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ELECTRONIC DEVICES HAVING REDUCED DESTRUCTION OF
INTERNAL ELEMENTS UPON MALFUNCTION

BACKGROUND OF THE INVENTION
1. Field of the Invention

The present invention relates generally to electronic devices employing therein
an electronic element with opposite electrodes on its principal planes, and more
particularly, to electronic modules with an elastic support mechanism for an electronic
element mounted therein having spring contact pieces in contact with respective
electrodes of the electronic element for elastic support of the element as interposed
therebetween.

2. Description of the Prior Art

Conventionally, many electronic devices include positive thermistor devices for
use in current limiter circuitry. Thus, thermistor devices have been widely used in
the manufacture of several types of electric circuitry or modules, including motor
activation controller circuitry for electric refrigerators, electronic demagnetization
circuitry for television receivers, monitor display tube units, and other applications.

One typical configuration of a prior art positive thermistor device is shown in
Figs. 13 and 14, wherein this device is generally designated by the numeral 1. This
conventional positive thermistor device 1 essentially consists of a casing body or base
3, a positive thermistor element 4 held therein, a pair of first and second terminal
members 5, 6, and a lid or cover 2 attached to the base 3 to close the upper opening
thereof.

As shown, the positive thermistor element 4 exhibits a disk-like shape having
opposite surfaces on which first and second electrodes 7, 8 are disposed respectively.
This positive thermistor element 4 is centrally inserted into the inside space of the
base 3, with the electrodes 7, 8 facing the right and left sides thereof, as shown in
Fig. 14.

The first and second terminal members 5, 6 are assembled within the ihside
space of casing base 3 in such a way that these members 5, 6 support both sides of
the opposed electrodes 7, 8 of the positive thermistor element 4. Each terminal

member 5, 6 may be an elastic conductive plate of a chosen metallic material. The
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5. The present invention relates generally to electronic devices

enpl oyi ng therein an electronic elenent with opposite el ectrodes on
its principal planes, and nore particularly, to electronic nodul es
with an elastic support nmechanismfor an electronic el ement nount ed

t herein having spring contact pieces in contact with respective
el ectrodes of the electronic elenent for elastic support of the el enent as

i nterposed 10 therebetween. 2. cription of the Prior Art
Conventi onal_| y, many el ectroni ¢ devices include positi v% t herm st or devices
f or st TRl R e e Wdes Peﬁ.qfrsyrmgrﬁ%tacttm%a% stl8hayiegiac®s have

been wi del yk ?D ré}ile as a ﬁdg@ ﬁﬁmh%&n%be%\fﬁéﬁll &rbﬁ?‘islorgg u%hfa?%ﬁ}%w try

circuitry or P Acl I'ng not or activation contr
for el ectri forrretaivigg tizdreins kreivertonmactor pmn@onatidwny tassmciated theresithctoi try for
tel evision recejvers, nonitor di spl a tube uni ts, and ot her a &Iwications.

One typi cal PRY eRtEeal GAnRACtign therehetween. (A yave,shapadeplateqopstit the Vs
shown iy shaped spring contact pieces 9, 10 and the socket 11 may be integrally formed in the

terminal member 5 by known welding or caulking techniques. The second terminal
- member 6 is similar in structure to the first terminal 5; it has W-shaped spring contact
pieces 12, 13 and connector-pin socket 14.
After assembly within the casing base 3, the spring contact pieces 9, 10 of the
10  first terminal member 5 serve to apply compressive force onto the first electrode 7
due to its inherent elastic nature. Similarly, the spring contact pieces 12, 13 of the
second terminal member 6 apply compressive force to the second electrode 8. This
may enable the positive thermistor element 4 to be elastically supported or suspended
between the terminal members 5, 6 while the element 4 is interposed between one
15  pair of spring contact pieces 9, 10 and the other pair of contact pieces 12, 13.

Auc'iditionally, a mica plate 15 may be disposed around the outer periphery of
the positive thermistor element 4. This mica plate 15 exhibits a circular shape. When
engaged with the outer periphery of thermistor element 4, this plate 15 acts to
facilitate appropriate positioning (hereinafter referred to as "position-determination")

20  of thermistor 4 inside base 3.

After the positive thermistor element 4 and terminal members 3, 6 are
assembled within the casing base 3, the cover 2 is attached thereto so that it closes the
upper opening of the casing body 3. This cover 2 is a rectangular plate member
having at its two corresponding corners two holes 16, 17 to permit insertion of

25  external connector pins into the sockets 11, 14 through these holes respectively.

Another prior known positive thermistor device la is shown in Figs. 16 to 18.
As is readily seen by comparison of the illustration of Fig. 16 to that of Fig. 14, this
prior art device is similar in structure to the previous device; accordingly, like
reference characters are used to designate like parts or components with a redundant

30 explanation thereof being omitted herein.
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1. This conventlonal positive thernmistor devild

consi sts of a casing body or base 20 3, a p05|t|ve

held therein, a pair of first and second term nal

lid or cover 2 attached to the base 3 to cl ose the upper opening
t her eof . As shown, the positive thermstor elenent 4 exhibits
a di sk-1-i ke shape havi ng opposite sdrfaces on which first and second
el ectrodes 7, 8 are di sposed respectively. 25 This positive therm stor
element 4 is centAatanybe seee fraral Higit 16, tthepomsvaidlesrpam d@fllet:rie is structutaélsre 3,
wth the eI ecttfér%gsfsrom that of%tgnqq—hg%}qr? nté :tﬁi k&f hown

in

are asserrbl F‘s‘ﬂa L4t B Pof %tﬁm'a'ﬁ;'n%t ieces 98 H@ﬁ%xfé‘ndﬁﬁweﬂ@cahiis ?atﬁerl tharp UCh a way
that these nenber’s 5, upport oth sides of 30 t he opposed el ectrodes

7, 8 of the heoigontally as e thei previouspreeatt devicede bestshawnan Fig. 14, thereby
5 preventing these contact pieces 9a, 10a from directly opposing their associated spring

ement 4

Figs. 13 and 14, wherein this device is generally desi nat ed bﬁt he nuner al
ﬁm 6, and a

contact pieces 12, 13 of the other, second terminal member 6. Such vertical facing
relation of spring contact pieces 9a, 10a versus the opposite spring contact pieces 12,
13 may also be seen in Figs. 17 and 18. Figs. 17 and 18 show a plan view and side
view, respectively, of the device shown in Fig. 16.

10 With the prior art positive thermistor devices 1, la, after.a long time has
elapsed after installation thereof, the structure of the positive thermistor-element 4
may become physically degraded. If this is the case, abnormal heat generation may
take place therein causing sparks to occur during operation, which results in the
positive thermistor element 4 being destroyed due to occurrence of such sparks.

15  When the thermistor element 4 is destroyed, it breaks into several fragments that can
disperse within the closed inside space as defined by the casing base 3 and cover 2
attached thereto.

Such a "malfunction mode" phenomenon can lead to a more serious
malfunction mode, which will be discussed in more detail below with reference to

20 Figs 15A and 15B for the positive thermistor device of Figs. 13 and 14, and with
reference to Figs. 19 to 21 for the device la shown in Figs. 16 to 18, respecﬁvely.

In the positive thermistor device 1 of Figs. 13 and 14, when sparks occur, the
resulting positive thermistor element 4 experiences occurrence of several cracks 18
therein, as shown in Fig. 15A. Even under such a condition, specific cracked

25  portions 19, each of which is elastically supported by the opposed spring contact
pieces 9, 10 (or 12, 13) at its opposite sides, continue to stably be held thereat as
shown in Fig. 15B, while the remaining fragments disperse. Accordingly, a power
supply may continuously be fed by way of such residual components 19 of the
thermistor element 4, causing these residual components 19 and their associative

30  spring contact pieces 9, 10, 12, 13 to melt, in turn producing an alloy that exhibits

some conductivity. As a result, an electrical short can be formed between the



menber 5, 6 may be an elastic conductive plate of a chosen netallic
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terminal members 5, 6. This adversely serves to accelerate further generation of

4

abnormal heat. This will possibly force the device to go into a further malfunction
mode which can, in turn, lead to unwanted softening of the casing base 3.

Furthermore, in the positive thermistor device 1, since the mica plate 15 is
arranged therein, certain peripheral portions 20 of the positive thermistor element 4
which are directly in contact with the mica plate 15 tend to also be prevented from
flying away as fragments, in most cases. Such peripheral portions 20 also contribute
to the formation of alloy together with the aforementioned portions 19 being
elastically supported by spring contact pieces 9, 10, 12, 13, with the result of
increasing the amount of materials for producing the afloy. This may exacerbate the
malfunction of the device, which may cause the softening of base 3 to become more
serious.

On the other hand, in the positive thermistor device 1a shown in Figs. 16 to
18, the positive thermistor element 4 experiences occurrence of cracks 21 due to
generation of sparks, as shown in Fig. 20A. In this case, the thermistor element 4 is
broken into several fragments that tend to disperse. At this time, since the spring
contact pieces 9a, 10a and their opposed contact pieces 12, 13 are not identical to
each other in a spring-force application direction, any dispersed fragments will be
positionally offset from their original positions. However, since the distance 22
between a respective one of the spring contact pieces 9a, 10a and a corresponding one
of opposed spring contact pieces 12, 13 associated therewith is designed so that the
distance is less than the thickness 23 of the positive thermistor element 4 in a free
state where the element 4 is removed as shown in Fig. 19, one part 24 thereof will
possibly be held at its original position as a result of the fact that it happens to be
gripped or hung between the spring contact piece 9a and/or 10a on one hand and
elements 12 and/or 13 on the other hand, as shown in Figs. 20A and 20B. If this is
the case, application of a power supply may continue via such a hung portion 24
causing, in a similar way as in the previous device 1, this portion 24 and any one of
contact pieces 9a, 10a, 12, 13 to melt, in turn producing an alloy, whereby the
terminal members Sa, 6 are electrically shorted therebetween so that abnormal heat

generation is accelerated. This, in turn, may lead to a further serious malfunction



f'L'r_st term nal nmenber 5 includes a pair of spring contact pieces_ 9, 10
having a W . shaped profile as a whole, and at -so—a hol Tow t ube socket
11 with a Il ongitudinal gap for receiving ther.gj rgh@ethﬂmm\mmﬁéctor

pin (not shown) associated therewith to pr ovi nnectlon
t her ebet ween. A wave shaped plate constituting the vi“m& \ prlng
contact pieces 9, 10 and the socket 11 na be integr in the
term nal nmenber 5 by known melding or cau ki ng techni ques.” The second

term nal menber, 6 is m lar ructu togthe first termn
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supported or suspended
cases, as shown in Fig. 20B, in a similar manner as in the above positive thermistor

device 1. Such peripheral portions 25 also give rise to generation of an alloy, which
adds to the amount of material for producing the alloy. This may serve to worsen the
malfunction mode of the device, causing a softening of base 3 to become more

10  serious.

The aforesaid problems will not exclusively arise with positive thermistor
devices, and will possibly take place in other types of electronic components or
devices, insofar as these other types of components employ therein an electronic
element that is electrically fed and elastically supported by using similar contact

15 members associated therewith, which element is susceptible to degradation and

eventual destruction due to long use.

SUMMARY OF THE INVENTION

It is therefore an object of the present invention to provide a new and

20  improved electronic device capable of avoiding the problems encountered with the
prior art.

It is another object of the invention to provide an improved electronic module
capable of attaining high reliability in operation even when destruction takes place at
an electronic element packed therein,

25 It is a further object of the invention to provide an improved electronic module
capable of assuring higher operational reliability upon occurrence of destruction of its
internal electronic element packed therein by providing enhanced isolation among

~ fragments even after physical destruction of the element.

To attain the foregoing objects, the present invention provides an electronic

30  device which includes an electronic element having first and second opposed

electrodes, and a support structure for elastically supporting the electronic element,



between the termnal nenbers 5, 6 while the element 4 is interposed between
one 15 pair of spring contact pieces 9, 10 and the other pair of contact
pi eces 12, 13. Additionally, a mca plate 15 nay be di sposed
around the outer periphery of the positive therm stor elenment 4. This
mca plate 15 exhibits a circul ar shape. Wen engaged with the outer
peri phery of thermstor elenent 4, this plate 15 acts to facilitate
appropriate positioning (hereinafter ref ePr ed to as

"position-determn nation” of th nsi e base
A or e Dot dhs HEPRTtEtEE SaRHIcATy SPAAeS ATAY Seeafieitast seotiops in
assenbl ed W LRLe: LAk tﬁ@ﬁmgxe@a&@e & ?&ﬂaﬁege gaﬁﬁm?s méreaa L atdh@tatdaarten so t hat

it closes the per openi ng asing body 3. This cover 2 is a
rect angul ar cphﬂttesennurbem contact withuwthe gecand wlegtrod@at:dlfﬂewpomitwrgs thereper s t wo

no e 38 RS A koS st i o BR S YRS R,
known pogi tig¢qnd Rest Thd s&ond dctrRdesthas i @iivd 4nd debéift cokback Qecti®ns, whereas

the first and fourth contact sections are electrically connected with the first and second

electrodes respectively to provide a conductive path for application of power supply to

the electronic element. The second and third contact sections are electrically isolated

from the first and second electrodes.

10 In accordance with the principles of the invention, several different

embodiments are described herein.

In accordance with one aspect of the invention, the support structure includes a
first conductive terminal member having first and second spring contact pieces for
elastically applying compressive force to the first electrode, a second conductive

15 terminal member having third and fourth spring contact pieces for elastically applying
compressive force to the second electrode, a first insulative member interposed
between the second spring contact piece and the first electrode, and a second
insulative member interposed between the third spring contact piece and the second
electrode, wherein the first spring contact piece, the first insulative member, the

20 second insulative member and the fourth spring contact piece correspond to the first to
fourth contact sections respectively.

In accordance with another aspect of the invention, the support structure
includes a first conductive terminal member having a first spring contact piece for
elastically applying compressive force to the first electrode, a first insulative member

25  in contact with the first electrode, a second insulative member in contact with the
second electrode, and a second conductive terminal member having a second spring
contact piece for elastically applying compressive force toward the second electrode,
wherein the first spring contact piece, first insulative member, second insulative

member and second spring contact piece may correspond to the first to fourth contact

30  sections respectively. R —
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As is readily seen by conparison of the illustration of Fig. 16 to that of
Fig. 14, this prior art device is simlar in structure to the

previ ous device; accordingly, like ref erence characters are used to
designate |i ke parts or conponents with a redundant 30 expl anati on

t hereof being omtted herein.

7

The electronic device may further include a casing structure for holding therein
the electronic element and the first and second terminal members, wherein the first
and second insulative members are associated with the casing.

With such an arrangement, when the electronic element is accidentally

5 destroyed due to degradation through long use, respective residual fragments that are
elastically supported by both the first and fourth contact sections and by the second
and third sections are acted upon by these contact sections so that such portions may
be forced in the condition where the principal plane of the electronic element is
deviated in position. Furthermore, these residual portions remain interposed either

10  between the first contact section being rendered electrically conductive and the third
contact section rendered insulative, or between the fourth contact section rendered
electrically conductive and the second contact section rendered insulative. This
eliminates any current flow therethrough, enabling the resulting circuitry to be forced
into the open state.

15 In accordance with yet another aspect of the invention, an electronic module
includes an electronic element having first and second principal planes opposed along
a thickness dimension thereof, and first and second electrodes formed on the first and
second principal planes respectively, a pair of a first conductive spring contact piece
and a first insulative position-alignment projection in contact with the first principal

20 plane at different positions thereon, and a pair of a second conductive spring contact
piece and a second insulative position-alignment projection in contact with the second
principal plane at different positions thereon. The first and second spring contact
pieces are elasﬁcally in contact with the first and second electrodes respectively, while
providing an electrical conductive state therebetween. The first spring contact piece is

25  located closer to the outer periphery of the electronic element than the second
position-alignment projection, while causing the first spring contact piece to oppose
the second position alignment projection, with the electronic element being interposed
therebetween. The second spring contact piece is located closer to the outer periphery
of the electronic element than the first position-alignment projection, while causing the

30  second spring contact piece to oppose the first position alignment projection, with the

electronic element being interposed therebetween.
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3. As can be seen fromFig. 16, the positive therm stor

device la is structurally different fromthat of Fig. 14 to the
extent that a first termnal nenber 5a has a W shaped pair of spring
contact pieces 9a, 10a extending vertically, rather than hori zontal |y

as in the previous prior art device 1, best shown in Fig. 14, thereby 5
preventing these contact pieces 9a, 10a f§om directly opposing their

associ ated spring contact pieces 1 13 of the other, second term nal
menber 6. Such vertical facing el ati on of rin ont act. ces 9a,
10a versus the onB@.qbevwr#qﬁ‘gecsmg& fcagt eregplary fggt“regf@% It ‘8‘? BE seen

in Figs. 17eﬁﬂq%f]tﬁ ﬁ'x;é %fd sdcon rk%}']l céﬁ"t%i ﬁeéys %@ﬁi‘féseé"’sﬁﬂﬁ fr&ehaving a Vi ew,
respectively, ?‘I eV| ce sﬁ Wth tghe pri or
art posi t'i véiredtionrgeserally dﬁecteésuthvardi a{¢1aa‘i€t @ra dlrt((mg whigh mgpgpendlcular to
the principal planes (which is henceforth referred to as the "direction of thickness of
5 the electronic element"). In other words, the structure of the electrical device forces
fragments outward toward the peripheral portions of the electronic element.

Another significant feature of the invention is that each of the first and second
position-alignment projections has a tip end being partly cut away at its outer side
facing the outer periphery of the electronic element.

10 It should be noted that any number of the above features may also be
structurally combined together.

Preferably, the electronic module embodying the invention may further include
a housing or casing for holding therein the electronic element and the first and second
spring contact pieces, while the first and second position-alignment projections are

15  associated with this casing.

Additionally, the principles of the invention may advantageously be applied to
the manufacture of electronic devices or modules employing therein a positive |
thermistor element as an internal electronic element, the modules being also known as
positive thermistor devices.

20 A significant advantage of the invention is that even when the electronic
element inside the device is accidentally cracked to induce physical destruction during
operation, any continuous flow of abnormal current therein can be successfully
suppressed or eliminated by forcing the destroyed electronic element to be in the open
state immediately after such an accident, thereby ensuring that maximized safety is

25  guaranteed.

More specifically, the electronic device includes an elastic support mechanism
for elastically supporting or suspending the internal electronic element inside the
device, which mechanism includes a plurality of pairs of spring contact pieces and
position-determination projections. While all of these pieces and projections cause the

30 element to be interposed between each contact and its corresponding projection on the

opposite side of the element, only spring contact pieces contribute to formation of an
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elapsed after installation thereof, the structure of the positive

therm stor elenent 4 may becone physically degraded. If this is the
case, abnormal heat generation may t ake pl ace therein causing sparks
te occur during operation, which results in the positive therm stor

el ement 4 being destroyed due to occurrence of such sparks. 15 When t he
thermstor elenent 4 is destroyed, it bregks into several fragnents that
can di sperse within the closed inside space as defined by the casing
base 3 and cover t hereto a "mal function

d
e ohen ok GiEally FOEVE 5o b PRVER SRl of the elementy HABERDHeTIMECOR ch
W11 be i SGuo Rkl i cdlf! Aidonbel G hé BohRher g RubA.dRrmihkiag 15A and

15B for the p05|t| erm eV| ce of Figs. 13 an
ref erence t ohdreafs. Inl@helowﬁndsf tnoktl‘rgatdaavh pair Ioﬁ cemtamlecrc aﬁudgxojemoxt on 1}8:
respectively

and 14,  wherPBpiacidesaf fpe clent or ot Hirdot ol B as R as ritePseli arent
4 experignceguped v HrRNGEemet wiflkethalotifer 36#aind $nsulated from it Accordingly, when
the element is cracked and destroyed into fragments due to the degradation of its
material, even if some of the fragments attempt to remain at their original positions
due to application of elastic or compressive forces from a corresponding contact
piece-projection pair, a conductive path will no longer be defined for each residual

10 fragment because of the fact that one of its associated support members (namely, the
projection) must be an electrical insulator, which acts to interrupt or cut off any
possible continuous flow of current through the fragment(s). This can ensure that the
electronic element being presently destroyed is in the open state with respect to any
one of such residual fragments, if any. Therefore, it is possible to reliably eliminate

15 unwanted transition of the element into more dangerous malfunction states otherwise
occurring in such a way that residual fragments and spring contact pieces adversely
cooperate to induce undesired alloying phenomenon, creating electrical short-circuiting
that accelerates further generation of abnormal heat in the element destroyed.

