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POSITIVE TEMPERATURE COEFFICIENT THERMISTOR

BACKGROUNb OF THE INVENTION
Eield of the Invention

The present invention relates éo-a positive temperature
coefficient thermistor (PTC) device for use in devices for
evaporating insecticidal liquids, e.g., liquid type mosquito
repeilers, or devices for exhaling aromatics.

D iot i f Rel !

The construction of.a conventional positive temperature
coefficient thermistor will be described with reference to
Figs. 21 and 22.

A positive temperature coefficient thermistor 41 shown
in Figs. 21 and 22 has a case 42 which is open at its top as
viewed in the figures, which has a cylindrical portion 42a
extending vertically from its bottom portion at its center,
and in which an annular recess 42b is defined along the
entire circumference of the cylindrical portion 42a. An
annular positive temperature coefficient thermistor (PCT)
elément 43 is accommodated in the recess 42b of the case 42
while being interposed between a pair of current supply
terminals 44. The recess 42b is further filled with a resin
45. The inéide diameters of the PTC element 43 and the
current supply terminals 44 are so as to be larger'than_the

outside diameter of the cylindrical portion 42a of the case
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?tenper&ﬁﬁﬁlmﬁﬁ:(dibﬂf%l%tn‘t%m ﬁ’r will be dedth il th dence to
Figs. 21 and 22. A positive tenperature cgefficient therm stor 41 shown in
Figs. 21 and 22 has a case 42 which is opén at its t
figures, which has a cylindrical portion 42a extendi dTU%ﬁfPé5F1 >$$fﬁn|ts
recFEPMED s defli ned

bottom_portion at its center, and in which an annul &
along the entire circunference of the cylindrical portion 4Za. An

42, thereby enabling the cylindrical portion 42a to be
easily be passed through the PTC element 43 and the current
supply terminals 44 at the time of assembly. A gap is
_thoietore formed betwaen the cyllﬁdrlcal portiOn.dza and
each of the PTC element 43 and the current supply terminals
§4. This gap is algso filled with resin 45 to form a resin
layer 46 shown in Fig. 22. Next, a lid 47 is fitted to the
cylindricai portion 42a over the.recess 42’ to.close the 2<'
case 42, ’Furﬁher, a grommet 48 made of aluminum or the like
is passed through the lid 47 and the cylindrical portion 42a.
of the case 42, and is fixed by being caulked at .its
oppqﬁ;te ends, Thus, the 1id 47 and the case 42 are
integrally assembled. The inside diameter 9: the

. ocylindrical portion 42a of the case 42 is set s0 as to be
largex than the outside diameter of the cylindrical poition
of the'grommet 48 in order that the 9romme£ 48 can easily be
passed through the cylindrical portion 42a at the time of
asgembly. Alzo, the qrommet:48 is inwardly curved when
caulked, Therefore, an aii layer §9 is formed between the.
cylindrical portion 42a of the case 42 and the grommet 48.

If the thus-constructed positive temperature '

_coefficient thermistor device 41 is used in a liquid type
mosquito repeller or a device for exhaling an aroﬁhtic. (not
shoyn), a liquid absorbing core for drawing up an

insecticidal or aromatic ligquid is passed through the

b
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bet ween a pair of current supply term nal The r wrther

filled with a resin 45. The inside dianef rs of t he PTCH8% SMERT ! 43>ahﬁwthe

“current supply termnals 44 are so as to be | arger thian théﬁdﬁﬂbﬁdé ”
di aneter of the cyllndrlcal portion 42a of the case

grommet 48 and a éurrent is caused to flow through the PTC
aelement 43 via the current supply:terminals 44 to cause heat
in the PTC element 43. The heat thereby generated is
conducted to the grommet 48 through the resin laygr 46, the
cylindrical portion 42a of the case 42 and the air layer 49
and also through the current supply terminals 44, the case
42, the 1id 47 and the air layer 49. The heat is radiated
from the grommet 48 to heat the liquid absorbing core so
that the insecticidal or aromatic liquid is evaporated and
qifquQd. ;

The conventional positive temparaturé coefficient
.thermistor device 41, howeQer, entails prdblems described
ﬁelow.

That is, it is difficult to perform molding and firing
‘for forming the annulax PT& a%emensﬁ Also, the PTC element 9&
43 warps easlly because of its annular shape. Therefore,
post-working such as lapping is required and the amount of
1aboFlfor such working is large.

Also, the heat condyction path from PTC element 43 to .
grommet 48 through resin léyer 46, case 42 and ailr layer 49
or through current suppiy terminals 44, case 42 and air '
.iayer 49 is long and heat to be conducted to the grommet 48
_escapes to the case 42 earapes_ta-tha-agea—42, so that the

'.thﬁrmal efficiency is low, The thermal efficiency is

further reduced because of the conduction through the air
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REPLACEMENT SHEETS -2 Date - : 6 MAR 1996 42, thereby enabling the .
cylindrical portion42a to be easily be.passed through the PTC el enent 43
and the current supply termnals 44 at the tine of assenbly. A gap is
therefore formed between the cyli ndri-c'a'l4'portion 42a and each_of

el ement 43 and the current supply term nal's 44. This Wﬁg@ﬁmﬂ‘g Bied

with resin 45 to forma resin Iayer 46 shomn in Flg Xl en & Hid 47
fitted to the ' | _ | A S

layer 46 having a small thermal Conduétivit?i

Further, the temperaturé of the case 42 included in the
heat conduction path and occupying a greater part of the
positive temperature coeffigient_thermistor device 41 is so
increased that the reliability of the positive temperature
coefficient thermistor device 41 ié reduced.

Moreover, since the case 42 is heated at such a
temperature, thé material of the case 42 is limited to
certain materials having large heat resistance.

SUMMARY OF THE INVENTION

In view of these problems, an object of the present
invention is to provide a positive temperature coefficient
thermistor device having an improved thermal efficiency and
improved reliability by using a PTC element.which can be
easily molded and fired and which does not warp easily.

To achieve this object, according to the present
invention, there is provided a positive temperature
coefficient thermistor device comprising a pbsitive
temperature coefficient thermistor element pinched between a
pair of current supply terminals, a heat sink having a
cylindrical heat radiating portion ana a pair of heat
collecting portions, and a case. The positive temperature
coefficient thermistor element pin;hed between the pair of
current supply terminals is accomquated in the case while

being dispoSed between the pair of heat collecting portions.
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cylindrical portion 42a over the recess 42b to close the case 42. Further,
a gromret 48 made of aluminumor the like is passed through the lid 47 and
the cylindrical portion 42a of the case 42, and is fixed by being caul ked
at its opposite ends. Thus, the lid 47 ahd the cHSE-ZF2=are=kntegrally
assenbl ed. The inside dianeter of ‘the cylindricah ‘ﬁﬁﬁ%&ﬁ?4%&;ggagﬁe case
42 is set so as to be larger than the outside dig 1§B%Rt4¢ﬁvcylidﬁrlca
portion of the grommet 48 in order that the grommet —Can ' passed
t hrough-the cylindrical portion 42a at the time of

The case is filled with at least one of an insulating'resin

and an insulating rubber. The pair of current supply
terminals and the pair of heat collecting portioqs are
electrically }nsuiated from each other.

In the above-described device, the insulating resin or
insulating.resin may have a high thermal conductivity.

The pair of current supply terhina;s may have a flat
terminal structure, and the positive temperaturé coefficient
thermistor element and the current supply terminals may
contact each other in a surface contact manner by being
bonded to each other with a conductive adhesive.

At least one internal side surface of the above-
mentioned case is inclined so that‘the width of a cavity in
the case is increased from a bottom surface side to an
opening side of the case.

The positive temperature coefficient thermistor element
pinched between the pair of current supply terminals may be
pinched between the pair of heat collecting portions of the
héat sink having the cylindrical heat radiating portion and

" the heat collecting portions with an insulating member
interposed between the thermistor element and the heat
collecting portions. Also, the pair of heat coilecting
pértions of the heat sink may be éécommodated in the case
while the heat radiating portion is placed outside the case.

The insulating member is made of an elastic material.
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assenbly. Also, the grommet 48 is inwardly curved when caul ked. Therefore,
an air layer 49 is fornmed between the cylindrical portion 42a of the case
42 and the grommet 48. |If the thus-constructed positive tenperature
coefficient therm stor device 41 is used in a liquid type nDqu|to repeller
or a device for exhaling an aromatic, (1fot  shown), EQLQ% core
for drawing up an insecticidal or aromatic |iquid tﬁ

The insulating member may be a tube made of an elastic
material. |

The insulating member may be a tube made of a
thermally-contractive elastic material.

Each of the pair of current supply terminals may have a
resilient bortion to be brouéhﬁ into contact with the
positive temperature coefficient thermistof element. Also,
the positive temperature coefficient thermisfor element and.
the current supply terminals may contact each other in a
surface contact manner when the positive temperature
coefficient thermistor element, the pair offcurrent supply

- terminals and the insulating member are accSmmodated in the
case.

The positive temperature coefficient thermistor
element, the pair of current supply terminals and the
insulating member may be pinched between the pair of heat
collecting portions so as to contact each other in a pressed
state.

The sum of the thicknesses of the portions'of the PTC
element, the pair of current supply terminals and the
insulating member to be pinched be£ween the pair of heat
collecting portions may be set so as to be larger than the
distance between the pair of heat collecting portions of the
heat sink so that the positive tehperature coefficient

thermistor element, the pair of current supply terminals and
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- 3- REPLACENMENT SHEET Date: 6 MAR 1996 grommet 48 and a current
is caused to flow through the PTC elenent 43 via the current supply

termnals 44 to cause heat in the PTC el enent 43. - The heat thereby

generated is conducted to the grommet 48 through the re 46, the:
cylindrical portion. 42a of the case 42-3nd the air | ayleryy ﬁ?g@@d als0:. -
t hrough the current supply terminals 44, the case 42, ;QZuqnd t'he ..
air layer 49. The heat is radiated " . o

the insuiatin§ member are pinched between the pair of heat_n
collecting portions so as to contact each other in a pressed
state.

According to another aspect of the present invehtion;
there is provided a.positive temperature coefficient
thermistor device comprising a positive temperature
coefficient thermistor element, a pair.of current supply
terminals between which the positive temperature coefficient
thermistor element is pinched, a heat sink having a heat
rad}ating portion and a pair of heat collecting portions
formed continuously with the heat radiating portion, an
insulating member, and a case in which the positive
temperature coefficient thermistor element is accommodated.
The positive temperature coefficient thermistor element and
the current supply terminals are inserted into the
insulating member. The insulating membef is disposed
between the pair of heat collecting portions. At least one
elastic supporting member is disposed between the pair of
heat collecting portions and an inner surface of the case.

In this positive temperature coefficient thermistor
device, the supporting member may be a spring terminal.

According to still another aspect of the present
invention, there is provided a positive temperature
coefficient thermistor device comprising a positive
temperature coeffiéient thermistor element, a pair of

Phd * N
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fromthe gromret 48.to heat the liquid absorbing core so that the

i nsecticidal or aromatic liquid is evaporated and diffused. The
conventional positive tenperature coefficient therm stor device 41,
however, entails problens described below That is, it is difficult to
perform nol ding and firing for form ng-8Re annul ar PTC :
PTC el enent 43 warps easily because of its annular s aE ﬁ’%%%f%Wﬁ$e¢uN
post - morklng such as’ Iapplng is reqU|red and the ano ofﬁtpi*lﬁﬂ

t he

éurrent supply terminals bétween which the ﬁosiﬁive
temperature coefficient thermistor element is pinched,.a
heat sink having a heat radiating portion and a pair of heat
collecting ﬁortiohs formed continuously with the heat
radiating portion, and a case in which the positive
temperature coefficient thermistor element is accommodated.
The positive temperature coefficient thermistorlelement and
the current supply terminals are inserted into a block made
of an elastic insulating material. The block is disposed
between the pair of heat céllecting portions of the heat
sink. Further, the pair of heat collectiné portions are
accommodated in the case while the heat radiating portion of
the heat sink projects out of the case.

According to a further aspect of the present invention,
there is provided a positive temperature coefficient
thermistor device comprising a positive temperature
coefficient thermistor element, a pair of current supply
terminals between which the positive tem?erature coefficient
thefmistor element.is pinched, a heat sink having a heat
radiating portion and a pair of heat collecting portions
formed continuously with the heat.radiating portion, and a
case in which the positive temperature coefficient
thermistor element is accommodated. The positive
temperature coefficient thermistor element, the current

supply terminals and the pair of heat collecting portions of
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or through current supply termnals 44, case 42 and air |ayer 49 S Iong
and heat to be conducted to the grommet 48 escapes to the case 42

, so that the thermal efficiency is |ow «Fhe ther 4y t her
THIS SHEET HAS BEEN
. REPtACED

reduced because of the conduction through the air
the heat sink are inserted into a block made of an elastic

insulating material, ihd.the b;ock is accommodated in the
case,

In the positive temperature coefficient therﬁistor
devices of the ﬁresent invention arranged as described
above, heat génera;ed in the positive temperature
coefficient thermistor element is conducted to the heat s%nk
thrqugh the current sqﬁply terminals and the insulating
resin, the 1n§ﬁlat1ng'member or the like. By the elasticity
of the 1nsu1ating mn\b::‘zrc “t-;.l;:‘.:l:{rz;v %?;’&os;w e, {ﬂf. i k
temperature coafficient thermistor ment ard pressed
against each other and maintainéd in_close contact with each
other, thereby improving the thermal conductivity.

BRIEE’ DESCRIPTION OF THE DRAWINGS
Fig. 1 is an exploded perspective view of a positive
'teﬁperature characteristic thermistor device in accordance
with a firxst embodiment of the present invention;
t ' Fig. 2 is a perspective view of the external appearanég
of Eha:thormiator dcéicé shown in Fig. 1;

Fig. 3 is a cross-sectiona) view of the internal
structure of the thermistor éevice shown in Fig. 1:

Fig. 4 is a cross~sectional view taken along the line

| ¥-¥' of Fig. 2; -
. Fig. 5 4is an exﬁloded perspective view of a positive

temperature characteristic chermistor device in accordance
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-4 - REPLACEMENT SHEET Date :6 MAR 1996 |ayer 46 having a snall
thermal conductivity. Further, the tenperature of the case 42 included in
the heat conduction path and occupying a greater part of the positive
tenperature coefficient thermstor devi ce 41 is so |}£ d_tirat the )

Teased
reliability of the positive tenperaturagoefficient h'éPmSg;g# c}é\/rde 4,1 is
reduced. Moreover, since the case 42 is heated at sugh _a F

with a éeéond embodimeht_of the present invention;

Fig. 6 is a cross-sectional of the thermistor device
shown iﬁ Fig. 5;

Figs. 7A, 7B, and 7C are enlarged sectional views of
portions of the thermistor device shown in Fig. 5;

Fig. 8 is a perspective view of a positive temperature
characteristic thermistor device in accordance with a third
embodiment of the present invention;

Fig. 9 is an exploded perspective view of the
thermistor device shown in Fig. 8;

Fig. 10 is a partially sectional top view of the
thermistor device shown in Fig. 8 in a state where a lid is
removed;

Fig. 11 is a partially sectional top view of an example
of a modification of the thermistor device shown in Fig. 8
in a state where a lid is removed; |

Fig. 12 is a perspective view of a positive temperatgre
characteristic thermistor device in accordance with a fourth
embodiment of the present invention;

Fig. 13 is an exploded perspgctive view of the
thermistor device shown in Fig. 12;

Fig. 14 is a partially sectional top view of the
thermistor device shown in Fig. 12 in a state where a 1lid is
removed; |

Fig. 15 is an exploded perspective view of an example

This Sheet Has Been Reﬂ
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tenperature, the nmaterial of the case 42 is limted to certain materials
havi ng | arge heat resistance. SUVMARY OF THE I NVENTION I n vi ew of these
probl ens, an object of the present invention is to provide.a positive
tenperature coefficient therm stor device having an |nproved t her ma

efficiency and inproved reliability by-wging a PTC hfﬂs%%gﬁp

easily nolded and fired and whi ch does not warp.easi 9*“3‘“
obj ect, according to the present i nvention, there isjpr.ov
t emperat ure

of a médification of the thermistor-deQice shown in Fig. 12;

Fig. 16 is an external perspective view of a positive
temperature characteristic thermistor dev;ce in accordance.l
with a fifth embodiment of the present invention;

Fig. 17 is an exploded perspective view of the
thermistor device shown in Fig. 16;

" Fig. 18 is a partially sectional top view of the
thermistor device shown in Fig. 16 in a state where a lid is
removed;

Fig. 19 is an exploded perspective view of an example
of a modification of the thermiétor device shown in Fig. 16;

Fig. 20 is a cross-sectional view of a liquid type
mosquito repeller in which a positive temperature
coefficient thermistor device in accordance with the present
invention is mounted;

Fié. 21 is an exploded perspective view of a
conventional positive temperature coefficient thermistor
device; and

Fig. 22 is a cross-sectional view.of the conventional
positive temperature coefficient thermistor device shown in
Fig. 21.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

A positive temperature coefficient thermistor device in

accqrdance with a first embodiment of the present invention

will be described with reference to Figs. 1 to 4. Referring

e
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t'her M%ﬁ&ﬂmﬁﬂ(ﬂrﬁrﬁ ﬁlinﬁhéé&'/'lbzli ) a pair %%ﬁﬁgﬂp J"té m nal s, m
heat sink having a cylindrical heat radlatlng portion and a pair of heat
collecting portions, and a case. The positive tenpeﬂ “:gpﬂﬂﬁhggg B

t hermi stor el enent. pi nched between the paiz- of curraght ghﬁ.f'Aé%Bﬁﬁﬁﬁ '
accompdated in the case while being disposed betwegn_the LY of,
col | ecting portions.

to Fig. 1, a disk-like PTC element é having two major
surface} 2a §nd 8 side surface 2b is pinched between a pair’
of current supply terminals l1a made of stainless steel and
treated by dggreaainq, with the entire major surta;:es %gin *)‘( ~
contact_with the current supply terminals. la., A heat sink 3
is haée of aluminum and has a heat_radiating portion 4 which
is substantlally cylindrical, and # pair of heat collecting
portions § in the form of a pair of flat plates. .
~ The PTC slement 2 pinched between tha.pair of curxent

supply terminals 1la ls'pinched between the pair of ‘heat
dol;ecting portions 5 of the heat sink 3. 'The pair'of heat
collecting portionﬁ 5 are accommodated in a case 6a formed
of an insulating material such as polyphenylene sulfide
{PPS) .

