor™ is used to
mean a resistor ahogecddsive rsiedt ,A0E anCFRiceSsIVBSIansl gl 1y wHnsditlent),

t hroughout the test routine. W have found that in the test routines
referred to abovin whiph erededusdy prioposeldi debjces wtkl 4o tfagiction
“‘requirenents if a DC source is-used than it is if an AC 20 source of the
same RMVS vol t ageeTReeksi@lyThe devices preferably not only neet the test
requi renents when a DC source I-s used but al so when an AC source is used.
In the defined test routi t he nunber of test

cles, N is b.
Preferably the devices ha %ﬁﬂ§ H@&Grr@&hBéFFBFnﬁﬂ%%IESed’c?ﬂﬁzﬁﬂﬁﬁﬁQ£ﬁ'cs
when N_'S_§O or Jﬁgf%nt densitxes_and voltages teferred-to herein may be

(or result in) direect current (DC) or alternating current
; . (AC), the latter term being used to include the case where
| the circuit or test circuit includes both an AC power
supply and a DC power supply. AC values given herein are
10 RMS values. Similarly, the term "resistance” is used
herein to include impedance, and the circuits oF_the.
invention may include loads whiqh are resistive, capaci-
_ta:ive of inductive or any combination_thareofs The term
"fixed resistor" is used to mean a resistor whose
15 . resistance remains substantially constant throughout the

test routine.

We have found that.in the test routines referred'
to above, a given device is more liﬁelj.to:oeet the test
reouirements if a DC source 15 used ﬁhao it is if an AC

20 source of the same RMS'Volﬁageﬁis used. The devices
preférebly not only meet fhe test requireoents:when a DC
source is used but alsaJﬁhen an AC source is used. In the
defined test routines, the number of test cyoles;.N, is 5.
'Preferably.the devices have the fequired pefformance

. 25 characteristics when N is 10 or more.



A fault condition in which there is a rapid increase in current to at | east
1 anp acconpani ed by a voltage of at |least 120 volts can arise in a circuit

contai ning a power source which has a voltage of at least 5 120 volts .
.and remajns the sole power source in the fault condition. Such a fault
condiftji can also arise i'n a circuit in which the normal power source is

el ow 120 volts but which in Eﬁﬁ;fault condition is subject to the
of anot her power source which has a. voltage 10 of at least 120 -

vol té d at least 1.5 t4 gﬁs‘{ftgie‘:r{"?ﬂﬁw“ﬁ'\égll“t %qgcﬂr 1:hief el Qg Qo%g?%d power

source is a part of the i N 'COMbi-nat fon Wt e nor mak_j

pouer source 2 Xeliage B dled §75'sel A Y I hadt abEBEhadide!bys Lhe

nor mal vol t age. e nornal- power source of the circuit may DC or

AC.  Were the, dpulde COPUE | (as¥ | BRP VJ1VH Icad ighlidSiiANaOkiacaew power
source, the new power source may be AC or .DC and may be a directly

connect ed pPowWego SO FENPIa b &l Usut QBOWIichOWade a Vo lhage bfuatl léast
i nvention to be particularly useful in circuits which 20 - nornally operate
at DC volst ages120 V&bss tdred rémainid sthee.gpleapowed S0urciet 4p thehfaulbay be
provided by batteries, and which are subject to fault conditions arising
from the intrusomdibiomC piueh solawlds danditdon ¢an adecomriee| dasé 200
Fortrcurar] y i PRt LibiARtRn nqRL power seurce 1a above or'Beldi
120 volts but which in the fault condition is subject to N
.the intrusion of another bower-source which has a voltage ot
10 of at least 120 volts and at least 1.5 times the normal
voltage or, if the normal power source is a part of the
fault circuiﬁ,.has in combination with the normal power
source a voltage of at least 120 volts and at least 1.5
 times the normal voltage. The normal power source of the
15 circuit may be DC or AC. Where the fault condition arises
from the'intrusion of a new power source, the new power
source may be AC or DC and may be a directly connected
power source or an induced power source. We have found \;J
the invention to be particularly useful in circuits which
20 normally operate at DC voltages of less thah_75 volts,
o e.g. around 50 volts; such as may be provided by batteries,
.and which are subject to fault conditionslarising from the
intrusion of AC ﬁqyer_sourqes having a voltage of at least
'200 volts, e.g. a mains supply voltage such qs 220, 330 or
25 ._660.volts. qutigula:lx important examples of such

circuits are to be'fqund in telecommunication apparatus,

as further described below.
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circuits are to be found in tel econmuni cati on apparatus, as further

descri bed bel ow. The time taken to convert a device to the higtrs~

kesi stance high tenperature condition (referred to herein as t - er
time") is dependent on the fault condition and may vary w del . /from
as little as a fraction of 5 ‘a second at currents which are . tirmes
greater than icrit to as nmuch as 30 mnutes at currents which aré only just
over [err]. The devices used in the prgéﬁnt i nvention preferably have a
trip time of loss than 5 seconds, especieMy |less than 1 second, in each of
t he,"I0 test cycles of the device test routine, or of the circuit test
rout¥ne or of the nodified device test routine. It is to be noted that one
of the advantages of the dgy] u in.th egent LoV i on-ji.s_that

al though they will trip md‘é# sﬁig'jeeaeag?"t§°a§°§%§r§gp%i%F‘é?\%s & #'i%ﬂ{]fg"
condi tion which j ' | : f -G s L BB T ri ppd . L hey
w Il neither be %??g%ﬂeﬂ*%o%ﬁn%ee %;/gté}r'?r ggé?é%ﬁ?aﬁf%%ﬁﬁ%’%t#%ﬂ%%ﬁ as
that which occurss wres theigivind™) iis YepleRdbntOod thENFBLDY &dddK€iomhi Ch
may result for exanple in a current of the order of 20 40 anps for a
time of 100 m creoseondisvarls witdedd alRQ\ge, firbm BBECYibubeYyadr &POSSHEh Lo CoN t
protection devices often fail to provide repeated protection

5 a second at currents which are many times greater than

icrit to as much as 30 minutes at currents which are

erit® The devices used in the present

. only just over i
L/ - yd
invention preferably have a trip time of less than 5
seconds, especially less than 1 second, in each of the
10 test cycles of the device test routine, or of the circuit

test routine or of the modified device test routine.

It is to be noted that one of the advantages

of the devices used in the present invention is that

although they will trip when subjected to an apprapriate
15. fault condition which is maintained for a sufficient time

to cause tripping, they will neither be tripped nor

damaged by a transient fault condition such as that which

occurs when the circuit is subject to a lightning strike,

which may result for example in a current of the order of

20 40 amps for a time of 100 microseconds.

