
EP 0 423 368 B1 Description TECHNICAL FIELD 5      This invention relatesto
an electronic part having a safeguard function which is equipped with an
element that cuts off any excess current in an abnormal condition.
BACKGROUND ART 10      Nowadays, the number of functions with which an
electronic part is endowed has been increasing. As a result more and more
electronic parts using semiconductor devices are being adopted for use in
household electric equipment, information equipment, communication
equipment, industrial equipment, etc. The semicon- ductor devices which are
used in such electronic parts are extremely sensitive to an abnormal
voltage such as static electricity or a lightning surge voltage.
Accordingly, it is not unusual to cause a malfunction of the 15  associated
electronic apparatus or the destruction thereof. Thus, it is very important
to overcome the problem of surge voltages in these semiconductordevices
sothatthe associated electronic apparatus may have a high- er degree of
reliability. To cope with this problem, a surge absorber has conventionally
been used. Such a surge absorber, how- ever, is short-circuited when it
malfunctions as a result of deterioration, etc., so that there is the
danger of its 20  being overheated and ignited. To avoid such an accident a
number of measures have been proposed. Figs. 36 and 37 show the
construction of a conventional surge absorber. The surge absorber shown in-
cludes a surge absorbing element 1, and electrodes 2a and 2b provided on
both sides thereof. The surge ab- sorber also includes elastic leads 3 and
4, which are connected to the electrode 2a by means of low-melting- point
solders 5, and a lead 6, which is connected to the electrode 2b by means of
a high-melting-point solder 25  (not shown). The leads 3, 6 and 4 are
connected, respectively, to the connection terminals 8, 9 and 10 on a
supporting member 7. The operation of this surge absorber, constructed as
described above, will now be described. Fig. 37 shows the way in which this
surge absorber is used. The connection terminals 8 and 9 are connected to a
powersource 11, and the connection terminals 9 and 10 are connected to a
circuit 12 which is to be protected. Normally, the 30  section between the
connection terminals 8 and 10 is short-circuited, and the section between
the connection terminals 8 and 9 has such a high resistance that they are
isolated from each other. When a surge voltage is generated in the power
line, the resistance of the surge absorbing element 1 is lowered, and the
section be- tween the connecting terminals 8 and 9 becomes nearly
short-circuited, with the result that the surge current does not flow
through the circuit 12 to be protected. Instead, the surge current flows
between the connecting 35  terminals 8 and 9, thus allowing the surge to be
absorbed. When, in this circuit, a continuous excess voltage Is applied to
the power line, a continuous excess current flows to the surge absorbing
element 1. As a result, the surge absorbing element 1 is heated and fuses
the low-melting-point solder 5, so that the elastic leads 3 and 4 are
separated from the electrode 2a, as indicated by the arrow in Fig. 38.
Accordingly, the surge ab- sorbing element 1 and the circuit 12 to be
protected are isolated from the power source 11. Thus, this surge 40
absorber acts as an electronic part having a safeguard function. The
problem with this conventional construction is that, when a continuous
excess current flows through the surge absorbing element 1 and causes the
low-melting-point solders to melt so as to separate the leads 3 and 4 from
the electrode 2a, which have been connected to the latter, an arc discharge
due to the high voltage may occur between the electrode 2a and the leads 3
and 4 which have been separated therefrom. Thus, the 45  surge absorbing
element 1 cannot be perfectly isolated from the excess current which means
that there is still the danger of the surge absorbing element 1 being
ignited. DE 36 43 622 A1 describes an electronic part having a safeguard
function according to the precharacter- izing clause of Claim 1. According
to said document a thermal extensive element 7 serves for tearing off a
lead 3 from a varistor2 ata low-melting-pointsolder5 in case of excessive
heating due to an excessive voltage. 50  Much like the electronic part
shown in figures 36 to 38, aftertearing off and thereby disconnecting lead
3 from varistor 2, there is no perfect overcoming of the danger of an arc
discharge between the torn off parts, which means that there is still the
danger of varistor 2 being ignited. It is accordingly an object of this
invention to eliminate the problem that an accident such as ignition may
occur to an electronic part when a continuous excess current is allowed to
flow into it. 55      According to the invention, the above object is
achieved by the features laid down in the characterizing clause of Claim 1.
Preferred embodiments are claimed in the subclaims. When, in this
construction, a continuous excess voltage is applied to the electronic part
having a safeguard function according to this invention and a continuous
excess current flows into this electronic part to cause it 2   



EP 0 423 368 B1 to be abnormally heated, the low-melting-point metal
element is fused by this heat, and then the thermocon- tractive insulating
tube contracts. The contraction of this thermocontractive insulating tube
causes the low- melting-point metal element to be cut. In other words, the
thermocontractive insulating tube, which acts as an insulator, is allowed
to break into the low-melting-point metal element, which has been fused.