After the PTC element 2, the pair of current supply
texminals la and the heat sink 3 have been accommodated in
the case 6a as described above, the case 6a is filled with a

J ngkgin or rubber having a high thermal conductivity, e.g., a. Y&'
- room temperature vulcanizing (RTV) silicon rubber, thus

forming a sealing structure.

The case 6a has a cavity 8a for accommodating the PTC
elemen; 2, the pair of current supply terminals la and the
pair of heat collecting portions 5. As shown in Fig. 4,
inner sprfaces 9a facing £h6 cavity 8a are inclined so that

the width of the opening is laxrgar than that of the bottom.’

5/
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supply termnals and the pair of heat collecting portions are electrlcqlly

i nsul ated fromeach other. In the above-dk8eri bed de —tfe T

resin or |nsulat|ng resin may have a high thermal cd

The insulating resin is thareby enabled to flow smoothly
inﬁo the casa 6a so that no unfilled portion (air layer)
remains after resin sealing. Consequently, the thermal
conductivity to the heat sink 3 can be increased..

An elongéted projection 10a is formed on & central’
portioh of the bottom sufface of the case 6a so that case 6a
and the PTC element 2 contact with each other in a line
contact manner. If such a projection 1; formed, "the till%ng
insulating resin can flow to the bottom aurfhco of the PTC
element 2 to conduct heat from the bottom surface of the PTC
element 2, so that the heat sink 3 can be heated 9§
efficient&y.& do o Leat simk}

The case 6a furthex has receséeé 1la and projections
12a in its bottom sutf;co. The recesses lla sexrve for
positioning of the heat sink 3. The recesses lla can be
used to constantly maintain the distance (A) between the
current supply terminals la and the heat collecting portions
5 of the heat sink 3, thereby reducing a temperature non- -
uniformity of the heat sink 3 relating to assembly. .

The projections 12a are formed at such positions as to
extend along the opposite sides of the pair of current
supply terminals la between whicﬁ the PTC elament 2 is
interposed. The minimum electrical path between the current
.supply terminals la and the heat collecting portions § of

the heat sink 3 is thereby set to the length B-C shown in °
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supply term nals may contact each other in a surface contact manner by
bei ng bonded to each other with a conductive adhesive. At least one

internal side surface of the above- nmentipyed case is i TEd- SO, L £
width of a cavity in the case is increased froma bott wﬁﬁth :E : q N
openi ng side of the case. The positive tenperature coetE|C|en1 ﬁe;n%shgﬁﬂ

el enent

Fig. 4 SIOWRIA—FIg-—2 when the case formed of the
" insulating material is filled'with the insulating rasin. 1In

this manner, the condition of a voltage of 4 kV, prescribed
as external withstand voltage with respect to 260 V devices,
can be satisfied without increasing the distance (A) between
the éurrenb supply terminals la and the heat collecting

. port‘ions %-/ 44 more. tbf ‘I«,..m :

' In this ambodiment, stainless steel is used as the
material of the pair of current supp@y_terminals la.
However, any.other métallic material, specifically a copper
alloy such as beryllium copper or phosphor bronze nickel-

plated may:be used to improve heat diffusion from the PTC

2. . . )
element so that heat can be efficlently conducted to the Al

A

heat sink 3. Aas fhe material of the heat sink 3, a material
such as brass or copper having a high thermal conductivity
may be used. .

A positive temperature coefficient thermistor device in
accbrdance with a second embodiment of the present invention
will be described below with reference to Figs. 5 to 7. The
éomponeqts equivalent or identical to those of the first
embodiment are indicated by ihe same reference characters
and the descriptin for them will not be repeated.

Referrinq;to'rig.'s. a pair of current supply terminals
1b axe each formed into a generally ﬂ-like shape and pinch a

PTC element 2 between their portions at one end. A

This Sheet Has Been Reﬂlaced
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pi nched between the pair of current supply termnals may be pinched between
the pair of heat collecting portions of the heat sink having the
cylindrical heat radiating portion and the .heat collecting portlons W th an

i nsul ati ng nmenber interposed between the therm stor e
collecting portions. Also, the pair of-hgat collecting 1asisHeRs HX{S BEEN Heat
sink may be accommobdat ed in_the case while the heat r dIaIImEPKKHEDOH I 9
pl aced outside the case. The insulating nenber is madée=sf—ar—efast+et
material .

resilient holding portidn 1p ié'provided b§ beiné cut and

raised from the portion éf each current supply terminal 1b

that contacts the PTC element 2. The pair of curreﬁt supply
terminals 1b in a_staﬁe of pinching the PTC element 2 are
inserted into a tube T1l, which is formed of an insulating
material, such as a rubber material, e.g., a silicon or ‘
fluorine rubber material or Kapton.

Referring also to Fig. 5, a pair of heat collecting
portions 5 of a heat sink 3‘have projections 5p provided in’
the vicinity of a heat radiatiné portion 4.

The PTC element 2, the pair of current supply terminals
1b and the tube Tl combined as described above are pinched
between the pair of heat collecting portions 5 of the heat
sink 3, and the pair of heat collecting portions 5 are
accommodated in a case 65 made of an insulating material
such as PPS. The case 6b has a cavity 8b which accommodates
the PTC element 2, the pair of current supply terminals 1b,
the tube Tl and the heat sink 3 (excepting the heat |
radiating portion 4). The'case 6b has projections 9o formed
on its inner side surface so as to define portions which
contact the heat sink 3 in a line contact manner. Slits 7b
are formed in a side wall of the case 6b on the left-hand
side as viewed in Fig. 5. Through the slits 7b, the heat
radiating portions 5 of the heat sink 3 project out of the

case 6b., Also slits 10b are formed in a side wall portion

_ This Sheet Has Been Reﬁlaced




REPLACEMENT  SHEET - 6- Date :6 MAR 1996 The insul ati ng nenber
may be a tube nade of an elastic matérial. The insulating nenber may be a
tube nmade of a thermally-contractive elastic material. : =pf -
current supply terminals nay have a resilient portionwtth@ﬂbﬁﬁughﬁfFﬁﬁbﬁ
contact with the ' : ~16- 5 LR ACED 3

e e e

of.thelcase 6b on the riqhi-hand side as viewed in Fig. 5 to
allow the othér ends of the pair of current supply terminals
1b to project §ut of the case 6b. In this structure,
érojectiéns Sp are provided in the pair of heat collecting
portions 5 of the heat sink 3 to prevent the heat sink 3
from coming off after the heat sink 3 has been inserted into
the case 6b. |

A lid 11b made of PPS or the like is attacﬁéd to the
case 6b from above to form a simple sealing structure.

The projections 9b, provided inside the case 6b, can
reduce the amount of heat conducted from the PTC element 2
to the case 6b through the heat sink 3. Accordingly, it is
possible to reduce the loss of heat conducted to the heat
radiating portion 4 of the heat sink 3 and to reduce the
temperature at which the case 6b is heated.

The holding portions 1lp of the pair of current supply
terminals 1lb are formed as springs as shown in Fig. 7A, so
that, as shown in Fig. 7B, each of the pair of current
supply terminals 1lb contacts the PTC element 2 @n a surface
contact manner when the PTC element 2, ﬁhe pair of current
supply terminals 1lb and the tube Ti are accommodated in the
case 6b (not shown in Fig. 7B). '

As shown in Figs. 7B and 7C, the sum D of the thickness
of the PTC element 2 and the thicknesses of the portions of

the pair of current supply terminals 1lb and the tube T1 to
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positive tenperature coeffi ci ent therm stor el ement. Also, the positive"
tenperature coefficient therm stor el enent and the current supply tern1na|s
may contact each other in a surface contact manner when-the positive: -7
tenperature coefficient thermi'stor el ement, the pair ofj| qung ent::supply. v |
termnals and the insulating menber ar eldecommodat ed in| the caxReACEe },;
positive tenperature coefficient therm stor elenent, t o COr rent—
supply termnals and the |nsulat|ng menber may. be pi nched between the pair
of heat :

be binched between'the pair of heat collectihg portions 5 of

the heat sink 3 is set so as to be larger than the distance

B between the pair of heat collecting portions 5 of the heat

sink 3.

Tﬁerefore, the PTC element 2, the pair of current

supply terminals 1lb and the tube Tl are pinched between the

pair of heat collecting portions 5 with the pressing force

of the spring action of ﬁhe holding portions lp of the pair .

of current supply terminals 1lb and the pressing ferce due to

the resiliency of the tube Tl so that these parts contact

each other in 'a pressed state, thereby improving the

reliability with respect to sparking or the like.

The tube T1 may alternativeiy be made of an elastic

insulating material having a high thermal conductivity

different from that mentioned above. Also, an insulating

sheet made of a silicon resin, Kapton or the like may be

wrapped around the PTC element 2 and the current supply

terminals 3 pinchiﬁg the PTC element 2. Further, the tube

Tl may be made of an elastic insulating material having a

lthermally contractive property (a silicon resin or the

like). 1In such a case (not shown), the component parts may

be assembled in such a manner that' the PTC element 2 is

pinched between a pair ef current supply terminals 1lb having

spring portions, the PTC element 2 and the current supply

terminals 1b are inserted into the tube Tl, and the tube T1

. This Sheet Has Been Reﬂlaced '




collecting portions so as to contact each other in a pressed state.
‘of the thicknesses of the portions of the PTC el enent, the pair of current

supply termnals and the insulating nenber to be plnched b

of heat collecting portions may be set so as to be Iarg=rTﬁ|1§§gjct‘__I?eg.,(g stan
bet ween the pair of heat collecting portgons of the hea.L sin R@@[AJE@ t he
=SS e

positive tenperature coeff|C|ent therm stor elenent t he—pai*x
supply termnals and . :

The sum

,-
e

is thermally contractéd by-heatiné before these parts are
pinched in the héat sink 3. Thus, the tube Tl made of a
thermally-contractive elastic insulating méterial is used to
facilitéte pbsitioning of the PTC element 2 and the pair of
current supply terminals 1b and, hence, assembly of the.
component part§<5€“”‘5 ensier,

In this embodiment, the 1lid 11lb is used to form a
simple sealing structure in the case 6b. Alternatively, the
cavity of the case 6b may be tightly closed by being filled
with a resin such as a silicon or epoxy resin instead of
using lid 11b.

The construction of a positive temperature coefficient

thermistor device in accordance with a third embodiment of

the present invention will next be described with reference

to Figs. 8 to 10. Portions corresponding or identical to

those of the first or second embodiment are indicated by the
same reference characters and the description for them will
not be repeated. |

Referring to Figs. 8 and 9, in the positive temperature
coefficient thermiétor device of tpe third embodiment, a PTC
element 2 is inserted into a tube T1 while being pinched
between one of the two pairs of opposed ends of a pair of
current supply terminals 1lb. The tube Tl in which the PTC
element 2 and the pair of current supply terminals 1b are

inserted is pinched between a pair of heat collecting

This Sheet Has Been Reilaced
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bet wegsB)TABEH (Meliln 3&)fﬁ9héhtlllé'd‘l(iwcm g portions B?@Z?ﬁ@ag%ﬁ%ﬁl}each ot her v in
a pressed state. According to another aspect of the present invention,

there is provided a positive tenperaturel@eefficient
conprising a positive tenperature

portions 5 of a heat sink 3 and accommodated in a case 6¢

having an-égzgéi;-ac and made of an insulating material such :%Q

as PPS. At this time, the other ends of the pair of currxent .

supply terminals 1b project out of the case 6c through first
| slits 10c formed in a side portion 6p of the case G6c. Also,

a heat rgdiating portion 4 of tﬂg heat sink 3 projects out

of the case 6¢c thiouqh aecoAd slits 7c forxmed in a side

portion 6g of the case 6c. As shown in Fig. 10, spring
| tarm;naldégade of stai;leas steel or the like and having a
reiiliency are inserted as supporting membexrs in gaps
between opposite inner surfaces €x_of the case 6¢ and the
heat collecting portions 5, By a pressinq force of the
spring terminals R1l, the pair of heat collecting portions 5
gi;mly pinch the tube T1, so that the tube Tl, the current
supply terminals 1b and the PTC element 2 contact each other

in a pressed state,

| cavit
To close the Bc of the case 6c in which the 94'

parts are accommodated, a lid 11b is fitted to the opening.
8c.. '

In this embodimeﬁt, the spring terminals Rl are.used as
supporting members to achieve a high adhesion strength
between the parts by being inserted into the gaps between
the pair of heat collecting portions 5 and the inner

surfaces 6r of tha case 6c in a simple manner,

- The assembly process is not limited to that described
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coefficient therni'stor el enment, a pair of current supply terninal s ‘bet ween

whi ch the positive tenperature coefficient therm stor el enent
heat sink having a heat

menber,
elenent
el enent
menber .

i s pinched,
radiating portion and a pair of _heat collecting
portions formed continuously with the “Béat radiating pgft an FRSHS
and a case in which the positive tenperature cfe 7@

i s acconmodat ed. The positive tenperature coef

"E‘heBnENt

o

st or

above. For example, the pair of heat collecting portions 5
of the heat sink 3 may be inserted into the case 6c after
the tube Tl in which the PTC element 2 is inserted has been
accommodated in the case 6c¢c.,

A positive temperature_coéfficient thermistor device
may also be arranged in a similar mannef as shown in Fig.
11. That is, projections 9c¢ for supporting the heat
collecting portiongaéf the heat sink 3 are provided on one

of opposite inner surfaces 6r of the case 6¢c, as in the

' second embodiment, while a spring terminal Rl is provided at

the other inner surface 6r. In the positive temperature

the Aeat collecting por tions $

coeff1c1ent thermistor device thus arrangedlA@he tube T1,
one. of the pairs of opposed ends of the pair of current
supply terminals 1b and the PTC element 2 contact each other
in a pressed state by interaction of the projections 9c and
the spring terminal R1. Since the projections 9c¢c contact
the heat collecting portion 5 of the heat sink 3 in a point
gg:llne contact manner, the conduction of heat from the heat
collecting portion 5 to the case 6c is limited.

The construction of a positive temperature ‘coefficient
thermistor device in accordance with a fourth embodiment of
the present invention will next be described with reference
to Figs. 12 to 14. Portions corresponding or identical to

those of the first, second or third embodiment are indicated

by the same reference characters and the description for

eet Has Been Reilaced
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and the current 'supply term.nals are inserted |nto the |nsu|at|ng
The insul ati hg nmenber.is di sposed

a



between the pair of heat collecting portions. At |east one elastic
supporting nmenber is disposed between the pair of heat collecting portions
and an inner surface of the case. In tr%f positive tenperature coeff|C|ent
therm stor device, the supporting nmenbef may be a sprlnq Ler T AP o
According to still another aspect of the present inventijp ‘taﬁ' &3 BEEN |
provided a positive tenperature coefficient. therm stor d=V|rp t iﬂ%fginq al
positive tenperature coefficient therm stor elenent, a pair of

them will not be repeated.

.In the positive'temperature coefficient thermistor
device of the fourth embodiment, a PTC element 2 is pinched
between ewé—eof the two pairs of opposed ends of a pair of
current supply terminals 1lb, with its entire major surfaces
2a in contact with the current supply términals l1b. The PTC
element 2 and the pair of current supﬁly terminals lb are
.inserteé into an insertion hole V2 formed in a block V1.