As noted above, the previously proposed circuit
protection devices often fail to provide repeated protection
against’ sudden increases in current to a level of at least 1

amp and at a voltage of at least 120 volts, and in partiéﬁlar



agai nst sudden increases in current to a level of at least 1 anp and at a

vol t ag at | east 120 volts, and in particul ar fail to neet the newy '
recogn dt\est requirenents for the devices and circuits of the invention. -
Wi | e asons for this failure are not entirely clear, our '
i nvest Qéj’gns indicate that in many, if not all, circum 5 st ances,

it is associated wth arc formation within the conductive pol yner el enent
adj acent the el ectrodes. W have foun hat the devices of the present

i nvention preferably have one:-or nore he follow ng features which )
contribute to the ability of the device to provide 10 rrepeat ed A
effective protection against fault conditions which cause failure of "

previously proposed devdend Newle rfetd i za dC Le3ECre @ iPehERES for -
conposition contalning an additive 'such as alumna trihydrate which reduces

the susceptibiyrd ydehbices and circuits of thef iv@nRIGncONWAsLEi BRetO fOrm
car bonaceous conductive paths as a result of arcing, by reducing the
tendency of theeasoposidns drhite faic uared/aore mpterendkiired yt kdearheodeconpo-
sition products of arcing are non-conductive. 20 . ) Such
conposi tions aknvektgatbans rintbiicate ithathd ncavaneynpdfanobusly,f ciegum-
appliﬁﬁtion corresponding to U S. Serial No. 141,989 . N
_ stances, it is associated with arc formation within the
conductive polymer element adjacent the electrodes. We
have found that the devices of the present invention_- i}
preferably have one or more of the following features
which contribute to the ability of the device to provide
10 repeated effective protection against fault conditions

which cause failure of previously proposed devices.

(1) The use of a conductive palymer compasition
containing an additive such as alumina
trihydrate which reduces the susceptibility
15 ; of the PTC composition to form carbonaceous
conductive paths as a result of arcing, by -
reducing the tendency of thé composition to
arc and/or ﬁy ensuring that the decompo-
sition products of arcing are non-conductive.
20 _Such.composifions are described in detail
in the contemporaneously filed application
corresponding to U.S. Serial No. 141,989.
(MPQ715).



(MPO715) . (2) The use of device designs which, even if after partial
erosion of a PTC el enent conposed of a conposition as described in (1), as

a result of arcing, still conprise 5 current paphis\for
subsequent tripping which are substantially equival ent electricallgéiiga
~The use of device designs which reduce the electrical stress adjac e
el ectrodes, particularly designs which result in the 10

parts of the PTC el enent which are nost rapidly heated during tripping (the
so-called "hot zone") being separated fromthe el ectrodes, preferably by a
di stance greater than that which can be brpdged by 15

an afc at the vol tage and current applied Fg%é the application
corresponding to U.S. Serial No. 41,071 (MP0295) and the two

cont enpor aneously filed &bl ithe iuass afodexdsandrrigre whizhsaven iNos.
142,053 20 and 142“054€gNPQ724 and MPO725).] (4) The
use of oxygen barriers around&4fF AFidqesogianpet 2| RieR it are

conposed of, or are SeparaIEKLJJ&%Q&J“%HDLCc%%%g%Q iQX’as described in

(1), as a result of arcing, still comprise
5 | _ ' current paths for subsequent tripping which

are substantially équivalent electrically.

(3) The use of device designs which reduce the
electrical stress adjacent the electrodes,
particularly designs which result in the

- 10 parts of the PTC element which are most
rapidly heated during tripping (the so-called
"hat zone") being gseparated from the
electrodes, preferably by a distance
greater than that which can be bridged by
15 _ : an arc at the voltage and current applied
L [see the application corresponding to U.S.
Serial No. 41,071 (MP0295) and the two
cdntemporaneously filed applications
corresponding to U.S. Serial Nos. 142,053
20 | and 142,054 (MP0724 and MP0725).1

(4) The use of oxygen barriers around the
electrodes and PTC element which are composed

of, or are separated from the PTC element by,



a material which does not entrap any decom position products of the PTC
' resuLt- ing fromarcing and which is not itself deconposed or
arcing of the PTC 5 el enent, e.g. a
| osure which is conposed at least in part of a nmetal and which

surrou the PTC el enent but is separated therefromby an inert gas or a
vacuum (see German OLS 2,949,173). The 10 I nterior
surface of the oxygen barrier is prefera of insulating material. (5) The.
use of PTC conpositions which are sub- tially free fromcross-1inking.

- The electrodes in the devices used in the 15 present invention may '

have one or nore of the follow ng characteristics. (a) They are conposed-Bf
a material having a resis- ti®ingteriaksthigiun dags [nathendmagna@niyadecam-
t hi ckness such that they do not generate significant anpunt of 20

heat during operation of the RR¥ttkon PRAdugtRiehdhe £1E matierdaly resudsed

of a net.al, nickel or n|ckel-igga$§%%e%§¥%géx§§%tﬁﬂ{g% %EF%%Qr§QSe1F

:decomposed or damaged by arcing of the PTC
5 ' element, e.g.'a sealed enclosure which is
comhbséd at least in.part of a metal and
which surroﬁnds the PTC element but is
separated therefrom by an inert gas or a
vacuum (see German OLS 2,949,173). The
10 : : interior surfacé-of the oxygen barrier is

- preferably of insulating material.

(S) The use of PTC compositions which are sub-

stantially'frae from cross-linking.

The electrodes in the devices used in the
15 present invention may have one or more of the following

. characteristics. ' W,

(a) They.are cbmposed of a material having a resis-
tivify of less £han 10'“ ohm.cm and have a thickness
sdch tha£ tﬁéy do not generate significant amount of
20 ﬁeét dufing épergiioﬁ of the device. The electrodes
are typically composed of a metal, nickel or nickel-

plated electrodes being preferred.



(b) They are in the formof wires or thin strips, preferably of the same

di mensi ons and parallel to the other, and preferably conpletely enbedded in
the PTC el ement. Such el ectrodes may for exanple have an ESA 5 D) 065
to 0.65 cn2, 1 fromO0.76 to 2.5 cmand wfrom0.05 to 0.25 cm partifeMarly
fromO0.13 to 0.25 cim (c) ‘'They are in the formof planar sheets, generally
rectangul ar or circular, and preferaQig;of the sane area and pl aced
paral |l el and opposite to each other on 10. either side of a flat PTC
~elenment. Such electrodes may, for exanple, have an ESA of 1.93 to 5.2
{eri%, and 1 and wfrom1.25 to 2.5 cm El ectrodes of this type are
described in German QLS 2,948, 281 (MPCR81). (dL They are.in hxsical (as
well as electricH) 1Bhey are R Gthenform efWirese F,tB}nsﬁgﬁ Bfed

h f b I f d ' i al . Q. I
ol atively sonstitEsEerLloLcrhE Prne StFsiBloannnne pisafiellEr bhelcren;
relatively . poroREt s _
conduct | ve pot yrafietn 0F PEEPERInEY cORUFLLLEY LApEadBaned Bhelerc
[i11er compri sesef@hdy, bl ackn k1 ECeNALE RbyDROD. o£SRETEhbve Ol EBAMI ON

carbon black is t e conductTve speci a

5 of 0.065 to 0.65 cm?, 1 from 0.76 to 2.5 cm and w

from 0.05 to 0.25 cm, particularly from 0.13 to 0.25 cm.