Another significant advantage of the invention is that safety can be much

20  enhanced upon occurrence of destruction of the element due to the fact that the elastic
support mechanism is specifically arranged so as to force adjacent ones of residual
fragments to become spaced apart from each other, thereby minimizing the possibility
of shorting between the elements. This can advantageously serve to prevent current
flowing between adjacent ones of fragments inside the casing structure.

25 A further advantage of the invention is that the aforesaid safety enhancement
features also serve to allow the casing structure to be constituted from resin material,
thus reducing cost and structural complexity, while eliminating softening thereof
otherwise arising upon receipt of abnormal heat due to continuous flow of abnormal
current after destruction of the element. The advantages may typically become more

30 significant when the invention is applied to positive thermistor devices.
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therein, as shown in Fig. 15A. Even under such a condition, specific
cracked 25 portions 19, each of which is elastically supported by the

opposed spring contact pieces 9, 10 (or 12, 13) at its opposite
sides, continue to stably be held thereat as shown in Fig. 15B, while
the remai ning fragnents disperse. Accordingly, a power supply may

continuously be fed by way of such residual conponents 19 of the
therm stor el enment 4, causing these resi fal conponents 19 and their
associ ative 30 spring contact pieces 9, 10, 12, 13 to nelt, in turn

produci ng an al | Byese laad othehiobjects, features arshadvapiagescel thetyvenpan illdgy| t | an

el ectrical short,k can A . .
apparent Sl':rom Bl% ffoﬂévr\%% nqulemﬁ?trfmxtl?redescnpnon of preferred embodiments as

illustrated in the several figures of the drawings.

5 BRIEF DESCRIPTION OF THE DRAWINGS

Fig. | is a front view of a positive thermistor device in accordance with one

embodiment of the invention.
Fig. 2 is a plan view of the positive thermistor device shown in Fig. 1.
Fig. 3 is a bottom view of the positive thermistor device of Fig. 1.
10 Fig. 4 is a left side view of the positive thermistor device of Fig. 1.

Fig. 5 is a perspective view of the positive thermistor device showing a casing
cover as separated from the remaining parts thereof to visually reveal the inside
structure of the device.

Fig. 6 illustrates in an exploded manner several parts assembled in the positive

15  thermistor device of Fig. 1.

Fig. 7 is a plan view of the positive thermistor device showing its main parts
inside the thermistor device of Fig. 1.

Fig. 8A and 8B show plan views at major steps of a process where the positive
thermistor device of Fig. 7 experiences occurrence of cracks which result in

20  destruction.

Fig. 9 is a front view of the positive thermistor device of Fig. 1 showing its
main parts as arranged inside the device.

Fig. 10 is a diagrammatical representation for explanation of the relation
between the positive thermistor device of Fig. 9 and its associated position-alignment

25  projections.

Fig. 11 is a diagrammatical representation for explanation of a planar
positional relation of the positive thermistor versus position-alignment projections
shown in Fig. 9.

Fig. 12 is a side view of the embodiment for explanation of the contact state of

30  the positive thermistor with the position-alignment projections of Fig. 9.
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4, term nal nenbers 5, 6. This adversely serves to accelerate further

generati on of abnormal heat. This will possibly force the device to
go into a further mal function nmode which can, in turn, lead to
unwant ed softeni ng of the casing base 3. Furthernore, in the

positive therm stor device 1, since the mca plate 15is 5 arranged
therein, certain peripheral portions 20 OLI the positive therm stor el enent
4 which are directly in contact with the mca plate 15 tend to al so

be prevented f rOrfaig. 13 is a plan view of one prior art positive thermistor device, with a cover
thereof being removed for purposes of illustration. '

Fig. 14 is a perspective view of the prior art device of Fig. 13, wherein parts
or components thereof are illustrated in an exploded manner.

5 Figs. 15A and 15B show front views of the prior art device of Fig. 13 at
major steps of a process where the prior art device experiences occurrence of cracks
which result in destruction.

Fig. 16 illustrates an exploded perspective view of another prior art positive
thermistor device.

10 Fig. 17 is a plan view of the major part of the prior art device shown in Fig.
16 for explanation of the positional relation of a positive thermistor element and its
associated spring contact pieces. _

Fig. 18 is a side view of the major part of the prior art device shown in Fig.
16 for explanation of the positional relation of a positive thermistor element and its

I5  associated spring contact pieces looking at the device from the electrode formation
side of the positive thermistor element.

Fig. 19 is a plan view of the major part of the prior art device of Fig. 16 for
explanation of the dimensions and positioning of the spring contact pieces, with the
thermistor element removed.

20 Figs. 20A and 20B show front views of the positive thermistor element in the
prior art device shown in Fig. 16 at major steps of a process in which this element
experiences occurrence of cracks which result in destruction.

Fig. 21 shows a destruction state of the prior art positive thermistor element
having cracks as shown in Fig. 20A, when looking at the device from the right side of

25  the structure of Fig. 20B.

Fig. 22 is a plan view of an electronic module in accordance with another
preferred embodiment of the invention, with a cover thereof being removed for
purposes of illustration only.

Fig. 23 is an exploded perspective view of the electronic device shown in Fig.

o2 T P
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PakkPe&iutie@ns. However, since the distance 22

Fig. 26 is a plan view of an electronic module in accordance with still another
embodiment of the invention, with its cover being removed for purposes of illustration
only.

Fig. 27 is an exploded perspective view of the electronic module shown in Fig.
26.

DETAILED DESCRIPTION OF THE INVENTION

A positive thermistor device in accordance with one embodiment of the present
invention is generally designated by the numeral 31 as shown in Figs. 1 through 12.
Referring to Fig. I, the positive thermistor device 3! has a casing structure 32
consisting of a base 33 and a lid or cover member 34. The thermistor device 31
includes a positive thermistor element 35 as held therein, and a pair of terminal
members 36, 37, one of which is shown in Fig. 1, and both of which are visible in
Fig. 3, for example. A perspective view of the resulting assembly is best illustrated
in Fig. 5.

The casing base 33 and its cover 34 are made of a chosen heat-resistant
incombustible material that offers incombustibility equivalent to the level "94V-0" of
the UL standards, such as phenol, polyphenylenesulfite, polybutylene terephthalate, or
the like. The base 33 is structured to have a projection on the bottom thereof
enabling the positive thermistor element 35 to be stably held therein. As will be
discﬁssed in detail below, the base 33 and cover 34 may be provided with several
configurations for enabling precise position-determination or alignment of the positive
thermistor element 35 and terminal members 36, 37 once assembled thereto.

The positive thermistor element 35 may be made of a chosen ceramic-like
semiconductor material with Curie temperature of approximately 130°C, which is

formed into a coin- or disk-like shape. This disk-like positive thermistor element 35



20 bet ween a respective one of the spring contact pieces 9a, 10a and a

correspondi ng one of opposed spring contact pieces 12, 13 associ ated
therewith is designed so that the distance is | ess than the thickness
23 of the positive therm stor element 4 in a free state where the

element 4 is renoved as shown in Fig. 19, one part 24 thereof wll _
possi bly be held at its original positioglr}as a result of the fact that it
happens to be 25 gri pped or hung betwe t he spring contaﬁt plﬁce ﬁa "
and/ or 10a Qn g@ne hand and . . enent,s 12 and/. 3 on the ot er han
as shown in?‘?i‘? §§§ aﬂg,&e%?ﬂg pseiPa| Pleaf‘?ﬁ an {he opposite f‘ﬁ%s %‘5 » pphitaop dirgs a

power suppl ¥ndBycond dciidgesV3s UGHR Porméﬂg'eﬁﬂfzﬁ\l'éf‘ﬁ Zhese electr Y8RNgg rﬁag/
simlar way as in the previous device I, ortion 24 and any’ one

contact pi ebeg lgmination of a2 underlyiog mikel (Ni) layer ranqb roadweilyigg ailverd (Ap) layener eby
D s ARV Tl AL FoSEA I B Pl SRRl o
to a furs heelim@fation of wRvhateg tni®fition of Ag materxal. Note that the positive thermistor

disk 35 may alternatively be formed into another shape, including rectangular plate,

bead, or rod. The two-terminal positive thermistor disk 35 is vertically inserted

centrally into the inside space of the base 33 with its electrodes 38, 39 laterally facing

each other. .

10 As shown in Fig. 5, the first and second terminal members 36, 37 are also
packed into the base 33 in such a manner that the positive thermistor disk 35 is
interposed therebetween. These terminals 36, 37 are made of a chosen metallic
material with excellent conductivity.

More specifically, as better seen from an exploded perspective view depicted

5 in Fig. 6, the first terminal member 36 has a spring contact piece 40 made of a thin
folded metal plate, and a conductive side-slit hollow tube socket 41 that receives a
known external connector pin (not shown) to provide electrical interconnection
therebetween. The first terminal 36 also has a downward extending fastener edge 42
for rigid insertion into a corresponding receptacle of the base 33. In the embodiment

20 shown in Figs. 1 to 12, thin metal plates for the spring contact piece 40 and pin
socket 41 are separately prepared and later assembled together by known welding or
caulking techniques into an integral terminal component. The metal plate for spring
contact piece 40 may be a copper-titanium (Cu-Ti) base plate with a Ni overcoat as
formed by metal plating techniques. The metal plate of socket 41 may be a Cu-Ni

25  plate.

As best shown in Fig. 6, the second terminal member 37 is constituted from
an H-shaped plate structure that consists of a spring contact piece 43, a pair of
connector-pin sockets 44 at the top portions of the ';poles" of the H-shape, 45 and a
pair of downward extending fastener edges 46, 47 at the bottoms of such poles of the

30  H-shape. This H-shaped two-pin terminal 37 is similar to the first terminal 36 in

material and in manufacture.
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5. node where the casing base 3 is softened undesirably. Regarding
t he presence of the mca plate 15, the previous discussions may al so

be true for this device la. Nanely,
3

14
Once assembled, the first terminal meghber 36 (for purposes of convenience,

this one-pin terminal 36 will be referred to s the "I-shaped” terminal hereinafter due
to the fact that it has only one upward extgnding pole as a whole, to facilitate
distinguishing over the two-pin terminal@ is position-determined by a wall 48 inside

5 the base 33 as shown in Fig. 6, causing its fastener edge 42 to vertically project out
of the outer surface of base 33, as can be seen from the illustration of Fig. 5, for
electrical connection with any external circuitry operatively associated therewith. To
permit insertion of an external connector pin (not shown) into the socket 41 of the I-
shaped terminal 36, the casing cover 34 has a corresponding hole or opening 49

10 therein.

Likewise, the assembled H-shaped terminal 37 is position-determined by
another wall 50 inside the base 33, while allowing its fastener edges 46, 47 to
externally project downward from the base 33, as shown in Fig. S, for providing
electrical connection with external circuitry. The cover 34 has therein a hole or

15  opening 51 also, for permitting an associative contact pin to externally penetrate
therethrough to mate with a selected one of the sockets 44, 45. Note here that the
cover 34 has no opening for the remaining nonselected socket (here, socket 45) simply
because it remains unused in the illustrative embodiment. In this respect, this socket
45 may be removed as necessary.

20 - Preferably, the holes 43, 51 are minimized in diameter while allowing external
connector pins used to pass through the holes. This may provide-an enhanced sealed
environment inside the casing 32, thereby enabling the positive thermistor device 31
to offer improved resistance against the atmosphere.

To also enhance the sealed environment inside the casing 32, the base 33 and

25  cover 34 are tightly coupled together. To do this, the base 33 has two hooks 52,
whereas the cover 34 has corresponding recesses 54 rigidly engageable with hooks 52.
With these members, base 33 and cover 34 may be readily engaged and combined
with each other in a snap-like fashion to provide an integral air-tight casing structure.
Furthermore, the base 33 has a rib 55 along its opening peripheral edge, while the

30  cover 34 has a corresponding recess (not shown) for receiving the rib 55 on the

opening peripheral edge thereof. T T e
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in the positive therm stor device la, since the mca plate 15 is arranged

t herein, certain peripheral portions 25 of the positive therm stor
el enent 4 which are directly 5 in contact with the mca plate 15 are
prevented fromflying away as fragnents in nost cases, as shown in

Fig. 20B, in a simlar manner as in the above positive therm stor
device 1. Such peripheral portions 25 al Slﬁﬂgi ve rise to generation of an

al I oy, which adds to the anount of terial for produci ng the alloy.
This may serve tg worsen th mal f unct,j on he .devij ce, .cauysi ng
a softening of baBePasitign- B]évdﬁ‘i‘\eé’t Aehesne & e@%‘PV?ﬂJg’? e Bt posmve thermls“?ﬁé“*& cit

af oresai d p@%kq‘g@cﬂr{al %?gtase% g,?_l vely arise with positive therm stor

devi ces, 0sSibly ta ace in other types of electronic
conponents or See Fxgem, cdich depiais arplasvibh'eqfethophsitive theemisto dwivpcﬁieafta;
that is Iectr| and

enpl oy therein an ctron

el asti cal | yaséifB@er td We‘@L PHE € Fﬁ%‘?ﬂeeﬁrﬁe&a refpve ﬁ%ﬁeﬁ'g?lst% gtS’Eﬂ ted

t her ew tsh,  Whichifte Sh&BBM for ipBrpodeCEPTliuic&idn ol Irhd ahiing bakd3 is a walled
enclosure having position determination projections 56, 57 standing upright from the
bottom of the walled enclosure. These projections cooperate with the spring contact
pieces 40, 43 to force the positive thermistor disk 35 to be elastically supported or
suspended by the projections and contact pieces and also interposed therebetween,

10 thus providing precise position alignment for attaining a substantially *floating"
suspension of the thermistor disk 35 inside the casing 32 as separated from the inner
walls thereof. In the illustrative embodiment, the casing 32 is designed as shown in
Fig. 4 so that the floating thermistor disk 35 measures | millimeter (mm) or more in
the distance 76 between it and the inner wall of casing 32, as indicated using a broken

15 linein Fig. 4.

More specifically, as best illustrated in Fig. 7, a first pair of the spring contact
piece 40 and one position-alignment projection 56 are arranged to come in contact
with one principal plane of the positive thermistor disk 35, whereas a second pair of
opposed spring contact piece 43 and position-alignment projection 57 are in contact

20  with the opposite principal plane of disk 35, thereby elastically supporting disk 35 as
interposed therebetween inside casing 32. Notably, the first spring contact piéce 40
and the second spring contact piece 43 are specifically disposed so that they
diagonally oppose each other, while the first position-alignment projection 56 and
second position-alignment projection 57 cross-diagonally oppose each other, as can be

25  seen from the illustration of Fig. 7. In other words, a line connecting the opposed
spring contact pieces 40, 43 together crosses a line connecting projections 56, 57, to
horizontally define an X-shaped line combination.

In this situation, the spring contact pieces 40, 43 are elastically in contact with
the opposite electrodes 38, 39 of thermistor disk 35 to provide electrical connection

30 therebetween. The position-alignment projections 56, 57, which are formed mtearally
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eyentual destruction due to |ong use.
SUMVARY OF THE | NVENTI ON It is therefore_an object—oef the

present invention to provide a new and 20 i mproved el ectroni ¢ device
capabl e of avoiding the problens encountered Wtﬁhbmmm laged ar ¢

It is another object of the invention to provide wmliﬁgiﬁztroni C
even when

nodul e capabl e of attaining high reljability
destruct}on Lakes pl ace at an el ectronic el ement packed therein. 25
It is a further object of the inventjon t rovi de-an ipproved el ectronic
module WighpasIE W cestirallignwaer sofel e Fensipes ispiafive Gonpc, vt
occurrence Qifiskdég&l:dﬂ‘ég i3ﬁn3§)f Its I nternal electronic el enment packed
t herein by providing enhanced isol ati on anpng

It is also important that while the first spring contact piece 40 opposes the

-second position-alignment projection 57 with the thermistor disk 35 being interposed
5 therebetween, contact 40 is at an outer position closer to the periphery of disk 35 than
its corresponding projection 57. The same applies with respect to the other
combination of the second spring contact piece 43 and the first position-alignment
projection 56. Contact piece 43 is at a position closer to the opposite periphery of
disk 35 than projection 56 as shown in Fig. 7. With this "outer offset positioning"

10 feature of spring contacts 40, 43, the resulting application of spring force to disk 35
directs outward relative to the direction of thickness of disk 35, as designated by
arrows 58 in Fig. 7.

It is a further important exemplary feature of this embodiment that the first and
second position-alignment projections 56, 57 have slanted cut-away portions 60, 61 at

15  their tip ends. More specifically, the sides of the projections 56, 57 closest to the
peripheral portions of the disk 35 are slanted. These cut-away portions 60, 61 may
advantageously serve to increase or maximize efficiency and/or workability of the
spring force as applied from respective contact pieces 40, 43 toward the radially
opposed peripheral edges of disk 35 along the outward directions as indicated by

20 arrows 58 in Fig. 7.

After long use of the positive thermistor device 31, it may happen that its
internal thermistor disk 35 experiences occurrence of cracks due to material fatigue
thereof. In the worst case, the disk 35 can be destroyed physically. Even if this is
the case, the spring contact pieces 40, 43 and the position-alignment projections 56,

25 57 for elastic support of the disk 35 may advantageously serve to suppress or
eliminate occurrence of any continuous flow of abnormal current therein due to the
presence of a short-circuit, resulting from electrical shorting of residual fragments
after destruction. The operation of the contact pie'ces- 40, 43 and the projections 56,
57 is as follows.

30 See Fig. 8A, which diagrammatically illustrates one exemplary occasion where

cracks 62 take place in the positive thermistor disk 35 along the thickness thereof due



fragments even after physical destruction of the el enﬁni——-——-—*-"" To
attain the foregoi ng objects, the present invention prov @\nl C

|
30 devi ce which includes an el ectronic el enent haV|n
opposed el ectrodes, and a support structure for el “M“
supporting the el ectronic el enent,

17

to occurrence of sparks therein causing disk 35 to physically break into several
portions or fragments. In this situation,. the compressive forces continue to be applied
* toward disk 35 from the spring contact pieces 40, 43. Accordingly, certain fragments

must be present which remain interposed between contact pieces 40, 43 and

5  projections 56, 57 inside the casing 32. One specific fragment 63 is elastically
supported by the first spring contact piece 40 and its opposite projection 57, and
another fragment 64 is supported by the second contact 43 and projection 56 as shown
in Fig. 8B. Note here that the remaining fragments of disk 35, including one
fragment 67 indicated by the broken line in Fig. 8B, have broken away because of the

10 fact that no such elastic support members secure them reside at their original
positions.

Under the condition as demonstrated in Fig. 8B, the spring contact pieces 40,
43 connected with the opposite electrodes 38, 39 of the thermistor disk 35 are
prevented from directly opposing each other via the disk 35, while inhibiting creation

15 of any current flow path that extends from the first spring contact piece 40 through
residual disk fragments 63, 64 to the second spring contact piece 43. This can ensure
that any possible current flow or power supply is interrupted or cut off, ensuring that
the internal circuitry of positive thermistor device 31 is in the open state, that is,
rendered electrically nonconductive.

20 Hence, a significant exemplary advantage of the positive thermistor device 31
embodying the invention is that, even when power is being supplied to the internal
thermistor disk 35 after destruction thereof, since the operator cannot be aware of the
interior state of the device 31, it becomes possible to reliably eliminate the transition
of the device 31 into a more dangerous malfunction stage. This stage may otherwise

25  occur due to the presence of continuous flow of abnormal current that results from the
fact that the residual fragments 63, 64 adversely act to produce an alloy together with
spring contact pieces 40, 43 upon continuous application of power supply to provide
an electrically shorted state, inducing such abnormal heat inside the sealed
environment of the positive thermistor device 31.