The block V1 is formed of an elastic insulating material
such as silicon rubber having a high thermal conductivity,
and the insertion hole V2 may be formed through the block V1
so as to be open in both two opposite faces of the block V1
or may be formed so as to be open only in one face of the
block V1. The width F of the insertion hole V2 of the block
V1l is smaller than the sum G of the thicknesses of the PTC
element 2 and the pair of current supply terminals 1lb. The
PTC element 2 and the pair of current supply terminals 1b
‘are inserted into the insertion hole V2 by utilizing the
elasticity of the block V1, so that inner surfaces of the
insertion hole V2, the PTC element 2 and the pair of current
supply terminals 1b contact each other in a pressed state.

The block V1 in which the PTC element 2 and the pair of
current supply terminals 1lb are igserted in this manner is
pinched between a pair of heat collecting portions 5 of a

heat sink 3. The distance E between the pair of heat

heet Has Been Re‘laced
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heat sink having a heat radiating portion and a pair of heat col | ecting
portions formed continuously with the heat radiating portion, and a case in
which th iti «22- . =
hi the positive 2 THIS SHEET LAS BEEN
REPLACED

collecting portions 5 is smaller than the external width H
of the block V1. The block V1l is pinched between the pair
of heat collectinq portions 5 by utilizing its elasticity,
8o that the pair of heat collecting portions 5 and the block
_VI are maintained in close cbntact with each other, and so
that the adhesion strength between the PTC element 2 and the
: pair of current supply terminals 1b in the block V1 is
increased. _
The blcck.VI and the pair of heat collecting portions &
of the heat sink 3 are accommodated in a case 6d which is
cavit ,/\4
made of an insulating materxrial such as PPS. An 8d
is formed in the case 6d and is'open upward as viewed in

Fig. 13. The case 6d has an upper 1lid fitting section 6s

Inner surfaces X
defined above a pair of steps 6r formed in its inner N
aviy . '
surfaces in.the vicinity of the oponiﬁz 8d, and also has a X
.'uﬂe" Su"f“d
lower accommodation section 6t below the .steps 6r. Further, Vd

a pair of recesses 6u are formed in the innexr surfaces of

) the 1id fitting section 6s, and a pair of slits 7d
communicating with the accommodation section 6t are formed
on one side portion 6v. When the heat sink 3 and the block
V1l are accommodated in the thus-constructed case 6d, the
other ends of the pair of current supply terminals 1b
project out of the.é?ﬁﬁié, 8d, the heat iadlating portion 4 QF'
of the heat sink 3 projects out of the slits 7d, and the

pair of heat cdllecting portions 5 are passed through the
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are inserted into a bl ock nade of an elastic insulating naterlal The
bl ock i s disposed between the pair of hea®3collecting periiens—of=the—hesat
sink. Further, the pair of heat collecting portions ar&‘ﬁﬂedwﬂ%dabéﬁLEMNthe
case while the heat radiating portion of the heat sinkiproj cgfBLALED of tHe

case. According to a further aspect of the present invemtiom there TS
provi ded a positive tenperature coefficient .

slits 7d of the case 6d to be ingserted into the

accommodation section 6t, The width I of the accommodatiqn
| section 6t of the case 6d is smaller than the sum J of the
external width B of the block V1 and the thicknesses of the
pair of heaé collecting portions 5 of the heat sink 3. The
heat sink 3 and the block V1 are inserted into the
accommodation section 6t by utilizing the elasticity of the
block V1, whereby the pair of heat collecting portions 5 of
the heat sink 3, the block Vi and the pair of current supﬁly
" terminals 1b and the PTC element 2 con;;ct each other in a
pressed state.
The 2o 8d of the case 64 having the parts | 96
)
accommodated in this manner is clésed with a 1lid 1lc which
is made of PPS or the like and which has a pair of lead-out
slits 11d and a pair of projections lle. The 1lid llc is
fitted in the 1id fitting section 6s of the case 6d by being
| mmer Sunfocey .y
placed on the upper surfaces of the-ateps-S: to close the ,%f
) | case 6d, with the othar ends of the pair of current supply
terminals 1b projecting from the lead-out slits 11d. The -
leid-out slita 11d are sealed with a resin or the like.(nog
shown) . The depth K of the accommodation section 6t of the
case 6d is smaller thaﬁ the height L of the block Vi. The
projections lle of_the 1id 1lc are fitted in the recesses 6u
of the case 6d by utilizing the elasticity of the block V1.

The: block V1, the lid 1l1¢ and the bottom of the

“~
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eI emeBﬁﬁOT&ZBBﬁM 3B Ehr rfeWt/ (F termnal s A Ah'The positive
tenperature coefficient therm stor elenent is plncheq X{ flg a
heat radiating portion and a pair of heat collecting .
continuously with the heat radiati ng portdfon, and a d
positive tenperature coefficient thernmistor el ement is acconmbdated. The

positive tenperature coefficient therm stor elenent, the current supply
~.termnals and the pair of heat collecting portions of

accommodat ion saction 6t are thereby maintained in close
contact with each other so that no gap is formed
therebetveen, Thus, a simple sealing sﬁrﬁcture can be
formed around the PTC element 2 without sealing tﬁe contact
'portions of the case 6d and the 1lid 1llc in contact with each
other. | |

. The .order in which the component parts are assembled is

y nﬁt 1imited to that in the above~described embodiment. For
example, the palr of heat collecting portions S of the heat
sink 3 may be inserted into the block V1 accommodated in. the
case 6d after the block V1 having the PTC element 2 and the
pair of curreat supply téiminals 1b inserted therein has
been accommodated in the case 6d.
A positive temperature coefficient thermistor device

may alao be arranged.in a similar manner as shown in Fig.

| 15, That {is, a PTC element 2 and a pair of current supply
texrminals 1b are inserted 1n£o a block V1 through an opening

~ of an insertion hole V2 in a horizontal direction as viewed
1n rig. 15, and the bloc%:fs pinched between a pair of heat '2&
collecting portions 5 of a heat. sink 3. The heat sink 3 and -
the block V1 are accommodated in a case 6d, with the ends of
the pair of current supply terminals 1b opposite from the ,
ends on the PTC element 2 side projecting out of-e;:;'IOd ZKE
provided in a side portion 6w of the case 6d. In this

positive temperature.coefticient chermistor device, the

This Sheet Has Been Reilaced
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in the case.
t he present

i nvention arranged as descrlbed above, heaq

In the positive tenperature coef fi ci ent thTég | SLor_devites off

posi tive tenperature -25- IL |

insertion hole V2 of the block V1 is opan continuously with

the slits 7d and.éLﬁf.IOd of the case 6d. Therefore, there ;fb

is, for example, a risk that insecticidal liquid or the like

evaporated and diffused will enter the insertion hole V2 to

attach to the PTC alement 2 if the davice is used iﬁ a

11qu1d type mosquito repeller. To prevent such a foreign

material from entering the insertion hole V2, the slits 7d

and the.cuti 10d of the case 6d are sealed with a resin or . ;ﬂb

the like (not shown). No lead-out slits 11d are provided in

the 1id 1%;3o£ this positive temperature coefficient , U&

thermistor device. .
In the thus- constxuct;d positive temperature

coefficient thermistor device, the block V1, the case 6d and

mér;a P%i 1’1‘1 t?he-j

the 1lid llﬁ are maintained in close contact with each other 9'4

by the effact of the elasticity of the block V1, and the

. pair of heat collecting portions 5 of the heat sink 3, the

block V1, the pair of current supply terminals 1b and the

PTC element 2 are also maintained in close contact with each

other, as in the case of the above-described positive

temperature coefficieant thermistorz, device of the fourth

meodiment ] J-_..___"”____m_" T '“,. R L L - ML R A vt mt A —romma

" The construction of a pdsitive éempe:ature coesfficient
thermistor device in accordance with a £ifth embodiment of
the present invention will next be described with reference

to Figs., 16 to 18. Portions corresponding ox identical to

is Sheet Has Been Replaced
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the like. By the elasticity of the insulating nenber offthe i @fgeﬁ

-

positive tenmperature coefficient thermstor el ement, tHleTd ST
terminals, and the heat sink are pressed.zgai nst each other aff
in close contact wwth each other, thereby inproving the thernal

- conductivity. BRI EF DESCRI PTION OF THE DRAWNGS Fig. 1 is an expl oded
perspective view of a positive tenperature characteristic therm stor device
I n accordance with a first enbodi ment of the present invention;

those of the'tirst, second, third or fourth embodiment are
indicated by the same re!erencé characters and the
description for them will not be iepeated. .
In the positive temperature coefficient thermistox
device of this embodiment, a pair of insertion slits V3 are
newly provided in a block V1 in such a manner as to extend
on the opposite sides of an insertion hole v2, and the
* direction of depth of each insertion slit V3 is
perpendicular to the diéection of depth of the insertion
hole V2. The-iﬁse:tion slits v3 may be open both in two
opposite faces of the block V1 or only in one face of the
block V1. A pair of heat collecting portions 5 of a'heat
‘'sink 3 are inserted into the insertion slits V3.
In other respects; the construction of this embodiment
'is the same as that of the fourth embodiment. A PTC slement
2 is pinched between eard=Sf the two pairs of opposed ends of &
a palr of current supply te;minals 1b, with its entire major
surfaces 2a in contact with the current supply terminals 1b.
The PTC element 2 and the current supply terminals 1b axe
inserted into the insertion hole V2 formed in the block V1,
and the heat sink 3 and the block V1 are accommodated in a ,
cagse 6d, and an O;ZXEEE;ad of the case 6d is closed with a 5*?
.lid l1ic. Lead-out slits 11d are sealed with a resin or the
: 1ike (not ;%khown) .

In the positive temperature coefficient thezmistor

i 4
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therm stor device in accordance

I
l
|

oo T T =

device of the fifth embodiment, heat is conducted thzough
both the two'majbr surfaces of each of the pair of heat
collecting portions 5 of the heat sinkg'because tye heat
collecting portions S are inserted into the pair ot
insertion slits V3 of the block V1. Therefore, heat
generated in the PTC element 2 can be extracted more
efficiently. '

A positive temperature coefficlent thermistor:device
ﬁay also be a;rangéd in a similar manner as shown in Fig.
19. That is, as in the fourth embodiment, a block V1 having
an insertion hole V2 and insertion slits V3 extending
parallel with esach other in the longitudinal direction of
the block V1 is used along with & case 6d having a pair of

éié%& 10d opposite from the slits V3, and the ends of a pair 9&!
of current supply terminals 1b opposite from the ends

| inserted in;;ﬁzre insertion hole V2 are set so as to project N
out of the euts 10d. No lead-out slits 11d are formed in a X
lid 1'1,d°’ of this positive temperature coefficient thermistor ))S'

device,

e o e -

The operation of the positive tempeiaiuri'éo;gzlcizgz~_
thermistor devices of the first to fifth embodiments of the
present 1nvention.wi11 be described with respect to an
example of an applicaﬁian to a liquid-type mosquito repeller
Qith.rcference to Fig., 20, The same components of the

‘positive temperature coefficient thermistor device as those

: This Sheet Hﬁs Been RTilaced
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REPLACEMENT SHEET - 10- ~ Date: 6 MAR 1996 with a second

embodi nent of the present invention; Fig: 6 is a cros
therm stor device shown in Fig. 5; Figs. 7A, 7B, and

secti onal

8 is a perspective view of a positive tehperature ch

device in

ional of the

GHos SHERT ARGSEEL
shown FJHP!EW e% r\gg-
FeetErRstie=therm gt or
accordance with a third enbodi nent of the present |nvent|on,

views of portions of the therpjstor device

of the first to fifth embodiments are indicated by thé same
reference characters, and some of them are omitted in Fig.
20. Y/

A liquid type mosquito-repellefvghown in Fig. 20 has a
case 32 which accommodates an insecticidal liquid bottle 34
filled with an insecticidal liquid 33. One end of a liquid
absorbing core 35 for absorbing the liquid by capillary
action is immersed in the insecticidal liquid 33 in the
insecticidal liquid bottle 34, while the other end of the
core 35 projects out of the insecticidal liquid bottle 34.
Further, a positive temperature coefficient thermistor
device X1 in accordance with one of the first to fifth
embodiments is accommodated in the case 32, with the liquid
absorbing core 35 passed through the heat radiating portion
4 of the heat sink 3.

In the positive temperature coefficient thermistor
device X1 mounted in the liquid type mosquito repeller 31, a
.voltage is applied to the PTC element 2 through the pair of
current supply terminals la or 1lb to cauée the‘PTC element 2
to generate heat by constant-temperature heatiné operation.
Heat thereby generated is conducted from the two major
surfaces 2a of the PTC element 2 te the pair of heat
collecting portions and to the heat radiating portion 4 of
the heat sink 3 through the pair of current supply terminals

la or 1b and the insulating resin,‘the tube Tl or the block

Sheet Has Been Re laced
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F|g 9 is an expl oded perspective view of the therm stor deV|ce shown in
Fig. 8 Fig. 10 is a partially sectional top view of the _sdevrte-;
shown in Fig. 8 in a state where a I|dn%§ renmoved; Fig. U1THIS IHEEET EAABEEN u’
sectional top view of an exanple of a Tfication of thg ther REBLAEEDevi cel:
shown in Fig. 8 in a state where a lid is renoved; Fig. - S da perspectrve
view of a positive tenperature characteristic therm stor device in
accordance with a fourth - '

¢
J

Vi. By diffq;ion.of heat from the heat radiating pdrtion 4,
the liquid absorbing core 35 passed throuéh the heat
radiating portion 4 is heated so that the insecticidal
liquid 33 permeating into the liquid absorbing core 35 is
evaporated and_diffused.

In the above~described positi&e temperature coefficient
thermistor devices of the present invention, the shape'of
the PTC element 2 is not limited to an annular shape, and a -
PTC element having guch a shape as to be easily molded and
fired while warping is limited, e.g., a plate-like shape,
may also be used.

The heat conduction path is formed from the PTC element
2 to the heat sink 3 through the pair of current supply
terminals 1lb and through the insulating resin, tube Tl or
block V1 and is thus short. Also, the two major surfaces 2a
of the PTC element 2 are used as heating portions. It is
therefore possible to efficiently extract heat generated in
the PTC element 2. Moreover, in the positive temperature
coefficient thermistor devices of the second to fifth
embodiments, no air exists in the heat conduction path and
the thermal efficiency is high because the heat cénductihg
parts are pressed and maintained in close contact with each
other by the effect of the elasticity of.the tube T1 or the
block V1.

The above-described positive temperature coefficient
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enbodi nent of the present invention; Fig. 13°is an explod-o
view of "the therm stor device shown in-Fig. 12; Fig.. 14 |
sectional top view of the therm stor deyice shown in Flg
where a lid is rennved Fig. 15 is an e?ﬁloded per specti ve=
exanpl e _

thermisﬁor device of thé present invention has advantaées
desciibed below.

First, the heat conduction path is formed from the PTC
element to the heat radiating portion through current supply
terminals and through the insulating resin or the tube or
block made of an insulating material and is thus shoft, so
that the thermal efficiency is high. Since the case
occupying a greater part of the ﬁhermistor device is not
included in the heat conduction path, there is substantially
no risk of the case being deformed or damaged by being
heated at a high temperature. Therefore, the reliability of
the device is improved. Also, there is no need to limit the
material of the case to those having improved heat
resistance, so that the design freedom is increased.

Because the two majof surfaces of the electrodes of the
PTC element are used as a heat radiating portion, heat can
be efficiently extracted from the PTC element. It is
therefore possible to lower the Curie point of the PTC
element used as well as the heat resisting temperature of a
material used to form the insulating case, an insulating
resin and so on. Further, the surface temperature 6f each
used component part other than the heating portion can be
reduced, so that the reliability abd safety can be improved.

In the case where the insulating case is filled with-an

insulating resin, the heat conduction efficiehcy_is high and
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REPLACVENT SHEET Date: 6 MAR 1996 of a nDdlflcatlon of the therm_JJy;”__,_w
device shown in Fig. 12; Fig. 16 is an external perspecth
positive tenperature characteristic thegm stor device in!
fifth enbodi nent 'of the present invention; Fig. 17 is an|
perspective view of the therm stor device shown in Fig. 16 F|g 18 is a

partially sectional top view of the therm stor device shown in Fig. 16 in a
state where a lid is ' -

there is substantially no variation.in neatlcondugtion
efficiency, because no air iayer exists in the heat
conduction path from the PTC element to the heat radiating
portion through the current supply terminals and the
insulating resin. It is therefore possible to provide.a
positive temperature coefficient.thermistor device in which
a temperature non-uniformity in the heating portion relating
to assembly is small. If in this case an inner side surface
of the insulating case is inclined so that the width of the
cavity is increased toward the opening, the a resin for
filling the insulating case can flow smoothly so that no
unfilled portion (air layer) remains after sealing with the
resin. As a result, the efficiency of heat conduction to
the heating portion can be further improved.