Therefore, the 5 excess current is totally prevented from flowing into the
electronic part, and, thanks to the presence of the ther- mocontractive
insulating tube, an arc discharge can be avoided. In this way, this
electronic part and the as- sociated circuit to be protected (shown at 12
in Fig. 37) can be prevented from being Ignited. BRIEF DESCRIPTION OF THE
DRAWINGS 10 Fig. I Isafrontviewofan electronic part having a
safeguardfunction in accordance with a first embodiment of this invention;
Fig. 2 is a side view of the same; Fig. 3 is a sectional view of the same;
15      Fig. 4 is a circuit diagram showing an example of the way the
electronic part of this embodiment is used; Fig. 5 is a front view showing
a second embodiment of this invention; Fig. 6 Is a side view of the same;
Fig. 7 is a sectional view of the same; Fig. 8 is a circuit diagram showing
an example of the way the electronic part of this embodiment is used; 20
Fig. 9 is a front view showing the essential parts of a third embodiment of
this invention; Fig. 10 is a front view showing the essential parts of a
fourth embodiment of this invention; Fig. 11 is a side view of the same;
Fig. 12 is a front view showing the essential parts of a fifth embodiment
of this invention; Fig. 13 is a side view of the same; 25      Fig. 14 is a
front view showing the essential parts of a sixth embodiment of this
invention; Fig. 15 is a side view of the same; Fig. 16 is a front view
showing the essential parts of a seventh embodiment of this invention; Fig.
17 is a front view showing the essential parts of an eighth embodiment of
this invention; Fig. 18 is a side view of the same; 30      Fig. 19 is a
front view showing the essential parts of a ninth embodiment of this
invention; Fig. 20 is a side view of the same; Fig. 21 is a front view
showing the essential parts of a tenth embodiment of this invention; Fig.
22 is a perspective view of the same; Fig. 23 is a front view showing the
essential parts of an eleventh embodiment of this invention; 35      Fig.
24 is a front view showing the essential parts of a twelfth embodiment of
this invention; Fig. 25 is a perspective view of the same; Fig. 26 is a
front view showing the essential parts of a thirteenth embodiment of this
invention; Fig. 27 is a perspective view of the same; Fig. 28 is a front
view showing the essential parts of a fourteenth embodiment of this
invention; 40      Fig. 29 Is a side view of the same; Fig. 30 is a front
view showing the essential parts of a fifteenth embodiment of this
invention; Fig. 31 is a side view of the same; Fig. 32 is a front view
showing the essential parts of a sixteenth embodiment of this invention;
Fig. 33 is a side view of the same; 45      Fig. 34 is a front view showing
the essential parts of a seventeenth embodiment of this invention; Fig. 35
is a side view of the same; Fig. 36 is a front view showing the
construction of a conventional surge absorber, Fig. 37 is a circuit diagram
showing an example of the way this surge absorber is used; and Fig. 38 is a
side view illustrating the operation of this surge absorber. 50 BEST MODE
FOR CARRYING OUT THE INVENTION Fig. I is a front view of a surge absorber
having a safeguard function which constitutes a f irst embodiment of an
electronic part having a safeguard function of this invention. Fig. 2 is a
side view taken in the direction 55   of the arrow A of Fig. 1, and Fig. 3
is a sectional view taken along the line B-C of Fig. 2. in Figs. 1, 2 and
3, the reference numeral 21 indicates a surge absorbing element of the type
which is disclosed, for example, in U.S. Patents No. 3663458 and No.
