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POSITIVE TEMPERATURE COEFFICIENT THERMISTOR 

BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention relates to a positive temperature 

coefficient thermistor (PTC) device for use in devices for 

evaporating insecticidal liquids, e.g., liquid type mosquito 

repellers, or devices for exhaling aromatics. 

Description of Related Art 

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) 

element 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 inside 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 

--·----· 



[ RECEIVED 07/26 10:57 1995 AT 533069~ PAGE 
TO 242655330694 FROM NRGROKR 8 

Z (PRINTED PAGE Z) 1 
No9507260919 7n26B 11:44 PAGE 2/18 

~ '95~07n268(ji) 11:33 ~~ 1r ~i.9-HFAM-NET) l (i KKldfe1~~V3 11*~t' -(':; P03 

. I 

·2· ·-£NJ THIS SH~ET HAS GEEN j 
R ~ve .a.·-·r·o ' . t: ...... ~:~'-·· ~~ ...... Jj 

42, thereby ~nabling the cylind.rical portion 42a to be 

easily be passed through the PTC element 43 and the current 

supply terminals 44 at the time of assembly. A.9ap ia 

.therefore formed between the cylindrical porcion 42a and 

eac:h of the l"TC element 43 and the current supply te~minals 

44. 'his gap is also filled with resin 45 to fot11l a resin 

layer 46 shown in ri9. 22. Next, a lid 47 is fitted to the 
~ I 

cylindrical portion 42a over the. recess 42,f to .close the 'f.-• 
case 42. ·rurther, a 9rommet 48 made of aluminum or the like 

is passed throuqh the lid 47 and the cylindrical portion 42a 

of the caae 42, and is fixed by being caulked at .its 

oppos~ta ends. Thus, the lid 47 and the case 42 are 

inte9rally aasembled. The inside diameter of the 

cylindrical portion 42a of the case 42 is set so as to be 

larger than the outside diameter of the cylindrical portion 

of the qrommet 48 in order that the grommet 48 can easily be 

passed through the cylindrical portion 42a at the time of 

assembly. Also, the grommet.48 is inwardly curved when 

caulked. Therefoka, an air layer 4 9 is formed between the. 

cylindrical portion 42a of the case 42 and the 9ronnet 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 aromatic, (not 

shown), a liquid absorbinq core for drawing up an 

insecticidal o~ a~omatic liquid is passed through the 

liili1iiii1Ur 
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qrommet 48 and a current is caused to flow throuqh the PTC 

•lament 43 via the current supply terminals 44 to cause heat 

in the PTC element 43. ~he heat thereby qenerated is 

conducted to the grommet 48 tbrouqh the resin layer 46, the 

cylindrical portion 42a of the case 42 and the air layer 49 

and also throu9h the current supply terminals 44, the case 

42, the lid 4·7 and the air layer 49. Th• heat is radiated 

from the grommet 48 to heat the liquid absorbing core so 

that the insecticidal or aromatic liquid is evaporated &iJ.d · 

di~fused. 

The conventional positive tamparatu~e coefficient 

thermistor device 41, however, entails problems described 

below. 

That is, it is difficult to perform moldinq and firinq ,, . 
for forming the annular PTC e~ement;\ Also, the PTC element 

43 warps easily because of its annular shape. Therefore, 

post-working such as lapping is required and the amount of 

labor for •uch working is large. 

Also, the heat conduction path from PTC element 43 to 

gx-omme~ 48 through resi~ layer 46, case 42 and air layer 49 

or through current supply terminals 44, case 42 and air 

.layer 49 is long and heat to be conducted to the qrommet 48 

escapes to th• case 42 em•epes to b~e •••• 12, so that the 

thermal eff.iciency is low. Th• thermal efficiency is 

further reduced because of the conduction through the air 

~ • 
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layer 46 having a small thermal conductivity. 