If the elasticity of a spring terminal, a tube or a
block is utilized as a means for bringing the PTC element
and the current supply terminals into contact with each
other (pressing means), a simple sealing structure can be
formed without sealing the periphery of the PTC element with
a resin or the like and, therefore, there is no risk of a
resin or the like attaching the PTC element to cause a
deterioration of the PTC element or entering a gap between
the PTC element and the current subply terminals to cause
contact failure. As a result, the reliability with respect

to safety or occurrence of sparks between the contacts can

Sheet Has Been Replaced .
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removed; Fig. 19 is an expl oded perspective view of an exanple of a .
nodi fication of the therm stor device shown in Fig. 16; [Frg. < LA BE

. S . . . HEET SBFTEN
cross-sectional viewof a liquid type nggquito repeller : V&t digp! 1V
tenperature coefficient therm stor device in accordance MJJLJﬂ r-T
invention is nounted; Fig. 21 is an expl oded perspective view of a
conventional positive-tenperature coefficient therm stor device; and

be improved. - It is also possible to improve the reliability
of'the‘contéct surfaces of the PTC élement and the_current;
supply terminals withoﬁt using an adhesive. A structure may
also be adopted'in which a holding éortion of each current
supply terminal has a resiliency such that the PTC eiement
and the cur;ent supply_termihals contact each other in a
surface contact manner after being inserted into the
insulating case, whereby the PTC element and the current .
supply terminals are pressed against éach'other more
strongly, so that the heating efficiency is further
improved.

If the heat colleéting portions of the heat sink are
inserted into a block, heat ié conducted through both tpe
two major surfaces of the heat collecting portions, whereby
heat generated in the PTC element can pe extracted more

efficiently.
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Fig. 22 is a e%oss—see%ienak—v+em10f the conventional positive tenrperature)
coefficient thepm €8psAowWn in Fig. 21. DESCRI PTj GWi©OEHEHE HAS BEEN 1

PREFERRED EMBQODI e tenper Sure coefficienty thermtsmmbmw ce 1
i n accordance w ﬂ]ﬂ dlnent -of“fhe present inv e
described with r 1 to 4. Referrlng

WHAT IS CLAIMED IS:
-1. A_positive temperature coefficient thermistor
device comprising:
| a positive temperature coefficient thermistor element
pinched between a pair of current supply terminals;
a heat,sink-having a cylindrical heat radiating portion
and.a pair of heat collecting portions; and
é case,
 wherein said positive temperature coefficient
thermistor element pinched between said pair of current
supply terminals is accommodated in said case while being
disposed between said pair of heat collecting portions, said
case is filled with at least one of an insulating resin and
an insulating rubber, and said pair of current supply
terminals and said pair of heat collecting portions are

electrically insulated from each other.

2. A positive temperature coefficient thermistor
device according to Claim 1, wherein each of said insulating
resin and said insulating resin has a high thermal

conductivity.

3. A positive temperature coefficient thermistor
device according to Claim 1, wherein said pair of current

supply terminals have a flat terminal structure, and said

R



REPLACEMENT SHEET 12° = ) Date: 6 NAR 19
di sk-1i ke PTC elenent hav g tmn maj or surfaces 2a and)a §

J 500
i s pinched bet e fent supphy ternminals 1

steel and treated u I , Wwith the entire nmajor surfaces 2a in
contact with the termnals la. A heat-sink 3 is made of

al um num and has a heat radlatlng portion 4 which is substantially
cylindrical, and a pair of heat collecting portions 5 in the formof a pair
of flat plates. The PTC el enent 2 pinched between the pair of current
suppl y ter nmipealizive tempepabede becba\een:ité}a; naﬂerrndfstbeaelemememmmgsqmit i ons
5 of the heat sink 3. The

current supply terminals contact each other in a surface

contact manner by being bonded to each other w1th a

conductive adhesive.

4, A positive temperéture coefficient thermistor
device according to Claim 1, wherein at least one internal
side surface of said case is inclined so that the width of a
cavity in said case is increased from a bottom surface side

to an opening side of said case.

.5. A positive temperature coefficient thermistor
device asemchnmto=tIxtm=2., wherein said positive
temperature coefficient thermistor element pinched between
szg%?pair of current supply terminals is pinched between
ségd pair of heat collecting portions of s;;d heat sink with
an insulating member interposed between said thermistor

~ element and said heat collecting portions, and wherein said
palr of heat colle;tlng portlons of said heat sink are dSaw‘ hea+$‘lh’<
accommodated in sai® case while s::d‘heat radiating portloq/\

is placed outside said case.

6. A positive temperature coefficient thermistor

device according to Claim 5, wherein said insulating member

is made of an elastic material.

S



pair of heat collecting portions 5 are accormpdated in a ¢
an insul ating material such as pol yphenyl ene sul fide (PPS). BFF%$HE$%h@3@ECN

el ement 2, the p@hiﬁﬁ&}ﬁyméﬁh l.eedppl y teggiinals la and the |heat EFRkASERave
been acconnndated as descrlbed above, the case 6a 15 111180
with an insul at edjmuﬂﬂm mF having a high thermal conductivity, e.g.,
a roomtenperat.ur i'zing (RTV) silicon rubber, thus formng a sealing
structure. The case 6a has a cavity 8a for acconnodating the PTC el enment 2,
the pair of current supply termnals la and the pair of heat collecting
portions ‘5. As shown in Fig. 4, inner surfaces 9a facing the cavity 8a are

i nclined so that the : \
7. A p051t1ve temperature coefficient thermistor

device according to Claim 5, wherein said insulating member

comprises a tube made of an elastic material.

8. A positive temperature coefficient thermistor
device according to Claim 1, wherein said insulating member
comprises a tube made of a thermally-contractive elastic

material.

9. A positive temperature coefficient thefmistor
device according to Claim 5, wherein each of said pair of
current supply terminals has a resilient portion to be
brought into contact with said positive temperature
coefficient thermistor element, and wherein said positive
temperature coefficient thermistor element and said current
supply termiﬁals contact each other in a surface contact
manner when said positive temperature coefficient thermistor
eleﬁent, said pair of current supply terminals and said

insulating member are accommodated in said case.

10. A positive temperature coefficient thermistor
device according to Claim 5 or 9, wherein said positive
temperature coefficient thermistor element, said pair of

current supply terminals and said insulating member are

* € L M s %



wi dt h of the Qpenlng.Ls—Large¥—%han that of the bottom

|

REPL ACENMENT SHEET Dat wn 996 The insul ating reS|n=an$héreby4e'abfed
to fl ow snoot hl eﬁm‘ a so that no unfilled pogtion FRAGHyer) |l

remai ns after

Cbnseque@ﬁsl the therml corfgEetivVity to the

heat sink 3 can

pinched between said pair of heat collecting portions so as.

to contact each other in a pressed state.

11. A positive temperature coefficient thermistor
device according to Claim 10, wherein the sum of the
thicknesses of the portions of said PTC element, said pair
of current supply terminals and séid insulating member to be
pinched between said pair of heat collecting portions is set
S0 as to be larger than the distance between said pair of
heat collecting portions of said heat sink so that said
positive temperature coefficient thermistor element, said
pair of current supply terminals and said insulating member
are pinched between said pair of heat collecting portions so

as to contact each other in a pressed state.

12. A positive temperature coeffiéient thermistor

device comprising:
_a positive temperature coefficient thermistor element;

a pair of current supply terminals between which said
positive temperature coéfficient thermistor element is
pinched; |

a heat sink having a heat radiating portion and a pair
of heat collecting portions-formed'continuously with said

heat radiating portion;

an insulating member; and

* c L M s *



An el ongated projection IOa is forned on a central portion_of the bot t om
surface of the c'ﬂwheaﬂss:sebm lsgase 6a and the PTC ele Er %g,g@[}"aﬁ}\s;g

———h

each other in a |i ner I f33uch a projecti ¢
filling insulatin MltO t he bottom surface «DI eLeHEnL
2 to conduct heat rom om surface of the PTC element 2 to the heaf

sink 3 so that the heat S|nk 3 can be heated efficiently. The case 6a
further has recesses lla and prOJectlons 12a in its bottomsurface. The
recesses lla serve- for

~a case in which sald positive temperature coeff1c1ent
thermistor element is accommodated,

wherein said positive temperature coefficient
thermistor element and said current supply termipals are
inserted into said insulating member, said insulating member
is disposed between said pair of heat collecting portioﬁs,
and at least one elastic supporting member is disposed
between said pair of heat collecting portions and an inner

surface of said case.

13. A positive temperature coefficient thermistor
12
device according to Claim 3%, wherein said supporting member

comprises a spring terminal.

14. A positive temperature coefficient thermistor
device comprising:

a positive temperature coefficient thermistor element;

a pair of current supply terminals between which said
positive temperature coefficient thermistor element is
pinched;

a heat sink having a heat radiating portion and a pair
of heat collecting portions formed continuously with said
heat radiating portion; and '

a case in which said positive temperature coefficient

thermistor element is accommodated,

\\II\II\ \\\l\\ 1] \\I\l \\ \II\ '



posi tioni ng of the-theat—sink—3—The recesses 1lla can be useqLuobcgneLagql
mai ntai n the dlﬁmﬁmmﬁ}ﬁfﬁ% n the current supply tern1na|s i@n@ﬂ? 5h
heat coIIectlng e heat-38nk 3, thereby reduci-ng-a- - =ircml
tenperature non- , the heat sink 3 relating to assenbly The
projections 12a such. positions as to extend along the

opposite sides of the palr of current supply termnals la between which the
PTC el enent 2 is interposed. The miininumelectrical path between the

current supply terminals la and the heat collecting portions 5 of
wherein said positive temperature coefficient

thermlstor element and said current supply termlnals are -

inserted lnto a block made of an elastic insulating

material, said block is disposed_between said pair of heat

collecﬁing portions of eaid heat sink, and said pair of heat

collecting portions are accommodated in said case wﬁile said
- heat radiating portion of said heat sink projects out of

said case.

15. A positive temperature coefficient thermistor
device comprising:

a positive temperature coefficient thermistor element;

a pair of current supply terminals between which said
positive temperature coefficient thermistor element is
pinched;

a heat sink having a heat radiating portion and a pair
of heat collecting portions formed continuously with said
heat radiating portion; and

a case in which said positive tempe;atﬁre coefficient
Fhermistor element is accommodated,

wherein said positive temperature coefficient
thermistor element, said eurrent supply terminals and said
pair of heat collecting portions of said heat sink are
inserted into a block made of an elastic insulating

material, and said block is accommodated in said case.
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the heat sink 3 is thereby set to the length B-C shown i ACENVENE——
SHEET Date: 6 MAR 1996 Fig. 4 when 't he EJ%ﬁHFﬁEW@fBEHM,
insulating material is filled with the insulating resin, _ﬂgﬁﬁ‘er |
the condition of a voltage of 4 kV, prescribed as ext er nal W t hstand S

voltage with respect to 200 V devi ces,

ABSTRACT OF THE DISCLOSURE -

A heat sink has a cylindrical heat radiating portion and a pair of heat
collecting portions. A positive temperature coefficient thermistor element
is pinched between a pair of current supply terminals and accommodated in
a case while being disposed between said pair of heat collecting portions, said
case is filled with at least one of an insulating resin and an insulating rubber,
and said pair of current supply terminals and said pair of heat collecting
portions are electrically insulated from each other. |
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can be sAtisfied without increasi ng t he di stance (A) between the-cllrteru/ 15)
erminal s | a aii; (EE RIS O 2 Livg=porc-oRs— o pre than 4mm
odi ment, stainless steel is used §Hl8rfé-“ﬁ%ﬁ'é’r\~?§ﬁcﬂf LAR4/087}L ofl6: 55 152

or'_phosphor br

specifically a copper all oy such as beryI 7Ty copp _

ni ckél - pl at &k ﬁay BE Used T3 mmprtdve—treat —dr 1 OsT pl fTom thé PIT e$§ n)r?,""'

so fhat heat ca eé% entI nducted to the heat si nk 3. As the -6
erial of #he eat{ 3, a“hBterial Murata
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such as Hrass or copper -havi ng a high ther : fivity mayehesuge '
R Oeet 08GEfance iR e 1
| .- LA 2 w Jrd !

positive/tenperature cpaf fsigat '
- second ¢nbodi nent of t% ?ésﬁtﬁ$entjl%,; W T shey deger |b‘édii!gg|4 e My t kﬁs-ss-ss
reference to Fi gs.dj@ You% Ihegcamponent s Eguvakent-of-identical to those

of theffirst enbodi nent are indicated by the sane reference characters and
t he degscriptigggdpr them-w Ll-not begrepeated. - Referpphg-to-F g.—5, —Fppable — — =
of cufrent supply terminals |b are each forned into a generally L-1ike

shapd and pingh-# [E2) - -
42-v ($3.2)

a—-F (E3]
13=9 (£i9.3)
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accomfodated in‘a case 6b made of an insul] As’;\g s_a as_RPS N
case pb has a cavity %V\%Ch accom%dgijesatmfjﬁﬁa c f\ﬁ'é"gah-{g? 18)
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supply Aermnals | b and the tube T1 are pin fﬁgenfrﬁﬁﬁﬁﬁjp_%;.?eat :
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inserted is pinched between a pair of heat collecting
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3 projects out of the case 6¢ through second.slits YC,{_ngrgEiRliglam)_

heat si
side pofticon 6q of the gagpEEces: sy\é\g'in_fi 10, spring termn
made of stainless steel or the Iﬁ an Fl/avin -4

g-a resiliency a ' edq % .
suppoyting nenbersz » QgApk betageergqopposite inner surfaces 6r &2?446%6%6@%%-29
6c agd the heat collecting portions 5. By a.pressing force of the spring
nal s Rl *He¥pair -of heat eot +A0H ARG~ portions 5ghirsaly—pipch theggubhe . . _
/so that the tube T1, the current supply termnals |Ib and the PTC . =
nment 2 conBattl ead#®dtlher i n a pressed state. To close the|| cans BYEBT HRls BEEN
case GCJR%AT%}Ch @nﬁ?parts are acg dated, a lid 11b isjffitt gukra@actse
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o achieve a high adhesion strength between the parts by, bei n? S
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be inserted into the case 6¢c after the tube Tl in which the PTG eIé,;nganﬁ1 ;
1S insgrted has beert accommpdated in the case 6¢c. A positive-t'e\er Ta urd/ 19)
coef fifci ent therm st orHsdFECE ST aCfo/be ~ar rafiged in a sini 5%54 BRGE 08%08:
in Fig: 11. That is, projections 9c for supporting the heat *06:32
cting porti o7 4t Fe 24eB19%i nk 3 are provided on one of opposite

i nngr surfaces 6r of the case 6¢, as in the second r_I_b_Q(;I_i_aem_,_vmu,go_a_______
ng terri AR-IR1L s pr ovrded ar e ot her Trinér—2lUrface 6r. In the

itive tenperafure coefficient therm stor device thus ar L e Near
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interaction of the praojections 9c and the spring term nal- I%L«Su-ﬁe@—t;-h@,_-__T

|

prej ections 9c contact the heat collecting portion 5 of it herheatisink:8sin

6.

~a point .or. |i'ng contact manner, the conduction of heat fron1the h@@k
coIIectlng portlon 5 to the case 6¢c is limted. The con< tpaet.ion a@q

positive tenperature coefficient therm stor device in ateordance=with-a--
'fourth enbodi nent of the present invention will next be described with
//erence to Figs. 12 to 14 Portions correspondi ng or identical to those

he first, second §ﬁa Fﬂe $g%3$§%\%%ﬁshpd'QﬁI%%ER&IEQSRsanE

-reference characters

-

BACKGROUND CF THE INVENTICON .

v
The present invention reiates to a positive temperature_
coefficient thermietor (PTC) device for use in devices for
- evaporating insecticidal liquids, e.g., liquid type mosquito
.repellers, or devices for exhaling aromatics.
D e £ Re] : E'?
The constructlon of ; conventional pos;tlve temperature
coefficient thermlstor w1ll be described with reference to
_Flgs. 21 and 22. |
A positive temperature coefficient thermistor 41 shown
in Figs. 21 and 22 has a case 42 which is open at its top as
viewed in the figures, which has a cylindrical portion 42a
extending vertically from its bottom portion at its eenter,'
and in which an annular recess 42b is defined along the
entire circumference of the,cylindridal portion 42a. An
annular positive temperature coefficient thermistor (PCT)
element 43 is accommodated in the fecess 42b of the case 42
while being interposed_betweeh a peir of current supply
terminals 44. The recess 42b is further filled with a resinl
45, The 1n51de dlameters of the PTC element 43 and the
-.current supply termlnals 44 are so as to be larger than the

outside diameter of the cyllndrlcal portion 42a of the case
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REPLACEMENT SHEET Date :6 MAR 1996 themw || not be rep %5%gﬁ Q ”
positive tenperature coeff|C|ent therm stor device of th [FEMENT E
enbodi nent, a-PTC,element 2 is pinched befween Ey? paﬁrMAQéI 3] ‘
opposed ends of a pair of current-supply terninals Ib, \M G g entir e
maj or surfaces 2a.in contact with the current supply termnals [b. The PTC

- 42, thereby enabling the cylindrical portion 42a to be
easily be passed through the PTC elemenF 43 and the curreﬁt
supply terminals 44 at the time of assemﬁly. A gap is

_therefore formed between the cylindrical portion 42a and
each of the PTC element_43 and the current subply terminals
44. This gap is also filled with resin 45 to form a resin
layer 46 shoﬁn in Fig. 22. Next, a lid 47 is fitted to the
cylindrieal portion 42a over the.recess 42D to close the
case 42. 'Furgher, a grommet 48 made of aluminum or the like
is passed through the lid 47 and the cflindrical portion 42a
of the case 42, and is fixed by being caulked at its
opposite ends. Thus, the lid 47 and the case 42 are
integrally assembled. The inside diameter.of the
cylindrical portion 42a of the case 42 is set so as to be
larger thanlthe ou;sideediameter'of the cylindrical portion
of the grommet 48 in order that the grommet 48 can easily be
passed through the cyiindrical portion 42a at the time of
assembly. Also, the grommet 48 is inwardly curved when
.caulked. Therefofe, an air layer 49 is formed between the.
cylindrical periion 42a of the case 42 and the grommet 48.