30 Another significant advantage of the illustrative embodiment is that any

residual fragments 63, 64 between contacts 40, 43 and projections 56, 57 can be



6. wherein the support structure specifically includes first and

second contact sections in contact with the first el ectrode at
different positions thereon, and third and fourth contact sections in
contact with the second electrode at different positions thereon. The

fi rst and fourt_h contact sections are |located closer to the outer
peri pheral portions 5 of the first and 8second el ectrodes than the third
and second contact sections, whereas the first and fourth contact

_ | |
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power suppl yn&i@ the devxthﬁ eit‘h% b@éH Gatll ‘ﬁi’ﬂ?mﬁe diféteion ¥F AbGorBspritigh fr&gnt act
sections are electrically isolated fromthe first and second

el ect rodes. idduced by spring comtactoriencd #Ac 43 wre specHically arrengpdete direct petward

i nventi on, ver
S:'glatelvéle to g\e Juc[mess direction of the thermistor disk 35, as demonstrated by use of

5 arrows 58, 59 in Fig. 8B, whereas projections 56, 57 have specific slanted cut-away
portions 60, 61 at the outer periphery of their tip ends. The combination of such
structural features serves to force the residual fragments 63, 64 elastically supported
by contact pieces 40, 43 and projections 56, 57 to disperse far away from each other
as indicated by fat arrows 65, 66 in Fig. 8B.

10 The foregoing "fragments' outward separative movement” feature may
advantageously act to further enhance the possibility of achievement of an electrical
open state inside the thermistor device 31 after accidental destruction. Specifically,
even when an "intermediate” fragment 67 of Fig. 8B that is free from any elastic
support remains between two elastically supported fragments 63, 64, these fragments

15 63, 64 are forced to disperse far away from each other, preventing any possible
electrical contacts from arising between the intermediate fragment 67 and its
neighboring fragments 63, 64, so that an electrical short-circuit will no longer take
place therebetween. Additionally, in most cases, the intermediate fragment 67 will
break away due to the “separative movement” of its neighboring fragments 63, 64.

20  Also, these fragments by themselves tend to break away due to positional deviation
along the arrows 65, 66 inside the thermistor device 31.

The description regarding the device 31 continues with reference to Fig. 9,
which shows a side view of the interior of device 31, with several parts omitted from
the device for purposes of illustration only. As shown, the casing base 33 is provided

25  with upward extending position-control projections 68, 69 that extend from the bottom
thereof, whereas the cover 34 has similar downward extending position control
projections 70, 71 to oppose base projections 68, 69. These vertical projections 68-71
are provided to ensure that even when the internal thermistor disk 35 happens to
positionally deviate due to vibrations in the direction of its principal planes, such

30 deviation continues to fall within a predefined range. This may suppress or eliminate

occurrence of the shortaae of current—ﬂow capacny at terminals which will otherwise
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epbodi nents are descri bed herein. I n accordance with one
aspect of the invention, the support structure includes a first
conductive term nal menber having first and second spring contact pieces
for el astically applying conpressive force to the first electrode, a
second conductive 15 termnal nenber having third and fourth spring
contact pieces for elastically applying conpressive force to the
second el ectrode, a first insulative menb?r i nt er posed bet ween t he
second spring contact piece and the first el ectrode, and a second

i nsul ati ve onsibdye inpesitisebdeviatians &f sprieg contret pigaes 48, 3 iHctespacté®e and t he

second el ect , Ln.the, fir spring contact piece, the first
i nsul ative tﬁmgﬁf&?ﬂé o}'\("meeﬂ%nﬂxsi% de(:ices.itl.

second 1nsulati ve menber and the fourth spring

contact piece coTHep@saivhal eclitton dfl sush prjections 68fTucantbectuntenséensieohi Fips.
respectivel n accordance w th anot her al?%ect of the
t

: |
invention, kl(hé“%th.bpcﬁig- K} showts.angther side.v,:%p@ggsinéerfqrrogt Bisierctsvies 3kr ni nal
menber  Ravi 0g, 8, TelibS br GRE B UpRMPL a BoRfFartOFig. 11 depicts a plan view of the

device. As shown in Fig. 10, the disk 35 is secured by upper (cover) and lower
(base) projections 68-71 at the four corner edges thereof. As best shown in Fig. 11,
looking at the device from the upper side, these projections 68-71 are cross-disposed
inside casing 31 in such a manner that base projections 68, 69 diagonally oppose each

10  other along one planar diagonal line, while cover projections 70, 71 cross-diagonafly
oppose each other along the another diagonal line.

It can be seen from viewing Fig. 10 that the projections 68-71 have slanted
cut-away planes 72-75, respectively, to provide a pin-point contact arrangement for
support of disk 335 at its four circumferential corner edges.

15 A significant advantage as derived from the position-control projections 68-71
is that the thermistor device 31 can be greatly improved in safety. More specifically,
the casing 31 may become partly carbonized at positions near the thermistor disk 35
due to occurrence of sparks as induced by accidental destruction thereof, resulting in a
decrease or degradation in tracking performance, which in turn leads to formation of
20  an undesirable conductive path that may permit continuous flow of abnormal current.
As an example, position-control projections 68-71 can be carbonized due to sparks.
causing a conductive path to be defined therein. If this is the case, the thermistor disk
35 will deviate positionally in the direction of its principal planes. For instance, as
shown in Fig. 12, the disk 35 happens to come in contact with the diagonally opposite
25  projections 68, 70. Even under this condition, since each of these projections 68, 70
is prevented from extending in a direction in which disk 35 can be short-circuited
along the thickness thereof, no conductive path will take place between the electrodes
38, 39 of disk 33, irrespective of whether projections 68, 70 are actually carbonized
or not. This may promote enhancement in safety during extended operation of device
30 31



elastically applying conpressive force to the first electrode, a first

! nsul at | ve nmenber 25 in contact with the first electrode, a second
i nsul at ive menb_er in contact with the second el ectrode, and a second
conductive term nal nenber having a second spring contact piece for

el astically applying conpressive force toward the second el ectrode,
wherein the first spring contact piece, first insulative member, second
i nsul ative menber and second springﬂbontact pi ece may correspond to

the first to fourth contact 30 sections respectively.
Turning back to Fig. 6, the spring contact pieces 40, 43 are narrowed in width

at most portions as compared with a contact tip portion for electrical contact with the
electrodes 38, 39 of disk 35, as indicated by the numerals 77, 78 with respect to one
contact piece 40 shown. The explanation continues as to one spring contact piece 40,
5  but the same discussion applies to the other piece as well. Such width difference may
shorten (see Fig. 9 again) the vertical size 80 of a slit 79 that is defined at a wall 48
(see Fig. 6) in base 33 for penetration of spring contact piece 40 therethrough. This
may advantageously serve to suppress generation of air flow between a space for
holding therein the socket 41 coupled to opening 49 and a space for supporting disk
10 35, thus enhancing the atmosphere-restricting characteristics of the device 31. Yet on
the other hand, it is possible to retain sufficient capacity for current flow at such
contact sections for the reason that a relatively greater width 77 can be maintained for
the exact contact tip end of contact piece 40 with electrode 38.
In this embodiment, as can be seen from Figs. 1, 3 and 4, a rib 81 is arranged
15  on the outer surface of the casing base 33 so as to partition the base bottom into two
areas: one for projection of the fastener edges 42, 46, and the other for projection of
fastener edge 47. This rib 81 acts to lengthen the creepage distance between fastener
edges 42, 46 and edge 47, thus enhancing the tracking resistant performance and
external voltage withstanding characteristic therebetween, which may in turn lead to
20  improvements in reliability and safety of the thermistor device 31. The presence of
such rib 81 may also be effective to decrease the surface temperature of casing 32 in
the vicinity of fastener edges 42, 46, 47. The rib 81 can further contribute to
suppression of bowing which may occur during molding of casing base 33, thus
improving the accuracy of engagement of the base 33 with the cover 34 so that its
25  resistance to the atmosphere can be improved accordingly.
A positive thermistor device in accordance with another embodiment of the
invention is generally designated by the numeral 21 in Figs. 22 and 23. This device
21 is generally similar in structure to the thermistor device 31. It includes a casing
base 22, a positive thermistor element 23, terminal members 24, 25, and a cover 26

30 for closure of an upper opening of base 22. In addition to such parts, the device 21
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The el ectronic device may further include a casing structure for holding
therein the electronic elenent and the first and second term nal
menbers, wherein the first and second insul ative nenbers are
associated with the casing. Wth such an arrangenent, when
the electronic elenent is accidentally 5 destroyed due to degradation
t hrough | ong use, respective residual fragnments that are el astically
supported by both the first and fourth cdntact sections and by the second
Sg?t ;[ Q'n ;dn;pegst tlhgrne?n 2lregtri%gﬁye 9nsﬂ€1%ce ga/uatrg %?a%e them %lgst 2'?,3 tz{s et &%v&nh%tlzisgl.mh
23.
The base 22 is made of a chosen heat-resistant incombustible material that
offers incombustibility equivalent to the level "94V-0" of the UL standards, such as
5  phenol, polyphenylenesulfite, polybutylene terephthalate, or the like. The base 22
may alternatively be made of inorganic resin. The base 22 is structured to have a
projection on part of the bottom thereof allowing the positive thermistor element 23 to
be stably held therein while enabling suitable position-determination of terminals 24,
25 and insulative plates 27, 28 therein.
10 The thermistor element 23 is formed into a disk-like shape, with electrodes 29,
30 disposed on the opposite sides thereof. The element 23 may alternatively be
formed in another shape, such.as a rectangular plate. Each electrode 29, 30 may be a
lamination of an underlying Ni layer and an overlying silver Ag layer. Preferably,
the underlying layer is exposed at the periphery of its overlying layer for elimination
15  of migration of Ag material. The two-terminal positive thermistor disk 35 is centrally
inserted into the inside of base 22 with its electrodes 29, 30 laterally disposed from
each other.
One terminal member 24 has a pair of spring contact pieces 101, 102 defining
a W-shaped wing, and a socket 107 receiving therein an external connector pin (not
20  shown) to provide electrical connection therebetween. A plate constituting the spring
contact pieces 101, 102 and a plate forming socket 107 are combined together by spot
welding techniques. These pieces 101, 102 may be modified into any other shapes as
necessary. Modifying the shape of pieces 101, 102 may also lead to the possibility of
integral formation of pieces 101, 102 and socket 107.
25 Similarly, the other terminal member 25 has two spring contact pieces 103,
104 and a socket 108. The first and second terminal members 24, 25 are made of a
chosen metallic material such as stainless steel, copper alloy and the like, thereby
providing the members with appropriate elasticity and electrical conductivity. These
terminals 24, 25 are packed into base 22 while causing thermistor disk 23 to be

30 elastically disposed between the terminals in the base 22. e
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be forced in the condition where the principal plane of the electronic
element is deviated in position. Furthernore, these residual portions
remai n i nterposed either 10 bet ween the first contact Section-being--

rendered electrically conductive and the third ThioSHea G as i on
rendered insul ative, or between the fourth contact se ”Ew,wﬁﬁﬂke E’d

electrically conductive and the second contact sectio | ati ve.
This el i m nat es any current fIOW/tﬂ@rethrough, ena sul ting
circuitry to be forced into the open state.
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el ectrodes hpEED29Bf il ofrespohdm@ahermistor REQEEE P9, wiileperusipg dedastic or
respectively, a pair of a first conductive spring contact piec and a
first insul eempsssiveifarcote be rppliedribeisionj Ehe SRING $PNEATHPIFEES 8@3( H%ﬁlﬂf the r st

EI):’ISEICF i ezgﬁolng g@é@%@?gﬂry@\ye‘?@y AT 1P BosilibF EoMNthe @RFkeP cR@rl 1 @ second
opposite side (downward in Fig. 22) of its associative electrode 30, while letting its
compressive force act thereonto. This enables thermistor disk 23 to be substantially
in a "floating" condition inside base 22 due to the elastic support applied to both its
sides as attained by cooperation of sequential contact pieces 101, 103, 102, 104.

10 The rectangular insulative plates 27, 28 are disposed inside the base 22 such
that the first plate 27 is interposed between one piece 102 of the first terminal 24 and
the first electrode 29, while the other plate 28 is between one piece 103 of the second
terminal 25 and the second electrode 30, as can be readily seen from Fig. 22.

Note that these insulative plates 27, 28 may be replaced with insulative films

15  covering selected surface area portions of electrodes 29, 30, whereat corresponding
contact pieces form contacts with the films, or alternatively, replaced by electrically
insulative films or chips made of inorganic or resin material as deposited to partly
cover the outer surface of pieces 102, 103.

After assembly of thermistor disk 23, terminals 24, 25 and insulative plates

20 27, 28 into base 22, the cover 26 is attached to close the upper opening of base 22 to
provide a substantially sealed environment therein. For rigid attachment of base 22
and cover 26, an appropriate engagement structure is employed. Cover 26 may be
made of the same material as base 22. This cover 26 has holes 109, 110 through
which external connector pins (not shown) can pass to be inserted into corresponding

25  sockets 107, 108.

In the positive thermistor device 21, the terminals 24, 25 and insulative plates
27, 28 constitute an elastic support mechanism for thermistor element 23, which
includes supporting contacts for one thermistor electrode 29 as attained by the sprihg
contact piece 101 and insulative plate 27, and supporting contacts for the opposite

30 electrode 30 achieved by insulative plate 28 and spring contact piece 104. These

elements are specifically disposed at different positions on the opposite electrodes 29,



and second spring contact pi eces are elastically i t he
first and second el ectrodes respectively, while pr

el ectrical conductive state therebetween. The first spring contact piece is
25 | ocated cl oser to the outer peripher)y of the electronic el enent than

t he second posi tion-alignnent proj ion, while causing the first

or o] 6t 1 on. JaiipRuEhE wanagk PahsulerurBeS G 1 4130BR b 08epse cach ORRer via the
t her ebet V"ee'aisk}_ﬁein%ﬁ&gﬁ ttﬁﬁewae&pgg ﬁfotwnoineﬁi%. b3, WAfeuRonft Ol dddiddpe

out er peripher e electronic el eméni than the first
posi ti on- al iptpeeeh@!,pi03) andt the secontli speing &ustactopiedes 190, 104 arcopasitopaily ghiftedt act
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5  the first electrode 29 from directly opposing a corresponding one of pieces 103, 104

piece and a second insul ative position-alignment proj ec,} I, QU odt RasBRRH csfli t h
t he second principal plane at different positions k! \\ \rst
LD

on the second electrode 30 along the thickness of disk 23.

More specifically, the touching position of the spring contact piece 101 on the
first electrode 29, which constitutes a first contact section, is shifted or positionally
offset toward one outer peripheral edge of thermistor disk 23 from the touching

10 position of its corresponding spring contact piece 103 on the second electrode 30 via
one insulative plate 28 sandwiched therebetween, the piece 103 constituting a third
contact section. Likewise, the touching position of the spring contact piece 104 on
second electrode 30, which constitutes a fourth contact section, is shifted to approach
the other outer peripheral edge of disk 23 from the touching position of its

15  corresponding spring contact piece 102 on first electrode 30 via the other insulative
plate 27 sandwiched therebetween, the contact piece 102 constituting a second contact
section. This alternate contact-position differentiation scheme provides an
"unsymmetrical” contact positioning arrangement on the opposite electrodes 29, 30 of
thermistor disk 23.

20 The spring contact pieces 101, 104 constituting the first and fourth contact
sections are in electrical contact with the opposite thermistor electrodes 29, 30 to
provide a conductive path for power supply to thermistor disk 23. On the other hand,
the insulative plates 27, 28 constituting the second and third contact sections are in
contact (mechanically and electrically insulatively) with electrodes 29, 30, while

25  permitting no current flow therebetween.

In the positive thermistor device 21, the thermistor disk 23 may be destroyed
due to occurrence of cracks therein as induced by sparks during extended operation.
Even if this is the case, further flow of abnormal current can be successfully inhibited
providing enhanced safety, as will be described in detail below.

30 See Fig. 24, which diagrammatically represents an exemplary cracked state of

the thermistor disk 23, which leads to physical destruction when disk 23 breaks into



Ip the above structure, a significant exenplary feature of the invention is
that each of the first and second spring contact pieces defines a
spring force having a direction generally directed outward rel ative
to a direction which is perpendicular to

24

swaﬂ&gmwﬁ@emammﬂm.mmEuMMQmm&@mmmmWMaUMH
original positions. One fragment 90 is elastically supported by a pair of spring
contact piece 101 and insulative plate 28, and the other fragment 91 is elastically
supported by another pair of spring contact piece 104 and plate 27. The remaining
5  fragments are dislodged from disk 23. As a result, as shown in Fig. 25, these
residual fragments 90, 91 are acted upon By the contact piece-plate pairs 101, 28 and
104, 27 to deviate the position of the principal planes from each other.
Under this condition, the spring contact pieces 101, 104 in electrical contact
with the electrodes 29, 30 through neither of the insulative plates 27, 28, are
10  prevented from directly opposing each other. In addition, these plates 27, 28 provide
electrical insulation to any possible current flow paths, one of which paths extends
from spring contact piece 101 through residual fragment 90 to opposite contact piece
103, and the other of which paths extends from contact piece 104 via residual
fragment 91 toward its opposite contact piece 102. Accordingly, the power supply
15  will be reliably interrupted or cut off with respect to disk 23 immediately after
cracking destruction thereof. Moreover, the residual fragments 90, 91 can no longer
remain in contact with each other due to forced positional deviation of the principal
planes, thus rendering the resultant internal circuitry electrically nonconductive (in the
open state). This may prevent device 21 from degrading into any undesirable, more
20  dangerous malfunction mode in which the residual fragments 90, 91 of thermistor disk
23 and the terminals 24, 25 induce alloying phenomena, causing electrical short-
circuiting to appear in disk 23, so that generation of abnormal heat further continues
even after destruction thereof.
A positive thermistor device in accordance with a further embodiment of the
25  invention is shown in Figs. 26 and 27, wherein the device is generally designated by
numeral 21a. This device 21a is similar to that shown in Figs. 22-23 with the
exception that (1) the opposite terminal members 24, 25 are replaced with elements
24a, 25a of different structure, (2) the insulative plates 27, 28 of Figs. 22-23 are
removed, and (3) the casing base 22 is replaced by a base 22a having insulative mold
30 sections 270, 280 for attaining insulative support of thermistor disk 23 smnlar to that

5
provided by plates 27, 28. This Sheet Has Been R.
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the principal planes (which is henceforth referred to as the "direction of
t hi ckness of 5 the electronic elenent”). In other words, the structure
of the electrical device forces fragments outward toward the
peri pheral portions of the electronic el enent. Anot her
significant feature of the invention is that each of the first and second
position-alignnment projections has a tip fid being partly cut away at its

outer side facing the outer periphe of the electronic elenent. 10
It should be noted that nunber of the gbove features ma 0 be
structural |y contVREJSRES \é’FWéras shown in Fig. A hefigst dpTaHng, m?ﬁ@ ef“?c‘iatscﬁﬂ c

modul e e”bo%Y %ﬂ‘?v EENEER tp'i g lgpywilﬂé rtt;'é%ecf)m ét'ﬁllﬂ'xal | 25a ﬁlsa HAQYSiAle Shring

casing for ttherein ectroni ¢ el ement rst and sec?o d
spring cont amhtapt pees lommhesetﬂnecdslh%t 1661dresq:eonﬁdalﬂy)dlsposed-mildeghmma so
proj ecti ons ﬁ\re 15 assocCi at ed

e £r onal T RREREY gineRRAlR mogh cathethar i £15 1 nd bethshawa 4 Eis1 26- 6T pp | e

to 5 insulative mold sections 270, 280 of base 22a are formed to define round

protuberances at their tip ends respectively and are disposed to cross-diagonally
oppose each other as shown in Fig. 26 with respect to pieces 105, 106 as shown.
These members 105, 106, 270, 280 may constitute elastic support means for allowing
disk 23 to be held between one pair of piece 105 and mold protuberance 270 and the

10 other pair of piece 106 and protuberance 280. The mold protuberances 270, 280 may
be formed integrally with base 22a, or alternatively be made of separate parts being
attached or fixed to base 22a. It can be readily seen from viewing Fig. 26 that the
spring contact piece 106, protuberances 270, 280 and contact piece 105 are alternately
located on the opposite surfaces of disk 23.

15 With such an arrangement, similar functions and advantages to those
previously identified may be achieved, as will be described in detail below.