(c) They are in the form of planar sheets, genefally
. rectangular or circular, and preferably of the same
area and placed parallel and opposite to -each other on
10. either side of a flat PTC elemeht. Such electrodes
may, for example, have an ESA of 1.93 to 5.2 cmz,
and 1l and w from 1.25 to 2.5 cm. Electrodes of this

type are described in German OLS 2,948,281 (MPO28l).

(d) They are in physical (as well as electrical)
o/ 15 contact with the PTC element, or sepaﬁated therefrom

by a layer of another cqﬁductive_material, e.g. a

laYei 6f a relatively coﬁs:;nt wattage conductive

pdlymer'composition.

The PTC element in the devices used in the present
20 invention is composed of a conductive polymer composition,
preferably one in which the conductive filler comprises

carbon black or graphite or both, especially one in which



a carbon bl ack having a particle size, D, which is from20 to 50

m || i/ni¢rons and a surface area, S. in nQ/g such that S/Dis not nore than
10. € resistivity of the 5 . conposition at [err] will generally be -«
| ess n 100 ohmcm especially less than 10 ohmcm The conposition is
prefe ably substantially free fromcross-linking, especially when it
contains an arc-controlling additive, since we have found that the presence
of cross-linking 10 tends to increase the |ikelihood of formation of
carbon- aceous conductive paths mhen;ggping t akes place. The PTC el enent
wi Il generally be of uniformconposition throughout, 'but may conprise
segnents of different conposition,/e.g. adjacent the electrodes. 15 -
The devi ces usgedrbont BEadk e5€ntheé NyEld | Sdndddd i v UR I ethaespediedilyt ance of
| ess than 100 ohns, preferably |€ess than 50 ohnms, and may for exanple have
a resistance oh Oaibbw Bbacknmavifterpdheisleesiofe f (5, ddvdicte is felomdi20g

any oxygen barrier around the PTC el ement and the el ectrodes, 20 w | |
be an inportantoch@sniibl tmioronanend he sien/fage dard gn Sandnt M€ /igesi stivity of
t he PTC conposition should be selected with this in mnd (as well as, of
course, the re8vshaklata$ o’t?\e‘?"'ﬂé&?’?%d“é?'bcﬂ-l caﬁh%ﬁérsdﬁtér"’llé:tyl @d) the

Preferged devi ges D8YE:1 8n VoL Y%= 0" vd FT g dnera1 1Y e [1¥dd ‘than 200

ohm.cm,'espEéially less than 10 ohm.cm., Theicomposition
is preferably substantially free from cross-linking,
especially when‘it contains an arc-controlling additive,

- 8since we haQé faound that the presence of cross-linking

10 ' tends to increase the likelihood of-Formation'oF carbon-

aceous conductive paths-hhen arcing takes place. The PTC
élemenf will generally be of uniform composition throughout,
‘but may comprise segments of different composition,/e.g.

adjacent the electrodes.

15 : The devices used in the present invention will
usually have a resistance of less than 100 ohms, preferably o
' lass than 50 ohms, and may for example have a resistance ~
of 0.1 to 25 ohms. Often the size of the dev1ce, zncludlng
any dxygen bérrier afqﬁﬁd-the PTC element and.the eleétrodes,
20 | will be an important consideration, and thé device design
and the resistivity of the PTC composition should be
selected with this in mind (aézﬁell.as;rof course, the

resistance and other desired electrical characteristics).

' Préferred devicés have a volume of léés than 32.8 cm3,



particularly less than 16.4 [err], especially less than 8.2 [err]; the

| ar gest di nension of the device is preferably less than 7.6 cm N
gparticularly less than 5.1 cm especially less than 2.5 cm 5 : .
The invention is illustrated in the acconpanyi ng draw ngs, in which gur'es
| 'shows, in a generalized fashion, the conbinations of peak current and
peak voltage which will inpair the ability of previously proposed devices
10 and of devices of the presentéggwention to function effectively a
nunber of tinmes; Figure 2 shows, in a mewhat nore detail ed; but stil
geneéeralized fashion, how variation of the peak current through the device
at ¥ particul ar voltage above 75 volts 15 will affect the ability of a
devi.ce to funct ipartdfcfudarilyellpas mbnbeﬂ6oﬂ'chﬁES$SFégnab1B bdgm\sttidre t est

circuit which is usedyn determning the ability of a device to function
effectively a nfwferc®f; tiheedargest dimension of tiegdeeice &% 7 show

devi ces of the invention; and Figure_8 and 9 show circuits. includin
devices of the i rﬁqéﬂly i FgPPiﬂgsnﬁmﬂtBafﬁécﬂ}%ﬂ}ﬁg¥e?9gﬁﬂﬁﬂ;é%& 4B

e Sﬁe

and 4G A 58 a0 8GN Ay §33"9nGK 2250eh! 0N 51 de

5 ' The invention is illustrated in the accampanying

drawings, in which

Figﬁfe; 1 shows, in a generalized fashion,
the combinations of peak current and peak voltage which
will impair the ability of previously proposed devices

10 "and of devices of the present invention to function

afféctively a number of times;

_ Figure 2 shows, in a somewhat more detailed, but
still generalized fashion, how variation of the peak current
through the device at a particular voltage abbve 75 volts

15 will affect the ability of a device to function effectively

S _ 'a number of times;

Figure 3 shows the test circuit which is used in
determining the ability of a device to function effectively

a number of times;
20 ' Figures 4 to 7 show devices of the invention; and

Figure 8 and 9 show circuits including devices of

the invention.



and plan views of three devices which are exanples of one preferred cl ass
- of devi.ees, in which each of the el ectrodes 5 Is at least partially
enbe o/in the PTC elenent so that the electrically active surface thereof
has neral ly columar shape. In each Figure electrodes 1 and 2 are at

l east partially enbedded in PTC elenent 3, the inter- electrode distance
being t, the enbedded | ength of the 10 el ectrode being 1 and the width
" of the el ectrode being w (and the ESA thg%1 ore being 1 x w. In each of

Figures 4B, 5B and 6B, the area used in cul ating the conputed. current
density is shaded, i.e. the ESA of each electrode in Figures 4B and 6B a C
the m ni num cross- sectloqff.of 15 '
%

.devices of this class eﬁt’é‘l"@r é‘t?l"y t&)s&eagfg"Sﬁgg&fﬁé]“ﬁ?g?é‘?ab% I ess _
than t, particygf! ts'ha%n%éthmde%ﬂec'sé”tﬁe' ges. LP@”fQ%r‘?% t J(i]é?

snaller wis in relat |on e smal’l er m Ai mum w
dPne

m ni mum cross- S | A Alws of @ik QEth%spxﬁxﬁheHFQteQEﬁﬁ@@Q
el ectrodes, the greater the tikelihood that the hot plane w f orm away

fromthe el ect rgifer fd il disigfaldev.ic@s,t ia ahlieh B3BH, oFhEhéndléctrddes
m ni mum wi dth of the PTC el enent, the snaller t he. anount of erosi on which