If the thus-constructed positive temperature '
coefficient therﬁistor device 41 is used in a liquid type
mosquito repeller or a device for exhaling an aromatic, (hot
shown), a 1iquid absorbing core for drawing up an

insecticidal or aromatic liquid is passed through the



- element 2 and the pair of current supply termnals Ib_are inserted into an
inser;iop hol e yQ forned.in a bl ock V1. _Ipe bl ock V1 I%éBEAEE&ﬁ%;éﬁbET ”

| elastic jnsulating material such as silicon rubber h

conductivity, -and the insertion hole V2 may be forne E@{oug PMR mhgck V1

so as to be open in both two opposite faces-of the b

formed so as to be open only in one face of the bl ock V1. ThéNMAdth F of
the insertion hole V2 of the block V1 is small-er than the sum G of the

thi cknessesgebmhbe P8CafhesellrPentid hea paid & €164 irsulPlond e nal s

| b. The

element 43 via the current supply terminals 44 to cause heat
in the PTC elemént 43. The heat.thereby generated is

conducted to the grommet 48 through the resin layer 46, the
cylindrical portion 42a of the case 42 and the air layer 49

and alsb-through the current supply terminals 44, the case

42, the lid 47 and the air layer 49. The heat is radiated

from the grommet 48 to heat the liquid absorbing core so
that the insecticidal or aromatic liquid is evaporated and
diffused.

The conventional positive temperature coefficient

thermistor device 41, however, entails problems described

below.

That is, it is difficult to perform molding and firing
for forming the annular PTC element 43.Also, the PTC element
43 warps easily because of it; annular shape. Therefore,
post-working such_as.lapping is required and the amount of
labor for such workiné is large.

Also, the heat conduction path from PTC element 43 to

grommet 48 through tesin layer 46, case 42 and air layer 49

or through current supply terminals 44, case 42 and air

~layer 49 is long and heét to be conducted to the grommet 48
escapes to the case 42 = o ', so that the

thermal efficiency is lbw. The thermal efficiency is

further reduced because of the cénduction through the air



N

PTC el enent 2 and the pair of current supply termnals |b are inserted into
the insertion hole V2 by utilizing the elasticity of the block V1, so:that
|nner surfaces .of the insertion hole V2, ,the PTC e|enbﬂ&p%aéﬁgtuﬁﬁ%ﬁ§?{ Wﬁ
current supply ‘terminals | b contact: each other in a p essed State e
block V1 in which the PTC elenent 2 and the pair of CJIbrae\r}t_.._ﬁlm&'ﬂ.qga_. I

termnals |b are inserted in this manner is pinched hHetween a pair. of.. héat

collecting portions 5 of a heat sink 3 The .di stance E between t he palr of
heat

layer 46 Hav‘ng a small thermal conductivity.

Further, the temperatufe of the case 42 included in the
Iheat conduction path and occupying.a greater part of the
positive temperature coefficient thermistor device 41 is so

increased that the reliability of the positive temperature
coefficient thermistor device 41 is reduced.

Moreover, since the case 42 is heated at such a
temperature, the material of the case 42 is limited to
certain materials having large heat resistance.

SUMMARY OF THE INVENTION |

In view of these pfoblems, an objgct of the present
invention is to provide a positive temperature coefficient
thermistor device having an improved thermal efficiency and
improved reliability by using a PTC element which can bé
easily molded and fired and which does npt warp eaéily.

To achieve this object, according to the present
inventioh, there is provided a positive tempéréture
coefficient thermistor device compiising a pbsitive
temperature cbefficient thermistor element pinched between a
pair of current supply terminalé, a heat sink having a
cylindrical heat radiating portion'and a pair of heat
collecting portions, and a case. The positive tempera;ure
coefficient thermistor element pinéhed between the pair of
current supply terminals is accommodated in the case while

being disposed between the pair of heat collecting portions.



REPLACEMENT SHEET 22 Date: 6 MAR 1996[cof+ -partions
5 is smaller than the external width H of the block VI. fﬁ@lﬁmmM{@ﬂsgs,
pi nched .bet ween, t he pair of heat collecting portions 5 utlu
elast|C|ty, so that the pair of heat colI'ecting portio wand L
are maintained in close contact with each other, and so |
strength between the PTC el ement 2 and the pair of current supply tern1na|s
b in the block V1 is increased.

Pea
............

The case is filled.with at least one of an'insulating resin
énd'an insulating rubber. The pair of current supp;y
terminals and tﬁe gair of heat collecting portions are
"electrically insulated from each other. |

In the above-described device, the insulating resin or
insulating resin may have a high thermal conductivity.

The pair of current supply terminals may have a flat
terminal structure, and the positive temperature coefficient
thermistor element and the current supply terminals may
contact each other in a surface contact manner by being
bonded to each other with a éonductive adhesive.

At least one.internal side surface of the above-
mentioned case is inclined so tﬁat'the width of a cavity in
the case is increased from a bottom surface side to an
opening side of the case;

The positive temperature coefficient thermistor element
pinched between the'pair of current sgpply terminals may be
pinched between.the pair of heat collecting portions of the
héat'sink_having the cylindrical heat radiating portion and
the heat collecting po;tioné with an insulating member
interposed between the thermistqr,element and the heat
collecting portions. Also, the pair of heat collec;ing_
portions of the heat sink may be éccomﬁodated in_the.case
while the heat radiating'poftion,is placed outside the case.

The insulating member is made of an elastic material.



The bl ock V1 and the pair of heat collecting portions 5 of the heat sink 3
are accommodated in a case 6d which is made of an instdati-Ag-material_such
as PPS. A.cavity 8d.is fornmed in the case 6d and is EBEHLHQM@ﬁQTﬁﬁfVﬁe d
in Fig. "13. The case 6d has an upper lid fitting segtion 8 gﬁx abgve a
pair of inner surfaces 6r formed in.its &nner surfag §u@nmthnuéigﬁﬁL_y l|of
the cavity 8d, and also has a | ower accommodati on se -_imﬂfﬁ&4Hh&u

i nner surfaces 6r. Further, a pair.of recesses 6u are forned in the inner
surfaces of the lid fitting section 6s, and a pair of slits 7d
connunicating wi th the accommpdati on section 6t are fornmed on-one side

ti 6 t he heat Kk the blo 1 d th
{hus: const ruct od"¥adé U=CEHE BERFE chik Y 4N TRT 8 CUMER sty

term nal s H%terial

The insulating member may be a tube made of a

thermally~-contractive elastic material.

Each of thé pair of current supply terminals may have a
resilient portion to be brought into contact with the
positive temperature coefficiént thermistor element. Also,
the positive temperature coefficient thermistor element and
the current supply terminals may contact each other in a
surface contact manner when the'positive temperature
coefficient thermistor element, ﬁhe pair of current supply
terminals and the insulating member are accommodatgd in the
case. | |

The positive temperatu;e coefficient thermistor
element, the pair of current supply terminals and the
insulating meﬁber may be pinched between the pair of heat
collecting portions so as to contact each other in a pressed
state.

. The sum of the thicknessés of the portions.of the PTC
element, the pair of current supply terminals and the
insulating membe £ to be pinched befween the pair of heat
collectlng portions may be set so as to be larger than the
dlstance between the palr of heat collecting portions of the
heat sink so that the positive temperature coefficient

thermistor element, the pair of current supply terminals and



project out of the cavity 8d, the heat radiating portion 4 of the heat si nk
3 projects out of the slits 7d and the pair of hea oH-eeting Bns 5
are passed through the 23 ints 7d of the case 6r—-
t he accommodati on section 6t. The w dth of the ac
of the case 6d is snmaller than the sunt] of the extg
bl ock V1 and the thicknesses of the pair of heat colb=ex ' -a‘frUnS—B of
the heat sink 3. The heat: S|nk 3 and the block V1 are |nserted |nto the

the lnsulatlng member are pinched between the pair of heat

collecting portions so as to contact each other in a pressed
state. |

According to another aspect of the present lnventlon,
there is provrded a positive temperature coefftcxent
thermistor device comprising a-positive temperature
coefficient thermistor element, a pair of current supply
terminais.between_which the positive_temoerature coefficient
.thermistor element is pinched, a heat Sink'having a heat
radtating portion and a pair of heat collectino portions
formed'continuously with the heat radiating portion, an
ninsulating member, and a case in which the positive
temperature coefficient thermistor element 1is accommodated.
The positive temperature.coefﬁicient thermistor element and
the current supply terminals are inserted into the
insulating member. The insulating'member is disposed
between the pair of heat collecting portions._ At leaet one
eiastic supporting member is disposed between the pair of
heat collecting portions and an'inner surface of the case.

In this positive temperature.coefficient thermistor
device, the supporting member may he a spring.terminal.

According to Still'another aspect-of the present
invention, there is provided a positive temperéture
coefficient thermiStorldevice comprising a poSitive

temperature coefficient thermistor element, a pair of



accomodati on section 6t by utilizing the elasticity of thﬁ S e %

- whereby the pair of heat collecting portions 5 of the heat SBERL&QEMEMTSHEET “
bl ock Vl1.and the pair of current supply termnals Ib and tfje PTC ele

contact each other in a pressed state. The cavity 8d of thg age--64d- ﬁggiﬁéﬁ n
the parts acconmodated in.this manner is closed with a |lid“FfcwWrchi1s =
made of PPS-or the like and which has a pair of |ead-out slits 11d and a

pair of projections 1le. The lid 11c is fitted in the lid fitting section

6s -of the case 6d by being placed on the upper surfaces of the inner

surfaces 6r to close the case 6d, with the other ends of the pair of

cur rent SURRLY: e Wy lttarmpaegtbaewéémw@nlww tShiets  11d. The

| ead-out slits 11d
temperature coeff1c1enu thermlstor element is pinched, a

' heat sink having a heat radiating'portion and a pair of heat
collecting portions fofmed continﬁoﬁSly with the heat
radiating portion, and a case in which the positive
temperature coefficient thermistor element is accommodated._
Thé positive temperature.éoefficient thermi;tor element and’
the current supply terminals are inserted into a_block made

. of an elastic insulating méﬁeﬁial. The block is disposed
Between the pair of heat éollecting pqrtidns of the heat
sink. Further, the pair of héat‘coilecting portions are
.accommodated in'ﬁhe case while the heat radiating ?ortion of
the heat sink projects out of the case.

According to a further'aspect of the present invention,
thére is provided a positive temperature coefficient
lthermistor device comprising a_positive temperature
coefficient thermistor elemeht, a pair of current supply
terminals between which the positive temperature coefficient
thérmistor element is pihched, a heat sink having a heat |
radiating portion and_a_pair of heat collecting pprtions
formed continuously with the heat ;adiating portion,'and a
case in which the posiﬁive temperature ébefficient |
thermistor element is g;éommddated. The‘positive
temperature coefficient thermistor element, the current

supply terminals and the pair of heat collecting portions of



are sealed with a resin or the like (not shown). The dept h[R_Or the o= ===
accomodati on section 6t of the case 6d is smaller than th‘pHﬁé’f-@ﬁﬁﬂ’?@“ﬁf&i:ﬁg f
bl ock V1. The projections 1lle of the lid 11c are fitted i-n_the=ie 6u

of the case 6d by utilizing the elasticity of the bl ock Vl_%@lg@sf@fs ,
the lid 11c and the bottom of the REFL.ACEVMENT SHEET Date: 6 — NAR 1996~
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the heat sink are inserted into a block made of an elastic insulating material,
and the block is accommodated in the case.

In the positive temperature coefficient thermistor devices of the present
invention arranged as described above, heat generated in the positive temperature
coefficient thermistor element is conducted to the heat sink through the current
supply terminals and the insulating resin, the insulating member or the like. By the
elasticity of the insulating member or the block, the positive temperature coefficient

thermistor element, the current supply terminals, and the heat sink are pressed

against each other and maintained in close contact with each other, thereby
improving the thermal conductivity.
BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is an exploded perspective view of a positive temperature
characteristic thermistor device in accordance with a first embodiment of the
present invention;

Fig. 2 is a perspective view of the external appearance of the thermistor
device shown in Fig. 1;

Fig. 3 is a cross-sectional view of the internal structure of the thermistor
device shown in Fig.1;

Fig. 4 is a cross-sectional view taken along the line Y-Y’ of Fig. 2;

Fig. 5 is an exploded perspective view of a positive temperature

characteristic thermistor device in accordance



accommodati on section 6t are thereby maintained in clnqe contact with each
ot her "so that no gap is fornmed therebetween. Thus, -
structure.can be forned around the PTC el ement 2 mnth LEBEEAééﬁL“?QH“FT
‘contact portions of the case 6d and the Iid 1lc in contpgg . .wf bhgéacﬁ,gth r.
"The order in which the conmponent parts-4fe assenbl ed iis—aot LI HH 80 1’0t hat
in the above-descri bed enbodi nent. For exanple, the pair of heat coIIectlng
portions 5 of the heat sink 3 may be inserted into the bl ock V1 _
accommodated in the case 6d after the block V1 having the PTC el ement 2 and
the pair of current supply termnals Ib inserted thereéin has been

accomodated in the case 6d. A positive tenperaturge coeff|C|ent t herm st or
devi ce may Wi®Wb Heecond embodiment of the present invention;

”~

Fig. 6 is a cross—sactional.of the thermistor device
shown in Flg '5;

Flgs. A, 7B; and 7C- are enlarged sectlonal views of

portions of the thermlstor dev1ce shown Ln Fig. 5;

| Fig. 8 is a perspectlve view of a positive temperature
chafaeterlstlc thermistor device in accordance with a third
embodiment of the present invention;

~ Fig. 9 is an exploded perspective view of the
thermietor device-showﬁ in Fig. 8;

Fig. 10 is a partially sectional top view of the
thermistor device shown in Fig. 8 in a state where a lid is
removed;

Fig. 11 is a partially sectional top view of an example.
of a modification of the thermistor.device shown in Fig. 8
in a state where a lid is removed; |

Fig. 12 is a pe:spective view of a positive temperature
charactefistic thermistor device in aecqrdance'with a fourth
embodiment of the present invehtioné

Fig. 13 is an ekplcded.peﬁspec;ive view of the
thermistor device sthh in Fig. 12;

Fig. 14 is a partially sectional ﬁop_view of the
thermistor device shown in Fig. 12 in a state where a lid is
removed;

Fig. 15 is an exploded perspective view of an example



arranged in a simlar manner as shown in Fig. 15. That is, a PTC el enment 2
~and a pair of current supply ternminals |Ib are inserted |an a DtHCH.V;:"'
t hr ough, an opening of an insertion hole V2 in a horizontja ﬁ gftt’ Sk
viewed in Fig. 15, and the block V1 is pinched between MARA (0!
col | ecting portlons 5 of a heat sink 3._,The heat sink 3 n the block Vi
are accommodated in a case 6d; with the ends of .the pair of current suppry
termnals | b opposite fromthe ends on the PTC el enent 2 side projecting
out of slits 10d provided in a side portion 6w of the case 6d.. In this
positive tenperature coefficient.thernistor devi ce, the

of a modification of the thermistor dev*ce shown in Fig. 12;

:lq. 16 is an external perspecc1ve view of a positive
temperature characteristic thermistor device in accordance
with alfifth embcdiment of the present invention;

Fiq. 17 is an exploded.perspective view of the
thermistor device shown in Fig. 16; |

| Fig. 18 is a partieily secticnal top view of the
' thermistor device shown in Fig. 16 in a state where a lid is
removed;

Fig. 19 is an exploded perspective view of an example
of a modification. of the-thermietcr device shown in Fig. 16;

Fig. 20 is a crces-sectional view of a liquid type
mosquito repeller in which a positive temperature
coefficient thermistcr device in accordance with the present

- invention is mounted::

Fig. 21 is an exploded perspective view of a
convehtional positive temperature coefficient thermistor
device; and |

Fig. 22 is a cross-sectional view of the conventional
positive temperature coefficient-thermistor device showﬁ in
Fig. 21.

