CTHIS SHEeY LN i;
REP AliE.D Kl

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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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

N
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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& alemenS‘ Also, the PTC element 9&
43 warps easlly because of 1t£ annular shape. Therefore,
post-working such as lapping is required and the amount of
1aboFlfor such working is large.

Also, the heat conduction path from PIC element 43 to
g:omma; 48 through resin léyer 46, case 42 and alr layer 49.
or through current suppiy terminals 44, case 42 and air '
‘layer 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

' th&rmal efficiency is low, The thermal efficiency is

further reduced because of the conduction through the air
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;ayer 46 having a small thermal ConduEtivit§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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The éaSe 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.

il fiu
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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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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 coefficient thermistor element, a pair of
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éurrent supply terminals bétween which.the ﬁosi£ive
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 temperature coefficient
thefmistor element.is pinched, a heat sink havipg 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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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
through the curxent sqﬁply terminals and the insulating
resin, the 1n§ﬁlat1ng'member or the like. By the elasticity
of the 1nsu1ating membexr or the block, the positive
temperature coetficien"c1&::«??:2:;:5?{4\3\?’?“ pressed{ﬂt SWL
against each other and maintainéd in_close contact with each
other, thereby improving the thermal conductivity.

BRIEE’ DESCRIPTION OF 'I‘HE DRAWINGS

Fig. 1 is an exploded perspective view of a positive

" temperature characteristic thermistor device in accordance

with a firxst embodiment of the present invention;

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

Y-Y¥' of Fig. 2;

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

temperature characteristic chermistor device in accordance
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with a éeéond embodimeht_of the present invention;

Fig. 6 is a cross-sectional of the thermistor device
shown in 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 temperature
characteristic thermistor device in accordance with a fourth
embodiment of the present invention;

Fig. 13 is an exploded perspective 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
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of a médification of the thermistor-deQice shown in Fig. 12;

Fig. 16 is an external perspective view of a positive
temperature characteristic thermistor device 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

T
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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 la 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

3 imsulated R

/Qresin 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
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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The insulating resin is thareby enabled to flow smoothly

-13-

into the case 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 f£illing
insulating resin can flow to the bottom aurfhco of the ?Té
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 °

u|||ii\‘\‘iiinﬁﬂ|°|“\i‘°i'““‘ by
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Fig. 4 SIOWRIA—FIg-—2 when the case formed of the
" insulating material is filled'with the insulating rasin. in

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 9*?
. port‘ions %-/ 0 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

alemenﬁ:?o that heat can be efflicliently conducted to the
heat sink 3. Aas the 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 thermistoxr devicé in
accbrdance with a second embodiment of the present invention
will be described below with reference to Figs. 5 to 7. The
éomponeqts equivalgnt 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;tolrig.'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

Sheet IiasliBeIeillicﬂliced 7/




. =15- : THIS SHEET HAS BEEN
: - REPLACED

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
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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

This Sheet Has Been Rei

L llllll




be pinched between the

the heat sink 3 is set
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pair of heat collectihg portions 5 of

so as to be larger than the distance

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

sink 3.

Therefore,

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 the holding portions lp of the pair .

of current supply terminals 1lb and the pressing fbrce 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 Tl may alternatively 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 pinching the PTC element 2.

Further, the tube

Tl may be made of an elastic insulating material having a

thermally 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

of current supply terminals 1lb having

spring portions, the PTC element 2 and the current supply

terminals 1b are inserted into the tube T1,

and the tube Tl

1s Sheet Has Been Reﬂlaced '
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is thermally contracted by-heating 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,

component parts/\,be(,orne.f eaner

assembly of the

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 thermistor device of the 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 lb. 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

|III|| Al
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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 6r_of the case 6c 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 tuba_Tl, so that the tube T1, the current
supply terminals 1b and the PTC element 2 contact each other
in a.p:essed ssi:a«t:e.m";.t )
To close the epm.z 8c of the case 6¢c in which the 94|
: parts are accommodated, a lid 11b is fitted to the opening.
8¢c., '
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

This Sheet Has Been Replaced ?, /
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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 S5,
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 conﬁact
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
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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 whicﬁ 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
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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 5
of the heat sink 3 are accommodated in a case 6d which is
made of an insulating materxrial such as PPS. An covis 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

inmer surfaces

defined above a pair of steps 6r formed in its inner
surfaces in.the vicinity of the oponikz 8d, and also has a
lower accommodation section 6t below the m“;ﬁ‘ururthen
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.éEZﬁZQ, 8d, the heat iadlating portion 4
of ;he 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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slits 7d of the case 6d to be inserted 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 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 Vi and the pair of current supﬁly
" terminals 1b and the PTC element 2 con;;ct each other in a
pressed state.
cavid
The 8d of the case 64 having the parts
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 1lle, The 1id 11c is
fitted in the 1lid fitting section 6s of the case 6d by beilng
muer Sunfue’
placed on the upper surfaces of the-ateps-S: to close the
) | case 6d, with the othar ends of the pair of current supply
terminals 1b projecting from the lead-out slits 11d. The -
leid-out slits 11d are sealed with a resin or the like. (not
shown) . The depth K of the accommodation section 6t of thé
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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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 curreant 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
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insertion hole V2 of the block V1 is opan continuously with
the slits 7d and.ézﬁf.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 devic;, the plock V1, the case 6d and
the 1lid llﬁ are maintained in close contact with each otherxr 9'4
by the effect of the elasticity of the block V1, and the
. pair of heat collecting portionQ S 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 coefficient thermistér_device of the fourth

D embOdIMeNt. e e e e e

" 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

. This Sheet Has Been Replaced ) /1/
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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 insertion 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 qpntQCt 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

Cavity )
cage €d, and an openidg_ad of the case 6d is closed with a 5*?

1id 11ic. Lead-out slits 11d are sealed with a resin or the

: 1ike (not shown).

In the positive temperature coefficient thezmistor

i 4
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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 each 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 ﬂ?'

of current supply terminals 1b opposite from the ends

inserted into'the insertion hole V2 are set so as to project

' SI'U |'r P
out of the euts 10d. No lead-out slits 11d are formed in a 2{

vo 3
lid 11l¢rof this positive temperature coefficient thermistor X

device,

Co o S

The operation of the positive temperatura coefficient T
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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of the first to fifth embodiments are indicated by the 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 heating 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
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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

Sheet Has Been Reﬂlaced
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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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there is substantially no variation.in neatlcondugﬁion
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
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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 be extracted more

efficiently.
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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 hav1ng 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

=l
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positive témperature coefficient thermistor_element-and_said5

current supply terminals contact each other in a surface
contact manner by being bonded to each other with a

conductive adhesive.

4, A positive temperéture coefficient thermistor
device according to Claim 1, wherein at least one interhal
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

a
saigd pair of current supply terminals is pinched between

a a
ssid pair of heat collecting portions of said heat sink with
an insulating member interposed between said thermistor
~ element and said heat collecting portions, and wherein said
air of heat collectin ortiohs of said heat sink are
P a 9P (I; Sam‘ hea'l' S'Iﬂk
accommodated in sai@d 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.

‘
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7. A positive 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 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 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 %
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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 *
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- a case in whicﬁ said positive.température coefficient.

thermistor element is accommodated,
wherein said positive temperature coefficient

thermistor element and said current supply termipals are
inserted inﬁo 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,

T
pon
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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
collecting portions of aaid 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
thermistor 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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