In the positive thermistor device 21a, the elastic support mechanism for
elastically supporting thermistor element 23 is constituted from terminal members 24a,
25a and base 22a having round insulative protuberances 270, 280. This support

20  mechanism includes four, first to fourth contact sections for the first and second
thermistor electrodes 29, 30, which sections are the spring contact piece 105,
protuberances 270, 280 and contact piece 106, wherein contact piece 105 and
protuberance 270 are on electrode 29, whereas contact piece 106 and protuberance !
280 are on electrode 30. These support elements 105, 106, 270, 280 are located at

25  different positions on the opposite electrodes 29, 30 in such a manner that any one of
these elements is prevented from directly facing a corresponding one of the other
elements. That is, the touching point of contact piece 105 on the first electrode 29 is
positionally offset toward one peripheral edge of disk 23 from that of protuberance
280 on the second electrode 30, as can be seen from Fig. 26, whereas the touching

30 point of contact piece 106 on the second electrode 30 is positionally offset toward the

. R —
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t be manufacture of electronic devices or nodul es enploying therein a
positive therm stor elenent as an internal electronic elenent, the
nodul es bei ng al so known as positive therm stor devices. 20
A-significant advantage of the invention is that even when the electronic
el enent inside the device is accidentally cracked to induce physical

destruction during operation, any cagntinuous flow of abnormal current
therein can be successfully suppregéed or elim nat ed by forcing the
destroyed electronic elenment to be int te i medi ately

after such Qﬂwé:c@ﬂﬂ@mopp??\?érl@ﬁ?h%fﬁlsﬁ‘?gen%f 4‘#&?-3 R thay 88 pgoﬂt@rquesfigg)n

guar ant eed. the first f:lectroche 2d\ﬂ)a"sesh§‘gﬁc' fically, the electronic device includes
an el astic suppor for elastically supporting or suspending

the internal el eqheapiing ebr&ﬁmr;ﬁedeﬂﬂOﬁlelommnsmutmg dievfirse andvfourth comedeani sm
includes a plurality of pairs of SPI’I ng{h%?nt act pi ec

e
posi ti on- defeRNH AT @ﬁCtEF%])e‘@tqoﬂﬁ’é’ t|angfseqq:,1g§iec[5qogeseg9 aat
proj ectigns r&fv%ﬁ/e{ﬁ%mwdmg a conductive path for the power supply to disk 23. On the

other hand, the first and second protuberances 270, 280 constituting the second and
third contact sections are insulatively in contact with electrodes 29, 30.

In the positive thermistor device 21a, when the thermistor element 23 is

accidentally cracked due to occurrence of sparks, certain fragments which are directly

10 supported by one pair of spring contact piece 105 and insulative protuberance 280 and
also by the other pair of contact piece 106 and protuberance 270, may remain at their
original positions due to application of compressive forces from the support pairs,
while the remaining fragments fall away. Such residual fragments (these may
correspond to fragments 90, 91 of Fig. 24) are given actuating forces causing their .

15  principal planes to deviate in position with respect to each other in a similar manner
to that shown in Fig. 25.

In the foregoing situation, the spring contact pieces 105, 106 making electrical
contacts with thermistor electrodes 29, 30 are prevented from directly opposing or
facing each other via the thermistor disk 23 being interposed therebetween. The

20 contact piece 105 merely opposes insulative protuberance 280, whereas contact 107
opposes protuberance 270. This causes any power supply to be interrupted, rendering
the resulting circuitry nonconductive. It is thus possible, as in the previous
embodiment device 21, to successfully eliminate electrical shorting conditions
immediately after occurrence of abnormality during operation, enabling device 21a to

25  be protected against a transition to a more dangerous malfunction mode due to further
continuation of flow of abnormal current therein, even after destruction of thermistor
disk 23 inside the casing structure of the thermistor device 21ia. _ "

While the invention has been particularly shown and described with reference
to preferred embodiments thereof, it will be understood by those skilled in the art that

30  various changes in form and details may be made without departing from the spirit

and scope of the invention, as defined by the claims which follow, . . ... ———""
as Been Reflaced
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30 elenent to be interposed between each contact and its correspondi ng

projection on the opposite side of the elenent, only spring contact
pi eces contribute to formati on of an
9.

27

For example, while the positive thermistor device 31 shown in Figs. 1-12
includes the casing 32, this casing may be excluded if an alternative structure is
employed therefor which can support the spring contact pieces 40, 43 and position-
alignment projections 56, 57 while allowing the thermistor disk 35 to be elastically

5 supported and interposed therebetween. The same applies with respect to the
embodiment devices 21, 21a shown in Figs. 22-27.

Also, the "fragment outward separative movement" feature of the invention
does not always consist of both (1) the "spring force outward application”
arrangement of pieces 40, 43 as denoted by the arrows 58, 59 of Fig. 8B and (2) the

10 "fragments' outer movement acceleration" arrangement of the projections 56, 57 as
attained by formation of the cut-away portions 60, 61 at tip ends thereof. When
appropriate, either one of these arrangements may be employed as needed.

In addition, the principles of the invention are not restricted to the illustrated

thermistor device 31 including thermistor disk 35. The principles extend to any type
I5  of electronic device where it is desirable to prevent a short circuit upon the

occurrence of a malfunction.
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roye s in th state with respect to any
including first and second contact sections in contact with said first electrode at

different positions thereon, and third and fourth contact sections in contact with said

second electrode at different positions thereon;

the first and fourth contact sections being located closer to outer peripheral

10  portions of said first and second electrodes than the third and second contact sections;

said first and fourth contact sections being electrically connected with said first

and second electrodes respectively to provide a conductive path for application of

power

to said electronic element; and

the second and third contact sections being electrically isolated from said first

15 and second electrodes.

2. The device according to claim 1, wherein said support means .

comprises:

20  pieces

pieces

a first conductive terminal member having first and second spring contact
for elastically applying compressive force toward said first electrode;

a second conductive terminal member having third and fourth spring contact
for elastically applying compressive force toward said second electrode;

a first insulative member between said second spring contact piece and said

first electrode;

25

a second insulative member between said third spring contact piece and said

second electrode; and

said first spring contact piece, said first insulative member, said second

insulative member and said fourth spring contact piece constituting said first, second,

third and fourth contact sections respectively.
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reliably elimnate 15 unwanted transition of the ele

ope of such residual fragnents, if any. Therefore, it :'ﬁ
dangerous mal function states otherw se occurring

Wi ity

residual fragments and spring contact pieces adversely cooperate to
I nduce undesired all oyi ng phenonenon, creating electrical short-circuiting
that accelerates further generation of ahpornmal heat in the el enent

dest royed.

that safety can be rrui_F %0, enhanced upon occurr.ence of destruction of the
el enent due to tHe factefYre pErOTUNGIR F@‘m 1, wheggip 58 ts"'ﬁ%%rﬁg?’ﬁag?n i s

‘ﬁg{i&gged so as to force adjacent ones of residual

speci fical | y,
fragnents to
possibility

Anot her signific¢dnt advantage of the invention is

come spaced apart from each other, thereby mnimzing the
a fost comdudtivageminglemamberchaying e firss spming sortast RieRealor ageous! y

serve to prel\égt?qtz}agéhr)&nto g}pr%fvleotvo\”fc%gtoa%&/&@aﬁ@ﬁﬂ{ae?é:c?rg e.0nes of fragments

i nside the €

advant age of the

i nvention is thap frhenafifivesabsbeainadontaenhanoarefist electrodd, eat ures al so
serve to allow the casing structure to be constituted fromresin material,

a second insulative member contacted with said second electrode;

a second conductive. terminal member having a second spring contact piece for

elastically applying compressive force toward said second electrode; and

said first spring contact piece, said first insulative member, said second

10 insulative member and said second spring contact piece constituting said first, second,

third and fourth contact sections, respectively.

4, The device according to claim 3, further comprising a casing for

holding therein said electronic element and said first and second terminal members,

IS  and wherein said first and second insulative members are associated with said casing.

5. The device according to claim I, wherein said electronic element is a

positive thermistor.

20

6. An electronic device comprising:

an electronic element having first and second principal planes on opposite sides

thereof, respectively, and first and second electrodes formed on said first and second

principal planes respectively;

a pair of a first conductive spring contact piece and a first insulative position-

25  alignment projection being contacted with said first principal plane at different

positions thereon;

a pair of a second conductive spring contact piece and a second insulative

position-alignment projection being contacted with said second principal plane at

different positions thereon;
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t hus reducing cost and structural conplexity, while el Lm-nating soft

t her eof ot herwi se arising upon receipt of abnornal m\\g“
conti nuous fl ow of abnornal current after destr mj‘\\

The advantages may typically becone nore 30 signifi c the®
invention is applied to positive therm stor devices.

30

said first and second spring contact pieces being elastically contacted with said
first and second electrodes respectively while providing an electrical conductive state
therebetween;
said first spring contact piece being located closer to an outer periphery of said
5  electronic element than said second position-alignment projection while causing said
first spring contact piece to oppose said second position alignment projection with said
electronic element being interposed therebetween;
said second spring contact piece being located closer to an outer periphery of
said electronic element than said first position-alignment projection while causing said
10 second spring contact piece to oppose said first position alignment projection With said
electronic element being interposed therebetween; and
each of said first and second spring contact pieces defining a spring force

directed generally away from a direction which is perpendicular to said principal

planes.
15
7. An electronic device comprising:
an electronic element having first and second principal planes on opposite sides
thereof, respectively, and first and second electrodes formed on said first and second
principal planes respectively;
20 a pair of a first conductive spring contact piece and a first insulative position-

alignment projection in contact with said first principal plane at different positions
thereon;

a pair of a second conductive spring contact piece and a second insulative
position-alignment projection in contact with said second principal plane at different

25  positions thereon;

said first spring contact piece and said second spring contact pieces in elastic
contact with said first and second electrodes respectively while providing electrical
conductive state therebetween;

said first spring contact piece being located closer to an outer periphery of said

30  electronic element than said second position-alignment projection, while causing said
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invention wll be ’ apparent fromthe foll ow ng nor

;
description of preferred enbodi nents as illustrate m Iﬂ/
figures of the draw ngs. 5 BRI EF DESCRI

THE DRAW NGS Fig. | is a front view of a positive thernstor
device in accordance with one enbodj,ment of the invention.

Fig. 2 is a plan view of the positive therlm'stor device shown in Fig. 1.

Fig. 3 is a.bottam vi ew of, thedaositiv t hermi st.or device of. Fi g. 1. .
first spring contact piece to dppose said second position alignment projection with said

10 These and ot her objects, features and %ant ages of the

electronic element being interposed therebetween;
said second spring contact piece being located closer to an outer periphery of
said electronic element than said first position-alignment projection while causing said
5 second spring contact piece to oppose said first position alignment projection with said
electronic element being interposed therebetween; and |
each of the first and. second position-alignment projections having a tip end

being partly cut away at its outer side facing the outer periphery of said electronic

element.
10
8. An electronic device comprising:
an electronic element having first and second principal planes on opposite sides
thereof, respectively, and first and second electrodes formed on said first and second
principal planes respectively;
15 a pair of a first conductive spring contact piece and a first insulative position-

alignment projection in contact with said first principal plane at different positions
thereon;
a pair of a second conductive spring contact piece and a second insulative
position-alignment projection in contact with said second principal plane at different
20  positions thereon;
said first spring contact piece and said second spring contact pieces in elastic
contact with said first and second electrodes respectively while providing electrical
conductive state therebetween;
said first spring contact piece being located closer to an outer periphery of said
25  electronic element than said second position-alignment projection, while causing said
first spring contact piece to oppose said second position alignment projection with said
electronic element being interposed therebetween;
said second spring contact piece being located closer to an outer periphery of
said electronic element than said first position-alignment projection while causing said

30  second spring contact piece to oppose said first position alignment projection with said

electronic element being interposed therebetween;
eet Has Been Replaced
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10 Fig. 4is aleft side view of the positive therm stor device

of Fig. 1. Fig. 5 is a perspective view of the positive

t herm stor device showi ng a casing cover as separated fromth

remai ning parts thereof to visually reveal the inside n“\ Eﬁl
the devi ce. Fig. 6 illustrates in an expl wgm ral

parts assenbled in the positive 15 theé stor deV|ce
Fig. 7 is a plan view of the positive th stor device shomnng its main

arts i nside,the, therm tor evi.ce of Fi Fig. 8A
D 8B show pl aniehaldne frondnd sStond $brifs cantahylecss defising Wémgcfgme. ve

therm stor &'i?é@té‘de%éhferdﬁygout&ax%xﬁéﬁﬁhgigﬁsdé&féﬁbﬂ bfr?@r?dx&flarcﬂb%l‘cﬁ il %ﬁg resul t

in 20 destructi I's a ont vi ew of sitive
t herm stor plenéscandf Fig. 1 showing its main parts as arranged i nside

the device. each of the first and second position-alignment projections having a tip end

5 being partly cut away at its outer side facing the outer periphery of said electronic

element,

0. The device according to claim 6, further comprising a casing for
holding therein said electronic element and said first and second spring contact pieces,
10 and wherein said first and second position alignment projections are associated with

said casing.

10.  The device according to claim 2, wherein said electronic element is a

positive thermistor.

Il The device according to claim 3, wherein said electronic element is a

positive thermistor. -

12.  The device according to claim 4, wherein said electronic element is a

20  positive thermistor.

13.  The device according to claim 6, wherein said electronic element is a

positive thermistor.

25 t4.  The device according to claim 7, wherein said electronic element is a
positive thermistor.
I5.  The device according to claim 8, wherein said electronic element is a
positive thermistor. J—
30 — Replaced
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Fig. 10 is a diagrammatical representation for expl anatlsﬁ reI at [ on

bet ween the positive therm stor device of Fig. 9 and it My

posi tion-alignment 25 proj ections. Fig. 1T'i ¢ at

di agrammati cal representation for explanation of a planar p03| t [ dnal

relation of the positive therm stor versus position-alignnment projections

shown in Fig. 9. Fig. 12 is3? side view of the enbodi nent for
h

expl anati on of the contact state of 30 e positive thermstor with the

osition-alignnmen roj ecti.ons Fi
P g lé. P "ﬂte ﬁevme accorclmv 90 clann 9, wherein said electronic element is a

positive thermistor.

17.  The device according to claim 7, further comprising a casing for
5 holding therein said electronic element and said first and second spring contact pieces,

and wherein said first and second position alignment projections are associated with

said casing.

18.  The device according to claim 8, further comprising a casing for
10  holding therein said electronic element and said first and second spring contact pieces,

and wherein said first and second position alignment projections are associated with

said casing.

—_—
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Fig.
cover

Fig. 14 is a perspective view of the prior art device of Fig. 13, wherein

parts
Fi gs.

maj or steps of a process where the prior
of cracks

t hereof being renoved for purposes of illustration.

13 is a plan view of one prior art positive therm stor device, with a

or conponents thereof are illustrated in an expl oded manner.

15A and 15B show front views of the prior art device of Fig.

ABSTRACT OF THE DISCILOSURE

13 at

3z_;}rt devi ce experiences occurrence

A positive thermistor device includes a positive thermistor element having a

pair of opposed electrodes, each of which receives compressive force elastically

applied from a corresponding one of spring contact members to hold the thermistor

S  element at a predefined position in the device. When the thermistor device is

destroyed, the element breaks into fragments, some of which remain in contact with

the spring contact members. The remaining fragments deviate in position to ensure

that they do not conduct electricity, resulting in an open state, wherein any current

flow is inhibited through such fragments. More specifically, a positive thermistor

10 disk is held within the device so that it is interposed between conductive spring

contact pieces and insulative position-alignment projections, which are cross-

diagonally situated with respect to each other. The spring contact pieces are located

further toward the periphery of the disk than the position-alignment projections,

causing a spring force to extend in a direction generally outward relative to a

15  direction perpendicular to the planes of the electrodes. In one embodiment, the

position-alignment projections have cut-away portions at outer tip ends thereof
respectively to further promote the formation of an open circuit state upon the

occurrence of malfunction.
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whi ch result in destruction. Fig. 16 illustrates an expl oded

perspective view of another prior art positive therm stor device. 10
Fig. 17 is a plan view of the major part of the prior art device shown in
Fi g. 16 for explanat.ion of the positional relation of a positive
thermistor el ement tggdlits associ ated spring contact pieces.
Fig. 18 is a side view of the ngjor part of the prior art device shown in
Fig. - 16 for explanation of the positional relation of a positive
therm stor el enment and '[s 15 assdcggé %_sprlng contact pi.eces | ooking at
the device fromthe el ettrode formati side of the positive
therm stor el enent. Fig f9 ik a plan view of the maj or part
of the prior art device of Ff{g. 16 for} explanﬁtlon of the di nmensions
and positioning of the spring—contadti"pragceg—Mth th t herm st or
el enent renoved. | Y2
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20 Fi gs. 20A and 20B show front views of the positive therm stor

el enment in the prior art device shown in Fig. 16 at najor steps of a
process in which this el enent experiences occurrence of cracks which
result in destructilgg.? Fig. 21 shows a destruction state of
the prior art posifti e thermistor el enent havi ng cracks as shown in
Fig. 20A, when | ooking at the device frogpythe right side of 25 t he
structure of Fig. 20B. 3| L Fi g. §L2 is ayp}an view of an electronic
nodul e in accordance w tTh anot her referred/enbogi nent of the
invention, with a cover therevﬁ—b@rﬁg;tn: od <& purposes of
|IIustrat|on only. B3 S an==xpip d perspective view of
the el ectronic device shoddTh Fig. 30 H22. 33 )
c——
. 36 = | ]
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12 Fig. 24 is a plan view of a positive therm stor el enent

provided in the el ectronic nodule of Fig. 22 for visual indication of
cracks due to occurFsgc%;of spar ks therein:
3l
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Fig. 25 is a plan view of the positive therm stor elenent thus destructed

when 5 cracks occurred. Fig. 26 is a plan view of an

el ectroni ¢ nodul e i agcordance with still another ' enbodi nent of the
i avention, with it ﬁb r being renmoved for purposes of illustration

only. Fig. 27 is an expl oded perspective view of the

el ectronic nodule showmn in Fig. 10. 26. DETAI LED

A positive therm stor device in

3 invention is generally

lg¢¥ 1 through 12. 15 Referring
K ‘%Qsing structure 32

DESCRI PTI ON OF THE | NVENTI ON
accordance with one odi nent of
desi gnated by the nuneral
to Fig. 1, the positiyd thedp
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consisting of a base 33 and a Iid or cover nenber 34. The therm stor device

31 i ncludes a positive therm stor elenent 35 as held therein, and a
pair of term nal . nbers 36, 37, one of which is shown in Fig. 1, and
bet h of which are vi¥}jhble in Fig. 3, for exanple. A perspective view
of the resulting assénbly is best illustrated 20 in Fig. 5.

The casing base 33 and its cover 34 are nade of a chosen heat-resistant
i nconmbusti bl e materi al thqg of fers inconmbustibility equivalent to the |evel

"94V-0" of the UL s dards, such as phenol, pol yphenyl enesulfite,
pol ybut yl ene terephthal ate, or 34 he giggl e base 33 is structured to
have a projection on the bottomthergof engBling the positive
therm stor.elenment 35 to 22 gt abl'y el i ill be di scussed
in detail below, the base“33 e iLdé@ with several
configurations for enablfn 1t St n- deterpanati on or alignment of
the positive t her m 8¥/ad_ge 35jand [¥pr m ers 36, 37 once
assenbl ed t hereto. é:::: 4
-
) y.5d L3
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The positive therm stor elenment 35 may. be made of a chosen ceram c-1ike 30
sem conductor material with Curie tenperature of approximtely 130[err]C,

which is formed into a coin- or disk-like shape. This disk-1like
positive therm stor elenent 35

(168"
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13 has first and second principal planes on the opposite sides

t hereof, on which two, first and second el ectrodes 38, 39, are forned
respectlvely These&glec rodes 38, 39 may be a | am nation of an
under | yi ng ni ckel It yer and an overlying silver (Ag) |ayer.

Preferably, the underlylng | ayer is exposed at the periphery of the
overlying layer for 5 elimnation of unwanted mgration of Ag material.
Note that the positive Lﬂﬁrnlstor disk 35 may alternatively be forned
i nt o anot her shape, inc i ng r@ptangul ar ggate7j *  bead, or rod. The
two-term nal positive therm ston dISk 35 i§yvertjcally |nserted

centrally into the inside sp ‘T its electrodes 38, 39
| ateral ly facing each As|shown in Fig. 5, the
first and second term nal n¥g SO ‘% packed into the
base 33 in such a nanner 30'@ os,i_rjgve t harm 31 or %35 i's

79 33 a
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nl | |57
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i pt er posed t her ebet ween.