DESCRIPTION OF THE PﬁEFERRED EMBOﬁIMBNTS

a pos;tlve temperature coefficient thermlstor device in

accordance with a flrst embodiment of the present lnventlon

will be descrlbed with reference_to Figs. 1 to 4. Referring



- 25- | REPLACEMENT SHEET Date: 6 MAR 1996 insertion hole v2 of
the block V1 is open continuously with the slits 7d and|fs %M9%4HTSH )
S Eﬁ'ﬂit

case 6d. Therefore, there is, for exanple, a risk that (i
or the like evaporated and diffused will enter the inse t['sagn_ hoﬁeMMz 1
attach to the PTC element 2 if the devid is used in a Liguid: type nosgui ti

repeller. To prevent such a foreign material fromentering the ThSertron
hole V2, the slits 7d N _

to Fig. 1, a disk-like PTC element 2 having two major surfaces 2a and a side

surface 2b is pinched between a pair of current supply terminals 1a made of

stainless steel and treated by degreasing, with the entire major surfaces 2a

in contact with the current supply terminals 1a. A heat sink 3 is made of aluminum

and has a heat radiating portion 4 which is substantially cylindrical, and a pair of

heat collecting portions 5 in the form of a pair of flat plates;

The PTC element 2 pinched between the pair of current supply terminals
1a is pinched between the pair of heat collecting portions 5 of the heat sink 3. The
pair of heat collecting portions 5 are accommodated in a case 6a formed of an
insulating material such as polyphenylene sulfide (PPS). |

After the PTC element 2, the pair of current supply terminals 1a and
the heat sink 3 have been accommodated in the case 6a as described above, the case
6a is filled with an_insulated resin or rubber having a high thermal conductivity,
e.g., a room temperature vulcanizing (RTV) silicon rubber, thus forming a sealing
structure.

The case 6a has a cavity 8a for accommodating the PTC element 2, the
pair of current supply terminals 1a and the pair of heat collecting portions 5. As

shown in Fig. 4, inner surfaces 9a facing the cavity 8a are inclined so that the

width of the opening is larger than that of the bottom.



and the slits . 10d of the case 6d are sealed with a resin or the like (not

shown) .

tenperature coefficient therm stor devitd: In the thu
tenperature coefficient therm stor device, the block \%?tthe aMAR ??nd
the lid 11c are maintained in close contact with eachlla i

Gaidt e t=pbsi t

No | ead-out slits 11d are provided in the |id 1%% %4 TALS POSL. tIT
ive

by the e EC!

of the elasticity of the block V1, and the pair of heat coIIectlng portions
5 of the heat sink 3, the block V1, the pair of -current .supply ternlnals | b

and. t he

The insulating resin is thereby enabled to flow smoothly
inte the case 6a so ﬁhét'no.ﬁnfilled pbrtion <air'layer)'
‘remains after resin sealing. Consequéntly, the thermal
coﬁductivity to the heat sink 3 can be inqreased.

An elongated projection 10a is formed on a central
portion of thé bottom surface_of.the caée'Ga so that case 6a

_and thg PTC element 2 contact with each other in a line

| contact manner. If such a projection is formed, the filling

insulating'resin can flow to the bottom surface of the PTC

element 2 to conduct heat from the bottom surface of the PTC

element 2 to the heat sink 3 so that the heat sink 3 can be heated

efficiently.

. The case 6a further has recesses 11a'ahd projections
12a in its bottom surf;ce. The recesses 1lla serve for
positioning of the heat sink 3. The recesses lla can be
used to constantly maintain the distance (A) between the
current supply terminals la and the heat collecting portions
5 of the heat sink 3, thereby-réducihg é'temperature non-
uniformity of the heat sink 3 reiating to assembly.

The projections 12a are formed at sﬁch positions as to
extend along the oppqsiﬁe'sides of the pair of current
supply terminals la between'which the PTC elemeﬁt 2 is
interposed. The miniQO electrical péth between the current

supply terminals la and the heat collecting portions 35 of

_ the heat sink 3 is ;héreby set to the length B-C shown in



PTC el enent 2 are -al so maintained in close contact with each other, as in
‘the case of the above-described posi-tive tenperaturg : .St or
device of ,the fourth embodi ment. The construction o QEBb$$£NE£ teﬁger:ture
coefficient therm stor device in accor dhfice with a f of t he

present invention will next be described with refer;
Portions corresponding or identical to

Fig. 4 o -.wﬁen the case formed of the
insulating meterial is.filled with the insulating resin. 1In
this manner, the condition of a voltage 6f 4 kv, preScribed
as external.withstend.voltage with respect to 200 Vv devices,

. can be satisfied without increasing the distance (Aj between
the eurrent'SUpply ;erminals la and the heat collecting
port_ibns S _tgm_t_t_xg_g_;&m_,_

In this embodiment, stainless steei is used as the
material of the pair of current supply terminals 1la.
Hewever,'any otherlhetallic material, specifically a copper
~alloy such as'beryilium copper or'phosphof broﬁze nickel-
plated may be used to impro§e heat diffusion from.the PTC
el'ementz_&m;m&gﬁﬂ__@ﬂl#w |

" heat sink 3. .As the material of the heat sink 3, a material
sueh ae brass'or copper ha§ing a high thermal cdnduc;ivity
may be used.

A positive temperature coefficient thermistor device in
accordance with a second embodiment of the present invention
will be described below with reference to Figs. 5 to 7. The
components equivalent or identical to those of the first |
embodiment are indicated by the same reference charactere
and the descriptin for them will not be repeated.

Referring to Fié..s, a pair of current supply terminals
1b are each formed into a geherally L-like shape and pinch a

PTC element 2 between their portions at one end. A



REPLACEMENT SHEET -2 6- Date: 6 MAR 1996 t has. fhe first,
second, third or fourth enbodi nent are indicated by the qggﬁlwﬁﬁl,gngé"'-ﬁ
characters and the description for themw || not be repgate Ththe
positive t enperat ure coefficient therm stor device of t it a i
pair of insertion slits V3 are newy pr6§|ded in a block;¥&~tnggd@ﬁ?§m5 g
- manner as to extend on the opposite sides of an insertion hole V2, and "t hie

resilient holding pdrtion'lp i$ provided'by being cut and
raised_from the.portion of each cﬁfrent supply terminal 1b

that éontacts the PTC element 2. The pair of current supply
terminals 1b in a staté of pinching the ?TC element 2 are
inserted into a tube T1, which is formed of an insulating
material, such as a rubber material, e.g., a silicon or ‘
fluorine rubber material or Kaptbn. | -

Referring also to Fig; 5, a pair of heat collecting
pbrtiohs 5 qf a heat sink 3 have projections Sp provided in
the vicinity of a heat radiating portion 4.

The PTC element 2, the'pair of current supply terminals
ib and the tube T1 cdmbined as described above are pinched
between the pair of heat collecting portions 5 of the heat
sink 3, and the pai; of heat collecting portions S afe
accommodated in a case Gﬁlmade"df an insulating material
such as PPS...The Casé SS'has'a cavity 8b which accommodates
the PTC element 2, the pﬁir'of current supply términals 1b,
the tube_Tl:and_the'heat sink 3 (exceptiﬁg the heat :
radiating portion 4). The case 65 has projectipné 9b formed
on its inner side sﬁffaceléo as to define portions which
contact the heat sink-3'iﬁ a line contact manner. Slits 7b
‘are formed in a side wall of the.cése 6b on the left-hand
side as viewed in fig; 5. Througﬁ the slits 7b, the heat
'radiatihg portions 5 of the heat sink 3 prdject out of'the

case 6b. Also slits 10b are formed in a side wall portion



di recti-on of depth of each insertion slit V3 is perpendicular to the
direction of depth of the insertion hole V2. The insertion slits V3 may be
open both in two opposite faces of the block V1 or onllygep BLRE _*“‘ffﬁ' e
‘bllock Vi.© A pair of heat collecting petgions 5 of a i at sin
inserted into the insertion slits V3. In other respectispgthe™ ﬂﬁﬂ%¢mﬁ

of this enbodiment is the same as that of the fourth eﬁﬁﬁﬁ&QEﬁtllijﬁjPTC
element 2 is pinched between the two pairs of opposed d ends of &~
pair of current supply ternmnals Ib, with its entire major

of the case &b on the right- hand side as viewed in Fig. 5 to
allow the other ends of the pair of current supply terminals
'lb to oroject out of the case 6b 'In this structure,
pro;ectlons Sp are provided in the pair of heat collectlng
portions 5 of the heat sink 3 to prevent the heat sink 3
from coﬁing'off after the heat sink 3 has beeh_inserted into
the case Gb. _

A lid l1b made of'PPS or the like is attached to the

" case 6b from above to form a simple sealing structure.

The projecﬁions 9b,_provided inside the case 6b, can
. reduce the amount. of héét conducted from the PTC element 2
to the casé'Gb through the.heat sink 3. Accordingly,.it is
possible to reduce the loss of heat conducted to the heat
.radiatinq portion 4 of the heat siﬁk 3 and to reduce the
temperature at which the case 6b is heated.

The holding portions lp of the pair of current supply
terminals lb are formed as springs és shown in Fig. 7A, so
that, as shown in Fig. 7§, each of the pair of cﬁrrent
supply tefﬁinals 1b cohtaéts the PTC element 2 in a surface
conﬁact manner when thehPTC element 2, the pair of current
supply terminals lb.ahd the tube T1 are accommoda;ed in the
case 6b (not shown in Fig. 7B). |

As shown in Figs. 7B and 7C, the sum D of the thickness
of the PTC element 2 and the thicknesses of the'portiohs of

the pair of current supply terminals 1b and the tube Tl to



el ement 2 and the current supply termnals |[b are i nseEssd
insertion,hole V2 forned in the block V1, and the heatj) ®EH =al
V1 are acconmodated in a case 6d, and a cavity 8d of_the caqﬁrﬁﬂ%‘ﬁp
~closed with a |id 11lc. Lead-out slits 1id_are seal ed w .t B resi he-=
i ke (not shown). In the positive tenperature coefficient thernlstor

_belpinched between_the'pair of heat'collectinq portions 5 of
the heat sink 3 is set so as to be larger than the distance
E between the pair of heat collécting portidns 5 of the heat
sink 3. | o

Thérefore, thé PTC elemench, the pair of current
supply terminals 1lb and the tubé_Tl are pinched between the
pair of heat Colleqting portions 5 with the pressing force
of the spring action of the holding portions 1lp of the pair
of current supply términais 1b and the pressing force due to
thé'resiliency of the tube T1 so that these parts contact
each other in a pressed state, thereby improving the
reliability with respect to sparking or the like.

The tube Tl may alte?natively be made of an elastig
insulating material having a high thermal conductivity.
differént from that mentioned above. Also, an insulating
sheet made of a silicon resin,:Kapton or the like may be
wrapped afound the PTC element 2 and the current supply
terminals 3 pinching thé'PIC.element 2. Further, the tube
Tl may be made of an elastic insulatiqg matgria} having a
thermally contractive property (a siiicon resin or the
like). In such a'cése {not shown), the componeht parts'may
be assembled in Such_a mannet that' the PTC element 2 is
pinched between a pair of qurreﬁt supply terminals 1b h;ving
spring portions, the PTC eleﬁent 2 and the current supply

terminals lb'are_inserted into the tube T1, and the tube Tl



REPLACEMVENT SHEET 27 Date : 6 MAR 199§
fifth enbodi nent, heat is conducted through both the twd
each of .the pair of heat collecting portions 5 of the he
the heat collecting portions 5 are inserted into the pai
slits V3 of the block V1. Therefore, heh®-generated in t
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~can be extracted nore efficiently. A positive tenperature coefficient
therm stor device may al so be arranged.in a simlar manner as shown .in Fig.

19. That is, as in the fourth

is thermally contracted by neating before these

parts are

~pinched in the heat sink 3. Thus, the tube Tl made of a

thermally-contractive elastic insulating material is used to

facilitate positioning of the PTC element 2 and

the pair of

~ current supply terminals 1lb and, hence, assembly of the

component parts becomes easier.

In this embodiment, the lid 11b is used to

form a

simple sealing structure in the case 6b. Alternétively, the

cavity of the case 6b may be tightly closed by being filled

with a resin such as a silicon or epoxy resin instead of

using lid 11b.

The construction of a positive temperature

coefficient

thermistqr device in acccrdadce with a third embodiment of

the present invention,wilL next be described with reference

to Figs. 8 to 10. Portions corresponding or identical to

those of the first or second embodiment are indicated by the

same reference characters and the description for them will

‘not be repeated.

Referring to Figs. 8 and 9, in the positive temperature

coefficient thermistor deviée of the third embodimént, a PTC

element 2 is inserted into a tﬁbe Tl'while_being pinched

between one of the two pairs of opposed ends of

a pair of

current supply terminals 1b. The tube Tl in which the PTC

element 2 and the pair of currént supply terminals lb are

inserted is pinched between a pair'of_heat collecting



enbodi nent, a block V1 having an insertion hole V2 and Lnsertion slits V3 _
extending parallel with each other in the |ongitudinal dFE?EEé?ﬂEQE‘ diher ”
block V1 is used along with a case 6d having a pair of {slits 1Qd oppositei
fromthe slits V3, and the ends of a pair of current supphy.ternmm %;J]
0

opposite fromthe ends inserted into thtinsertion hol eak\2—are set-~§g_ag
project out of the slits 10d. No | ead-out slits 11d are forned in a lid 1llc
of this positive tenperature coefficient therm stor device. The operation
of the positive tenperature coefficient therm stor devices of the first to
fifth enbodi nents of the present invention will be described with respect

to an exanple of an application to a liquid-type nosquito repeller with
portions 5 of a heat sink 3 and accommodated in a case 6c having a_cavity 8c

made of an insulating material such as PPS. At this time, the other ends of the pair
of current supply terminals 1b project out of the case 6c through first slits 10c
formed in a side portion 6p of the case 6¢c. Also, a heat radiating portion 4 of the
heat sink 3 projects out of the case 6¢ through second slits 7c formed in a side
portion 6q of the case 6¢. As shown in Fig. 10, spring terminals R1 made of
stainless steel or the like and having a resiliency are inserted as supporting members
in gaps between opposite inner surfaces 6r of the case 6¢ and the heat collecting
portions 5. By a pressing force of the spring terminals R1, the pair of heat
collecting portions 5 firmly pinch the tube T1, so that the tube T1, the current
supply terminals 1b and the PTC element 2 contact each other in a pressed state.
To close the cavity 8c of the case 6¢ in which the parts are
accommodated, a lid 11b is fitted to the opening 8c.
In this embodiment, the spring terminals R1 are used as supporting
members to achieve a high adhesion strength between the parts by being
inserted into the gaps between the pair of heat collecting portions 5 and the
inner surfaces 6r of the case 6¢ in a simple manner.

The assembly process is not limited to that described



reference to Fig. 20. The same conponents of the positive terrperature

coefficient therm stor device as those REPLACEMENT S R

Date :6 MAR 1996 of the first to fifth enbodinments are | rRERIHGER By FHeRT

same reference characters, and sonme of them are orrittedi in kg MNQ 1CCH
20 : Date®™l

above. For example, the pair of heat collecting portions 5 of the heat sink 3 may
be inserted into the case 6¢ after the tube T1 in which the PTC element 2 is
inserted has been accoinmodated in the case 6c¢.

A positive temperature coefficient thermistor device may also be
arranged in a similar manner as shown in Fig. 11. That is, projections 9c for
supporting the heat collecting portions 5 of the heat sink 3 are provided on one
of opposite inner surfaces 6r of the case 6¢, as in the second embodiment, while
a spring terminal R1 is provided at the other inner surface 6r. In the positive
temperature coefficient thermistor device thus arranged, the heat collecting portions

_5, the tube T1, one of the pairs of opposed ends of the pair of current supply
terminals 1b and the PTC element 2 contact each other in a pressed state by
interaction of the projections 9c and the spring terminal R1. Since the projections
9c contact the heat collecting portion 5 of the heat sink 3 in a point or line contact
manner, the conduction of heat from the heat collecting portion 5 to the case 6c¢ is
limited.