Further, the temperature of the case 42 included in the 

heat conduction path and occupying a greater part of the 

positive temperature coeffi~ient_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 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 positive 

temperature coefficien·t 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 a case. The positive temperature 
f' 

coefficient thermistor element pinched between the pair of 

current supply terminals is accommodated in the case while 

being disposed between the pair of heat collecting portion~. 

lUi ii1i1i1Hifed 
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The case is filled with at least orte of an insulating resin 

and an insulating rubber. The pair of current supply 

terminals and the pair of heat collecting portions are 

electrically ~nsulated 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 surf ace 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 

heat 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 collecting 
,. 

portions of the heat sink may be accommodated 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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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 portion to be brought into contact with the 

positive temperatu:i::e coefficient 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, the pair of current supply 

terminals and the insulating member are accommodated 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 between 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 temperature coefficient 

thermistor element, the pair of current supply terminals and 

·-----·------- ·-----
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the insulating 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 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' 

thermistor 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, 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 member 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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current supply terminals between which the 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 the heat 

radiating portion, 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 a block made 

of an elastic insulating material. The block is disposed 

between the pair of heat collecting portions of the heat 

sink. Further, the pair of heat collecting 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 

thermistor element is pinched, a heat sink havi~g 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 aink are inserted into a block made of an elastic 
. 

insulatin9 material, and.the block is accommodated in the 

case. 

tn the positive temperature coefficient thermistor 

devices of the present invention arranqed as described 

above, heat genera~ed in the po~itive temperature 

coefficient thermistor element i• conducted to the heat sink . 
thrqu9h the current s~pply terminals and the insulating 

resin, the insulating member or the like. By the elasticity . 
ot the insuleitinq member or the block, the positiv4!.i, _ _,__ , L 

. ,-tk CMril"foflt. SUfllY ttf"lal~l.J,Gfftl V\C. 7\ft.Af. S'i"f F-
temperature coefticient thermistor .element~ra pressed . 
aqainst each other and maintained in close contact with eaoh 

other, thereby improving the thermal conduoti~ity. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is an exploded perspective yiew of a positive 

· temperature characteristic thermistor device in accordance 

~ith a first embodiment of the present invention1 

Fig. 2 is • pe~spective view of the external appearance 

of the thermistor device shown in Fig. 11 

fi9. 3 is a cross-sec~ional view of the internal 

structure of the thermistor device shown in Fig, 1; 

Fi9. 4 is a cross-sectional view taken alon9 the line 

Y-r' of Fiq. 21 

Fi9, 5 is an exploded perspective view of a positive 

temperature characteristic thermistor device in accordance 

Y( 
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with a second embodiment 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; 

~ig. 12 is a perspective view of a positive temperature 

~haracteristic 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 lid is 

removed; 

Fig. 15 is an exploded perspective view of an example 
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of a modification of the thermistor device shown in Fig. 12; 

Fig. 16 is an external perspective view of a positive 

temperature characteristic thermistor device in accordance 

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 thermistor 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; 

Fig. 21 is an exploded perspective view of a 

conventional positive temperature coefficient thermistor 

device; and 

Fig. 22 is a cross-sectional view of the ~onventional 

positive tempe.rature. coefficient thermistor device shown in 

Fig. 21. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

A positive temperature coefficient thermistor device in 

accordance with a first embodiment of the present invention 

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

----
.. -··-----·-
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to Fiq. 1, a disk-like PTC element 2 havinq two major 

surface)( 2a and a side surface 2b is pinched between a pair' 

of current supply terminals la made of stainless steel and 
2..t>­

treated by deqreasinq, with the entire major surfaces eirin 

contact with the current supply terminal•· la. A heat sink 3 

is made of aluMinum and has a heat radiating portion 4 which 

is subatantially cylindrical, and a pair of heat collectin9 

portions 5 in the form of a pair of flat plates. 

The PTC element 2 pinched between the pair of current 

supply terminals la 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 insu~ating.material such as polyphenylene sulfide 

(PPS) • 

After·the PTC element 2, the pair of current supply 

te~minals la and the heat sink 3 have been accommodated in 

the ~ase 6a as described above, the case 6a is filled with a 
l.tt1Ml1.ttl\ 
/\resin or rubber having a hiqh thermal conductivity, e.9., « 

·.room temperature vulcanizing (RTV) silicon rubber, thus 

f~ming a sealin9 structure. 

The case 6a has a cavity ea for accommodatin9 the PTC 

element 2, the pair ot current supply terminals la and the 

pair of heat collectinq portions S. As shown in Fig. 4, 

inn•r surfaces 9a facing the cavity ea are inclined so tha~ 

the width of the openin9 is la~gar than that of the bottom.· 

r/ 
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Th• insulatin9 resin_!• thereby enabled to flow smoothly 

into the case 6a so that no unfilled portion (air layer) 

remains after ~esin sealinq. Consequently, the thermal 

conductivity to the hea~ aink 3 can be increased •. 