4045374. This surge absorbing element includes a cylindrical base body,
whose flat end sections are equipped with electrodes 21a and 21b,
respectively, which are formed through 



3    EP 0 423 368 B1 the baking of silver paste, etc. Metal connecting
leads 21c and 21d, which are made of a good conductor of electricity such
as copper or brass, are connected to these electrodes 21a and 21b,
respectively, by means of a high-melting-point solder (not shown) or the
like. The reference numeral 22 indicates an insulator, which is made of an
inorganic non-metal material such as glass and which partly or entirely
covers over the surface 5    of the surge absorbing element 21. The
reference numeral 23 indicates a low-melting-point metal elementsuch as a
solder wire of a tin/lead eutectic alloy. One end of this low-melting-point
metal element 23 is connected to the connecting lead 21c and the other end
thereof is connected to a connecting lead 24, which are made of a good
conductor of electricity such as copper or brass, both connections being
effected by soldering or the like in which a laser, etc. is used. The
reference numeral 25 indicates a thermocontractive insulating tube 10
which is made, for example, of silicon, which excels in heat resistance,
flame resistance, and arc resistance, and which is adapted to contract,
when heated, to a diameter smaller than that of the surge absorbing element
21. This thermocontractive insulating tube 25 covers over the periphery of
the surge absorbing element 21 and as well that of the low-melting-point
metal element 23 In such a manner that the insulator 22, with which the
surface of the surge absorbing element 21 is coated, is in close
contactwith the surface of the low-melting- 15  point metal element 23,
holding them firmly together. The reference numeral 26 indicates an
insulating-resin fixing section, which is made, for example, of
polyphenylene sulfide so as to excel in heat resistance, flame resistance,
and arc resistance, and which is attached to the connecting leads 21d and
24 by insert-forming or the like so as to be In dose contact with these
leads. The parts indicated by the reference numeral 26a and 26b belong to
this insulating-resin fixing section 26. These parts partly cover over the
connecting leads 21d 20  and 24, thereby securely keeping the creeping
distance between these connecting leads. The reference nu- meral 27
indicates an insulating-resin enclosing section, which is made, for
example, of polyphenylene sulfide and which excels in heat resistance,
flame resistance, and arc resistance. This insulating-resin enclosing sec-
tion 27 is closely attached to the insulating-resin fixing section 26 by
ultrasonic welding or the like so as to prevent the low-melting-point metal
element 23 from being scattered when it is fused and to provide moisture 25
proofness. The operation of this surge absorberwith a safeguard function,
constructed as described above, will now be described. In the example shown
in Fig. 4, this surge absorber having a safeguard function is applied to a
communication line (such as a telephone line). The reference numeral 28
indicates a signal source, which is connected to the connecting leads 21d
and 24 of this surge absorber with a safeguard function, and the ref- 30
erence numeral 29 indicates a protected circuit, which is connected to the
connecting leads 21d and 24. Since the operation starting voltage (the
varistor voltage) of the surge absorbing element 21 is set higher than the
peak value of the signal source 28 (the sum of the circuit voltage and the
peak value of the lingering signal), the section between the connecting
leads 21d and 24 exhibits a high resistance, so that the circuit is nearly
open. If, in this communication line, a surge voltage is generated, the
resistance of the surge absorbing element 35  21 is lowered, and the
section between the connecting leads 21d and 24 Is nearly short-circuited,
so that the surge current does not flow through the protected circuit 29
but through the section between the connecting leads 21d and 24, thus
absorbing the surge. A communication line like this, however, is in many
cases in close proximity to a power cable. If a contin- uous excess voltage
(which Is higher than the operation starting voltage of the surge absorbing
element 21) 40  is generated when this power cable interferes therewith is
applied to this communication line, a continuous excess current flows
through the surge absorbing element 21. If the value of this continuous
excess current is higherthan the maximum non-fusing current value for the
low-melting-point metal element 23 (The value is determined by the material
and the diameter of this metal element), the low-melting-point metal
element 23 is fused because of spontaneous exothermic effectdue to the
Joule effect. If the value of this continuous excess 45  current is lower
than the maximum non-fusing current value mentioned above, the surge
absorbing element 21 is gradually heated, and this heat is transmitted
through the insulator 22, which is made of a material with good heat
conductivity, to the low-melting-point metal element 23, thereby fusing
this metal element. In either case, the thermocontractive insulating tube
25 contracts in the radial direction simultaneously with the fusing of the
low-melting-point metal element 23, and the low-melting-point metal element
23, which has been fused, 50  is forced outwards because of the radial
contraction of the thermocontractive insulating tube 25, with the result
that the low-melting-point metal element 23 is divided into two parts which
are separated clearly from each otherwith the thermocontractive insulating
tube 25 therebetween. In other words, when the low-melting-point metal
element 23 has been fused, the excess current which has been flowing
through the surge absorbing 



element 21 is totally cut off by the presence of the thermocontractive
insulating tube 25, which acts as an in- 55  sulator, without causing any
arc discharge after the separation of the low-melting-point metal element
23. Ac- cordingly, the heating of the surge absorbing element 21 is
stopped, thus preventing it from being ignited. Table 1 shows the results
of an experiment in which excess voltages of various levels were applied to
a surge absorber in accordance with this embodiment In this experiment, a
varistor whose operation starting 4    EP 0 423 368 B1 voltage (varistor
voltage) is 360 volts (I = 1 mA) was used as the surge absorbing element
21, and a solder line whose melting point is [err] and whose diameter is
0.3 mm was used as the low-melting-point metal ele- ment 23. 5 (Table  1)
Applied   Short- voltage    circuiting                             Result
current 40A        Circuit opened after  0.030  to 0.85 sec. No ignition
4.40 sec. No ignition 0.5A        Circuit opened after  4.64  to 6.54  sec.