IS reqdi red befisw @29 east ptdra:idldqt reimbaziddeldaiactbei Bil'Ccelatheuhesdemme are
changed. 29the electrically ‘active surface thereof has a generally
columnar shape. In each Figure elsctrodes 1 and 2 are at )
least partially embedded in PTC element 3, the inter- -\~
| electrode distance being t, the embedded length of the |
10 _elecﬁrode being 1 and the width of the electrode being w
o (and the ESA therefore being 1 x w). In each of Figures
48, 5B and 68, the area used in calculating the computed
current density is shaded, i.e. the ESA of each electrodé
in Figures 4B and 6B, and the minimum cross-secticnal of
15 " the PTC element in Figure 58. In dévicés 6F'thi§ class, t
is prefetably constant; and w is preferably less than t,

particuiérly less than 0.75 t, especially less than 0.5 t. Q:)

The smaller w is in relation to t, and the
smaller the minimum width (and minimum cross-sectianal
20 area) of the PTC element between the électrodés, the
greater the likelihood that the hot plane iil! form
away from the electrodes, as is desirable. On the other
hand, the smailer_the minimum width of the PTC element,
the smaller the amount of erosion which is required before

25 the electrical characteristics of the device are changed{



Thus the relationship between the m nimumw dth of the PTC el enent and the
wi dt h of t'he el ectrodes shoul d be sel ected having regard to the expected
fault conditions and the nunber of trips required of the device befge
failure. In devices of this preferred class, the PTC el enment preferpabiylhas
a wdth, at all points between the el ectrodes, which is. at |east O. ,
eg. 0.3 x wto 2 x w, and, depending on the desired characteristics 10

~of the device, may be from0.4 x wto O x wor from0.8 x wto 1.5 x w.
W have found, for exanple, that repeat tripping of a device as described
in %%tail i n Exanple.1 below, which is a device of the kind shown in Figure
4, causes the PTC el enent to becone progressively eroded along a

pl ane m dway between the el ectrodes and at right angles to the .direction of

current flow, andhufathen&edabieasiipchebnnnan misigugy mddthf pEcthee
rotection until ,i.t, has been di,vided |n hal the erosion. It _is 20

' Breferred t hat tﬁékefszFB egnghtﬁfd"b%tgdgﬁ'BﬁhFHPF%£°889i58°Féplgein this
way, the electro I PLLRg-= , by t he devi ce, ot herw se

ar¥anged SO thatggagﬁ?%g gg??gaofégﬂgda%%ﬁ%ﬂg%éﬁfgﬁgﬁ|*g" § %P§ﬁ$%égﬁs

. other, so that tRAdIEReCAUMBELSoFNtE s ORRJUIRAY WORhe device befare

5 failure.

In devices of this preferred class, the PTC
element preferably has a width, st all points between
the eiectrodes, which is at least 0.? X Wy ege. 0.3 x w
to 2 x w, and, depending on the desired characteristics
10 of the device, may be from 0.4 x w to 0.8 x w or from

0.8 x w to 1.5 x w.

We have found, for example, that réﬁeated
Eripping of a device as described in detail in Example 1
below, which is a device of the kind shown in'Figure 4,
15 causes the PTC.elemenﬁ to become progressively eroded
/ ~ along a plane midway between the electrodes and at right
anglas to ﬁhe"direction of current flow,'end that the
device often continues to pruvide'affective protection
until it has been divided in half by the erosion. It is
20 preferred that the electrodes should be such that if a
device fails in this'way, the electrodes should be spring-
biased or the device otherwise arranged so that the two
parts of the PTC element fall away from each other, so

that the device fails in the open position.



Devi ces of this preferred class may have for exanple a resistance at [err]
of 1 to 100 ohns, preferably 10 to 30 ohns, and an [err] of 0.05 to 2 anps,

prefe ( 0.08 to 0.5 anp. 5 I n anot her class of devices, the .
el ect are in the formof planar sheets with a flat PTC el enent bet ween

t hem devices tend to be nore prone to failure through arcing than

devi ces”of the preferred class, but can be of |ower resistance, e.g. 0.05

to 1 10 ohm preferably 0.08 to 0.3 oggl In such devices, it is highly
desirabl & that the mi nimum cross-secti cRx® area of the PTC el ement shoul d
be |l ess than the ESA of the el ectrodes and separated therefrom by at Ieas{;
0.05 inch, and that the PTC el ement be conposed of a conposition 15
containing an arc-control ling additive. A device of this type is
illustrated in Figures 7AB and 7C. Flgure 7A, B shows the front and side

views of the device (VB'H‘F{E Gt dﬁtp* gf@ggegl gyagsﬂga?hg%ea gBkan view

of the devi ce. Pl anar nesh el 'ect.r odes and 2 confact 20 either Side

of PTC el eneniexhmp¥ @ %@W@t%@u@ ¢ﬁt %Chocdsambbebeeffedbq%,

shaded area of Figure 7C shows the area over whi ch the conputed curren

density is calulwd 30 digis) randy mvui.t %gufeolost’aoszsaﬁps,, for three
devices A, B and C, on the broken Ilnégt} e size of the peak

preferably 0.08 to 0.5 amp.

5 ' In another class of devices, the electrodes .
are in the form of planar sheets with a flat PTC element et
between them. Such devices tend to be more prone to' |
failure through arcing than devices of the preferred
class, bu£ can be of lower resistance, e.g. 0.05 to 1

10 ohm, preferably 0.08 to 0.3 ohm. In such devices, it is
highly desirable that the minimum cross-sectional area
of the PTC element should be less.than the ESA of the
electrodes and separated thérefroﬁ by at least 0.05
inch, and that the PTC element be composed of a composition

15 contéining an arc-controlling additive. A device of &;)
this type is illustrated in Figures 7A,B-and 7C. Figure
7A,B_shqws the front and side views of the device (which
are identical) and Fighre 7C shows a plan view of the

- device. Planar metal mesh electrodes 1 and 2 contact

20 either side of PTC element 3, which has channels 4 cut
into each edge thereof. The shaded area of Figure 7C
sths the area over which the computed current density

is calculated.

Referring now to Figure 1, this shows, for thfee

devices A, B and C, on the broken lines the size of the peak



current (or inrush current) for different voltages across each device, the
sl ope of the line being set by the resistance of the device in acco
with Chms law. The solid |ines are a neasure of the ability of e
device to provide repeated and effective protection at a particulfar
and current. If the voltage and current fall beneath the solid |i
the device will have the required performance; if they fall above e solid
line, the device will not have the required perfor- 10 mance. Device
A is one of the previously proposed dev@bps, Devices 8 and C are devices of
t he present invention, Device B being for exanple a | am nar device of the
type shown in Figure 7 and Device C being for exanple a device of the type
shown in Figure ; pesSiti h olid lines in
Figure 1 are of agrgtf}?et éggeﬁagﬁfhoﬁufﬁgngérf?%u{’gfﬁ%{)%?l%avreu o195 A4 P8
mance wWhi ch 1S re@W deq ik, fnhdey! tgfb e | y, e.dg.
the ability to trip 5 ti m%s‘: gr glgltsis?regr i@?léaggf%ile‘genﬁﬁ Sﬁ]eoﬁygc%‘greal I zed
that in a nunbere3istanceobfdetiecdevibauinCacéeEdddearwi KietraPa 143y, there
will often in fact be sone differences between the devices and that the
posi tions of thdheolsiodildi Aépesharef ormeassne depettde cabial iACicH @achs to the

percent agge of devices which nust have the particular standard of
perforngnce_ A device to provide repeated and effective protection at a

particular voltage and current. If the voltage and
current fall beneath the solid line, then the device will
have the required performance; if they fall above the
solid line, the device will not have the required perfor-

10 mance. Device A is one of the previously proposed devices,
Devices Q and C are devices of the present invention,
Device B being for example a laminar'deviéé of the type
shdyn in Figure 7 and Device C being for example a

device of the type shown in Figure 4.