An elongated projection 10a is formed on a central· 

portion of the bottom surface of the case 6a ao that case 6a 

and the PTC element ~ contact with each other in a line 

contact manner. lf such a pro~eotion is fonned,·the filling 

inau1at!n9 resin can flow to the bottoa •urface of the PTC 

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

element 2k- so that the heat sin.k 3 can be heated 

efficientl~ -to -tlo. lat SJlh~) 

The case 6a further bas recesses lla and projections 

12a in its bottom surface. The recesses lla ee~ve for 

positioninq 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 

S of the heat sink 3, thereby reducing a temperature non­

unitormity of the heat sink 3 relating to assembly. 

The projections 12a are formed at such positions as to 

extend
0

along the oppqsite sides of the pair of current 

supply terminals la between which the PTC element 2 is 

interposed. The minimum electrical path between the cur~ent 

.supply terminals la and the heat collecting po~tions 5 of 

the heat sink 3 is thereby set to the length B-C shown in 

·-·----··· ··--·------· 
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Fi9 •. 4 .s?iOWA liS i 19; 4 when the case formed of the 
. . 

insulating ~aterial is filled with tb• insulating reain. In 

this manner, the condition of a voltage ot 4 kV, prescribed 

as external withstand volta9e with respect to 200 V devices, 

can be satisfied without increasing the distance (A) between 
I 

the current supply terminals la and the heat collecting 

port.ions %_,.,.. 't~ ,/t.ort... ti.... 'f,. • 
ln this embodiment, stainless steel is used as the 

material of the pai~,of current supply terminals la. 

However, any other metallic material, specifically a copper 

alloy such ·as beryllium copper or phosphor bronze nickel­

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

v· 

• 
~· 

~ , 
elemen~ 90 th.at h~at can be efficiently conducted to the -)f.• 

heat sink 3. As the material of the heat sink 3, a material 

such as brass or copper havi~g a high thermal. conductivity 

may be uaed. 

A positive temperature coefficient thermistor device in 

accordance with a •econd embodiment of the present invention 

will be described below ~ith reference to Figs. 5 to 7. The 

compone~ts equivalent or identical to those of the first 

esnbodiment are indicated by the same reference characters 

and the descriptin for them will not be repeated. 

Referrinq to Fig. 5, a pair of current eupply termin•ls 

lb are each formed into a qeneral~y L-like shape and pinch a 

PTC element 2 between their portions at one end. A 

---------·----·-··---

1/ 
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resilient holding portion lp is provided by being cut and 

raised from the portion of each current supply terminal lb 

that contacts the PTC element 2. The pair of current supply 

terminals lb in a state of pinching the PTC element 2 are 

inserted into a tube Tl, 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 Sp provided in· 

the vicinity of a heat radiating portion 4. 

The PTC element 2, the pair of current supply terminals 

lb 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 6b 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 lb, 

the tube Tl and the heat sink 3 (excepting the heat 

radiating portion 4). The case 6b has projecti~ns 9b 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 lOb are formed in a side wall portion 

• :::J 
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of the case 6b on the right-hand side as viewed in Fig. 5 to 

allow the other ends of the pair of current supply terminals 

lb to ~roiect out of the case 6b. In this structure, 

projections Sp are provided in the pair of heat collecting 

portions 5 of the heat sink 3 to prevent the heat sink 3 

f rorn corning off after the heat sink 3 has been inserted into 

the case 6b. 

A lid llb made of PPS or the like is attached 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 lp of the pair of current supply 

terminals lb are formed as springs as shown in Fig. 7A, so 

that, as shown in Fig. 7B, each of the pair of current 

supply terminals lb contacts the PTC element 2 in a surface 

contact manner when the PTC element 2, the pair of current 

supply terminals lb and the tube Tl 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 lb and the tube Tl to 

..... ········-------·----------
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be pinched between the pair of heat collecting portions 5 of 

the heat sink 3 is set 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 lb 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 lb and the pressing force 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 materia_l having a 

thermally contractive property Ca silicon resin or the 

like). In 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 lb having 

spring portions, the PTC element 2 and the current supply 

terminals lb are inserted into the tube Tl, and the tube Tl 

-···--------· --·---· --
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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 lb and, hence, assembly of th·e 

component parts belol"eJ e1:ui ~ r. 
I\ 

In this embodiment, the lid llb 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 llb. 