The construction of a positive temperature coefficient thermistor device
in accordance with a fourth embodiment of the present invention will next be
described with reference to Figs. 12 to 14. Portions corresponding or identical to
those of the first, second or third embodiment are indicated by the same reference

characters and the description for



A liquid type nosquito repeller 31 shown in Fig. 20 has L
acconmodat es an insecticidal liquid bottle 34 filled wi {HEFAGRMENT eHEaT
liquid 33.. One end of a liquid absorbingicore 35 for abgorbi ng §hEpRI1q0f d
by capillary action is imersed in the insecticidal qu,ﬂaﬂ%s*rnmthe"“ ------

insecticidal liquid bottle 34, while the other end of the core 35 projects
out of the insecticidal liquid bottle 34. Further, a positive tenperature
coefficient therm stor device X1 in accordance with one of the first to
fifth enbodi nents is accommodated in the case 32, with the liquid
' them will not be repeatad. ' '
In the positive temperature coefficient thermistor
device of the fourth_emﬁodiment, a PTC element 2 is pinched
between _the two pairs 6f opposed.endé of a pair of
cu#rent_supply te;minals 1b, with its entiré major surfaces
2a in COntact with the current sﬁpply'terminals lb. The PTC
element 2 and the pairiof current supply.termihals 1b are
inserted into aﬁ insertion hole V2 forhed_in a block V1.
The block V1 is formed_of'an elastic insulating material
such as silicon rﬁbber having a high thermal conductivity,
and the irsertion hole V2 may_be-formed through the block V1
so as to be open in'both_two bpposite facés of the block V1
or may be formed so as to be open only in one face of the
block V1. The width F of the insertion hole V2 of the block
V1 is smaller théﬁ the sum G of the thicknesses of the PTC
element 2 and the pair of current supply terminals lb. The
PTC element 2 and the pair of cﬁrrent supply terminals 1lb
are inserted into the insertion hole V2 by utilizing the
elasticity of the block Vi, so_that inner surfaces of the
insertion hole V2, the PTC element 2 and the.paif of current
supply terminals 1lb contact each other in a pressed state.
The block V1 in which the PTC element 2 and the pairqu
current supply terminals 1b aré'iﬂserted in.this manner 1is

pinched between a pair of heat collecting portions 5 of a

heat sink,3, The distance E between'the pair of heat



absorbing core 35 passed through the heat radiating porti 4-0of— m--eﬂ
sink 3. In the positive tenperature coefficient thermistes dgukeer XEIET |
mounted.in the liquid type nosquito repeller 31, a voljitage is applied,t o
the PTC el enent 2 through the pair of Cujy ent supply eﬁghqggghymﬁpﬂﬁﬁb to
. cause the PTC elenment 2 to generate heat™by .constant - t'enper-adt-ure -heat'ing"
operation. Heat thereby generated is conducted fromthe two najor surfaces
2a of the PTC elenent 2 to the pair of heat collecting portions and to the .
heat radi ati'ng portion 4 of. o :

collecting portions 5is smaller than the external Width H of .th.e block V1. The

| bléck Vliis pinched between the bait of heat collecﬁng portiohs 5 by utilizing its
elasticity, so that the pair of heat c_oliecting portions 5 and tﬁe block V1 are
maintained in close contact with each other, and so that the adheéion strength
between the PTC element 2 and the pair of current suﬁply terminals 1b in the block
V1 is increased. | | |

| The block V1 and the pair of heat collecting portions 5 of the heat sink

3 are accommodated in a case 6d which is made of an insulating material_ such as
PPS. A_Qa.liI.}LSd.iS formed in -the case 6d and is open upward as viewed in Fig.
13. The case 6d has an upper lid fitting sectioﬁ 6s defined above a pair of inner_

| Ssurfaces 6r formed in its inner surfaces in the vicinity of the cavity 8d, and aisd has |
a loW_er acéommodation section 6t below the inner surfaces 6r. Further,' a pair of

‘recesses 6u are formed in the inner surfaces of the lid fitting section 6s, and a pair

~of slits 7d communicating With the accommodation séction 6t are fétmed on one
side portion 6v. When the heat sink 3 and the block V1 are accommodated in the

| thus-consttuéted case 6d, the other énds of the pair of current supply terminals 1b
project 6ut of the cavity 8d, the heat radiating pbrtion 4 of the heat sink 3 projects

 out of the slits 7d, and the pair of heat collecting pbrtions 5 are passed through the



the heat sink 3 through the pair of current supply terminals Ia or Ib and
the insulating resin, the tube Tl or the bl ock - 29- N
SHEET 6 MAR 1996 Date: V1. By diffusion of heat fromt e
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slits 7d of the case 6d to be inserted into the accommodation section 6t. The width
I of the accommodation section 6t of the case 6d is smaller than the sum J of the
external width H of the block V1 and the thicknesses of the pair of heat collecting
portions 5 of the heat sink 3. The heat sink 3 and the block V1 are inserted into the
accommodation section 6t by utilizing the elasticity of the block V1, whereby the
pair of heat collecting portions 5 of the heat sink 3, the block V1 and the pair of
current supply terminals 1b and the PTC element 2 contact each other in a pressed
state.

The_cavity 8d of the case 6d having the parts accommodated in this
manner is closed with a lid 11c which is made of PPS or the like and which has a
pair of lead-out slits 11d and a pair of projections 11e. The lid 11c is fitted in the
lid fitting section 6s of the case 6d by being placed on the upper surfaces of the
inner surfaces 6r to close the case 6d, with the other ends of the pair of current
supply terminals 1b projecting from the lead-out slits 11d. The lead-out slits 11d
are sealed with a resin or the like (not shown). The depth K of the accommodation
section 6t of the case 6d is smaller than the height L of the block V1. The
projections 11e of the lid 11c are fitted in the recesses 6u of the case 6d by utilizing

the elasticity of the block V1. The block V1, the lid 11c and the bottom of the



radiating portion 4 is heated so that the insecticidal | i.quH=t=33-pern

into the liquid absorbing core 35 is evaporated and di ffusfe{EPLAfn\hm* "a-,rg-r
above-descri bed positive tenperature coefficient therm st,or devi@e
present invention, the shape of the PTC elenent 2 is not; lIEDatrete’d...t.
annul ar shape, and a PTC el enent havi ng24uch a shape as

and fired while warping is limted, e.g., a plate-like shape, may al so be
used. The heat conduction path is formed fromthe PTC el enent

accommodation section 6t are thereby maintained in close contact with each other
so that no gap is formed therebetween. Thus, a simple sealing structure can be
formed around the PTC element 2 without sealing the contact portions of the case
6d and the lid 11c in contact with each other.

The order in which the component parts are assembled is not limited to
that in the above-described embodiment. For example, the pair of heat collecting
portions 5 of the heat sink 3 may be inserted into the block V1 accommodated in
the case 6d after the block V1 having the PTC element 2 and the pair of current
supply terminals 1b inserted therein has been accommodated in the case 6d.

A positive temperature coefficient thermistor device may also be
arranged in a similar manner as shown in Fig. 15. That is, a PTC element 2 and
a pair of current supply terminals 1b are inserted into a block V1 through an
opening of an insertion hole V2 in a horizontal direction as viewed in Fig. 15, and

the block V1 is pinched between a pair of heat collécting portions 5 of a heat sink

3. The heat sink 3 and the block V1 are accommodated in a case 6d, with the ends
of the pair of current supply terminals 1b opposite from the ends on the PTC
element 2 side projecting out of slits 10d provided in a side portion 6w of the case

6d. In this positive temperature coefficient thermistor device, the

[ ———————



2 to the heat sink 3 through.the pair of current supply ternmnals Ib and

through the insulating resin, tube Tl or block V1 and i AL S0
the two.mgjor: surfaces 2a of the PTC el-@gent 2 are used jaBEREACEMENT SHEcT
portions. It is therefore pOSSIb|e to efficiently extragt heat_generated

the PTC el ement 2. Nbreover, in the positive tenperatur Ratef.fl. EMR R
therm stor devices of the second to fifth enbodi nents,
heat conduction path and the thernal efficiency is hlgh because t he heat

conducting parts are pressed and maintained in close contact with each
_ insertion hole V2 of. the block V1 is open continuously with

the slits 74 and slits 10d of the case 6d. ‘Therefore, there
is, for example, ‘a risk that lnsectzcldal liguid or the like
evaporated and diffused will enter_the insertion hole V2 to
ettach to the PTC element 2 if the device is used iﬁ a
liquid tyﬁe.mosquito fepeller. To brevent_euch a foreign

material from entering the insertion hole V2, the slits 7d

and the slits 10d of the case 6d are sealed with a resin or
the like (not shown). Ne lead-out sl}ts 11d are provided in
the lid 1lc of this positive temperature:coefficient
thermistor device.- |

In the thus-constrgcted posi;ive_temperature
coefficient thermistor device,'the bleck'VI, the case 6d and
the lid 1llc are maintained in close contact with each other
by the effect of the elasticity ef the block Vl; and the
pair of heat collecting beftiens's of the heat sink 3, the
block V1, the pair of'CUrrenf supply terminals 1b and the
PTC'element 2 are also maintained in close contact with each
other, as in the case.oﬁ the above-described positive
temperature coefficient thermistor,deviee of the fourth
‘embodiment .

The construction of a positive tempere:ure coefficient
thermistor device in acco:danee with a fifth embodiment of
thefpresent in&ehtion will next be described with teference

to Figs. 16 to 18. Portions corresponding or identical to



other by the effect of the elasficity of the tube T1 or the block V1. The

above-descri bed positive tenperature coefficient - 30- Pate—6-MAR-1996
therm stor. device of the present invention has. advantages| GeEpeACERENTESHBET
| -26- Date :.~.0. MAR 1005, ..

those of the first,:Sec§nd, third or fourth embodiment are
indicated by the same :eferencé characters and the
description for them will not be repeated. |
| In the positive temperature coefficient thermisté:
device of this embodiment, a péir of insertion slits V3 are
newly provided in a block V1 in such a manner as to extend
" on the opposite sides §£ an insertion hole V2, and the
direction of depth of each insertion siit V3 is'-
perpendicular to the diféction of depth of the insertion
hole V2. The insertion slits V3 may be open both in two
opposite faces of the blqck_Vl or only in one face of the
block V1. A pair of heét qolleéting portions 5 of a.heat
sink 3 are inserted into the insertion slits V3.

In other respects, the consfruction of this embodiment
is the same as that of the fourth embodiment. A PTC element
2 is pinched betwéen ‘the two pairs of opﬁosed.ends of
a pair of current supply terminals 1lb, with iﬁs'entire méjor
surfaces 2a in ggntéc; with the current supply terminals 1b.
The PTC element 2 and the cﬁrrenﬁ supply te:minals ib are
inserted into the insertiaﬁ hqle"vz formed in the block V1,
and the heat sink 3 and the biock V1l are accommodated in a
case 6d, ahd a cavity 8d oflthe case 6d is closed with a
lid 11lc. Lead-out slits 11d are sealed with a resin or the
like (not shown).

In the positive temperature coefficient thermistor



First, the heat conduction path is fornmed fromthe PTC el 0 _t he heat
radi ati ng portion through current supply termnals and t rBEgbAé'E”ﬁﬁE T,,“‘“‘:
i nsul,ating resi.n or the tube or- bl ock made of an insul atifjng mater ? fEETs
thus short, so that the thermal efficiengy is high. Sinc méi@...c..ﬁsgaMA 1Q%'
occupying a greater part of the thernmistor device is notSvekuded TH "
heat conduction path, there is substantially no risk of the case bei ng
def ormed or damma q%ed by bei-ng heated at a high tenperature. Therefore, the
reliabilitdevicet ethgé%/ﬁhembgdunpnto\}mt isspanguctedetheough hothnthedwoomajer t t he

surfaces of each of the pair of heat collec_tmg port_xons 5 of the heat sink 3
because the heat collecting portions 5 are lihse_rted inté the pair of insertion slits V3
of the blo.ck_ V1. Therefore, heat _genérated in :the PTC element 2 can be extracfed '
mdre efficiently. | |
A positive temperature coefficient thénnistor device may also be
- arranged in a similar manner as shown in Fig. 19. "l_‘hat is, as in the fourth
embodiment, a block \4| having an insértion hole V2 and insertion slits V3
extending parallel witﬁ each_'o_i:her in the longitudinal direction of the block V1 is
used along wiih a case 6d having a pair of slits 10d opposite from the slits .V3, and
the ends of a pair of current supply terminals 1b opposite from thé ends inserted
into the insertion hole V2 are set 0 as to project out of the slits 10d. No lead-out
slits 11d are formed in.a" lid 11c of this positive .temperamr'e coefficient thermistor
device. | |
The operé.ti_on of the positive temperature coefficient thermistor devices
of the first to fifth embodiments of the present invention will be described with
respect to an example of .an application to a liqﬁid-type mosquito repeller with
reference to Fig. 26. The same components of the positive temperaturé coefficient

thermistor device as those



material of the case to those having inproved heat resistance, so that the

design freedomis increased. Because the two najor surfaces of_ the

el ectrodes of the PTC el enent are used as a heat radi at E@ﬁERKL an

can'be 'efficiently extracted fromthe §C elenment. It ils &refore

-f~:ﬁ
pos?fbme

to lower the Curie point of the PTC el ément used-as wel E%§ PMRaluﬁ ______ q

resisting tenperature of a material used to formthe in

insulating resin and so on. Further, 'the surface tenperature of each used

conponent part ot her than the heating. portlon can be

" of the first to fifth embodiments are indicated by the same
reference characters, and some of them are omitted in Fig.

20.

A liquid type mosquito re'pelller 31 shawn in F_ig . 20 has a
'case 32 which accommodates an insecticidel liquid bottle 34
'filled.with an insecticidal liguid_33. One end of a liquid
~ absorbing core'35 for ahsorbing'the liquid by capillary
action'is'immersed in the inSecticidel liquid 33 in the
insecticidal liquid bottle 34, whiie the other end of the
core 35 projects out of the insecticidal liquid bottle 34.
Further, a positive temoerature coefficient thermistor
‘device X1 in accordarnce with one of the first to fifth
embodiments is accommodated'in the case 32, with the liquid
'absorbing core 35 passed through'the heat radiating portion
4 of the heat sink 3. o |
In the positive temperature coefficient thermistor
device X1 mounted in the liquid type mosquito repeller 31, a
voltage is applled to the PTC element 2 through the pair of
current supply terminals la or 1lb to cause the PTC element 2
to generate heat by constant-temperature=heatxng operatlont
Heat thereby generated is conducted from the two major
surfaces 2a of the PTC element ‘2 to the palr of heat
collecting portions and to the heat radiating portion 4 of
the heat sink 3 through the pair of current supply terminals

la or 1lb and the znsulatxng resin, the tube Tl or ‘the block



reduced, so that the reliability and safety can be inproved. In the case
wher e the insulating case is filled with an |nsulat|ng resin, the heat

conduction efficiency is high and -39- .

Date :6 - MAR 1996 there is substantlally no variation i

‘effici ency, because no air layer exists in the heat I oa -b MAR‘EQ&
: : BIQ Tvenrernienerniieiracnnipanans

Vl,_'By diffusion of heat £from tﬁe heat radiating portion 4;
the liquid absorbing core 35 passed through the heat
?adiating portion 4 is heated so that the insecticidal |
liquid 33 permeating into the lquLd absornlng core 35-15
evaporated and diffused.

In the above-described positive témperature coefficient
thefmistor devices of the present_iﬁvention, the shape of
the PTC element 2 is not'limited_to an annular shape, and a
PTC element having such a shape as to be easily molded and
fired while warping is limited, e.g., a plate-like shapg#
may also be used.

The heat éonduction path'is formed from the PTC eiement
2 to the heat sink 3 through the p#i; of current supply
terminals 1lb and througn.the insulatiﬁg resin, tube Tl or
block V1 and is thus short. Also, the two major surfaces 2a
of the PTC element 2 are used as heating portions. It is
therefore possible to efficiently extract heat generated in
the PTC element 2. Moreover, in the positive temperature
_coefficient thermistor devices of the second to fifth |
embodiments, no air exists in the heat conduction path ;nd
the thermal effiéiency is high because the heat conducting
parts are pressed and maintained in close contact.witp each
‘other by the effect of the elaSticity of the tube Tl or the
block V1. | |

The above-described positive temperature coefficient



conduction path fromthe PTC el ement to the heat radiating portlon th
the current supply termnals and the insulating resin. s
possible to provide a positive tenperatigg. coefficient t aEHLB@%VE’
which a tenperature non-uniformty in the heati.ng portian relatjgg
assenbly is small. If in this case an inner side surface
case is inclined so that the width of the cavity i's incres
opening, the aresin for filling the insulating case can flow snoothly so
that no unfilled portion (air layer) remains after sealing with the
thermistor device of the present invention has advantages

I
D

described below.

First, the heat gonduc#ion péth'is formed from tﬁelPTC
element to the heat radiatihg.porcion through current supply
terminals and_thrcugh the insulating resin or the tube or
bloék made.of an insulating material and is'thus short, so.
that the thermal efficiency is high.. Since the case
-occupying a greater pa:t of tﬁe thermistor device is not
included in the heat condﬁction path, there is substantially
no risk of the case being deformed or damaged by being'
heated at a high temperatﬁre. Therefore, the reliability of
the device is imprqved{ Also, there is no need td 1imit_the.
material of the case to.thOSe haﬁing.improved heat
resistance, so that.the design freedom is increased.