15 The posifions of the solid lines in Figure 1 are
of course dependent on the particular standard of perfor-
mance which is required for a device to be regarded as
satisfactory, a.g.-the ability to trip 5 times or 10
times. In addition it éﬂould be realized th;t in a number

20 of devices manufactured in an identical'ﬁay, there will
often in fact bé some differences between the devices and
that the positioné 6f the solid lines therefore also
depend on a decision as to the percentége of devices which

must have the particular standard of performance., A



better understanding of the latter factor can be gained from Figure 2,
whi ch_shows a typical result of testing a batch of identically manufactured

devi gesa\at a particular voltage, but at different peak currents, a nunber »
of dg es being tested at each current |evel, and seeing how nmany trips

each the devices will survive. Figure 2 is a three-di nensional plot of

.the current (x axis), the nunber of trips (y axis) and percentage of

survivors (z axis). 10 Fi e 3 shows the test circuit

which is used in obtaining results as sho tn Figures 1 and 2, and in the

Y

test routines defined above. The test circuit com prises a DC voltage
source 6, e.g. of 120 or 240 volts, a fixed resistor 7 whose resistance can
be varied to 1 con i ons_ but whi ch |s fixed

for any partiCEF§Fefegﬁgggggfhgg"geéb;E% é?%ﬁﬁfttﬂf?ﬂ£/3ﬂ? e gajfed g i s
an equi val ent ghﬁﬁ“h ﬂt'g[‘ édggfgnogﬁ eﬁﬁcft R L t"&@tcih:forgts

- conponents whi 0Ses; do not pla

significant paphtgh of 1dbﬂti961?§‘hﬂ¥h0fa&‘fui&? &Jﬁt&é 4L ot tfidilar
condition as discussed below). This Is an exanpl e an |ntru3|on prone
circuit of theyvolvage,0But atAdiEFepeRbepddl @.mv!h&se,naar FHdmbdly oF bOX,
5 devices being tested at each current level, and seeing how
many trips each of the devices will survive. ‘Figure 2 is
a three-dimensional plot of the current (x axis), the ' QJ

number of trips (y axis) and percentage of survivors

(z axis).

10 ' Figure 3 shows the test e1rcu1t whlch is used
in obtalnxng results as shown in Fxgures 1 and 2, and in
the test routines defined above. The test circuit com-
prises a DC Qoltage sourcé 6, e.9. of-120 or 240 volts,
a fixed resistor 7 whose resistance can be varied to

15 - produce the desired test conditions but which is fixed for

any particular test foutine,'a switch 8 and the device 9. &;)

Figure 8 is an equivalent circuit far a telephone
syétem (i.e. a circuit which omits components which, though
needed for other purposes, do not play any significant part

20 in the behav1or of the c1r001t under a fault condition as |
dlscussed bglow). Thls is an example of an intrusion-prone

circuit of the invention.



3

includes a switch 11 shown in the gpen position, i.e. the tel ephone is not

i n use. The tel ephone is .connected to an exchange by |lines 12 13,
mhose resistance, depending 5 on the distance of the tel Q e from
t he exchange, is for exanple 40 to 500 ohns. Wen the tel ephong is~not in
use, lines 12 and 13 are connected via re contacts 14 and 15 to a
resistor 16, which typically has a resistanCe of about 700 ohns, and a
battery 17, which typically has a 10 vol t age .of about 50 volts. PTC

protective devices 18 and 19 are in series with relays 14 and 15

regpectively. \Wen the tql eghepRohe h0,UsRownh Chewérdri A 1 vaix§ open, and
i ngs 14 and 15 are connected via relays 20 and 21 to the supervisory

circuit of the tislcdpidenc acswiizege11Wehoknlbn the oped Uibesi tiiwm ,r dsiest @he 22
and 23 each typically having a resistance of about 200 ohns and a battery
24, whi ch typi cdlelyepimsea isonbdgénoisabouTh&Ot ebeplsone HEC qurateedteidvdo an
devices 25 and 26 are in series wth rela¥s 20 and 21 respectively. In this
circuit, the fa®xchan9® dyodinmscA22end 13, nwResecrepiksirneeagsdersndiadgt he
i ntrusi@n of an AC,nmai ns voltage 240 voéés or. nore, for exanpl e as

a result’ of a p&ethe ﬂéSKQPFFnQ?aEPgéEggﬁ%h%ﬁeb ?Wcﬁh?iﬁﬁﬁ??ﬂﬁgand51596r
L1 1SS % 10 SRR 8 b, 3PS EuRLCT wRH 6 ORI 5 YR 3970l
resistors lines 12 and 13 are connected via relay contacts 14 and 15
to a resistor 16, which typically has a resistance of
) ;bout 700 ohms, and a battery 17, which typically has a
10 voltage of about 50 volts. ~PTC protective devices 18 and
19 are in series with relays 14 and 15 respectively. When
the telephone is in use, relays 14 and 15 are open, and
lines 14 and 15 are connected via relays 20 and 21 to the
supervisqry circuit of the telephone exchange, which
15 includes two resistors 22 and 23 each typically having a
resistance of about 200 ohms and a battery 24, which
typically has a voltage of about 50 volts. PTC protecti#e
. devices 25 and 26 are in series with relays 20 and 21
respectively. In this circuit, the fault condition which
20 ‘must be guarded agéinst is the intrusion of an AC mains
voltage, e;g. of 240 Volts_ar more, for example as a
result of a power line falling acrass one or both of lines

12 and 13 or the lines béing'eonneéted to an AC bower

source. An AC mains voltage will generate currents which



16, 22 and 23, or wiring on circuit boards, formng part of the circuit. It
wi || of course be realized that devices 18 5 and 19 could be omitted

- i f protection of the supervisory circuit was all that was required, and

t hat ildes 25 and 26 could be omitted if protection of the line circuit
was al{™that was required. Devices 18, 19 25 and 26 coul d be replaced by
a pair protective devices placed i I nes 12 10 and 13, so that a
fault current would flow through them ther relays 14, 15 were cl osed and:
relays 20 and 21 were open, or vice versa. Figure 9 is an exanple of a
fixed vol tage circuit of the invention. An AC power source 30, having Ei(j

vol tage 15 @mdg%a% fl?r%ré%taa eq5229qvahiS21i arceneesbstist HF ouUIh”

circuit protectlon evice to a’'sockét 32, to mhlch i s connected an

el ectrical appidance ahd o) Bt HitdvigSloanearBuit bovrde BdrpiAgepasttoe
circuit fron1exce55|ve currents which are generated for exanple by shorting
20 of thaHeadrduit.he appliance 33 or, when the appliance is :

di sconnected, by shorting of the term nals in the socket. - The invention

S |IIustrated by the foll ow ng Exanpl es. ‘Exanpl e |
It will of course be realized that devzces 18

5 and 19. could be omitted if protection of the supervisory
circuit was all that was required, and that devices 25 and
26 could be omitted if protection of the line circuit was @;)
all that was required. Devices 18, 19, 25 and 26 could be
replaced by a pair of protective devices placed in lines 12

10 and 13, so that a fault current would flow through them

whether relays 14, 15 were closed and relays 20 and 21 were

open, or vice versa.