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 s·econd embodiment are indicated by the 

same reference characters and the descript~on for them will 

not be repeated. 

Referring to Figs. 8 and 9, in the positiv~ temperature 

coefficient thermistor device of the third embodiment, a PTC 

element 2 is inserted into a tube Tl 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 lb are 

inserted is pinched between a pair of heat collecting 
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portions 5 of a heat sink 3 and accommodated in a case 6c 
CIU''V . 

having an -apeniag Sc and made of an insulating material aucb 

aa PPS. At this time,· the other ends of the pair ot current 

•upply terminals lb project out of the case 6c throu;h first 

slits lOe formed in a aide portion 6p of the case 6c, Alao, 

a heat radiating portion 4 of the heat sink 3 projects out 

of the case 6c throuqh second slits 7c formed in a aide 

portion &3
1
of the case &c. As shown in Fig. 10, spring 

terminala'Cfu..de of •tainleaa steel or the like and havinq a 

resiliency are inserted as suppoxting members in 9aps 

between opposite inner su~faces 6r of the case 6c and t~e --·· ____ .... - .... 

' heat collectinq portions $, By a pressing force of the 

sprinq terminals Rl, the pair of heat collecting portions 5 

~1~mly pinch the tube Tl, so that the tube Tl, the current 

supply terminals lb and the PTC element 2 contact each other 

in a p~essed state, , 
ca.!•-t.Y 

To close the QPeni~ 8c of the case 6c in which the 

parts are accommodated, a lid llb is fitted to the opening. 

Qc •. 

In this embodiment, the sprin9 tecminals Rl are used as 

suppo~tin9 members to achieve a high adhesion strength 

between the parts by bein9 inserted into the gaps between 

the pair of heat collecting portions 5 and the innex 

surfaces 6r of .the case 6c in a simple manner, 

· The assembly process is not limited to that described 

·----·--···· --·--------· 

111111r111nr 
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above. For example, the pair of heat collecting portions 5 

of the heat sink 3 may be ~nserted into the case 6c after 

the tube Tl in which the PTC element 2 is inserted has been 

accommodated 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~f the heat sink.3 are provided on one 

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

second embodiment, while a spring terminal Rl is provided at 

the other inner surface 6r. In the positive temperature . ~ 
#ie Aeo.t co//ec.tih3 por f1os,,.S -> J 

coefficient thermistor device thus arranged,,l\the tube Tl, 

ona of the pairs of opposed ends of the pair of current 

supply terminals lb and the PTC element 2 contact each other 

in a pressed state by interaction of the projections 9c and 

the spring terminal Rl. Since the projections 9c contact 

the heat collecting portion 5 of the heat sink 3 in a point 
or 
o:£: line contact manner, the conduction of heat from the heat 

collecting portioq 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 
r· 

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 a:He of the two pairs of opposed ends of a pair of 

current supply terminals lb, with its entire major surfaces 

2a in contact with the current supply terminals lb. The PTC 

element 2 and the pair of current supply terminals lb are 
) 

inserted into an insertion hole V2 formed in a block Vl. 

The block Vl is formed of an elastic insulating mat_erial 

such as silicon rubber having a high thermal conductivity, 

and the insertion hole V2 may be formed through the block Vl 

so as to be open in both two opposite faces of the block Vl 

or may be formed so as to be open only in one face of the 

block Vl. The width F of the insertion hole V2 of the block 

Vl is smaller than 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 current supply terminals lb 

are inserted into the insertion hole V2 by utilizing the 

elasticity of the block Vl, so that inner surfaces of the 

insertion hole V2,_ the PTC element 2 and the pa-ir of current 

supply terminals lb contact each other in a pressed state. 

The block Vl in which the PTC element 2 and the pair of_ 

current supply terminals lb are inserted 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 tha block Vl. The block Vl is pinched between the pair 

' of heat collectinq portions 5 by util1%inq its elasticity, 

ao that the pair of heat collecting portions 5 and the block 

Vl are ~aintained in close contact with each other, and so 

that the adhesion strength between the PTC element 2 and the 

pair of current supply terminals lb in the block Vl is 

increaeed. 