Because the two major surfaces of.the electrodes of the
PTC_eIemént are uéed as a heat radiating portion, heat can
be efficiently éxt:acted'from the PTC element. It is
therefore possible to lower the Curie point of the PTC
element used as well as the heat resisting temperature of a
material used to form the insulating case, an ihsulating
resin and so on. Further, the surface température of_eéch
used Comppnent par; other thah the heatihg portion can be
reduced, so that the reliability ahd_safety can be improved.

in the case where the insuiating case is filled_with an

insulating resin, the heat conduction efficiency is high and



resin. As a result, the efficiency of heat conduction to the heating
portion can be further inproved. If the elasticity of a sjpF .n¥ termal

tube or-a block is utilized as a neans 3ar- bringing the FTGEPLAFENE Bﬁﬁﬁﬂﬂél
cur rent supply termnals into contact with each ot her (pr SSi ngw)mﬁ i
sinple sealing structure can be formed without sealing thg 03é& +-pheryof the |
PTC el ement with a resin or the like and, therefore, ther& s no risk of a
resin or the like attaching the PTC elenent to cause a deterioration of the

- PTC el ement or entering a gap between
there is substanti aLly 1o variation in heat conducti on

l
el

eff1c1ency, because no air layer.exists in the hea;
conduction path from Ehe PTC eiément to the heat radiating
portion through the current supply £erminals and the
'insdlatihg resin. It is therefore possible to‘provide.a
positive temperature coefficient thermistor devide in which
a'temperatu:e noh-unifbrmity in the heating portion relating
to assembly is shall. If in this case an inner side surface
of the insulating case.is in;lined so that the width of the
cavity is increased toward the opening, the a resin for
filling.the insulating case can flow smocth;y so that no
unfilled porﬁion (air layer) remains after sealing with the
resin. As a result, thé efficiency of heat conduction to
the heating portion can be further improved. |

If the-elastiéity of a spring terminai, a tube or a
block is utilized as a means for bringing the PTC element
and the current supply terminals into contact with each
other (pressing means); a'simple sealing structure can be
formed without sealing thg periphery of the PTC element with
a resin or the like and, therefore, theie iS no. risk of a
resin or the like attaching the PTC element to cause a
deterioration 6f the PTC element or_entering a gap between
the PTC element and the current subply terminals £9 cause.
contact failure. As a :estlt; the reliability with respect

to safety or occurrence ¢f sparks between the contacts can



the PTC el enent and the current supply termnals to caus
As a result, the reliability with respeg§ to safety or o
bet ween. t he contacts can - 32- - 2- REPLACENVE
MAR 1996 be inproved. It is also possible to inprove thg Paéizn
the contact surfaces .of the PTC el ement and the current

BEPEACEOf '
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be improved. It is also possible to improve the reiiability
of the cqhtéct surfaces of-the PTC eleﬁentﬁand the current
supply-términéls wi:houﬁ using an adhesivei A structure may
also be adopted in whigh'a holding portion of each current
supply terminal has a resiliéncy such thét the PTC element

| and-the current supply terminals contact each other in a
;urfacé cohtact manner after being inserted into the |
insulating case, whereby'the PTC'eleﬁent and the current
supply terminals are préssed against each other more
strongly, so that the heating efficiency is further
imprbved.

If the heat colléctihg po:;ioné of the heat sink are
inserted into a block, heat_is coﬁdﬁcted thréugh Soth the
two majof su#faceé of the heét collecting portions,lwhereby
heat generated in the PTC element can be extracted more

efficiently.



supply terminals wthout using an adhesive. A structure may al so be

adopted in which a holding portion of each current supply tersmnat—has=a:

resiliency such that the PTC el ement angithe current supply BeFniD@lis:y SHEE

.. contact each other in a surface contact manrier after being insequg |
~the insulating case, whereby the PTC el enment and the curreTtD@appl

terminals are pressed agai nst each other nore strongly, so That—the-dreutFrg==
efficiency i's further inproved. If the heat collecting portions of the heat

sink are

' WHAT IS CLAIMED IS:

1. A-positive'iemperatufe coefficient thermistor
device comprising: .

.a positive temperaturé ¢6efficient thermistor element
pinched between a pair of current supply ﬁerminals;

a heat sink'having'a cylindrical heat radiating portion
and a pair of heat'collecting pdrtions; and

a case,

Qherein said pdsitive.ﬁemperatgre-coefficient
thermistor element pinéhed between said pair of current
supply terminals is-accdmmodated in said case while being
disposed between said pair of heat_collecting.portions, said
case is filled with at least one of an insulating resin and
Ian_insulating rubber, and said pair of current supply '
tefminais and said pair of heat collecting portions a;e

electrically insulated from each other.

2. A positive temperature coefficient thermistor

device according to Claim 1, wherein each of said insulating

" resin and said insulating resin has a high thermal

conductivity.

3. A positive temperaturé coefficient ;hermistor
device according to Claim 1, wherein said pair of current

_supply terminals have a flatiterminal structure, and said

Ll



Inserted into a block, heat is conducted through both the two major
surfaces of the heat collecting portions, whereby heat gene ' -
~el ement .can be extracted nore efficiently. - REPLACEMENT SHEBEPEAGEMENT SHEET
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positive temperature coefficient th'ermistor. element and .said current supely
terminals contact each other in a surface contact manner by being bonded to each
other with a conductive adhes_ive-; '

4. A positive temperature coefficient thermistor device according to
Claim 1, wheretn at least one internal side surface of seid cese is inclined so
that the width of a'cavity in said Case is inereased from e bottom surface side to
an opening side of 'sa.id case.

5. A positive _tempe_rature' coefficient thermistor device wherein said
positive temperature coefficient thermistor element pinched betvtt_een_g_pai_r of
current supply terminals is pinched between a pair of Iteat co_llecting portions of a_
heat sink with an insulating member interposed between said thermistor element and
said heat collectirtg portions, and whereirt said'pair of heat collecting portions of

_said heat sink are accommodated in a case while _g_heat radiating portion of said |

6. A positi\'re. temperature coefﬁeient thermistor device aecording to

Claim 5, Wherein said insulating member is made of an elastic material.

I



1. A positive tenperature coefficient therm stor device conpr|5|ng a
positive tenperature coefficient therm stor el ement. pinchedbetwee L\pal
of current supply termnals; a heat sink3having a cyllndrlc'lﬂﬁﬁ%m?"m
rdadiati'ng portion and a pair of heat collecting portions; afd a cade MAR ‘WGQ
wherein said positive tenperature coefficient thernmstor el d%ﬁ?"prncheﬁ e
between said pair of current supply termnals is accommodat ed T sai d"¢ca
whi | e bei ng '

7. A positive temperature coefficient thermistor
device according to Claim S5, wherein said insulating member

comprises a tube made of an elastic material.

8. A positive temperature coefficient thermistor
‘device according to Claim 1, wherein said insulating member
comprises a tube made of a thermally-contractive elastic_

material.

9. A positive temperature coefficient thermistor
device according to Claim 5, wherein each of said pair of
current supply terminals'has a resilient portion to be
brought into contact with said positive temperature

" coefficient tnermistor element, and wherein said positiye
temperature coefficient thermistor element and said current
supply terminals contact each other in a surface contact
manner when sald positive temperature coeff1c1ent thermlstor
element, said pair of current supply termlnals and said -

insulating member are accommodated in said case.

10. A positive temperature coefficient thermistor
device according to Claim 5 or 9, wherein said positive
temperature coefficient thermistor element, said pair of

current supply terminals and said insulating member are

IIIIIII| |||I|| III|| [ |II|



di sposed between said pair of heat collecting portions, said case is f
with at | east one of an insulating resin and an insul ati Ejerﬁ,~ andvﬁal
pair of current supply termnals and saiyg pair of heat REEEL 1 2& es\
are el éctri cally insulated from each ot Rer. 2. A positlive te m@ '
coefficient thernistor device according to Caim1, wher ﬂ%ﬁ%ac """""""""
insulating resin and said insulating resin has a high thermnal conduct|V|ty..
3. - A positive tenperature coefficient thermstor -

pinched between said pair of heat collecting portions so as

to contact each other in a pressed state.

11. A positive temperature coefficient thermistor
deQice accordiﬁg to Claim 10, wherein the eum of the
thicknesses of thetportions of said PTC element, said pair
of current supply terminals and said insulating member to be
pinched between said pair'of_heat coLlecting portione is set
SO as to be larget than the distance between said pair of
heat collecting portions of said heat:sink so that said
positive'temperature.eeefficient thermistor element, said
pair.of current suﬁply terminals and said insulating membef
ere pinched between said pair of heat collecting portions so

as to contact each other in a pressed state.

12. A positive temperature cqefficient thermistor
device comprising:

a positive temperature coefficient thermistor element;

a pair of current supply termlnals between which said
positive temperature coeffxczent thermlstor element is
pinched;

‘a heat sink having a heét radiating poftion and a pair
of heat collecting portions formed continuouely with said
heat radiating portion; |

an insulating member; and

* ¢ L M s



“devi ce according to Caim1, wherein said pair of current (ST
have a flat termnal structure, and said;, REPLACEMENT S

SHEET Date : 6.MAR 1996 34 34 ‘ Dam—B WXR%EIG\rr ..... \\;
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a case in which said positive temperature coefficient

'thermistor element is accbmmcdated,

| wherein said pés;:ive tempérapure coefficient
thermistor element and s;id current supply terminals are
-inserted into said insulaﬁing.member, said insulating member
is disposed between said péir of heat collecting portions,
and at least one elastic supporting membef'is diSposed
between said pair of heat.cdllecting porticons and an inner

surface of said case.

13. A positive temperature coefficient thermistor
device according to Claim_12, wherein said supporting member

comprises a spring terminal.

14, A positive temperature cdefficient thermistor
device comprising: -

a positive tehperaﬁure coefficient thermistor element;

a.pair Qf’current supply terminals between which said
positive'temperature coeffiéient thermistor_eiement is
pinched; |

a héat sink having a_heat'rédiating portion and a pairj
of heat collecﬁing'portions formed_continuously.with said
heat radiating pértion: and |

a éase in which said positive temperature coefficient

thermistor element is accommodated,

* [+ L M S *



positive tenperature coefficient therm stor element and sai

d current supply

termnals contact each other in a surface contact nanner by
each other with a conductive adhesive. B8-A positive tenpe
coeffici ent t hermi'stor device accordlng to Caim1, wherei
‘internal side surface of said case is inclined so that the

GREFPKH\CEMENT SHEET

oo e B4R 80 |

cavity in said case is increased froma bottom surface sid

Ty
L

side of said case. 5. A positive tenperature coefficient thermstor deV|ce.
~wherein said p03| Lve, te %ature .coefficient therm stor el ement pinched

bet ween a pair o %ﬁ?f%n?

“EPnRAPSTRASUBE nEPRtt betSRen a pair of.

heat COlleCEhQQmPQEofO@feﬁgnt and said current supply terminals are

inserted into a block made of an elastic insulating

material, said block is disposed between said pair of heat

collecting portions.of said heat sink, and said pair of heat

collecting portions are accommodated in said casé
heat radiating portion of said heat sink projects

said case.

while said

'out of.

15. a positive temperature coefficient thermistor

device comprising:

a positive temperature coefficient thermistor element;

a pair of current supply terminals between which said

positive temperature coefficient thermistor element is

pinched;

a heat sink having a heat radiating portion and a pair

of heat collecting portions formed continuously with said

heat radiating portion; and

a case in which said positive temperature coefficient

thermistor element_is accommodated,

wherein said positiveytemperature coefficient

thermistor element, said current supply terminals

and said

pair of heat collecting portions of said heat sink are

inserted into a block made of an elastic Lnsulatlng

material, and saxd block is accommodated in sald case.




e ——

heat sink with an insul ati ng menber interposed between said therm stor
el:ement and rsai d -heat col |l ecting portions, and wherein said pair _of heat

col lecting portions of said heat sink are accormpdated in a fagepidaerdr quzsT
heat radiating:portion of said heat sink is placed outside sgid casgg 1005

positive tenperature coefficient therm stor device accordingiit@sghai mB3, " W70
20

wherein said insulating nenber is nade of an elastic materi al — .
REPLA_CEIVENT SHEET : '




Date: 6 MAR 1996 7. A positive tenperature coefficient therm stor device
according to Claimb5, wherein said insulating nmenber conpri
of an elastic, material. 8. A positive tenperature coeffi
devi ce according to Caim1, wherein said insulating nenbe
‘tube made of .a thermally-contractive elastic material. 9.

tenperature coefficient thermstor. device according to da

each of ~said pair of-

| RERI_ACTROTSEOEET |
conprises.a . |l
-um@osﬁs.ﬁdéﬁ?..m:} i]




current supply termnals has.a resilient portion to be brought into contact
with said positive tenperature coefficient therm stor el enen
sai d positi-ve tenperature coefficient therm stor el ement and|sRgsi Lty E{ﬂ'_
supply term nal s contact each other in a surface contact nmanfer when sard
positive tenperature coefficient therm stor el enment

supply termnals and said insulati ng .menber are accommodat ed
.10. A positive tenperature coefficient therm'stor deV| ce accordi ng to
Claim5 or 9, whérein said positive
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tenperature coefficient therm stor elenent, said pair of current supply
termnals and said insulating nenber are -3 6 - REPL_ACENENT
SHEET Date: 6.MAR 1996 pinched between said pair of heat cdl Restid¥asny zres N

portions so as to contact each other in a pressed state. 11.° A positive. R
tenperature coefficient therm stor ' c Date - 3 MARiQQﬁ




devi ce according to C aim 10, wherein the sum of the thicknesSESLELEMGAT SHEE

portions of said PTC el enent, said pair of current supply tefmnak§
sai.d .i nsul.ati ng nmenber to be pinched between sai'd pair of h a@mgﬁhregwﬁﬂgﬂﬂ

portions is set so as to be |arger than the distance between saira pair of
heat collecting portions of said heat sink so that said positive
tenperature coefficient thernmistor elenent, said pair of current. supply
termnals and said insulating nenber are_pinched between said pair of heat
collecting portions so as to contact eacd other in a pressed state.
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12 A positive tenperature coefficient therm stor devi ce coppri-siHg. 2 u—
positive tenperature coefficient therm stor elenment; a paggroic EAERBAC
supply ternminals between which said posi tive tenperat ur el coef fichemnR ‘\996
ther m-stor el enent is pinched; a heat sink having a heat Had :at - ng-'ort v
~.and a pair of heat collecting portions fornmed conti nuousiky==wtF
~radiating portion; an insulating nmenber; and

-6




REPLACEMENT SHEET Date: 6 MAR 1996 a case in which said positive /’”x\
tenperature coefficient thermstor elenent is accomvdat T el

positive temperature coefficient thermstor el ement and am}"curre swl yJ
&Ni‘e nger: )

termnals are i nserted 3 nto said i nsul ating nenber, said|ji nsul %ﬁ
L
b

fir§




i s di sposed between said pair of heat collectin ortionsi east o
el asti (F:) supporting rrenberpl s di sposed bet ween Sgl g pair H%ng\ﬁébrlﬁgéﬁ?ﬂ
~portions,and an_inner surface of said case. 13. A positi Dgt%r’rpeﬁaftmqm

coefficient therm stor device according to Caim 12, wher S Vo I
supporting member conprises a spring ternm.nal. 14. A positlve tenperature
coefficient therm stor device conprising8 a positive terrperat ure
coefficient therm stor el errent - —_— .
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a pair of current supply term nals between which said positive tenperature.
coefficient therm stor elenent is pinched; a heat sink ha¥imngaieatr sursr |
radi ating portion and a pair of heat coll ecti ng portions ]forma 1996 l
~continuously with said heat radiating portion; and a casellg;td/\h[.g_h__;%% _________ |
p05| tive terrperature coefficient therm stor elenent is acg

e et o At s




38- REPLACEVMENT SHEET Date :6 MAR 1996 wherein said

positive tenperature coefficient therm stor el enment and sai dnggiﬁgﬁgﬂcﬁy%p@é?
termnals are inserted into a block nade of -an el astic insifl a mQ_ﬁia’ﬁE’él‘%
sai-d bl ock is disposed between said pair of heat collecting ggartions

sai d heat sink, and said pair of heat collecting porti-ons gre_acconmpdated

in said case while said heat-radiating portion of said heat sink prOfEcts
out of N 10 - '

1k




said case. 15. A p05|t|ve tenperature coefficient therm stor deV|ce

~of current supply termnminals between which said positive te
coefficient therm stor elenment is pinched; a heat sink havi
radi ati ng portion and a pair of heat collecting-portions fo

conprising: a positive tenperature coefficient thermstor e :
‘a’@ie

continuously with said heat radiating portion; and
. T
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~a case in which said positive tenperature coefficient t Ferrerr—

tor—€re :
“accommpdat ed, wherein said positive tenperature coef fi cilleREPLMeFMENT SHLET

el ement, said current supply termnals and said pair of [heat ~fl > Lyg
portions of said heat sink are inserted into a block na eD%F“aﬂJ@@gjgﬁg -----

“insulating material, and said block is accormpdated in sald case.
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ABSTRA

" POSITIVE TEMPERATURE COEFFICIENT THERMISTOR

| A .heat_ sink has a cylindﬁc_:al heat radiating portion and a pair of heat
collectiﬁg portions. A positive témpgrathre coefficient thermist_or element is. piriched
| between a'pail_' of current supply térfnihals and accommodated in a case while being
disposed betweén said pair of heat coilecting portions, s_aid case is filled with at
least one of an insuléting resin and an insulating rubber, and said pair of current
supply terminals and said pair of heat collecting portions are electfically insulated

from each other.

Figg’ re 1