No ignition 20 0.25A       Circuit  opened after  8.08 to 14.8 sec. No
ignition 30 Thus, the surge absorber with a safeguard function of this
embodiment is effective in preventing its surge absorbing element 21 from
being Ignited by a continuous excess current Next, a second embodiment of
this vention will be described with reference to Figs. 5,6  and 7. Fig 5 is
a front view of a surge absorber with a safeguard function in accordance
with the second embodiment, Fig. 6 is a side view taken in the direction
indicated by the arrow D in Fig. 5, and Fig. 7 Is a sectional view taken 35
along the line E-F in Fig. 6. This embodiment is different from the first
one in that an additional connecting lead extends from the connection point
between the surge absorbing element 21 and the low-melting-point metal
element 23, thus forming a three-lead-terminal structure. Referring to Fig.
7, the reference numeral 21 indicates a surge absorbing element, which
consists, for example, of a varistor, and which is equipped with electrodes
21a and 21b, which are formed on the flat end surfaces of the cylindrical
body. Connecting leads 40  21c and 21d are connected to these electrodes
21a and 21 b, respectively. The reference numeral 22 indicates an
insulator, which is made, for example, of an inorganic non-metal material
such as glass and which partly or entirely cover over the surface of the
surge absorbing element 21. The reference numeral 23 Indicates a
low-melting-point metal element, which consists, for example, of a solder
line of a tin/lead eutectic alloy. One end of this low-melting-point metal
element 23 is connected to the connecting lead 21c, and the other end of 45
this metal element is connected to the connecting lead 24, both connections
being effected by soldering or the like in which a laser beam, etc. is
used. The reference numeral 25 indicates a thermocontractive insulating
tube, which is adapted to contract when heated, to a diametersmallerthan
that of the surge absorbing element 21, and which covers over the periphery
of the surge absorbing element 21 and that of the low-melting-point metal
element 23 In such a manner that the surface of the insulator 22, which
cover over the surface of the 50  surge absorbing element 21, is in close
contact with the low-melting-point metal element 23. The reference numeral
30 indicates an insulating-resin fixing section, which is made, for
example, of polyphenylene sulfide, so as to excel in heat resistance, flame
resistance, and arc resistance, and which is attached to the connecting
leads 21c, 21d and 24 by insert-forming orthe like so as to be in close
contact with these leads. The portions indicated bythereference numerals
30a, 30band 30c constitute a partofthis insulating-resin fixing section
30.These portions 55 partly cover the connecting leads 21c, 21d and 24,
thereby securely keeping the creeping distance between these connecting
leads constant. The reference numeral 31 indicates an insulating-resin
enclosing section, which is made, for example, of polyphenylene sulfide and
which excels In heat resistance, flame resistance, and arc re- sistance.
This insulating-resin enclosing section 31 is closely attached to the
insulating- resin fixing section 5   



EP 0 423 368 B1 30 by ultrasonic welding or the like so as to prevent the
low-melting-point metal element 23 from being scat- tered when it is fused
and to provide moisture proofness. The reference numeral 32 indicates an
insulating coating material, which coveroverthat portion of the connecting
lead 21c which is surrounded by the insulating- resin fixing section 30 and
the insulating-resin enclosing section 31, except for that portion thereof
which is 5   connected to the low-melting-point metal element 23. The
operation of this surge absorber with a safeguard function, constructed as
described above, will now be described. In the example shown in Fig. 8,
this surge absorber having a safeguard function is applied to a
communication line (such as a telephone line). The reference numeral 28
indicates a signal source, which is connected to the connecting leads 21d
and 24 of this surge absorber with a safeguard function, and the ref- 10
erence numeral 29 indicates a protected circuit, which is connected to the
connecting leads 21c and 21d. Since the operation starting voltage (the
varistor voltage) of the surface absorbing element 21 Is normally set
higher than the peak value of the signal source 28 (the sum of the circuit
voltage and the peak value of the lingering signal), the section between
the connecting lead 21d and the connecting lead 24 or the connecting lead
21c exhibits high resistance, so that the circuit is nearly open.
Accordingly, the operation of this embodiment is 15  similar to that of the
first embodiment. Thus, if, in this communication line, a continuous excess
voltage (which is higher than the operation starting voltage of the surge
absorbing element) due to interference with a power cable is applied to
this communication line, the low-melting-point metal element 23 will be
fused, as in the first embodiment, and the section between the connecting
leads 21c and 24 and the section between the connect- ing leads 21d and 24
will become open, so that not only the surge absorbing element 21 but also
the protected 20  circuit can be prevented from being spontaneously
ignited. Next, a third embodiment of this invention will be described with
reference to Fig. 9, which shows the con- struction of a surge absorber
with a safeguard function in accordance with the third embodiment of this
inven- tion. This embodiment is different from the first and the second
embodiments in that two separate thermo- contractive insulating tubes 34a
and 34b are arranged with a predetermined space therebetween. The refer- 25
ence numeral 21 indicates a surge absorbing element, which consists, for
example, of a varistor, and which is equippedwith electrodes 21a and 21 b,
which are formed on the flatend surfaces of the cylindrical bodythereof.