The block Vl and the pair of heat collecting portions .s 

of the heat sink 3 are accommodated in a case 6d which is 
.. C~"J't)' .v 

made of an insulatinq material such as PPS. An ofe~i~ 8d ~· 

is formed in the case 6d and is open upward as viewed in 

Fig. 13·. The case 6d has an upper lid fitting section 6a 
l111~et" swrl..ct.s ."Y' 

defined above a pair of ~teps 6r formed in its inner ~, 
. U~~ I 

surfaces in, the vicinity of the open!~ 8d, and also has a ~' 
, .... ,,,. s""''f•tfJ 

lower accommodation section 6t below the •~ep• 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 

communicatin9 with the accommodation section 6t are formed 

on one side portion 6~. When the heat sink 3 and the block 

Vl are acqommodated in the thus-constructed case 6d, the 

other ends ot the pair of current su~ply terminals lb 

j 
c.vl'V'. 

pro eot out o~ th•.a•aa4:8• 8d, the heat radiating portion 4 

of the heat sink 3 projects out of the slits 7d, and th• 

pair ol heat collecting portions 5 are passed throu9h the 

----··--··-· ··-·-·---···---

' ~· \ 

• 
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slits 1d of tha case Gd.to be inserted into the 

accommodation section 6t. The widch I of the accommodation 

section 6t of the case 6d is smalle~ than.the sum J of the 

external width H of the block Vl and the thicknes~es of the 

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

heat sink 3 and the block Vl are inserted into the 

accolM\odation section 6t by utilizinq the elasticity of the 

blopt Vl, whereby the pair of heat collect!n~ portions 5 ~f . 
. the heat sink 3, the block Vl and the pair of current supply 

terminals lb and the PTC element .2 contact each other in a 

p.ressei;l state. 
(Jlt"J~ 

The op•R*"t• .. 8d of the case 6d havinq the parts 

accommodated in this manner 11 closed with a lid llc which 

is made of PPS er the like and which has a pair of lead-out 

slit• lld and a pai~ of projections lle. The lid llc is 

fitted in tha lid fitting section 6s of the case 6d by being 
. /we.•"" .S'Wtt~tfS' ' vt.' 

placed on the upper surf aces of the -stepr 6r to close the """"" 

case 6d, with the other ends of the pair of current supply 

terminals lb projecting from the lead~out slits lld. The 

lead-out slits 11d are sealed with• resin or the like. (not 

shown). The depth K of the accommodation section 6t of the 

case &d is smaller than the height L of the block Vl. The 

projections lle of the lid llc are fitted in the recesses 6u 

of the caaa 6d by utilizin9 the elasticity of the bl~ck Vl. 

The· block Vl, the lid llc and the bottom of the 
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acconunodation section 6t are thereby inaintained in close 

contact With each Other SO that no gap ii formed 

therebetwaen. Thus, a simple sealing structu~e can be 

formed around the PTC •lement 2 without a~alin9 the contact 

portions of the case 6d and tha lid llc in contact with each 

other. 

The.order in which the component parts are assembled !a 

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 Vl accommodated in.the 

case 6d after the block Vl having the·PTC element'2 and the 

pair of current supply terminals lb inserted therein has 

been accommodated in the case 6d. . 
A positive temperature coefficient thermistor device 

may also be arranged in a Simila~ manner aa sho~n in Fig. 

15. That is, a PTC element 2 and a pair of current supply 

terminal• lb are inserted into a block Vl through an opening 

of an insertion hole V2 in a horizontal direction as viewed 

. . "' in l"icz. 15, and the blockKs pinched between a pair of heat • (" 

collectinq portions 5 of a heat.sink 3. The heat sink 3 and 

the block Vl are accominodated in a case 6d, with the ends of 

the pair of current supply terminals lb opposite from the 
silts 

ends on the PTC elefl\ent 2 side projecting out of -Rts 10d 

provided in a side por.tion 6w of the caae 6d. In this 

positive temperature coefficient ehermistor device, the 

.11/ 



ina~rtion hole V2 of the block Vl is opan continuously with 
~~ J. 

the slits 1d and~ lOd of the case 6d. Therefore, there ~ 

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

evaporated and diffused will enter the insertion hole V2 to 

attach to the rTC element 2 if the device is used in a 

liquid type mosquito repeller. To prevent such a foreign 

material from anterin9 the insertion hole V2, the slits ?d 
. s/Ju 

and the ~ 10d of the case 6d are sealed with a resin or 

the like (not shown), No lead-out slits lld a~• provided in 
c:,, 

the lid ll;'of this positive temperature coefficient 

the:rmistor devica. 