.Figure 9 is an example-ot a fixed veitage cifcﬁit
of the invention. An AC powet sourcetBU, having a voltage
15 of at least 120 volts, eg 220 volts, is cqnneeted through
o circuit hroteétion device 31 to a eocket 32,"to ﬁhich
is eonnected an electrical appliance 33 having a resistance
R . Device 31 protects the circuit from excessive
currents which are generated for example by shortlng
20 of the leads to the applxance 33 or, when the applxance
| is dlsconnected, by”shortxng of the terminals in the

socket.



The i ngredients and amounts thereof given in 5 t he Tabl e beIOM/mere

used in this Exanple. TABLE MASTERBATCH FINAL M X4 wt %

wol % g w % vol % Car bon Bl ack 1444  46.9  3Z. .

1143.9 33.8 26.9 10 (Furnex N765) Pol yet hyl ene 1572 1

"65:4 1246. 3 36.8 54.7 (Marlex 6003) Filler =

- - 948 28.0 16 5 (Fygggl 705) 15 Ant i oxi dant

62 2.0 2.3 48. 8 NOTES: Furnex N765 (avail able

fromCity Services Co.) has a partlcle size (D) of 60 mllimcrons, a

denggiy of 1.8 g/cc, and a surface area (s) of 32 m/g. 20 Mar| ex 6003
“hi gh density pol yet hyjng avient ianmalst 1i1Ndexratel. By V€W Fd 151 wsaid abl e

fromPhillips Petroleum Co. The antioxi dant used was an ol i goner of

4,4-thio bis (3-EweddplesH-t-butyl phenol) with an average degree of
polynerization of 3-4, as described in U.S. Patent No. 3,986,981. 25
Hydral 705 is alumina trihydrate avail abl e fron1AIun1nun1Cbnpany of
Aneri ca. The ingredients for.the nmast &xamplehlwere dry .

The 1ng;edlents ‘and amounts thereof ngen in

5 the Table below were used in this Example.
. TABLE
S
MASTEEBATCH FINAL MIX
g wt% volX g wt% .vol%
Carbon Black 1444, 46.9 32.2 - 1143.9 33.8 26.9
10 {(Furnex N765)
Polyethylene 1572 51.1 65.4 | 1146.3 36.8 54.7
(Marlex 6003) _
Filler .= . - - - 948 28.0  16.5
(Hydral 705) - )
15  Antioxidant 62 2.0 2.3 48.8 1.4 1.9
-NOTES:
A ~Furnex N765 (available from City Services Co.) has a particle

size (D) of 60 millimicrgns, a density of 1.8 g/cc, and a
sur face area (s) of 32 m“/g.

20 Marlex 6003 is a high density polyethylene with a melt 1ndex
of 0.3 which is available from Phillips Petroleum Co.

The antioxidant used was an oligomer of 4,4- thio bis (3-methyl-
6-t-butyl phenol) with an average degres of polymerzzat;on of
3-4, as described in U.S. Patent No. 3,986,981,

25 Hydral 705 is alumina trihydrate available from Aluminum
Company of America.



bl ended and then m xed for 8 mnutes in a Banbury m xer turning at high

he mi xture was dunped, cooled and granulated. The final nix was

y dry 5 bl endi ng 948 g. of the Hydral 705 with 2439 g. of

. batch m xture, and then mxing the dry blend for 4-5 minutes in

a BanQury m xer turning at high gear.Eg e m xture was dunped, cool ed,

granul ated and dried (at [err], 1 Torr r 16 hours). 10

The granulated final mx was nelt extruded as a strip 1.27 cmw de and 0. 27 |
cmthick, using a cross-head die, around a pair of pre-heated 20 AWG
(dianeter 0.095 cm 19/32 st .nickel -plated ¢ er. Wi res whose centef
were 0.61 cm apart. The_@(grﬁ'g@ggg%e"-ts |L"p‘?o ™ quorcﬁavg% Jere oy @

engths, and tHgengbyTehd CeheRTREXdd Ofod WGP RN fa i30Tl @H0t " to

produce a device as shown in Figure 4. ~The "'ngredi ent’s "and
anount s ther eofySh¥yRg ae ﬁFiugam Tgda £, bet}wvm&wﬁgamm%ﬁxmh%d TABLE 5
0 vol % g

Mast er bat ch inal " Mx w wt % vol %
Carbon black and gddfulatéd. 8 The ikl milklddad prépared 2§ drfyStatex O
5 blending 948 g. of the Hydral 705 with 2439 g. of the

master batch mixture, and then mixing the dry blend for
4-5 minutes in a Banbury mixer turning at high gear.
The mixture was dumped, cooled, granulated and dried

(at 70°C, 1 Torr for 16 hours).

10 : ~ The granulated final mix was melt extruded
as a strip 1.27 cm wide and 0.27 cm thick, usiﬁg-a
cross-head 'die, around a péir éf pre-heated 20 AWG
(diémeter'0.095 cm) 19/32 stranded nickel-plated copper
wires.whOSe canterq were 0.6]1 cm apart._-The extruded .
15 product was cut into 1 inch lengths, and the polymeric

composition removed from half of each length to produce a

device as shown in Figure 4. ' et



Pol yet hyl ene 1584  51.5  66.0 _ 1256.2 37.1 _55.2 10

(Marl ex 6003) Filler i 948.3 28.0
}6.5 (Hydral 705) Antioxidant 52.5 1.7 2.0 41.5 - 1.2
1.6 Notes: 15 Statex G avail able from Col unbi an Chemi c has
a density of 1.8 g/cc, a- surface area (S Qi 35 m/g, and an aver

particle size (D) of 60 mllimcrons. Aft5§ drying the polyner at and
t he 20 carbon black at [err] for 16 hours in a vacuum oven,

ingredients for the nasterbatch were dry blended and then m xed for 12

m nuf®es in a Banbury m xer turning at high gear. The m xture was dunped,
cooMd, and granul ated. The final mix was prepared by dry bl ending 948.3 g.
of 25 Hydral 705 with 2439.2 g. ofXAWPLEB2terbatch, and then m Xi ng
the dry blend for 7 mnutes in a Banbury mxer turning at high gear. The

m xture was dunped, cooled, granulated, and then dried at [err] and | torr
for 16 hours. 5 The ingrediagta andsamowntis khereafe gvemuliat ed
final mx was nelt extruded as a strip 1. cm wde_and 0.25 cm thick,

around three wirdde Figbler befaw,wpes HEFE in the Example.