These term nals 36, 37 are made of a chosen

nmetallic material with excellent conductivity. Mor e
specifically, as beig en froman expl oded perspective view depicted 15
in Fig. 6, the firs ' naI menber 36 has a spring contact piece 40 nade
of a thin f ol de netal pl ate, and a conductive side-slit hollow tube
socket 41 that receives a known external connector pin (not shown) to
provi de el ectrical interconmggction t her ebet ween. The first term nal

36 al so has a downward ext

shown in Figs. 1 to 12, thin

ing f
into a correspondi ng receptacl e of

e &

edge 42
ge 33.

and pin socket 41 are sépar=
t oget her by known wel di ng or
terminal conponent. The mefl

be a copper-titanium (Cu-Ti)

by netal plating techniquizn

I{and | ater

for rigid insertion

32t he enmbodi ment. 20

e spring contact piece 40

assenbl ed

ni ques into an integral
contact piece 40 may

overcoat as f or med

>

QEFt 41 may be a Cu-N

~—~63

—-"'""\Q
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25 pl at e. As best shown in Fig. 6, the second term nal

menber 37 is constituted from an H-shaped plate structure that
consists of a sprlwg ct pi ece 43, a pair of connector-pin
sockets 44 at the t § rMtions of the "poles" of the Hshape, 45 and a

pair of downward extendi ng fastener edges 46, 47 at the bottonms of such
pol es of the 30 H-shape. This H shaped two-pin termnal 37 is simlar to

the first termnal 36 in_L_ mat eri al and_in manuf acture.
16 PRIOR
ART
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Once assenbled, the first term nal nenber 36 (for pur poses of conveni ence,

this one-pin termnal 36 will be referred to as the "I-shaped” term nal

her ei nafter due to the fact that it has only one upward extendi ng pol e
as a whole, to facilitate di stingui shing over the two-pin termnal 37
is position-determned by a wall 48 inside 5 the base 33 as shown in
Fig. 6, causing its fastener edge 42 tgévertlcally proj ect out of the
outer surface of base 33, as can be mthe illustration of Fig. 5,
for electrlcasdgonnectlon\Mtrl ny rnal circuitry operatively
associ ated t permt \ns rﬁf ?? an external connector pin

(not shown) ¥ ti t he socket 41 of the/j;_,x///
/]
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shaped term nal 36, the casing cover 34 has a correspondi ng hol e or opening

49 10 therein. Li kewi se, the assenbl ed H shaped term nal 37
is position-determned b another wall 50 inside the base 33, while
atlowing its fastenekl dgé% 46, 47 to external ly project downward
fromthe base 33, as shown in Fig. 5, for providing - electrical

connection with external ,circuitry. The cover 34 has therein a hole or 15
openi ng 51 al so, for perﬁﬂiting an associ atiye contact gpin to externally

penetrate therethrough to mate with ected o of the sockets 44,
45. Note here that the over 34 ha Nog f@r the remaining
nonsel ect ed socket (here, soJ t 45 i guse it remajns unused
in the illustrative enbodi ment\ ket 45 may

be renmoved as necessary. 20 Preferably,
m nimzed in dianeter while@l ke ng externa
pass through the holes. Thi ey provi de-an enhancege

49, 51 are

I
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epvi ronment inside the casing 32, thereby enabling the positive therm stor
device 31 — to offer inproved resistance against the atnosphere.

To al so enhance the ﬂignvironnent i nside the casing 32, the base 33
and 25 cover 34 ar htly coupled together. To do this, the base 33 has
two hooks 52, mhereas the cover 34 has correspondi ng recesses 54
rigidly engageabl e with hooks 52. Wth these nenbers, -base 33 and
cover 34 may be readily engaged and con®t ned with each other in a
snap-li ke fashion to provide an integral air-tight casing structure.
Furthernore, the base 33 has a rib 55 _al its opening peripheral edge,
whil e the 30 cover 34 has a rrespondlng recess (not shown) for.
receiving the rib 55 on the & opéni ng s iphqﬂ?l edge t hereof.

N
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15 The position-alignnment schenme as enpl oyed for the positive

therm stor disk 35 I nside the casing 32 is as foll ows.
See Fig. 7, which dgplct a plan view of the positive therm stor device 31
after assenbl jwnth several parts or conponents being renpved to
reveal the interna
L
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5 structure thereof for purposes of illustration only. The casing base 33

is a walled encl osure having position determ nation projections 56,
57 standing upright fromthe bot-tom of the wall ed encl osure. These
ptoj ections cooperate with the spring contact pi eces 40, 43 to force

the positive therm stor disk 35 to be elastically supported or

suspended by the projections and cont?f pi eces and al so interposed

t her ebetween, 10 thus providing preci position alignnent for attaining a
substantially "floating" susfpensiion 2] the thermstor disk 35 inside.
the casing 32 as separated fromthe\j nfier wal |'s thereof. In the
illustrative enbodi nent, the casingp32 ry)designed as shown in - Fig. 4
so that the floating therm stor disk 35 asures 1 mllineter (nm -or nore
in the distance 76 betwgeen it jand Lamd? wal | of casing 32, as

i ndi cated using bquﬁn 15 e i pAf _ Mor e

specifically p%s i |1 ustratees first, pair of the spring
cont act i ece 40 and_one dbjection 56 are
arranged to cone in contacﬂd
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with one principal plane of the positive therm stor disk 35, whereas a
second pair of opposed spring contact piece 43 and position-alignnment
projection 57 are in contact 20 w th the opposite principal plane of disk
35, thereby el asticd g*pporting di sk 35 as i nt erposed t her ebet ween
inside casing 32. No 1y, the first spring contact piece 40 and the
second spring contact piece 43 are specifically disposed so that they

di agonal | y oppose each other, while the first- position-alignnent projection

56 and second position-alignnent projection 57 cross-diagonally
oppose each other, as can be 25 S theﬁZILwtration of Fig. 7. In
ot her words, a line connecting\t opposed sprj ng cont act pleces 40,
43 together crosses a line co ct] pr o] o) 57, to
hori zontal ly define an X-shapéd ne o pat NoH” In this
situation, the spring cgnta {eces |40, 73 elgstically in contact with
t he opposite electrodesﬂﬁ - of thé¢rm st{Or di 5‘ provi de el ectrica
connection 30 t her ebet wegn. pogiTTON- o | proj ections 56, 57,
which are formed integrally - i . 1
ENEE
: f0a.
B
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16 W|th base 33 are el ectrlcally |nsul ative, so that these
constitute insul atlve contacts with
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di sk el ectrodes 38, 39. It is also inportant that while the
first spring contact piece 40 opposes the second position-alignnment
projection 57 with the therm stor disk 35 being interposed 5

t her ebet ween, contact 40 is at an outer position closer to the periphery of

di sk 35 than its corresponding projection 57. The sanme applies with
respect to the other conbi nat i of the second spring contact piece
43 and the first -position-alignment F{a.2frojection 56. Contact piece 43
is at a position closer to the oppositeé periphery of di sk 35 than

projection 56 as shown in Fig. 7. Wth this "outer offset positioning" 10
feature of spring contacts 40, 43, the resulting application of spring
force to disk 35 QP ects outward rel ativg me di rectépn of

t hi ckness of disk 35, as—designated by ' dz

It is a further |nportant exenpl ayg9f eat t that t he
first and secga? 2|t|on al ngnpent proj ections Maye sl anted
cut-away portions 6

{02
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15. their tip ends. Mire specifically, the sides of the projections 56, 57

closest to the peri pheral portions of the disk 35 are slanted. These
cut-away portions 60, 61 nay advant ageously serve to increase or
maxi m ze efficiency and/ or workability of the spring force as applied
fromrespective contact pieces 40, 43 toward the radially opposed
peri pheral edges of disk 35 al ong e outward directions as indicated by 20
arrows 58 in Fig. 7. f tler ng use of the positive thermstor
device 31, it may happen that its internal thermstor disk 35
experiences occurrence of cracks due to material fatigue thereof. In
the worst case, the disk 35 can be destro physically. Even if this is

proj ections 56, 25 57 for elastic sﬂ%%o Bsk 35 may

advant ageously serve to suppress, or ate urrence of any
conti nuous flow of abnormal cuf@e ﬁif ‘presence of a
short-circuit, resulting fromelectrl g of residual fragnments

. 103
24 . /00\>\

/02

the case, the spring contact pieces 40, 4~&énd t he position-alignnent

HshorfT

25
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after destruction. The operation of the contact pieces 40, 43 and the
ptoj ections 56, 57 is as follows. 30 See Fig. 8A, which
dt agrammatically illustrates one exenplary occasi on where cracks 62
take place in the positive therm stor disk 35 along the thickness thereof

due
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17 to occurrence of sparks therein causing disk 35 to physically

break into several portions or fragnents. In this situation, the
conpressive forces continue to be applied ' toward disk 35 fromthe
spring contact pieces 40, 43. Accordingly, certain fragnents nmust be

present which remain interposed bgtween ntact pieces 40, 43 and 5
projections 56, 57 inside the casi gﬂ&ﬁr One specific fragnment 63 is

el astically supported by the fi¥rst spring contact piece 40 and its
opposite projection 57, and anot her fragnent 64 is supported by the
second contact 43 and projecti&”&EG as shown in Fig. 8B., Note here
that the remaining fragnents of disk 35, incl 9 agnent 67
i ndicated by the broken line in Fig. 8B, ha
fact that no such el astic support nenber

ori gi nal 109

107 23
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pasitions. REPU‘C 3 L-‘Tﬁﬁ&e‘;f the conditionjas HERDAE 2

spring contdct{ pi e eces 40, 43 connecte mht,hmt“ i cfp" Bﬁ B ectﬁ’l(bdes
38, 39 of th thqrgn\mtﬁoﬂﬁ'ﬂi ki35 are r ' dif’ de|pagepBdsiing
edch other viai the disk 35, \wHile inhibitin r “’n 4 -C‘ﬂf -dpypaged 28nt
flow path that~extendsS Tromthe first sprin %ﬁﬁ"“ﬁl ééé*—%d Emmmzo
residual disk fragments 63 to the secq d Spl’l tconPagad . &fz@uéls%i:f!'h S
can ensure t hat any possi bl e current {fl ow or power supply

interrupted or CEE OEF | SHATE (e RECEIDT, c‘éﬁﬁzqﬂf
positive therms - o <8 . ed

el ectrically nonconduct g

advant age of the positive tﬂﬁt‘ﬁéﬁ@

exenpl ary
Uﬁﬁvl* en;ié dying the
S Deél')Fl‘g buppl | eu 10 the internal

invention is that, even whem- pOWeT
t herm stor

awar e of _t he interior

di. ste&Boﬁﬂiednvcmwhr uction thereof,
state_of the deV| ce 31,

Si nce the operator cannot be
it becones possible to

reliablydelim natQetHesent dyygptiqrorelates generally to electronic devices employing therein
an electronic element with opposite electrodes on its principal planes, and more

particularly, to electronic modules with an elastic support mechanism for an electronic

element mounted therein having spring contact pieces in contact with respective

electrodes of the electronic element for elastic support of the element as interposed

Conventionally, many electronic devices include positive thermistor devices for

use in current limiter circuitry. Thus, thermistor devices have been widely used in

the manufacture of several types of electric circuitry or modules, including motor

activation controller circuitry for electric refrigerators, electronic demagnetization

circuitry for television receivers, monitor display tube units, and other applications.

One typical configuration of a prior art positive thermistor device is shown in

Figs. 13 and 14, wherein this device is generally designated by the numeral 1. This

conventional positive thermistor device 1 essentially consists of a casing body or base

3, a positive thermistor element 4 held therein, a pair of first and second terminal

members 3, 6, and a lid or cover 2 attached to the base 3 to close the upper opening

As shown, the positive thermistor element 4 exhibits a disk-like shape having

opposite surfaces on which first and second electrodes 7, 8 are disposed respectively.

This positive thermistor element 4 is centrally inserted into the inside space of the

base 3, with the electrodes 7, 8 facing the right and left sides thereof, as shown in

The first and second terminal members 5, 6 are assembled within the inside

space of casing base 3 in such a way that these members 5, 6 support both sides of

10 therebetween.
2. Description of the Prior Art
15
20
thereof.
25
Fig. 14.
30
i
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the opposed electrodes 7, 8 of the positive thermistor element 4. Each terminal

member 5, ‘6 may be an elastic conductive plate of a chosen metallic material. The



of the devi ce_31._into-a-mere—ggnger ous nmal function stage. This stage may

ot herwi se 25
current that
adversely actitp
40, 43 upon cén
electrically $h

E‘@Ié'ftﬁﬂﬁﬁﬁe presence of continuous flow of abnor nal
fact that the residual fragnments 63, 64

dyge

oo SR ¢

re.

oy together with spring contact pieces
ty on of power supply to provide an
duci ng such,  abnornmal heat inside the seal ed

envi ronnent off the positi ve thefmi stor dekice 31. 30 Anot her
si gni fi cant advant-age—ofT1e "TTustrative enbodi ment. i s that any
residual frBEeerEng nembereinglidss 8 patr pftspring compact-pieres Sojl0davingsa 86, 57

can be
5
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20
25
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shaped profile as a whole, and also a hollow tube socket 11 with a longitudinal gap
for receiving therein a known connector pin (not shown) associated therewith to
provide electrical connection therebetween. A wave shaped plate constituting the W-
shaped spring contact pieces 9, 10 and the socket 11 may be integrally formed in the
terminal member 5 by known welding or caulking techniques. The second terminal
member 6 is similar in structure to the first terminal S; it has W-shaped spring contact
pieces 12, 13 and connector-pin socket 14.

After assembly within the casing base 3, the spring contact pieces 9, 10 of the
first terminal member 5 serve to apply compressive force onto the first electrode 7
due to its inherent elastic nature. Similarly, the spring contact pieces 12, 13 of the
second terminal member 6 apply compressive force to the second electrode 8. This
may enable the positive thermistor element 4 to be elastically supported or suspended
between the terminal members 5, 6 while the element 4 is interposed between one
pair of spring contact pieces 9, 10 and the other pair of contact pieces 12, 13.

Additionally, a mica plate 15 may be disposed around the outer periphery of
the positive thermistor element 4. This mica plate 15 exhibits a circular shape. When
engaged with the outer periphery of thermistor element 4, this plate 15 acts to
facilitate appropriate positioning (hereinafter referred to as “position-determination™)
of thermistor 4 inside base 3.

After the positive thermistor element 4 and terminal members 5, 6 are
assembled within the casing base 3, the cover 2 is attached thereto so that it closes the
upper opening of the casing body 3. This cover 2 is a rectangular plate member
having at its two corresponding corners two holes 16, 17 to permit insertion of
external connector pins into the sockets 11, 14 through these holes respectively.

Another prior known positive thermistor device la is shown in Figs. 16 to 18.
As is readily seen by comparison of the illustration of Fig. 16 to that of Fig. 14, this
prior art device is similar in structure to the previous device; accordingly, like
reference characters are used to designate like parts or components with a redundant

explanation thereof being omitted herein.

~+
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18 f or ceg ggﬁga Yy gHEbF set in position so that they disperse
p

far apart fromead b si de the device 31. It has been stated
that the directignijof action of ing forces i nduced by spring
contact pieces 40, {431 erspegA fically arranged to direct outward
relative to the tthiickness direct{oph of the therm stor disk 35, as
denonstrated by yse of 5 arr 58, 59 in Fig. 8B, whereas projections
56, 57 have speciific sl anted cut-ahay 3 portions 60, 61 at the outer

periphery of their tip ends. The conbination of such .
As can be seen from Fig. 16, the positive thermistor device 1a is structurally

different from that of Fig. 14 to the extent that a first terminal member Sa has a W-
shaped pair of spring contact pieces 9a, 10a extending vertically, rather than
horizontally as in the previous prior art device 1, best shown in Fig. 14, thereby

5  preventing these contact pieces 9a, 10a from directly opposing their associated spring
contact pieces 12, 13 of the other, second terminal member 6. Such vertical facing
relation of spring contact pieces 9a, 10a versus the opposite spring contact pieces 12,
13 may also be seen in Figs. 17 and 18. Figs. 17 and 18 show a plan view and side
view, respectively, of the device shown in Fig. 16.

10 With the prior art positive thermistor devices 1, la, after.a long time has
elapsed after installation thereof, the structure of the positive thermistor element 4
may become physically degraded. If this is the case, abnormal heat generation may
take place therein causing sparks to occur during operation, which results in the
positive thermistor element 4 being destroyed due to occurrence of such sparks.

IS When the thermistor element 4 is destroyed, it breaks into several fragments that can
disperse within the closed inside space as defined by the casing base 3 and cover 2
attached thereto.

Such a "malfunction mode"” phenomenon can lead to a more serious
malfunction mode, which will be discussed in more detail below with reference to

20  Figs 15A and I5B for the positive thermistor device of Figs. 13 and 14, and with
reference to Figs. 19 to 21 for the device 1a shown in Figs. 16 to 18, respecﬁvely.

In the positive thermistor device 1 of Figs. 13 and 14, when sparks occur, the
resulting positive thermistor element 4 experiences occurrence of several cracks 18
therein, as shown in Fig. 15A. Even under such a condition, specific cracked

25  portions 19, each of which is elastically supported by the opposed spring contact
pieces 9, 10 (or 12, 13) at its opposite sides, continue to stably be held thereat as
shown in Fig. 15B, while the remaining fragments disperse. Accordingly, a power
supply may continuously be fed by way of such residual components 19 of the
thermistor element 4, causing these residual components 19 and their associative

30  spring contact pieces 9, 10, 12, 13 to melt, in turn producing an alloy that exhibits

some conductivity. As a result, an electrical short can be formed between the



st-ructural feafup i f ce the residual fragnents 63, 64
elastically su )FSJ ﬁ@,w’?ﬁ‘g 'gont act pieces 40, 43gand proj ections 56, 57
to disperse faf away from eachi ot her as indicated by fat arrows 65,
66 in Fig. 8B.{ L0 16 ** 197 The| f oregoi ng "fragnents' outward separative
novenent " featyre nmay advant ageously act to further enhance the
possibility of jachi evenent of anf el ectrical open state inside the

t herm stor device.3l after accidental destruction. Specifically, even

ther ni st or ,, _
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which are directly in contact with the mica plate 15 tend to also be prevented from
flying away as fragments, in most cases. Such peripheral portions 20 also contribute
to the formation of alloy together with the aforementioned portions 19 being
elastically supported by spring contact pieces 9, 10, 12, 13, with the result of

10 increasing the amount of materials for producing the alloy. This may exacerbate the
malfunction of the device, which may cause the softening of base 3 to become more
serious. '

On the other hand, in the positive thermistor device la shown in Figs. 16 to

18, the positive thermistor element 4 experiences occurrence of cracks 21 due to

15  generation of sparks, as shown in Fig. 20A. In this case, the thermistor element 4 is
broken into several fragments that tend to disperse. At this time, since the spring
contact pieces 9a, 10a and their opposed contact pieces 12, 13 are not identical to
each other in a spring-force application direction, any dispersed fragments will be
positionally offset from their original positions. However, since the distance 22

20  between a respective one of the spring contact pieces 9a, 10a and a corresponding one
of opposed spring contact pieces 12, 13 associated therewith is designed so that the
distance is less than the thickness 23 of the positive thermistor element 4 in a free
state where the element 4 is removed as shown in Fig. 19, one part 24 thereof will
possibly be held at its original position as a result of the fact that it happens to be

25  gripped or hung between the spring contact piece 9a and/or 10a on one hand and
elements 12 and/or 13 on the other hand, as shown in Figs. 20A and 20B. If this is
the case, application of a power supply may continue via such a hung portion 24
causing, in a similar way as in the previous device 1, this portion 24 and any one of
contact pieces 9a, 10a, 12, 13 to melt, in turn producing an alloy, whereby the

30 terminal members 5a, 6 are electrically shorted therebetween so that abnormal heat

generation is accelerated. This, in turn, may lead to a further serious malfunction



20- Al 'so, these fragnents by thenselves tend to break away due to
posi tional Wﬁ%‘(ﬁfﬁl\ﬁﬁgﬁ‘ )ng the arrows 65, 66 inside the therm stor

devi ce 31. scription regarding the device 31 continues
wi'th referencg to Fig. 9, whi ch shows a side view of the interior of
device 31, witih dévetrtl®Partgsionitted from t he device for purposes of
illustrationf anly. As shown} the casing b%§e 33 is provided 25 wth

upwar d ext erfdi ng position-control proj ect | ons 68, 69 that extend fromthe
bott om reasit er war d extert]dl ng

positi on cont'P&F W€ O] e EEYe és ten ‘"E 5’6 QSS ef% °F RIETENGH Of bs

69. These VemidaGMte A5OHRCPrevidES aﬁchJ.uons may zﬁf@b@fﬂ&lf@ﬁdxlst &3S 1. © Nl gﬁ:i\){ even
when the internal thermstor di sk 35 happéns t positionally ‘at e

due to vi br dnithepositive Hermistascdeviss laf since ther mml Mate 15l iancangeditherein,
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term nal § winconiact ithithe miéSplate 15 are prevented from flying away as fragments in most

cases, as shown in Fig. 20B, in a similar manner as in the above positive thermistor
device 1. Such peripheral portions 25 also give rise to generation of an alloy, which
adds to the amount of material for producing the alloy. This may serve to worsen the
malfunction mode of the device, causing a softening of base 3 to become more

10 serious.