Connecting leads 21c and 21d are connected to these electrodes 21a and 21b,
respectively. The reference numeral 22 indicates an Insulator, which is
made, for example, of an inorganic non-metal material such as glass and
which partly or entirely covers over the surface of the surge absorbing
element 21. The reference numeral 30  23 indicates a low-melting-point
metal element, which consists, for example, of a solder line of a tin/lead
eu- tectic alloy. One end of this low-melting-point metal element 23 is
connected to the connecting lead 24 by, for example, a caulking member 33a,
and the other end of this metal element is connected to the connecting lead
21 c by, for example, a caulking member 33b. The reference numerals 34a and
34b indicate thermocontractive Insulating tubes, which are adapted to
contract, when heated, to such an extent that their diameter become 35
smaller than that of the surge absorbing element 21. These
thermocontractive insulating tubes, which are ar- ranged with a
predetermined space therebetween, cover over the surge absorbing element 21
and the low- melting-point metal element 23 in such a manner that the
surface of the insulator 22, which covers over the surface of the surge
absorbing element 21, is held in close contact with the low-melting-point
metal element 23. Further, as in the firstand the second embodiments, the
components of this embodimentare in manycases 40  enclosed by an insulating
resin or the like except for the tip portions of the connecting leads 21c,
21d and 24 so as to prevent the low-melting-point metal element 23 from
being scattered when it is fused and to provide moisture proofness. Such an
enclosing structure, however, is not shown in Fig. 9. The operation of this
surge absorber, constructed as described above, is similar to that of the
first and the second embodiments. Since, however, the two thermocontractive
insulating tubes 34a and 34b are arranged with a predetermined space 45
therebetween, the low-melting-point metal element 23 is cut at two
positions when fused, which means the length of the insulating section is
larger than in the firstand the second embodiments, thus making it possible
to cut off a continuous excess current more reliably. In addition, the
dispersion in the length of the time by which the fusion takes place can be
made smaller. A fourth embodiment of this invention will now be described
with reference to Figs. 10 and 11. Fig.10 is 50  a front view of a surge
absorber with a safe guard function in accordance with the fourth
embodiment of this invention, and Fig. 11 is a side view of the same taken
in the direction indicated by the arrow G of Fig. 10. This embodiment is
different from the first the second and the third embodiments in that it
employs a thermocon- tractive insulating tube 35 which has an opening 35a
in its peripheral wall. Referring to Figs. 10 and 11, the reference numeral
21 indicates a surge absorbing element which consists, for example, of a
varistor, and which 55  is equipped with electrodes 21a and 21b, which are
formed on the flat end surfaces of the cylindrical body thereof. Connecting
leads 21c and 21 d are connected to these electrodes 21a and 21 b,
respectively. The ref- 



erence numeral 22 indicates an insulator, which is made, for example, of an
inorganic non-metal material such as glass and which partly or entirely
covers over the surface of the surge absorbing element 21. The reference 6
EP 0 423 368 B1 numeral 23 Indicates a low-melting-point metal element,
which consists, for example, of a solder line of a tin/lead eutectic alloy.
One end of this low-melting-point metal element 23 is connected to the
connecting lead 24 by, for example, a caulking member 33a, and the other
end of this metal element is connected to the connecting lead 21 c by, for
example, a caulking member 33b. The reference numeral 35 indicates a
thermo- 5 contractive insulating tube, which is adapted to contract when
heated, to such a degree that its diameter be- comes smaller than that of
the surge absorbing element 21. This thennocontractive insulating tube has
an opening 35a in that section of its peripheral surface which corresponds
to the position of the low-melting-point metal element 23, so that when it
covers over the periphery of the surge absorbing element 21 and that of the
low-melting-point metal element 23 in such a manner that the surface of the
insulator 22, which covers the 10 surface of the surge absorbing element
21, is in close contact with the low-melting-point metal element 23, two
tube portions 35b and 35c of the thermocontractive insulating tube 35,
which result from the presence of the opening 35a, are in contact with the
low-melting-point metal element 23. Further, as in the first and the second
embodiments, the components of this embodiment are in many cases enclosed
by an insulating resin orthe like exceptfor the tip portions of the
connecting leads 21c, 21d and 24 so as to prevent the low-melting- 15 point
metal element 23 from being scattered when it Is fused and to provide
moisture proofness. Such an en- closing structure, however, Is not shown in
Figs. 10 and 11. The operation of this surge absorber, constructed as
described above, is similar to that of the first, the second and the third
embodiments. Since, however, the two tube portions 35b and 35c of the
thermocontractive insulating tube 35 are in contact with the low-melting-
point metal element 23, the low-melting-pointmetal element23 is cutattwo
positions when fused, which means 20 that the length of the insulating
section is larger than in the first and the second embodiments, thus making
it possible to cut off a continuous excess current more reliably. In
addition, the dispersion in the length of the time by which the fusion
takes place can be made smaller. These advantages can also be provided by
the third embodiment. In the third embodiment, however, the process steps
of arranging the two thermocontractive insulating tubes 34a and 34b with a
predetermined space therebetween is rather difficult to perform, whereas,
25 in this embodiment, the predetermined space is fixed because of the
opening 35a, which leads to an improve- ment in the working efficiency,
reduction in the cost, etc. Next, a fifth embodiment of this invention will
be described with reference to Figs. 12 and 13. Fig. 12 is a front view of
a surge absorber with a safe quard function in accordance with the fifth
embodiment of this invention, and Fig. 13 is aside viewof the same taken in
the direction ofthearrowH of Fig. 12. This embodiment 30 is different from
the fourth embodiment in that it employs a thermocontractive insulating
tube 36 which has two openings 36a and 36b. In Figs. 12 and 13, the
reference numeral 21 indicates a surge absorbing element, which consists,
forexample, of avaristor, andwhich is equipped with electrodes 21a and 21b,
which are formed on the flat end surfaces of the cylindrical body thereof.