TABLE
5 ' - : Masterbatch Final Mix
. _ q wts volX g wti val’
(N ' . _
Carbon black 1440 46.8 32.0 1141.5 33.7 26.7
(Statex G) . _
Polyethylene ~ 1584  51.5 66.0 1256.2 37.1  55.2
10 (Marlex 6003) _
Filler 948.3 28.0 16.5
(Hydral 705) :
Antioxidant 52.5 1.7 2.0 41.5 1.2 1.6
Notes:
15 _ Statex G, available from Columbian Chemicals, has a
dinszty of 1.8 g/cc, a surface area (S) of 35
/g, and an average particle size (D) of 60
millimlcrons.
| - After drying the polymer at 70°C and the
20 carbon black at 150°C for 16 hours in a vacuum oven,

the ingredients for the masterbatch were dry blended and
then mixed for 12 minutes in a Banbury mixer turning at
high gear. The mixture was dumped, cooled, and granulated.
The final mix was prepared by dry blénding 948.3 g. of

25 Hydral 7051with 2439.2 g. of the masterbatch, and then



~ pre-heated 20 AWG (0.095 cm dianeter), 19/32 stranded ni ckel - pl at ed copper
W res whose centers were 0.76 cm 10 apart, and the third wire, a 24
(8~064 cm dianeter) solid nickel-plated copper wire, was centered
deq he other two. Portions 1 cm long were cut fromthe extruded
and from each portion the pol g@llc conposi tion was renoved from’
ralf the length, and the whole the center 24 AWG wire was
renoved, |eaving a hole running through the polyneric elenment. The products
were heat treated in nitrogen at [err] for 340 nminutes and then in air at
[err] for 60 minutes, and were then irradi ated. Each product was then £
seal ed inside a nEtaI can propylene envel gpe between=

t he conducti vé ’é’f’é%nrthean#% rll’ele&f’n%%r 7359”{'“%“ in ‘a Rapburyomdueri ve

pol ymer prote as resi.stance at [err e and
which is suchqthhq'p% Gﬁ% oJ;"lr}ce far mg""ﬁ‘él"'tr ®of"3% L’"F‘B%dt’eg éFLeUit (as
her ei nbef ore drilPt ed)l Ghd THEH) 0 73 °@€\%inge 1t r | (as

her ei nbef ore defi ned), or when the‘ﬁ%&?ﬂékforng %g? 1 ?ggrsggénzgtest
circuit (as hatqaiggefore defined) which is subjected to a device test
routine (as hereinbefore defined), then in each of the test cycles of the

test routine the result of clesing
5 Using a cross-head die, the granulated final

mix was melt extruded as a strlp l cm. wide and 0.25
cem. thick, around three wires. Two of ;he wires were ;;J
pre-heated 20 AWG (0.095 cm. diameter) 19/32 stranded
nickel-plated copper wires whose cehters were 0.76 cm.

10 apart, and the third wire, a 24 AWG (0.064 cm. dismeter)
solid nickel-plated copper wire, was centeréd between the
other two. Portions 1 cm. long were cut from the extruded
product and fram each ﬁurtion the polymeric composition
was removed from about hélf the length, and the whoie of

15 - the center 24 AWG wire was removed, leaving a-holelrunning
through the polymeric element. The products were heat
treated in n;trogen at 250°C for 340 minutes and then in i*}
air at 110°C for 60 minutes, and were then irradiated.
Each product was then'sealed ihside a metal cah,'with a

20 ' polypropylene envelope between the conductive element and

the can.



the switch is that (a) initially the devi ener at es heat by [err] heating
at-a rate which exceeds the rate at which' heat can omthe deyice,

tthus causing the resistance of the device t ' napi dly and the cipetiRt
current to fall, and (b) thereafter the de\jmmw’wwﬂﬁm h tenperay

stabl e operating condition in which the rate at evice ge
heat by [err] heating is equal to the rate at which heat is lost fro e
device; and after said test routine hag een conpl eted, the device has a

resistance at 23C which is less than 37x [err] ohns. 2. A devi ce
accprding to Caim1 which, after said test routine has been conpl eted has
a resistance at [err] which is less than 2 x [err] 3. - A devi ce

according to aimZt gr 2 which has the 5 defined performance in both the
first test ci |Em§$the'second.test circuit when the device is in still
cair at [err]. 4. A devi ce according to any one of the preceding
claims which contains a PTC el enent conposed of a conductive 10 pol yner
conposi tion_ which co rkzﬁs carbon bl ack_and an arc-controlling additive.

n

5. Aldevi ce aclo gopguetivg Ro}KBeE Rrekegtire. d8NdrS | i ng
?ﬂgigiggegfﬁgk%gig%stgiQ%%&%E%hcg'at zs‘c'ﬁrdefhgea%%cﬂkﬁhﬂgigo any one of
| such that,_when the device forms part of a first test
circuit (as hereinbefore defined) which is sub jected
L/i to a devicé test routine (as hereinbefore definedj,
or when the device forms part of a second test circuit
(as hereinbefore defined) which is subjected to a device
test routiné (as herginbefore defined), then in each of
the test cycles of the test rouiine the result of closing
the switch is that (a) initially the device genérates

heat by I2

R heating'at a rate which exceeds the rate at

which heat can be lost from the device, thus causing the
resistance.of the device to rise fapidly and the circuit
current to fall, and (b) thereafter the device reaches a high
temperature stable operating_cqndition in which the rate at
which thé devic§ generates heat by IZR heating is equal

to the rate.at.which heat is lost from the deQice; and after
said test routine has been.completed,.the déQice has a

23

resistance at 23°C which is less than 3 x oRd ohms.



15 cl ai ns mhlch (a) contains two el ectrodes each havrng an electrlcally

active surface of generally columar shape,” and (b) h
[err] ,of 1 to 100 ohns and an air i 0.05to 2 Fﬂﬂﬂ!ﬂ‘iﬂﬂamﬂa
A deVf £g\according to any one of the preceding clainmns * t he

dgs has a length, [err], fromO0.76 to 2.5 cmand a width, w, from
.25 cm and the el ectrodes are separated from each other by a

di st t whicgh t t ' i t .
Coeort m oMLd e ol T E Hedlp MUkd thd'ed SALE Y dhicn, afedy (EHLS “in
the formof plaRak ga%&%hemémmeM Siest s&edwee

between the el ectro m ni mum cr oss-secti onal area of t e PTC el ement
bei ng | ess thypikhe 1'§Sﬁe%fs tdarel2atdddes, and (b) has a resistance of 0.705
to 1 ohm 9. device accordin@to Claim1 substantially as

her ei nbef ore descrlbed 10. An g trical circuit which conprises (1)
a power source having a voltage of V volts; (2) a PTC conductive pol ymer
protection device as clained in any one of the precedlng clainms; and (3) a

damageabl e C'ﬁpu't COWPQP%@61ce accordlng to Claim 1 or 2 which has the

5 defined performance in both the first test circuit and the
second test circuit when the device is in st111 air at

23°C.

4. . A device according to any one of the preceding
claims which contains a PTC element composed of a conductive
10 "pdlymer cohpositibh which comprisés carbon black and an

arc-controlling additive.

5. A device according to Claim 4 wherein said

arc-controlling additive is alumina trihydrate.