The aforesaid problems will not exclusively arise with positive thermistor
devices, and will possibly take place in other types of electronic components or
devices, insofar as these other types of components employ therein an electronic
element that is electrically fed and elastically supported by using similar contact

15  members associated therewith, which element is susceptible to degradation and

- eventual destruction due to long use.

SUMMARY OF THE INVENTION

It is therefore an object of the present invention to provide a new and

20  improved electronic device capable of avoiding the problems encountered with the
prior art.

It is another object of the invention to provide an improved electronic module
capable of attaining high reliability in oﬁeration even when destruction takes place at
an electronic element packed therein.

25 It is a further object of the invention to provide an improved electronic module
capable of assuring higher operational reliability upon occurrence of destruction of its
internal electronic element packed therein by providing enhanced isolation among

~ fragments even after physical destruction of the element,

To attain the foregoing objects, the present invention provides an electronic

30 device which includes an electronic element having first and second opposed

electrodes, and a support structure for elastically supporting the electronic element,
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wherein the support structure specifically includes first and second contact sections in
contact with the first electrode at different positions thereon, and third and fourth
contact sections in contact with the second electrode at different positions theréon.
The first and fourth contact sections are located closer to the outer peripheral portions
of the first and second electrodes than the third and second contact sections, whereas
the first and fourth contact sections are electrically connected with the first and second
electrodes respectively to provide a conductive path for application of power supply to
the electronic element. The second and third contact sections are electrically isolated
from the first and second electrodes.

In accordance with the principles of the invention, several different
embodiments are described herein.

In accordance with one aspect of the invention, the support structure includes a
first conductive terminal member having first and second spring contact pieces for
elastically applying compressive force to the first electrode, a second conductive
terminal member having third and fourth spring contact pieces for elastically applying
compressive force to the second electrode, a first insulative member interposed
between the second spring contact piece and the first electrode, and a second
insulative member interposed between the third spring contact piece and the second
electrode, wherein the first spring contact piece, the first insulative member, the
second insulative member and the fourth spring contact piece correspond to the first to
fourth contact sections respectively.

In accordance with another aspect of the invention, the support structure
includes a first conductive terminal member having a first spring contact piece for
elastically applying compressive force to the first electrode, a first insulative member
in contact with the first electrode, a second insulative member in contact with the
second electrode, and a second conductive terminal member having a second spring
contact piece for elastically applying compressive force toward the second electrode,
wherein the first spring contact piece, first insulative member, second insulative
member and second spring contact piece may correspond to the first to fourth contact

sections respectively.
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elastically supported by both the first and fourth contact sections and by the second
and third sections are acted upon by these contact sections so that such portions may
be forced in the condition where the principal plane of the electronic element is
deviated in position. Furthermore, these residual portions remain interposed either

10 between the first contact section being rendered electrically conductive and the third
contact section rendered insulative, or between the fourth contact section rendered
electrically conductive and the second contact section rendered insulative. This
eliminates any current flow therethrough, enabling the resulting circuitry to be forced
into the open state.

I5 In accordance with yet another aspect of the invention, an electronic module
includes an electronic element having first and second principal planes opposed along
a thickness dimension thereof, and first and second electrodes formed on the first and
second principal planes respectively, a pair of a first conductive spring contact piece
and a first insulative position-alignment projection in contact with the first principal

20  plane at different positions thereon, and a pair of a second conductive spring contact
piece and a second insulative position-alignment projection in contact with the second
principal plane at different positions thereon. The first and second spring contact
pieces are elasﬁcally in contact with the first and second electrodes respectively, while
providing an electrical conductive state therebetween. The first spring contact piece is

25  located closer to the outer periphery of the electronic element than the second
position-alignment projection, while causing the first spring contact piece to oppose
the second position alignment projection, with the electronic element being interposed
therebetween. The second spring contact piece is located closer to the outer periphery
of the electronic element than the first position-alignment projection, while causing the

30  second spring contact piece to oppose the first position alignment projection, with the

electronic element being interposed therebetween.
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Another significant feature of the invention is that each of the first and second
position-alignment projections has a tip end being partly cut away at its outer side
facing the outer periphery of the electronic element.

10 It should be noted that any number of the above features may also be
structurally combined together.

Preferably, the electronic module embodying the invention may further include
a housing or casing for holding therein the electronic element and the first and second
spring contact pieces, while the first and second position-alignment projections are

15  associated with this casing.

Additionally, the principles of the invention may advantageously be applied to
the manufacture of electronic devices or modules employing therein a positive
thermistor element as an internal electronic element, the modules being also known as
positive thermistor devices.

20 A significant advantage of the invention is that even when the electronic
elemeént inside the device is accidentally cracked to induce physical destruction during
operation, any continuous flow of abnormal current therein can be successfully
suppressed or eliminated by forcing the destroyed electronic element to be in the open
state immediately after such an accident, thereby ensuring that maximized safety is

25  guaranteed.

More specifically, the electronic device includes an elastic support mechanism
for elastically supporting or suspending the internal electronic element inside the
device, which mechanism includes a plurality of pairs of spring contact pieces and
position-determination projections. While all of these pieces and projections cause the

30 element to be interposed between each contact and its corresponding projection on the

opposite side of the element, only spring contact pieces contribute to formation of an
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electrically conductive path for power supply of the element, whereas the projections
are merely mechanically in contact with the element for position-determination
thereof. In other words, looking at each pair of contact piece and projection on the
opposite sides of the element for support thereof, only one of them is electrically

5 coupled to the element while the other remains insulated from it. Accordingly, when
the element is cracked and destroyed into fragments due to the degradation of its
material, even if some of the fragments attempt to remain at their original positions
due to application of elastic or compressive forces from a corresponding contact
piece-projection pair, a conductive path will no longer be defined for each residual

10 fragment because of the fact that one of its associated support members (namely, the
projection) must be an electrical insulator, which acts to interrupt or cut off any
possible continuous flow of current through the fragment(s). This can ensure that the
electronic element being presently destroyed is in the open state with respect to any
one of such residual fragments, if any. Therefore, it is possible to reliably eliminate

I5  unwanted transition of the element into more dangerous malfunction states otherwise
occurring in such a way that residual fragments and spring contact pieces adversely
cooperate to induce undesired alloying phenomenon, creating electrical short-circuiting
that accelerates further generation of abnormal heat in the element destroyed.

Another significant advantage of the invention is that safety can be much

20 enhanced upon occurrence of destruction of the element due to the fact that the elastic
support mechanism is specifically arranged so as to force adjacent ones of residual
fragments to become spaced apart from each other, thereby minimizing the possibility
of shorting between the elements. This can advantageously serve to prevent current
flowing between adjacent ones of fragments inside the casing structure.

25 A further advantage of the invention is that the aforesaid safety enhancement
features also serve to allow the casing structure to be constituted from resin material,
thus reducing cost and structural complexity, while eliminating softening thereof
otherwise arising upon receipt of abnormal heat due to continuous flow of abnormal
current after destruction of the element. The advantages may typically become more

30  significant when the invention is applied to positive thermistor devices.
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Fig. | is a front view of a positive thermistor device in accordance with one
embodiment of the invention.

Fig. 2 is a plan view of the positive thermistor device shown in Fig. 1.

Fig. 3 is a bottom view of the positive thermistor device of Fig. 1.

10 Fig. 4 is a left side view of the positive thermistor device of Fig. 1.

Fig. 5 is a perspective view of the positive thermistor device showing a casing
cover as separated from the remaining parts thereof to visually reveal the inside
structure of the device.

Fig. 6 illustrates in an exploded manner several parts assembled in the positive

15  thermistor device of Fig. 1.

Fig. 7 is a plan view of the positive thermistor device showing its main parts
inside the thermistor device of Fig. 1.

Fig. 8A and 8B show plan views at major steps of a process where the positive
thermistor device of Fig. 7 experiences occurrence of cracks which result in

20  destruction.

Fig. 9 is a front view of the positive thermistor device of Fig. 1 showing its
main parts as arranged inside the device.

Fig. 10 is a diagrammatical representation for explanation of the relation
between the positive thermistor device of Fig. 9 and its associated position-alignment

25  projections.

Fig. 11 is a diagrammatical representation for explanation of a planar
positional refation of the positive thermistor versus position-alignment projections
shown in Fig. 9.

Fig. 12 is a side view of the embodiment for explanation of the contact state of

30 the positive thermistor with the position-alignment projections of Fig. 9.
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major steps of a process where the prior art device experiences occurrence of cracks

which result in destruction.

Fig. 16 illustrates an exploded perspective view of another prior art positive
thermistor device.

10 Fig. 17 is a plan view of the major part of the prior art device shown in Fig.
16 for explanation of the positional relation of a positive thermistor element and its
associated spring contact pieces.

Fig. 18 is a side view of the major part of the prior art device shown in Fig.
16 for explanation of the positional relation of a positive thermistor element and its

15  associated spring contact pieces looking at the device from the electrode formation
side of the positive thermistor element.

Fig. 19 is a plan view of the major part of the prior art device of Fig. 16 for
explanation of the dimensions and positioning of the spring contact pieces, with the
thermistor element removed.

20 Figs. 20A and 20B show front views of the positive thermistor element in the
prior art device shown in Fig. 16 at major steps of a process in which this element
experiences occurrence of cracks which result in destruction.

Fig. 21 shows a destruction state of the prior art positive thermistor element
having cracks as shown in Fig. 20A, when looking at the device from the right side of

25  the structure of Fig. 20B.

Fig. 22 is a plan view of an electronic module in accordance with another
preferred embodiment of the invention, with a cover thereof being removed for
purposes of illustration only.

Fig. 23 is an exploded perspective view of the electronic device shown in Fig.

30 22,
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Fig. 24 is a plan view of a positive thermistor element provided in the
electronic module of Fig. 22 for visual indication of cracks due to occurrence of
sparks therein.

Fig. 25 is a plan view of the positive thermistor element thus destructed when

5  cracks occurred.

Fig. 26 is a plan view of an electronic module in accordance with still another
embodiment of the invention, with its cover being removed for purposes of iltustration
only.

Fig. 27 is an exploded perspective view of the electronic module showﬁ in Fig.

10 26.

DETAILED DESCRIPTION OF THE INVENTION

A positive thermistor device in accordance with one embodiment of the present

invention is generally designated by the numeral 31 as shown in Figs. 1 through 12.
15  Referring to Fig. 1, the positive thermistor device 31 has a casing structure 32

consisting of a base 33 and a lid or cover member 34. The thermistor device 31

includes a positive thermistor element 35 as held therein, and a pair of terminal

members 36, 37, one of which is shown in Fig. 1, and both of which are visible in

Fig. 3, for example. A perspective view of the resulting assembly is best illustrated
20 in Fig. 5.

The casing base 33 and its cover 34 are made of a chosen heat-resistant
incombustible material that offers incombustibility equivalent to the level "94V-0" of
the UL standards, such as phenol, polyphenylenesulfite, polybutylene terephthalate, or
the like. The base 33 is structured to have a projection on the bottom thereof

25 enabling the positive thermistor element 35 to be stably held therein. As will be
discussed in detail below, the base 33 and cover 34 may be provided with several
configurations for enabling precise position-determination or alignment of the positive
thermistor element 35 and terminal members 36, 37 once assembled thereto.

The positive thermistor element 35 may be made of a chosen ceramic-like

30  semiconductor material with Curie temperature of approximately 130°C, which is

formed into a coin- or disk-like shape. This disk-like positive thermistor element 35
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plates 27, 3§d k&8h& lefkctrodes 38, 39, are formed respectively. These electrodes 38, 39 may

be a lamination of an underlying nickel (Ni) layer and an overlying silver (Ag) layer.

Preferably, the underlying layer is exposed at the periphery of the overlying layer for

5 elimination of unwanted migration of Ag material. Note that the positive thermistor
disk 35 may alternatively be formed into another shape, including rectangular plate,
bead, or rod. The two-terminal positive thermistor disk 35 is vertically inserted
centrally into the inside space of the base 33 with its electrodes 38, 39 laterally facing
each other. ' .

10 As shown in Fig. 5, the first and second terminal members 36, 37 are also
packed into the base 33 in such a manner that the positive thermistor disk 35 is
interposed therebetween. These terminals 36, 37 are made of a chosen metallic
material with excellent conductivity.

More specifically, as better seen from an exploded perspective view depicted

I5 in Fig. 6, the first terminal member 36 has a spring contact piece 40 made of a thin
folded metal plate, and a conductive side-slit hollow tube socket 41 that receives a
known external connector pin (not shown) to provide electrical interconnection
therebetween. The first terminal 36 also has a downward extending fastener edge 42
for rigid insertion into a corresponding receptacle of the base 33. In the embodiment

20 shown in Figs. | to 12, thin metal plates for the spring contact piece 40 and pin
socket 41 are separately prepared and later assembled together by known welding or
caulking techniques into an integral terminal component. The metal plate for spring
contact piece 40 may be a copper-titanium (Cu-Ti) base plate with a Ni overcoat as
formed by metal plating techniques. The metal plate of socket 41 may be a Cu-Ni

25  plate. '

As best shown in Fig. 6, the second terminal member 37 is constituted from
an H-shaped plate structure that consists of a spring contact piece 43, a pair of
connector-pin sockets 44 at the top portions of the "poles” of the H-shape, 45 and a
pair of downward extending fastener edges 46, 47 at the bottoms of such poles of the

30  H-shape. This H-shaped two-pin terminal 37 is similar to the first terminal 36 in

material and in manufacture.
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14

electrical connection with any external circuitry operatively associated therewith. To
permit insertion of an external connector pin (not shown) into the socket 41 of the I-
shaped terminal 36, the casing cover 34 has a corresponding hole or opening 49

10 therein.

Likewise, the assembled H-shaped terminal 37 is position-determined by
another wall 50 inside the base 33, while allowing its fastener edges 46, 47 to
externally project downward from the base 33, as shown in Fig. 5, for providing
electrical connection with external circuitry. The cover 34 has therein a hole or

15  opening 51 also, for permitting an associative contact pin to externally penetrate
therethrough to mate with a selected one of the sockets 44, 45. Note here that the
cover 34 has no opening for the remaining nonselected socket (here, socket 45) simply
because it remains unused in the illustrative embodiment. In this respect, this socket
45 may be removed as necessary.

20 - Preferably, the holes 49, 51 are minimized in diameter while allowing external
connector pins used to pass through the holes. This may provide-an enhanced sealed
environment inside the casing 32, thereby enabling the positive thermistor device 31
to offer improved resistance against the atmosphere.

To also enhance the sealed environment inside the casing 32, the base 33 and

25  cover 34 are tightly coupled together. To do this, the base 33 has two hooks 52,
whereas the cover 34 has corresponding recesses 54 rigidly engageable with hooks 52.
With these members, base 33 and cover 34 may be readily engaged and combined
with each other in a snap-like fashion to provide an integral air-tight casing structure.
Furthermore, the base 33 has a rib 55 along its opening peripheral edge, while the

30  cover 34 has a corresponding recess (not shown) for receiving the rib 55 on the

opening peripheral edge thereof.
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inside the casing 32 is as follows.

See Fig. 7, which depicts a plan view of the positive thermistor device 31 after

assembly, with several parts or components being removed to reveal the internal

S  structure thereof for purposes of illustration only. The casing base 33 is a walled
enclosure having position determination projections 56, 57 standing upright from the
bottom of the walled enclosure. These projections cooperate with the spring contact
pieces 40, 43 to force the positive thermistor disk 35 to be elastically supported or
suspended by the projections and contact pieces and also interposed therebetween,

10 thus providing precise position alignment for attaining a substantially "floating"
suspension of the thermistor disk 35 inside the casing 32 as separated from the inner
walls thereof. In the illustrative embodiment, the casing 32 is designed as shown in
Fig. 4 so that the floating thermistor disk 35 measures 1 millimeter (mm) or more in
the distance 76 between it and the inner wall of casing 32, as indicated using a broken

15 line in Fig. 4.

More specifically, as best illustrated in Fig. 7, a first péir of the spring contact
piece 40 and one position-alignment projection 56 are arranged to come in contact
with one principal plane of the positive thermistor disk 35, whereas a second pair of
opposed spring contact piece 43 and position-alignment projection 57 are in contact

20  with the opposite principal plane of disk 35, thereby elastically supporting disk 35 as
interposed therebetween inside casing 32. Notably, the first spring contact piéce 40
and the second spring contact piece 43 are specifically disposed so that they
diagonally oppose each other, while the first position-alignment projection 56 and
second position-alignment projection 57 cross-diagonally oppose each other, as can be

25  seen from the illustration of Fig. 7. In other words, a line connecting the opposed
spring contact pieces 40, 43 together crosses a line connecting projections 56, 57, to
horizontally define an X-shaped line combination.

In this situation, the spring contact pieces 40, 43 are elastically in contact with
the opposite electrodes 38, 39 of thermistor disk 35 to provide electrical connection

30  therebetween. The position-alignment projections 56, 57, which are formed integrally
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disk electrodes 38, 39.

It is also important that while the first spring contact piece 40 opposes the
-second position-alignment projection 57 with the thermistor disk 35 being interposed
therebetween, contact 40 is at an outer position closer to the periphery of disk 35 than
its corresponding projection 57. The same applies with respect to the other
combination of the second spring contact piece 43 and the first position-alignment
projection 56. Contact piece 43 is at a position closer to the opposite periphery of
disk 35 than projection 56 as shown in Fig. 7. With this "outer offset positioning"
feature of spring contacts 40, 43, the resulting application of spring force to disk 35
directs outward relative to the direction of thickness of disk 35, as designated by
arrows 58 in Fig. 7.

It is a further important exemplary feature of this embodiment that the first and
second position-alignment projections 56, 57 have slanted cut-away portions 60, 61 at
their tip ends. More specifically, the sides of the projections 56, 57 closest to the
peripheral portions of the disk 35 are slanted. These cut-away portions 60, 61 may
advantageously serve to increase or maximize efficiency and/or workability of the
spring force as applied from respective contact pieces 40, 43 toward the radially
opposed peripheral edges of disk 35 along the outward directions as indicated by
arrows 58 in Fig. 7.

After long use of the positive thermistor device 31, it may happen that its
internal thermistor disk 35 experiences occurrence of cracks due to material fatigue
thereof. In the worst case, the disk 35 can be destroyed physically. Even if this is
the case, the spring contact pieces 40, 43 and the position-alignment projections 56,
57 for elastic support of the disk 35 may advantageously serve to suppress or
eliminate occurrence of any continuous flow of abnormal current therein due to the
presence of a short-circuit, resulting from electrical shorting of residual fragments
after destruction. The operation of the contact pieces 40, 43 and the projections 56,
57 is as follows.

See Fig. 8A, which diagrammatically illustrates one exemplary occasion where

cracks 62 take place in the positive thermistor disk 35 along the thickness thereof due
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supported by the first spring contact piece 40 and its opposite projection 57, and
another fragment 64 is supported by the second contact 43 and projection 56 as shown
in Fig. 8B. Note here that the remaining fragments of disk 35, including one
fragment 67 indicated by the broken line in Fig. 8B, have broken away because of the

10 fact that no such elastic support members secure them reside at their original
positions.

Under the condition as demonstrated in Fig. 8B, the spring contact pieces 40,
43 connected with the opposite electrodes 38, 39 of the thermistor disk 35 are
prevented from directly opposing each other via the disk 35, while inhibiting creation

IS  of any current flow path that extends from the first spring contact piece 40 through
residual disk fragments 63, 64 to the second spring contact piece 43. This can ensure
that any possible current flow or power supply is interrupted or cut off, ensuring that
the internal circuitry of positive thermistor device 31 is in the open state, that is,
rendered electrically nonconductive.