Connecting leads 21c and 21d are connected to these electrodes 21a and 21
b, respectively. The reference numeral 22 indicates an insulator, which is
made, for ex- 35 ample, of an inorganic non-metal material such as glass
and which partly or entirely covers over the surface of the surge absorbing
element 21. The reference numeral 23 indicates a low-melting-point metal
element, which consists, forexample, of a solderline of a tin/lead eutectic
alloy. One end of this low-melting-point metal element 23 is connected to
the connecting lead 24 by, for example, a caulking member 33a, and the
other end of this metal element is connected to the connecting lead 21c by,
for example, a caulking member 33b. The 40 reference numeral 36 Indicates a
thermocontractive insulating tube, which is adapted to contract, when
heated, to such a degree that its diameter becomes smaller than that of the
surge absorbing element 21. This thermo- contractive insulating tube has
two openings 38a and 36b in its peripheral surface, so thatwhen it covers
over the surface of the Insulator 22, which covers over the surge absorbing
element 21, and the periphery of the low-melting-point metal element 23,
three tube portions 36c, 36d and 36e of the thermocontractive insulating 45
tube 36, which result from the presence of the two opening 36a and 35b, are
In contact with the low-melting- point metal element 23. Further, as in the
first and second embodiments, the components of this embodiment are in many
cases enclosed by an insulating resin or the like exceptforthe tip portions
of the connecting leads 21c, 21d and 24 so as to prevent the
low-melting-point metal element23 from being scattered when it is fused and
to provide moisture proofness. Such an enclosing structure, however, is not
shown in Figs. 12 and 13. 50 The operation of this surge absorber,
constructed as described above, is similar to that of the fourth embodi-
ment. Unlike the fourth embodiment, however, this embodiment employs a
thermocontractive insulating tube 



36 which has two openings 36a and 36b, so that the low-melting-point metal
element 23 is cut at three posi- tions when fused, which means that the
length of the insulating section is larger, thus making it possible to cut
off a continuous excess current more reliably. In addition, the dispersion
in the length of the time by which the 55 fusion takes place can be made
smaller. A sixth embodiment of this Invention will now be described with
reference to Figs. 14 and 15. Fig.14 is a front view of a surge absorber
with a safe quard function in accordance with the sixth embodiment of this
in- vention, and Fig. 15 is a side view of the same taken in the direction
of the arrow I of Fig. 14. This embodiment 7    EP 0 423 368 B1 is
differentfrom the first and the second embodiments in that it employs a
plate varistor instead of a cylindrical varistor. In Figs. 14 and 15, the
reference numeral 37 indicates a surge absorbing element, which consists,
for example, of a varistor, and which Is equipped with electrodes 37a and
37b, which are formed respectively on the flat surface sections of the
planar body thereof, which has at least a pair of parallel opposite sides.
Con- necting leads 37c and 37d are connected to these electrodes 37a and
37b, respectively. The edges of the pla- nar body are chamfered. The
reference numeral 22 indicates an insulator, which is made, for example, of
an inorganic non-metal material such as glass and which partly or entirely
covers over the surface of the surge absorbing element 37. The reference
numeral 23 indicates a low-melting-point metal element which consists, for
example, of a solder line of a tin/lead eutectic alloy. One end of this
low-melting-point metal element 23 is 10 connected to the connecting lead
24 by, for example, a caulking member 33a, and the other and of this metal
element is connected to the connecting lead 37c by, for example, a caulking
member 33b. The reference nu- meral 25 indicates a thermocontractive
insulating tube, which is adapted to contract, when heated, to such a
degree that its inner periphery becomes smaller than the outer periphery of
the surge absorbing element 37 which lies crossing at least a pair of
parallel opposite sides of the surge absorbing element 37. This thermo- 15
contractive insulating tube 25 covers over the periphery of the surge
absorbing element 37 and that of the low-melting-point metal element 23.