In the thus-constructed positive temperature 

coef~icient thermistor device, the block Vl, the case 6d and 

·~ ' 

the lid 1~ are maintained in close. contact with each other ~ 
by the effect of the elasticity of the block Vl, and.the 

pair of heat collectinq portions 5 of the heat sink 3, the 

block VJ, the pair of current au~p~y terminals 1b and the 

PTC.element 2 ar~ also maintained in close contact with e~~h 

othe~, aa in the cas• of the above~deac~ibed positive 

temperature coefficient thermistor.device of the fourth 

embodiment. / · · .. ~ .... ---- ·· · ------·-··-" _ _,_ .. --~·-···-----··-· ·--·-· ~, -· 
The ~pnstructlon of a positive temperature coefficient 

thermisto~ device in accordance with a fifth embodiment of 

the·p~esent invention will n~xt be described ~1th referenoe 

to Fiqs. 16, to 18 .. Portions correspondin9 o~ identical to 

---·----····-······ ----

liii1ininr 
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those of tha first, second, third or fourth embodiment are 

indicated by the same reference characters and the 

description for them will not be repeated. 

In the positive tamperatu~e coefficient thermistor 

device of this embodiment, a pair of insertion slits V3 are 

newly provided in a block Vl in such a R\anner as to extend 

·on the opposite sides of an insertion hole V2, and the 

direction of depth of each insertion elit V3 is 

perpendicular to the di~ection of depth of the insertion 

hole v2. The insertion sli~s V3 may be open both in two 

opposite faces of the block Vl or only in one face' of the 

block Vl. A pair of heat collectin9 portions 5 of a heat 

'sink 3 are insertad into the insertion •lits V3. 

In other respects, the construction of this embodiment 

is the same as that of the fourth embodiment. A PTC element 

2 ia pinchad between ••• it the two pairs of opposed ends of 

a pair of current supply terminals lb, with its entire major 

surfaces 2a in contact with the current supply ~ermlnals lb. 

"l'he PTC element 2 and the current supply terminals lb are 

inserted into the insertion hole V2 formed in the block Vl, 

and the heat sink 3 and the block Vl are accommodated in a 
C•'ll1.)' 

case 6d, and an openirf.g 8d of the case 6~ is closed with a 

lid 11c. Lead-out slits 11d are sealed with a resin or the 
~ 

like (not ·shown). 

In th• positive temperature coefficient thermistor 

.. ·-···-··-... -·-----
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device of the fifth embodiment, heat is conducted th~ouqh 

both the two major surfaces of each of the pair of heat 

collectlnq portions 5 of the heat sinkrbecausa the heat 

collecting portions 5 are inserted into the pair of 

insertion slits VJ of the block Vl. Therefo:re, heat 

generated in the PTC element 2 can be extracted more 

ef'~iciently. 

A positive temperature co•fficient thermistor device 

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

19. That is, as in the fourth embodiment, a block Vl havlnq 

an insertion hole V2 and insertion slits V3 extendinq 

parallel with each other in the lon9itudinal direction of 

the block Vl is used along with. a case 6d having a pair of 
sUu , 
c~t• 10d opposite from the slits V3, and the ends of a pair "' 

of current supply terminals lb opposite from the ends 

inserted into the insertion hole V2 are set so as to project 
>Iii.I 

out of the ett4Hi- lOd. No lead-out slits lld are formed in a 
• Cl 

lid 11)l'"of this positive temperature coefficient thermistor 

device. 

I ,V. 
•}C• .. 

I 

~' 

The ope.ratio~·-~; .. the .. positive tenweratur~ ·~o~fflci;,;t"-·-·­

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 liquid-type mosquito repeller 

with refe~enee to Fiq. 20. The same components of the 

·positive temperature coefficient thermistor device as those 

'"/ 
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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. .. .JI 

A liquid type mosquito. repellerV.hown 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 Xl 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 Xl 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 lb to cause 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 to 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 lb and the insulating resin, the tube Tl or the block 

·--· -· ·-----···---------·---

· · iilii1rnH1r 



-2 9-

Vl. By diffusion.of heat from the heat radiating portion 4, 

the liquid absorbing core 35 _passed through 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 positive 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 such 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 lb and through the insulating resin, tube Tl or 

block Vl and is thus short. Also, the two major surfaces 2a 

of the PTC element 2 are used as heating portions. I~ 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 be~ause the heat conducting 

parts are pressed and maintained in close contact with each 
I 

other by the effect of the elasticity of the tube Tl or the 

block Vl. 