20 Hence, a significant exemplary advantage of the positive thermistor device 31
embodying the invention is that, even when power is being supplied to the internal
thermistor disk 35 after destruction thereof, since the operator cannot be aware of the
interior state of the device 31, it becomes possible to reliably eliminate the transition
of the device 31 into a more dangerous malfunction stage. This stage may otherwise

25  occur due to the presence of continuous flow of abnormal current that results from the
fact that the residual fragments 63, 64 adversely act to produce an alloy together with
spring contact pieces 40, 43 upon continuous application of power supply to provide
an electrically shorted state, inducing such abnormal heat inside the sealed
environment of the positive thermistor device 31.

30 Another significant advantagé of the illustrative embodiment is that any

residual fragments 63, 64 between contacts 40, 43 and projections 56, 57 can be
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5 arrows 58, 59 in Fig. 8B, whereas projections 56, 57 have specnﬁc slanted cut-away
portions 60, 61 at the outer periphery of their tip ends. The combination of such
structural features serves to force the residual fragments 63, 64 elastically supported
by contact pieces 40, 43 and projections 56, 57 to disperse far away from each other
as indicated by fat arrows 65, 66 in Fig. 8B.

10 The foregoing "fragments’ outward separative movement" feature may
advantageously act to further enhance the possibility of achievement of an electrical
open state inside the thermistor device 31 after accidental destruction. Specifically,
even when an "intermediate” fragment 67 of Fig. 8B that is free from any elastic
support remains between two elastically supported fragments 63, 64, these fragments

1S 63, 64 are forced to disperse far away from each other, preventing any possible
electrical contacts from arising between the intermediate fragment 67 and its
neighboring fragments 63, 64, so that an electrical short-circuit will no longer take
place therebetween. Additionally, in most cases, the intermediate fragment 67 will
break away due to the "separative movement" of its neighboring fragments 63, 64.

20  Also, these tragments by themselves tend to break away due to positional deviation
along the arrows 65, 66 inside the thermistor device 31.

The description regarding the device 31 continues with reference to Fig. 9,
which shows a side view of the interior of device 31, with several parts omitted from
the device for purposes of illustration only. As shown, the casing base 33 is provided

25  with upward extending position-control projections 68, 69 that extend from the bottom
thereof, whereas the cover 34 has similar downward extending position control
projections 70, 71 to oppose base projections 68, 69. These vertical projections 68-71
are provided to ensure that even when the internal thermistor disk 35 happens to
positionally deviate due to vibrations in the direction of its principal planes, such

30  deviation continues to fall within a predefined range. This may suppress or eliminate

occurrence of the shortage of current-flow capacity at terminals which will otherwise
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occur due to positional deviations of spring contact pieces 40, 43 with respect to
terminals 38, 39 of the thermistor device 31.

The positional relation of such projections 68-71 can be better seen from Figs.

10 and 11. Fig. 10 shows another side view of the interior of thermistor device 31

5  with an edge of disk 35 depicted as a front part; Fig. 11 depicts a plan view of the
device. As shown in Fig. 10, the disk 35 is secured by upper (cover) and lower
(base) projections 68-71 at the four corner edges thereof. As best shown in Fig. 11,
looking at the device from the upper side, these projections 68-71 are cross-disposed
inside casing 31 in such a manner that base projections 68, 69 diagonally oppose each

10  other along one planar diagonal line, while cover projections 70, 71 cross-diagonaily
oppose each other along the another diagonal line.

It can be seen from viewing Fig. 10 that the projections 68-71 have slanted
cut-away planes 72-75, respectively, to provide a pin-point contact arrangement for
support of disk 35 at its four circumferential corner edges.

15 A significant advantage as derived from the position-control projections 68-71
is that the thermistor device 31 can be greatly improved in safety. More specifically,
the casing 31 may become partly carbonized at positions near the thermistor disk 35
due to occurrence of sparks as induced by accidental destruction thereof, resulting in a
decrease or degradation in tracking performance, which in turn leads to formation of
20  an undesirable conductive path that may permit continuous flow of abnormal current.
As an example, position-control projections 68-71 can be carbonized due to sparks.
causing a conductive path to be defined therein. If this is the case, the thermistor disk
35 will deviate positionally in the direction of its principal planes. For instance, as
shown in Fig. 12, the disk 35 happens to come in contact with the diagonally opposite
25  projections 68, 70. Even under this condition, since each of these projections 68, 70
is prevented from extending in a direction in which disk 35 can be short-circuited
along the thickness thereof, no conductive path will take place between the electrodes
38, 39 of disk 35, irrespective of whether projections 68, 70 are actually carbonized
or not. This may promote enhancement in safety during extended operation of device
30 31,
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(see Fig. 6) in base 33 for penetration of spring contact piece 40 therethrough. This
may advantageously serve to suppress generation of air flow between a space for
holding therein the socket 41 coupled to opening 49 and a space for supporting disk
10 35, thus enhancing the atmosphere-restricting characteristics of the device 31. Yet on
the other hand, it is possible to retain sufficient capacity for current flow at such
contact sections for the reason that a relatively greater width 77 can be maintained for
the exact contact tip end of contact piece 40 with electrode 38.
In this embodiment, as can be seen from Figs. I, 3 and 4, a rib 81 is arranged
15 on the outer surface of the casing base 33 so as to partition the base bottom into two
areas: one for projection of the fastener edges 42, 46, and the other for projection of
fastener edge 47. This rib 81 acts to lengthen the creepage distance between fastener
edges 42, 46 and edge 47, thus enhancing the tracking resistant performance and
external voltage withstanding characteristic therebetween, which may in turn lead to
20  improvements in reliability and safety of the thermistor device 31. The presence of
such rib 81 may also be effective to decrease the surface temperature of casing 32 in
the vicinity of fastener edges 42, 46, 47. The rib 81 can further contribute to
suppression of bowing which may occur during molding of casing base 33, thus
improving the accuracy of engagement of the base 33 with the cover 34 so that its
25  resistance to the atmosphere can be improved accordingly.
A positive thermistor device in accordance with another embodiment of the
invention is generally designated by the numeral 21 in Figs. 22 and 23. This device
21 is generally similar in structure to the thermistor device 31. It includes a casing
base 22, a positive thermistor element 23, terminal members 24, 25, and a cover 26

30  for closure of an upper opening of base 22. In addition to such parts, the device 21
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abnor mal 5 cupbh&dl, pAPpiyRneathe! gbilybutyltie herephthalate, or the like. The base 22
may alternatively be made of inorganic resin. The base 22 is structured to have a
projection on part of the bottom thereof allowing the positive thermistor element 23 to
be stably held therein while enabling suitable position-determination of terminals 24,
25 and insulative plates 27, 28 therein.

10 The thermistor element 23 is formed into a disk-like shape, with electrodes 29,
30 disposed on the opposite sides thereof. The element 23 may alternatively be
formed in another shape, such as a rectangular plate. Each electrode 29, 30 may be a
lamination of an underlying Ni layer and an overlying silver Ag layer. Preferably,
the underlying layer is exposed at the periphery of its overlying layer for elimination

15  of migration of Ag material. The two-terminal positive thermistor disk 35 is centrally
inserted into the inside of base 22 with its electrodes 29, 30 laterally disposed from
each other. _

One terminal member 24 has a pair of spring contact pieces 101, 102 defining
a W-shaped wing, and a socket 107 receiving therein an external connector pin (not

20  shown) to provide electrical connection therebetween. A plate constituting the spring
contact pieces 101, 102 and a plate forming socket 107 are combined together by spot
welding techniques. These pieces 101, 102 may be modified into any other shapes as
necessary. Modifying the shape of pieces 101, 102 may also lead to the possibility of
integral formation of pieces 101, 102 and socket 107.

25 Similarly, the other terminal member 25 has two spring contact pieces 103,
104 and a socket 108. The first and second terminal members 24, 25 are made of a
chosen metallic material such as stainless steel, copper alloy and the like, thereby
providing the members with appropriate elasticity and electrical conductivity. These
terminals 24, 25 are packed into base 22 while causing thermistor disk 23 to be

30 elastically disposed between the terminals in the base 22.
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As shown in Fig. 22, the spring contact pieces 101, 102 of the first terminal
24 are positionally shifted from the center toward one side (upward in the illustration
of Fig. 22) of its corresponding thermistor electrode 29, while causing its elastic or .
compressive force to be applied thereto. The spring contact pieces 103, 104 of the

5 second terminal 25 are reversely shifted in position from the center toward the
opposite side (downward in Fig. 22) of its associative electrode 30, while letting its
compressive force act thereonto. This enables thermistor disk 23 to be substantially
in a “floating" condition inside base 22 due to the elastic support applied to both its
sides as attained by cooperation of sequential contact pieces 101, 103, 102, 104.

10 The rectangular insulative plates 27, 28 are disposed inside the base 22 such
that the first plate 27 is interposed between one piece 102 of the first terminal 24 and
the first electrode 29, while the other plate 28 is between one piece 103 of the second
terminal 25 and the second electrode 30, as can be readily seen from Fig. 22.

Note that these insulative plates 27, 28 may be replaced with insulative films

15  covering selected surface area portions of electrodes 29, 30, whereat corresponding
contact pieces form contacts with the films, or alternatively, replaced by electrically
insulative films or chips made of inorganic or resin material as deposited to partly
cover the outer surface of pieces 102, -103.

After assembly of thermistor disk 23, terminals 24, 25 and insulative plates

20 27, 28 into base 22, the cover 26 is attached to close the upper opening of base 22 to
provide a substantially sealed environment therein. For rigid attachment of base 22
and cover 26, an appropriate engagement structure is employed. Cover 26 may be
made of the same material as base 22. This cover 26 has holes 109, 110 through
which external connector pins (not shown) can pass to be inserted into corresponding

25  sockets 107, 108.

In the positive thermistor device 21, the terminals 24, 25 and insulative plates
27, 28 constitute an elastic support mechanism for thermistor element 23, which
includes supporting contacts for one thermistor electrode 29 as attained by the sprihg
contact piece 101 and insulative plate 27, and supporting contacts for the opposite

30 electrode 30 achieved by insulative plate 28 and spring contact piece 104. These

elements are specifically disposed at different positions on the opposite electrodes 29,
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5  the first electrode 29 from directly opposing a corresponding one of pieces 103, 104

on the second electrode 30 along the thickness of disk 23.

More specifically, the touching position of the spring contact piece 101 on the
first electrode 29, which constitutes a first contact section, is shifted or positionally
offset toward one outer peripheral edge of thermistor disk 23 from the touching

10 position of its corresponding spring contact piece 103 on the second electrode 30 via
one insulative plate 28 sandwiched therebetween, the piece 103 constituting a third
contact section. Likewise, the touching position of the spring contact piece 104 on
second electrode 30, which constitutes a fourth contact section, is shifted to approach
the other outer peripheral edge of disk 23 from the touching position of its

15  corresponding spring contact piece 102 on first electrode 30 via the other insulative
plate 27 sandwiched therebetween, the contact piece 102 constituting a second contact
section. This alternate contact-position differentiation scheme provides an
"unsymmetrical” contact positioning arrangement on the opposite electrodes 29, 30 of
thermistor disk 23.

20 The spring contact pieces 101, 104 constituting the first and fourth contact
sections are in electrical contact with the opposite thermistor electrodes 29, 30 to
provide a conductive path for power supply to thermistor disk 23. On the other hand,
the insulative plates 27, 28 constituting the second and third contact sections are in
contact (mechanically and electrically insulatively) with electrodes 29, 30, while

25  permitting no current flow therebetween.

In the positive thermistor device 21, the thermistor disk 23 may be destroyed
due to occurrence of cracks therein as induced by sparks during extended operation.
Even if this is the case, further flow of abnormal current can be successfully inhibited
providing enhanced safety, as will be described in detail below.

30 See Fig. 24, which diagrammatically represents an exemplary cracked state of

the thermistor disk 23, which leads to physical destruction when disk 23 breaks into
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residual fragments 90, 91 are acted upon by the contact piece-plate pairs 101, 28 and

104, 27 to deviate the position of the principal planes from each other.
Under this condition, the spring contact pieces 101, 104 in electrical contact
with the electrodes 29, 30 through neither of the insulative plates 27, 28, are
10 prevented from directly opposing each other. In addition, these plates 27, 28 provide
electrical insulation to any possible current flow paths, one of which paths extends
from spring contact piece 101 through residual fragment 90 to opposite contact piece
103, and the other of which paths extends from contact piece 104 via residual
fragment 91 toward its opposite contact piece 102. Accordingly, the power supply
15  will be reliably interrupted or cut off with respect to disk 23 immediately after
cracking destruction thereof. Moreover, the residual fragments 90, 91 can no longer
remain in contact with each other due to forced positional deviation of the principal
planes, thus rendering the resultant internal circuitry electrically nonconductive (in the
open state). This may prevent device 21 from degrading into any undesirable, more
20  dangerous malfunction mode in which the residual fragments 90, 91 of thermistor disk
23 and the terminals 24, 25 induce alloying phenomena, causing electrical short-
circuiting to appear in disk 23, so that generation of abnormal heat further continues
even after destruction thereof.
A positive thermistor device in accordance with a further embodiment of the
25 invention is shown in Figs. 26 and 27, wherein the device is generally designated by
numeral 2la. This device 21a is similar to that shown in Figs. 22-23 with the
exception that (1) the opposite terminal members 24, 25 are replaced with elements
24a, 25a of different structure, (2) the insulative plates 27, 28 of Figs. 22-23 are
removed, and (3) the casing base 22 is replaced by a base 22a having insulative mold
30  sections 270, 280 for attaining insulative support of thermistor disk 23 similar to that

provided by plates 27, 28.
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single spring contact piece 105, while the second terminal 25a also has a single spring
contact piece 106. These pieces 105, 106 are specifically disposed inside base 22a so
that they diagonally oppose each other via disk 23, as best shown in Fig. 26. The

5 insulative mold sections 270, 280 of base 22a are formed to define round
protuberances at their tip ends respectively and are disposed to cross-diagonally
oppose each other as shown in Fig. 26 with respect to pieces 105, 106 as shown.
These members 105, 106, 270, 280 may constitute elastic support means for allowing
disk 23 to be held between one pair of piece 105 and mold protuberance 270 and the

10 other pair of piece 106 and protuberance 280. The mold protuberances 270, 280 may
be formed integrally with base 22a, or alternatively be made of separate parts being
attached or fixed to base 22a. It can be readily seen from viewing Fig. 26 that the
spring contact piece 106, protuberances 270, 280 and contact piece 105 are alternately
located on the opposite surfaces of disk 23.

15 With such an arrangement, similar functions and advantages to those
previously identified may be achieved, as will be described in detail below.

In the positive thermistor device 21a, the elastic support mechanism for
elastically supporting thermistor element 23 is constituted from terminal members 24a,
25a and base 22a having round insulative protuberances 270, 280. This support

20  mechanism includes four, first to fourth contact sections for the first and second
thermistor electrodes 29, 30, which sections are the spring contact piece 105,
protuberances 270, 280 and contact piece 106, wherein contact piece 105 and
protuberance 270 are on electrode 29, whereas contact piece 106 and protuberance
280 are on electrode 30. These support elements 105, 106, 270, 280 are located at

25  different positions on the opposite electrodes 29, 30 in such a manner that any one of
these elements is prevented from directly facing a corresponding one of the other
elements. That is, the touching point of contact piece 105 on the first electrode 29 is
positionally offset toward one peripheral edge of disk 23 from that of protuberance
280 on the second electrode 30, as can be seen from Fig. 26, whereas the touching

30 point of contact piece 106 on the second electrode 30 is positionally offset toward the
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the first electrode 29, as shown.
The spring contact pieces 105, 106 constituting the first and fourth contact
sections are electrically in contact with the first and second electrodes 29, 30
5 respectively, providing a conductive path for the power supply to disk 23. On the
other hand, the first and second protuberances 270, 280 constituting the second and
third contact sections are insulatively in contact with electrodes 29, 30.
In the positive thermistor device 21a, when the thermistor element 23 is
accidentally cracked due to occurrence of sparks, certain fragments which are directly
10 supported by one pair of spring contact piece 105 and insulative protuberance 280 and
also by the other pair of contact piece 106 and protuberance 270, may remain at their
original positions due to application of compressive forces from the support pairs,
while the remaining fragments fall away. Such residual fragments (these may
correspond to fragments 90, 91 of Fig. 24) are given actuating forces causing their
15  principal planes to deviate in position with respect to each other in a similar manner
to that shown in Fig. 25.
 Inthe foregoing situation, the spring contact pieces 105, 106 making electrical
contacts with thermistor electrodes 29, 30 are prevented from directly opposing or
facing each other via the thermistor disk 23 being interposed therebetween. The
20  contact piece 105 merely opposes insulative protuberance 280, whereas contact 107
opposes protuberance 270. This causes any power supply to be interrupted, rendering
the resulting circuitry nonconductive. It is thus pdssible, as in the previous
embodiment device 21, to successfully eliminate electrical shorting conditions
immediately after occurrence of abnormality during operation, enabling device 21a to
25  be protected against a transition to a more dangerous malfunction mode due to further
continuation of tlow of abnormal current therein, even after destruction of thermistor
disk 23 inside the casing structure of the thermistor device 21a.
While the invention has been particularly shown and described with reference
to preferred embodiments thereof, it will be understood by those skilled in the art that
30  various changes in form and details may be made without departing from the spirit

and scope of the invention, as defined by the claims which follow.



1E§ay constitute el astic support nmeans for
al | owi ng di}s bet ween one pair of piece 105 and nol d

pr ot uberance 270 ja pair of piece 106 and protuberance 280.
The nol d prot uberjan \ be fornmed integrally with base
22a, or alternati Sdparate parts being attached or
fixed to base 22al It can be readilly seen fromviewing Fig. 26 that the
spring contact pikee—t06—protuberances 226, 280 and contact piece 105 are
alternately | ocated on the opposite surfaces of disk 23. 15

Wth such an arr aRefeswample,swinld the positive itharmisiotidesdceaht sy inoFighodd2
previously identifjed na e.,achi eve 1] | eser | ' i1
bel ow. includes {heldcﬁswééﬁpbhﬁ f 45\1/'3 &'ﬁ%%ﬁie\gf ﬂé‘fj eéj)gfv&c%&fﬁﬁ%,g Sklﬂ%tqgﬁt gsst iC
support mechanpioyed therefor whicklcas tsugirt heSsppip@rcdonmagt pisedsr0s Uarand| position- 23 i s
constituted fromtermnnal nenbers 24a . 25a and base 22a havi ng round
i nsul ati ve prligninsst Briessions 86, TBwhilgailewingnihetherpustor disk 3arip S elastiralbes

four, fimst §@.084 bk GR0baRE (REEDAARE. | The e lappiids P r&BEANE the

embodiment devices 21, 21a shown in Figs. 22-27.

Also, the "fragment outward separative movement” feature of the invention
does not always consist of both (1) the "spring force outward application”
arrangement of pieces 40, 43 as denoted by the arrows 58, 59 of Fig. 8B and (2) the

I0  “fragments’ outer movement acceleration" arrangement of the projections 56, 57 as
attained by formation of the cut-away portions 60, 61 at tip ends thereof. When
appropriate, either one of these arrangements may be employed as needed.

In addition, the principles of the invention are not restricted to the illustrated
thermistor device 31 including thermistor disk 35. The principles extend to any type

15  of electronic device where it is desirable to prevent a short circuit upon the

occurrence of a malfunction.
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thernistor el m%&m SHEE'

I ch sections are the spring contact piece

105, pr pt gHet- 80 and contact piece 106, wherein contact
pi ece 105 and nggﬁ 270 are on el ectrode 29, whereas contact
pi ece 106 andip ofh%é@ 280 are on el ectrode 30. These support

el ements 105, {1 270....28 el l ocated at 25 different"positions on the

opposite el ectrodes 29, 30 in spch a mann t hat any o these
el enents is pr tnyacingé

a correspon e ot her
el enent s. &ﬁ_l tge ouching point of contact piece TO 4&2
el ectrode 29—+§§£l———Lég¥ﬂ¥lé§ally of fset toward one perlpheral
di sk 23 fromthat of protuberance 280 on the second el ectrode 30 as
can be seen fromFig. 26, whereas the touching 30 poi nt of contact piece

106 on the secondl.el ecAn eltetr@ticidevisosomposia! y of fset toward the
an electronic element having first and second opposed electrodes;

5 support means for elastically supporting said electronic element, said support
means including first and second contact sections in contact with said first electrode at
different positions thereon, and third and fourth contact sections in contact with said
second electrode at different positions thereon;

the first and fourth contact sections being located closer to outer peripheral
10 portions of said first and second electrodes than the third and second contact sections;
said first and fourth contact sections being electrically connected with said first
and second electrodes respectively to provide a conductive path for application of
power to said electronic element; and
the second and third contact sections being electrically isolated from said first

IS and second electrodes.