Further, as in the first and the second embodiments, the components of this
embodiment are in many cases enclosed by an insulating resin or the like
except for the tip portions of the connecting leads 37c, 37d and 24 so as
to prevent the low-melting-point metal element 23 from being scat- tered
when it is fused and to provide moisture proofness. Such an enclosing
structure, however, is not shown 20  in Figs. 14 and 15. The operation of
this surge absorber, constructed as described above, is similar to that of
the first and the second embodiments. This embodiment, however, makes it
possible to make the surge ab- sorber smaller since it enables the surge
resistance value to be larger. This is due to the fact that in the cyl-
indrical varistor used in the first and the second embodiments, the
distance between the electrodes must be larger than that In the plate
varistor of this embodiment in order that the low-melting-point metal
element 23 25 may have a predetermined length, which means that the
cylindrical varistor must be made of a material of the type in which the
varistor voltage per unit length is relatively small. When compared with a
material with a rel- atively large varistor voltage per unit length, such a
material provides a rather small surge resistance value. Next a seventh
embodiment of this invention will be described with reference to Fig. 16.
Fig. 16 is a front view ofa surge absorber with a safe quard function in
accordance with the seventh embodiment of this Inven- so tion. This
embodiment Is different from the sixth embodiment in that it employs two
thermocontractive insu- lating tubes 34a and 34b, which are arranged with a
predetermined space therebetween. In Fig. 16, the ref- erence numeral 37
indicates a surge absorbing element, which consists, for example, of a
varistor, and which is equipped with electrodes 37a and 37b, which are
formed respectively on the flat surface sections of the planar body
thereof, which has at least a pair of parallel opposite sides. Connecting
leads 37c and 37d are 35 connected to these electrodes 37a and 37b,
respectively. The edges of the plane body are chamfered. The reference
numeral 22 Indicates an insulator, which is made, for example, of an
inorganic non-metal material such as glass and which partlyor entirely
covers the surface of the surge absorbing element 37. The reference numeral
23 indicates a low-melting-point metal element which consists, for example,
of a solder line of a tin/lead eutectic alloy. One end of this
low-melting-point metal element 23 is connected to the connecting lead 24
by, 40  for example, a caulking member 33a, and the other end of this metal
element is connected to the connecting lead 37c by, for example, a caulking
member 33b. The reference numerals 34a and 34b indicate thermocon- tractive
insulating tubes, which are adapted to contract, when heated, to such a
degree that their inner per- ipheries become smaller than the outer
periphery of the surge absorbing element 37which lies crossing atleast a
pair of parallel opposite sides of the surge absorbing element 37. These
thermocontractive insulating tubes 45  34a and 34b, arranged with a
predetermined space therebetween, cover over the peripheral surface of the
insulator 22, which covers over the surface of the surge absorbing element
37, and the peripheral surface of 



the low-melting-point metal element 23. Further, as in the first and the
second embodiments, the components of this embodiment are in many cases
enclosed by an insulating resin or the li ke except for the tip portions of
the connecting leads 37c, 37d and 24 so as to prevent the low-melting-point
metal element 23 from being scat- 50  tered when it is fused and to provide
moisture proofness. Such an enclosing structure, however, is not shown in
Fig. 16. The operation of this surge absorber, constructed as described
above, is similar to that of the sixth embodiment. Unlike the sixth
embodiment, however, this embodiment employs two thermocontractive insu-
lating tubes 34a and 34b, the low-melting-point metal element 23 is cut at
two positions when fused, which means that the length of the insulating
section is longer, thereby making it possible to cut off a continuous ex-
55   cess current more reliably. Furthermore, the dispersion in the length
of the time by which the fusion takes place can be made smaller. Next, an
eighth embodiment of this invention will be described with reference to
Figs. 17 and 18. Fig. 17 is a front view of a surge absorber with a safe
quard function in accordance with the eighth embodiment of 8    EP 0 423
368 B1 this invention, and Fig. 18 is a side view of the same taken in the
direction indicated by the arrow J of Fig. 17. This embodiment is
differentfrom the sixth and the seventh embodiments in that it employs a
thermocontrac- tive insulating tube 35 which has an opening 35a in its
peripheral surface. In Figs. 17 and 18, the reference numeral 37 indicates
a surge absorbing element, which consists, for example, of a varistor that
is equipped 5   with electrodes 37a and 37b, which areformed respectively
on theflatsurface sections of the plane body there- of, which has at least
a pair of parallel opposite sides. Connecting leads 37c and 37d are
connected to these electrodes 37a and 37b, respectively. The edges of the