The above-described positive temperature coefficient 

·----------···---·····-··-
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thermistor device of the present invention has advantages 

described below. · 

First, the heat conduction path is formed from the PTC 

element to the heat radiating portion throug~ curr~nt supply 

terminals and through the insulating resin or the tube or 

block made of an insulating material and is thus short, so 

that the thermal efficiency is high. Since the case 

occupying a greater part of the thermistor 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 major 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 ~nsulating 

resin and so on. Further, the su~face temperature of each 

used component part other than the heating portion can be 
f 

reduced, so that the reliability and safety can be improved. 

In the case where the insulating case is filled with an 

insulating resin, the heat conduction efficiency is high and 

---····--··--
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there is substantially no variation in heat conduction 

efficiency, because no air layer 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 

for~ed without sealing the periphery of the PTC element with 

a resin or the like and, therefore, there is nQ risk of a 

resin or the like attaching the P~C element to cause a 

deterioration of the PTC element or entering a gap between 
I 

the PTC element and the current supply 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 impro_ve the reliability 

of the contact surfaces of the PTC element and the current·. 

supply terminals without using an adhesive. A structure may 
.. 

also be adopted in which a holding portion of each current 

supply terminal has a resiliency such that the PTC element 

and the current supply terminals contact each other in a 

surf ace contact manner after being inserted into the 

insulating case, whereby ~he PTC element and the current 

supply terminals are pressed against each other more 

strongly, so that the heating efficiency is further 

improved. 

If the heat collecting portions of the heat sink are 

inserted into a block, heat is conducted through both the 

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 having a cylindrical heat radiating portion 

and a pair of heat collecting portions; and 

a 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 frbm 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 

--·--·----------· ··--

I lllllll llllll lllll lllll II llll 
* C L M S * 



THIS SH.EET H.it\S BEEN '1\ 

RE"Pl.ACED II 
-3 4-

·-----··· ---------- ··-

positive temperature coefficient thermistor element-and said· 

current supply terminals contact each other in a surface 

contact manner by being bonded to each other with a 

conductive adhesive. 

4. A positive temperature 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 a: !!11Li119 '" eJa'"' 1, wherein said positive 

temperature coefficient thermistor element pinched between 
a. 

s:aJl4: pair 
a. 

of current supply terminals is pinched between 
a. 

sa::i;:Q pair of heat collecting portions of S:a:i::d heat sink with 

an insulating.member interposed between said thermistor 

element and said heat collecting portions, and wherein said 

pair of heat collecting portions 
a 

accommodated in sstz:i case while 

is placed outside said ·case. 

of said heat sink are r •.J i • k 
et . o::t ,Si>I" 11eQT Sii\ 

~ heat radi~ting portion/\ 

6. A positive temperature coefficient thermistor 

device according to Claim 5, wherein said insulating member 

is made of an elastic material. 

I 1111111111111 11111 1111111 1111 
* C L M s * 
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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 terminals contact each other in a surface contact 

manner when said positive temperature coefficient thermistor 

element, said pair of current supply ter~inals and said 

insulating member are accommodated in said cas~. 

10. A positive temperature coefficient thermistor 

device according to Claim 5 or 9, wherein said positive 

temperature coeffic·ient thermistor element, said pair of 

current supply terminals and said insulating member are 

-----·--·-······----·---.----··· 
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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 said insulating member to be 

pinched between said pair of heat collecting portions is set 

so 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 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; 

an insulating member; and 

1'111111111111111111 11111111111" 
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a case in which said positive temperature coefficient 

thermistor element is accommodated, 

wherein said positive temperature coefficient 

thermistor element and said current supply terminals are 

inserted into said insulating member, said insulating member 

is disposed between said pair of heat collecting portions, 

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 ~' 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 iink 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, 

___ ..... ___ _ ---

.: \ \11\11\ \\\I\\ Ill\\ \\1\1 \\ ''" * C L M S 



--- ··- ·-----

-3 8-

wherein said positive temperature coefficient 

thermistor element 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 case while 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 whi'ch 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 temper:.ature coefficient 

thermistor element is accommodated, 

wherein said positive temperature 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 insulating 

material, and said block is accommodated in said case. 
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