2. The device according to claim 1, wherein said support means
comprises: _
a first conductive terminal member having first and second spring contact
20  pieces for elastically applying compressive force toward said first electrode;
a second conductive terminal member having third and fourth spring contact
pieces for elastically applying compressive force toward said second electrode;
a first insulative member between said second spring contact piece and said
first electrode;
25 a second insulative member between said third spring contact piece and said
second electrode; and
said first spring contact piece, said first insulative member, said second
insulative member and said fourth spring contact piece constituting said first, second,

third and fourth contact sections respectively.
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26 ot her, RERLACEWSHEET%H pheral edge of ~di sk-23-from that of

pLot uberance 270 |o the T1§s{ el ectrode 29, :
The spring contaqt |pi A 106|constituting thal' HE‘M l’ ﬂ ’:
cont act seqti ong%a'ré e e7ct fi¢ally in contact i “ r‘ d

second el ectrodeg 29—36

N —

29

3. The device according to claim 1, wherein said support means
comprises:
a first conductive terminal member having a first spring contact piece for
elastically applying compressive force toward said first electrode;
5 a first insulative member in contact with said first electrode;
a second insulative member contacted with said second electrode;
a second conductive. terminal member having a second spring contact piece for
elastically applying compressive force toward said second electrode; and
said first spring contact piece, said first insulative member, said second
10 insulative member and said second spring contact piece constituting said first, second,

third and fourth contact sections, respectively.

4. The device according to claim 3, further comprising a casing for
holding therein said electronic element and said first and second terminal members,

15  and wherein said first and second insulative members are associated with said casing.

5. The device according to claim 1, wherein said electronic element is a

positive thermistor.

20 6. An electronic device comprising:
an electronic element having first and second principal planes on opposite sides
thereof, respectively, and first and second electrodes formed on said first and second
principal planes respectively;
a pair of a first conductive spring contact piece and a first insulative position-
25  alignment projection being contacted with said first principal plane at different
positions thereon;
a pair of a second conductive spring contact piece and a second insulative
position-alignment projection being contacted with said second principal plane at

different positions thereon;
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5» respectively, |{5w "“w. ctive path for the power supply to disk

- 23. On the r—tramdt+eY i st and second protuberances 270, - 280
constituting the hird contact secti gnm i vely

“in contact with e ‘ In th m’ lm tor
device 2 la, when ment 23 is acti denta

fra nts which are directly 10
act pi ce 105 and insul ative

due to occurrence
supported by one pesr
pr ot uber ance 280 t he ot her 0 act piece, 106 ,and
pr ot uber ance 270 Sgﬁa&"’SF %%Feﬁo%‘? SpHiRg pontact p‘e°8 §;aSB‘E?3 % ?%Fét%‘u‘@m%émd
appl i cati on faft mmemem&rédeg GEPpettively mﬁew@mg aaaaxéo‘éncax conductit ls@d he
remai ning fragnments fall away. Such residual fragments (these may

correspond ttberﬂbf&gﬁ@nts 90, 91 of Fig. 24) are g| ven actuating forces

causing their 1S ;i :gpgq%co?ltwc? feck %8 \rjgflatl%q1 rcﬁla& oglrt]ervé\”;oetr1rﬁhér§ts&es%}d to

each other in a ssf“
In the foregrichonki dlémédtQian $he sedond PasitiontatishmentgieRcddibwhil® Gasiig &ad

electrical first spring contact piece to oppose said second position alignment projection with said
electronic element being interposed therebetween;
said second spring contact piece being located closer to an outer periphery of
said electronic element than said first position-alignment projection while causing said
10 second spring contact piece to oppose said first position alignment projection with said
electronic element being interposed therebetween; and
each of said first and second spring contact pieces defining a spring force

directed generally away from a direction which is perpendicular to said principal

planes.
15
7. An electronic device comprising:
an electronic element having first and second principal planes on opposite sides
thereof, respectively, and first and second electrodes formed on said first and second
principal planes respectively;
20 a pair of a first conductive spring contact piece and a first insulative position-

alignment projection in contact with said first principal plane at different positions
thereon;

a pair of a second conductive spring contact piece and a second insulative
position-alignment projection in contact with said second principal plane at different

25  positions thereon;

said first spring contact piece and said second spring contact pieces in elastic
contact with said first and second electrodes respectively while providing electrical
conductive state therebetween;

said first spring contact piece being located closer to an outer periphery of said

30  electronic element than said second position-alignment projection, while causing said
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contacts with t. ' h es 29, 30 are prevented fromdirectly
opposi ng or Iﬁm@]‘g ﬁ-{ tther via the therm stor disk 23 being -
i nt er posed t her tween. The 2( contact piece 105 nerel-y- opposes

i nsul ative prot r drisd ARB97 WHerjeas cont act 107 \‘nm \me
270. This cause ny power supgly to be interrupt ed, r\@m ‘““
resulting circujtry nonconducti vd t hus possi bI e, tthe préw ous.

enbodi ment device 21, 'rn Qnrrpccf ul I y eI |.‘r{1 nate el ectrical shorting
condi ti ons ‘}é after occ rrenﬁe af. ab

o ht 1 on® BrLSPTInG CHRbagaecs 8 qrpososid KeSRs Bofliodd afga?w%scqqnawghsmn .

a nore dang@k@t‘r‘&x%ién\&h@béi‘ﬂﬂ 1%%5@@13’%&&%““ continuation of flow
of abnormal current therein, even after destruction of thermstor

di sk 23 inside tbaid seeandcspsing wonlactepiote being larcatedickaser taja puter pamphery of

rof erence S SechOpeRepTLarar Pk AP R AEBrEN roRRer BB Shishe wid 1,

those sk || egohd shhfs 8bhtadtiiadéceI0 opp¥sd safdd!first HRsIESS alighhért Prejactichewith Isasidmay
be made wi thout departi n% fromthe spirit
electronic element eing interposed therebetween; and

each of the first and. second position-alignment projections having a tip end

being partly cut away at its outer side facing the outer periphery of said electronic

element.
10
8. An electronic device comprising: _
an electronic element having first and second principal planes on opposite sides
thereof, respectively, and first and second electrodes formed on said first and second
principal planes respectively;
15 a pair of a first conductive spring contact piece and a first insulative position-

alignment projection in contact with said first principal plane at different positions
thereon;
a pair of a second conductive spring contact piece and a second insulative
position-alignment projection in contact with said second principal plane at different
20  positions thereon;
said first spring contact piece and said second spring contact pieces in elastic
contact with said first and second electrodes respectively while providing electrical
conductive state therebetween;
said first spring contact piece being located closer to an outer periphery of said
25 electronic element than said second position-alignment projection, while causing said
first spring contact piece to oppose said second position alignment projection with said
electronic element being interposed therebetween;
said second spring contact piece being located closer to an outer periphery of
said electronic element than said first position-alignment projection while causing said
30  second spring contact piece to oppose said first position alignment projection with said

electronic element being interposed therebetween;
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and scope of tﬁpixéﬁmmusﬁgg,fjefl ned by the clains whichfolTow.
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each of the first and second spring contact pieces defining a spring force
directed generally outward relative to a direction perpendicular to said principal
planes; and

each of the first and second position-alignment projections having a tip end
being partly cut away at its outer side facing the outer periphery of said electronic

element.

9. The device according to claim 6, further comprising a casing for

holding therein said electronic element and said first and second spring contact pieces,

and wherein said first and second position alignment projections are associated with

said casing.

10.  The device according to claim 2, wherein said electronic element is a

positive thermistor.

11. The device according to claim 3, wherein said electronic element is a

positive thermistor.

12. The device according to claim 4, wherein said electronic element is a

positive thermistor.

13.  The device according to claim 6, wherein said electronic element is a

positive thermistor.

14. The device according to claim 7, wherein said electronic element is a

positive thermistor.

15.  The device according to claim 8, wherein said electronic element is a

positive thermistor.
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For exanpl e, ﬁ{, agW&{ t herm stor device 31 shown in Figs. 1-12

i ncl udes the asi ng may be excluded if an alternative

structure is enpl oyed t hgrgf or which can support t i ng contact™
pi eces 40, 43 land paosittNolIs7 al i gnment projections Immglﬂg M’
all owi ng the the?m' stor disk 35ito be elastically 5 suppe IH”I

i nterposed theyrebefween. The sane appli esﬁw’ th respect to the 5o

LO.

—
(D

enbodi ment dev|ces 21, 2la shewd in Figs~’22-27. Al so, the
"fragnment outward, sepgrative novenent” feature of the inventiagn . does
not al ways consi i@ of %bBFﬁV’Eﬁ?C%@"g é‘bF{aHB % orhegeip SR HIFBIA slementgs e

ar rangenent ,odiiw fefdist?, 43 as denoted by the arrows 58, 59 of Fig. 8B and
(2) the 10 "fragnents' outer novenent accel eration" arrangenent of the
proj ections 56, 57 as attained by formation of the cut-away portions
60, 61 at tip ends thereaqf.. \Wien .. rqpriate, either one, of these
arrangenent s may(iiZ'_e eﬁb’f’ 8?888 ﬁ%coﬁ@%é%gﬁpm%f"“ er °°'“Wﬁ‘"§o°d?3tsf'§nf,°r t he
principles pildingahérieaid eRcRéMc BRimeneald 548 TstlMdtReord! dprimk ®hBEt pieces

and wherein said first and second position alignment projections are associated with

*

said casing.

18.  The device according to claim 8, further comprising a casing for
10 holding therein said electronic element and said first and second spring contact pieces,
and wherein said first and second position alignment projections are associated with

said casing.



t-herm stor device 31 including therm stor di SRHISSSHERTEHAS IBREN les extend to
any type 15 of electronic device where it s degppphtEDto prievent a short
circuit upon the occurrence of a rg‘ilfun Ot

10

15

ELECTRONIC DEVICES HAVING REDUCED DESTRUCTION OF INTERNAL ELEMENTS

UPON MALFUNCTION

ABSTRACT OF THE DISCLOSURE

A positive thermistor device includes a positive thermistor element having a
pair of opposed electrodes, each of which receives compressive force elastically
applied from a corresponding one of spring contact members to hold the thermistor
element at a predefined position in the device. When the thermistor device is
destroyed, the element breaks into fragments, some of ‘which remain in contact with
the spring contact members. The remaining fragments deviate in position to ensure
that they do not conduct electricity, resulting in an open state, wherein any current

flow is inhibited through such fragments. More specifically, a positive thermistor

~ disk is held within the device so that it is interposed between conductive spring

contact pieces and insulative position-alignment projections, which are cross-
diagonally situated with respect to each other. The spring contact pieces are located
further toward the periphery of the disk than the position-alignment projections,
causing a spring force to extend in a direction generally outward relativé to a
direction perpendicular to the planes of the electrodes. In one embodiment, the

position-alignment projections have cut-away portions at outer tip ends thereof

" respectively to further promote the formation of an open circuit state upon the

occurrence of malfunction.-
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28 - WHAT |'S CLAIMED | S: 1. An el ectronic device

conpri si ng: . an electronic elenment having first and second
opposed el ectrodes; 5 support neans for elastically supporting
said electronic el enent, said support means including first and

second contact .sections in contact with paid first electro
different positions thereon,- and third and fourth contact
contact with said second el ectrode at different posi
the first and fourth contact sections being |ocated closer|t
peri pheral 10 portions of said first and second el ectrode
and second contact sections;
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said first and fourth contact sections bei ng electrically'connected W th

said first and second el ectrodes respectively to provide a conductive
path for application of power to said electronic elenent; and

tthe second and’'third contact sections being electrically isolated fromsaid
first 15 and second el ectrodes. -2 2. The devi ce accordlng
to claiml1, wherein said support neans '~ conpri ses:

first conductive term nal nember having first and second sh{EM@ﬁﬁ‘d’ftS}H’f
“pieces for elastically applying conpressive force toward spif~fiTst

el ectr ode; a second conductive term nal nenbey ha i@g h@@?
and fourth spring contact pi eces for elastically apply né ﬁ§ i Ve

force toward saldF§ec nd el ectrode;
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a first insulative nenber between said second spring contact piece and said
*first electrode; 25 a second insul ative nenber between said third

spring_ contact piece and said second el ectrode; and

sai d

first spring .contact piece, said first insulative nenber, ;
REPLAC

“insulative ménber and said fourth sprihng contact piece cq

first, second, third and fourth contact sections re¢spectively.. 30

}.L.ﬂ
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29 . | - 3. The device according to claimi1, wherein said

support neans conpri ses: a first conductive term nal
menber having a first spring contact piece for el astical ly applying
conpressive force toward said first electrode; 5 a first

I nsul ati ve nenber in contact with said #irst el ectrode;

l .W—-‘.m...,, a
second insul ative .nenber contacted wi.th said second el ec 5 CEMENT S}EET;

16 JAN 1997
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a“second conductive. term nal nenber having a second spring contact piece

for el astically applying conpressive force toward said second
el ectrode; and said first spring contact piece, said first
i nsul ati ve menber, said second 10 insulative nmenber and sai ring
contact piece constituting said first, second, third a Pb@fEMF\r
contact sections, respectively. 4, The devjc
to claim3, further conprising a casing for hol di ng t her
el ectroni c el ement and said first and second ternminal nenber
wherein said first econd insul ative nmenbers are associ
casi ng. 2 The device according to claim wher ei n sal
el ectroni c el ement
3
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positive thermstor. 20 6. An el ectronic device conpri sing:
an electronic elenment having first and second principal planes on- opposite

s des thereof, respectively, and first and second g]ectrodes formed
on said first and second principal planes respecti Y 3 e
a pair of a first conductive spring congact piece and a
position- *25 al i gnnent projection being contacted wifh said
princi pal plane at different positions thereon;
of 'a second conductive spring contact piece and a second |nsula
position-alignnment projection being contacted with saig secon
pl ane at different positions thereon;
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30 ' said first and second sprlng cont act pleces bei ng
el astlcally contacted with said

16.145 1997
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frrst, and second el ectrodes respectively while providing an el ectrical
conductive state t her ebet ween; said first spring
contact piece being |ocated closer to an outer periphery of said 5

el ectronic el enent than said second position-alignnment projection while

causing said first spring contact piece to oppose sgid-.secand
position alignnment projection with said - electronic &ﬁ@ﬁﬁ@ﬁ@ﬁg{ngEET
i nt er posed t herebet ween; said second sprin —~prt

bei ng | ocated closer to an outer periphery of sai d jelfec rbpi& el e
than said first position-alignnent projection while causifng s g’ T
second spring conta¢ﬁjpﬂdee to oppose said first positio LQouent

projection with said el ectroni c el enent being intefposed
t her ebet ween; and each of said first and se

pi eces defining a spring force directed generally away froma
direction which is perpendLéﬁlar tazfaiqifrincipal pl anes.
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15 . 7. An el ectroni c device conpri sing: an.
el ectronic elenent having first and second principal planes on opposite

sides t hereof, respectively, and first and second eIectrodes f or med
on said first and second principal planes respectiyety;

a pair of a first conductive spring ceontact piece and EREPRéQEﬂﬁﬂﬂHSﬂEE?
position- . ... alignnment proj.ection in contact with spi i TiTst~prrnct

pl ane at different positions t her eon; a 0 ‘sfecjond
conductive spring contact piece and a second insulativg 'ﬂgJANﬂkg?

posi ti on-al i gnnent role tion in contact with said secjone—p+-nci-pal_pliarfe
at different 25 gl ns thereon; said first spring contact
pi ece and said second spring contact pieces in elastic contact h

said first and second el ectrodes respectively while providing electrical
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conductive state therebetween; said first spring contact piece
being | ocated closer to an outer periphery of said 30 electronic elenent
than said second position-alignnent projection, while causing said '
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31 . first spring contact piece to oppose said second position

alignnment projection with said el ectronic el enent being interposed
t herebet ween; .. sai d second spring contact piece being |ocated
closer to an outer periphery of 'said electronic elenment than said

first position-alignnent projection whilig causing said 5
contact piece to oppose said first position alignnent- proj
el ectroni c el enent being interposed therebetween; and

being partly cut away at its outer side facing the outer péri
el ectronic el ement. 10 8. An el ectrofi &

conpri si ng: F;3~l e
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an electronic el enent having first and second principal planes on opposite
si des t hereof, respectively, and first and second el ectrodes forned
on said first and second princi pal planes respectively; 15 a
pair of a first .conductive spring contact piece and a first insulative

posi tion- al ignment projection in gpntact with said first principal

pl ane at different positions t hereon; : a pair of a second
conductive spring contact piece and a second insulative '
position-alignnent projection in contact with .said second principal plane
at different 20 positions thereon; said first spring contact
pi ece and said second spring contact pieces in elastic contact with
said first and second_gl ectodes respectively while providing electrical
conductive state thergb baéZn; said first spring contact piece
bei ng | ocated cl oser to”anm outer periphery of said "
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25 electronlc el enent than said second position- al i gnnent proj ecti on,
whi | € causing said first spring contact piece to oppose said second -
position alignnment projection with said el ectronic el ement being

i ht er posed t her ebet ween; "said second spring contact piece
being located closer to an outer periphggy of said el ectronic el enent
than said first position-alignnent projection ‘whil e causing said 30

second spring contact piece to oppose said first position alignnent
projection with said - electronic el ement being interposed therebetween;
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32 ' .each of the first and second spring contact pieces
deflnlng a spring force directed generally outward relative.to a
diréction perpendicular to said principal pl anes; and

each of the first and second positior-alignment projections having a'tip

end 5 being partly cut away at its opger S|de facing the outer perlphery
of said electronic el enent . -
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9- .'Thé devi ce. according to claim6, further conprising a casing for
hol ding therein said electronic elenent and said first and second spring
cont act pieces, .10 and wherein said first and second position alignnent

proj ecti ons are associated with " sai d casing. 10.

The device according to claim?2, whereipssaid electronic element is a
positive thermstor. 15 | 11. The devi ce according-to.claim 3,
wherein said electronic elenent is a ~ positive therm stor.
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12. - "The device according to claim4, wherein said electronic element is a

20 positive therm stor.

13.

The devi ce according to

claim6, wherein said electronic element is a positive thermstor.
25 14. The device according to claim7, wherein said electronic
elenment is a positive thermstor. 4
el
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15. - The device accor di ng to claim@8, wherein said electronic elenent is a
positive thermstor. 30 '
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33 . .16. The device according to claim9, wherein said

el ectronic elenent is a - positive therm stor. 17. The
device according to claim7, further conprising a casing for 5 hol di ng
therein said electronic elenent and said first and second spring contact

pi eces, and wherein said first andjgecond position allgnnent
projections are associated with .sald casing. : 18. The
device according to claim8, further conprising a casing for

Fig-2¢
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10 _holding therein said electronic el ement and said first _and second
spring contact pieces, and wherein said first and second position

al i gnnment projections are associated with
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Box I TEXT OF THE ABSTRACT (Continuation of item 5 of the first sheet)

A positive thermistor disk (35) is held within the device (31) so that it is interposed between conductive spring contact
pieces (40, 43) and insulative posmon-ahgnment projections (56, 57), which are cross-diagonally situated with respect
to each other. The spring contact pieces are located further toward the periphery of the disk than the position-alignment
projections, causing a spring force (58, 59) to extend in a direction generally outward relative to a direction
perpendicular to the planes of the electrodes. When the thermistor device is destroyed, the element breaks into
fragments, some of which remain in contact with the spring contact members. The remaining fragments deviate in
position to ensure that they do not conduct electricity, resulting in an open state, wherein any current flow is inhibited
through such fragments. In one embodiment, the position-alignment projects have cut-away portions (60, 61) at outer
tip ends thereof respectively to further promote the formation of an open circuit state upon the occurrence of

malfunction.
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