6. | 'A'device according to any one of the preceding A
15 claims which (a) contains two electro&es each having an
.'électricélly active Sdfface of generally columnar shape,

and (b) has a resistance at 23°C of 1 to 100 ohms and an

air _ . N
ictit of 0.05 to 2 amps.
20 7. A device according to any one of the preceding

‘claims wherein each of the electrodes has a length,'t, from

0.76 to 2.5 cm and a width, w, from 0.05 to 0.25 cm and



"and which has a first nornal oper at i ng .condt+t++oen—{as—-hereinbefore defined)}
=i

the circuit being such that if a first fault circuit (as hereinbefo

Test Toutine (5. herei nbefore. defi ned) Sﬂd?(ﬂﬂllﬂljﬂﬂglﬂﬂuﬂl’ﬂ I <

%*

her ei nbef ore defined) containing the dqgvxais created' arfd i*s subj
a circuit test routine (as hereinbefore defined), then in each of the test
cycl es of the circuit test routine, the result of closing the switch is
that (a) initially the device generates heat by |I2R heating at a rate which

exceeds thethatel eét1bded Seatsepdr Heed ofiom M aeh Net WeYi Bg, at diSt sRes1 69
t h&= esi stance of the device to rise rapidly and the circuit current to

fall, and (whidcimeieatdmstame andrwimich hisuah léestialwgeable circuit

conmponent reaches a stable value which i's.less than [err], the potential

drop over the device reaches a stable value which is the higher of 120

volts and 86 x V, and deeieevaeeordingcto samy gone cabeebheime Litol 2

operating conditipn in which the rate at which, the device generates heat by

[err] heatiHyisR '&]ha?m!lb”tﬁ%s rene slechredescin the | GRrmiobRimRageyi ce;

and after said test cycles have, been conpl e ,_}he device, has _

esi ot ance SHOSL OB o FANTRRCIYR AP RST B FY e Lament ‘sddanhed

accor ding téké%é%&”é#é“@f%é%ﬁb Qg;'the minimum cross-sectional area of
the PTC element being less than the ESA of the electrodes,

L,; and (b) has a resistance of 0.05 to 1 ohm.

9. A device according to Claim 1 substantially

as hereinbefore described.

10. An electrical circuit which comprises

(1) a power source haviﬁg a voltage of V valts;

(2) a PTC conductive polymer protection device as

claimed in any one of the preceding claims; and .

(3) a damageable circuit component;
and which has a first normal operating condition (as
hereinbefore defined), the circuit being such that if a
first fault_circuit (as hereinbefore defined) containing
the device is creafed and is subjected to a circuit test
routine (as hereinbefore defined) and/or if a second fault
circuit (as hereinbefore'defined) containing the device is
created and is subjected to a circuit test routine (as

hereinbefore defined), then in each of the test cycles of



voltage .V is at nost 75 volts. 12. . A,circuit according to Caim1ll
whichZis \a line circuit of a tel ephone systen1 13--_*‘\éﬁga£;ﬁLL§‘
“accorfdiggNto Caim 12 substantially as hereinbefore descri

refe ento and as illustrated in Figure 8 of th ’m WE! - draw ngs.

An el ectrical ci‘rcuit which conprise ctlve
polyner protection device as clai medy any one:of *the pr Ialns

(2) a power source having a voltage of [err] volts which is at |east 120
volts; and (3) other circuit elenents mhlch are connected in series with__
the device and which have an | npedance erra ohns; which has a second ~
nor mal opbhatthcﬁéhdtﬁﬁbnrea§1ﬁ9pthB BeeyYLE aff cAO@Lnontinen swidch -

h
PSS'SLLXet%Szi?ﬁﬁfse?diﬁfiéi?h%{'e B d8vigendeneratasenenty Fav{‘ﬁ?ﬂc.?é‘ﬂ.t““' s
[ t t ' h b f
whi oh 15 PREREAOPECReAsts AMASh: PXERCHE, FBE FaLE RSLATAST R Mo B hber of e
def i ned) ndig;s hﬁ?wngﬁflméi rakﬁﬂ |ggggggg?ghgyggs§§Qg%@e e circuit

(as herei Be &n°8l
' the device to rise rapxdly and the circuit current to

fall, and (b) thereafter the current through the damageable
circuit component reaches a stable-value which is less
;han idamage’ the potgntial drop over the device reaches i;i
a stable value which is the higher of 120 volts and 1.5 x
v, and the device réaches a high tempéfature stable
operating condition in which the rate dt.whiéh the deQice
generates heat by IZR heating is equal to the rate at
which heat is lost from the device; and éftér said test
cycles have been completed, the.device has a resistance

at Ty, which is less than 3 x Ry

11. A circuit according to Claim 10 wherein the

voltage V is at most 75 volts.
12, A circuit according to Claim 11 which is
a line circuit of a telephone system.

- 13. A circuit according to Claim 12 substantially
- as hereinbefore described with reference to and as

illustrated in Figure 8 of the accompanying drawings.



‘to a nodified device test routine (as hereinbefore defined), then the

""device, after the nodifi'éd dévicé test routi ne has been carried out,

das a‘resistance at [err] which is less tha t han

- [err], and less than [err] ohns; and 44 (|“||“| mun‘"mﬂm |caI
power/tenperature relationship such that, if thectde¥ict i$ replace

~electrical circuit, the electrical U|t (a) has a second nornal
operati ng condi ti on (as herebefore dé@fhed) and (b) has a positive
response to current tripping (as hereinbefore defined). The text of the
specification has been reproduced by photocopying the applicants applicants
orrﬁ{nal'typescript It may contain a few anendnents which are difficult
to read.  1Bhe origi M eneEEIddEll cATTLAIL iWnd dthebmprIRIEETENt S MRy be
|nspected on the prem ses of the Patent O fice

(1) a PTC conductive polymer protect;on device

as clalmed in any one of the preceding claims;
(2) a power source hav1ng a voltage of V, volts
_whlch is at least 120 volts; and
(3) other circuit elements which are connected in
1 ; _ geries with the device and which have
” an impedance RL ohms;
which has a second normal operating condition (as herein-
before defined), which has a positive response to
current tripping (ag,hereinbefore defined), and which is
. such that if the device, after having been removed from
the circuit, is incorporated into a modified first test
circuit (as hereinbefore defined) which ié then subjected
"to a modified device test routine (as hereinbefore defined)
and/or if it is incorporated into a modified second test
~~ circuit (aé hereinbefore defined) which is then subjected
to a modified device test routine (as hereinbefore defined),
then the device, after the modified device test routine
has been carried out,
(i) has s resistance at Tgn Which is less
than 3 x Rdﬁ, less than 0.5 x R, and

less than V1-6hms; and



(ii)

0 g

A

has an electrical power/temperature
reletionship.such that, if the_devicé is

reﬁlaced:in the electrical circuit,

the electrical circuit

(a) has a second normal operating condition
(as herebefore defined), and
(b) has a positive response to current

tripping (as hereinbefore defined).

The text of the specification bas been reproduced by photocopying the spplicants oxiginal

typesczipt.

I oay contain & few anendments whick are difficult to resd. The oxigingl

typescript comtaining these sasndnents may be inspected on the premises of the Patent Office