planar body are chamfered. The reference numeral 22 indicates an insulator,
which is made, for example, of an inorganic non-metal material such as
glass and which partly or entirely covers over the surface of the surge
absorbing element 37. The reference numeral 23 indi- 10  cates a
low-melting-point metal element, which consists, for example, of a solder
line of a tin/lead eutectic alloy. One end of this low-melting-point metal
element 23 is connected to the connecting lead 24 by, for example, a
caulking member 33a, and the other end of this metal element is connected
to the connecting lead 37c by, for example, a caulking member 33b. The
reference numeral 35 indicates a thermocontractive insulating tube, which
is adapted to contract, when heated, to such an extent that its inner
periphery becomes smaller than 15  that outer periphery of the surge
absorbing element 37 which lies crossing at least a pair of parallel
opposite sides of the surge absorbing element 37. This thermocontractive
insulating tube 35 has an opening 35a, so that, when it covers over that
portion of the insulator 22 which covers over the surface of the section of
one of those opposite sides having no electrodes, two tube portions 35b and
35c which result from the presence of the opening 35a are in contact with
the low-melting-point metal element 23. 20      Further, as in the first
and the second embodiments, the components of this embodiment are in many
cas- es enclosed by an insulating resin or the like except for the tip
portions of the connecting leads 37c, 37d and 24 so as to prevent the
low-melting-point metal element 23 from being scattered when it is fused
and to provide moisture proofness. Such an enclosing structure, however, is
not shown in Figs. 17 and 18. The operation of this surge absorber,
constructed as described above, is similar to that of the sixth and the
seventh embodi- 25  ments. Unlike the sixth embodiment, however, this
embodiment employs a structure in which the low-melting- point metal
element 23 is in contactwith the two tube portions 35b and 35cof the
thermocontractive insulating tube 35, so that the low-melting-point metal
element 23 fuses at two positions, which means, that the length of the
insulating section is longer, thereby making it possible to cut off a
continuous excess current more reli- ably. Further, the dispersion in the
length of the time by which the fusion takes place can be made smaller. 30
These effects are also obtained in the seventh embodiment. In the seventh
embodiment, however, the process steps of arranging the thermocontractive
insulating tube 35 with a predetermined space therebetween is rather
difficult, whereas, in this embodiment, the predetermined space between the
two portions 35b and 35c is fixed because of the opening 35a, which leads
to an improvement in the working efficiency, reduction in the cost, etc. 35
Next, a ninth embodiment of this invention will be described with reference
to Figs. 19 and 20. Fig. 19 is a front view of a surge absorber with a safe
quard function in accordance with the ninth embodiment of this invention,
and Fig. 20 is a side view of the same taken in the direction indicated by
the arrow K of Fig. 19. This embodiment is different from the eighth
embodiment in that it employs a thermocontractive insulating tube 36 which
has two openings 36a and 36b. In Figs. 19 and 20, the reference numeral 37
indicates a surge ab- 40  sorbing element, which consists, for example, of
a varistor that is equipped with electrodes 37a and 37b, which are formed
respectively on the flat surface sections of the planar body thereof, which
has at least a pair of 



parallel opposite sides. Connecting leads 37c and 37d are connected to
these electrodes 37a and 37b, respec- tively. The edges of the plane body
are chamfered. The reference numeral 22 indicates an insulator, which is
made, for example, of an inorganic non-metal material such as glass and
which partly or entirely covers over 45  the surface of the surge absorbing
element 37. The reference numeral 23 indicates a low-melting-point metal
element, which consists, for example, of a solder line of a tin/lead
eutectic alloy. One end of this low-melting- point metal element 23 is
connected to the connecting lead 24 by, for example, a caulking member 33a,
and the other end of this metal element is connected to the connecting lead
37c by, for example, a caulking member 33b. The reference numeral 36
indicates a thermocontractive insulating tube, which is adapted to
contract, 50  when heated, to such an extent that its inner periphery
becomes smaller than that outer periphery of the surge absorbing element 37
which lies crossing at least a pair of parallel opposite sides. This
thermocontractive in- sulating tube 36 has two openings 36a and 36b so
that, when it covers over that portion of the insulator 22 which covers
overthe surface of the section of one of those opposite sides having no
electrodes, three portions 38c, 36d and 36e thereof, which result from the
presence of the two openings 36a and 36b, are in contact with 55  the
low-melting-point metal element 23. Further, as in the first and the second
embodiments, the components of this embodiment are in many cases enclosed
by an insulating resin or the like except for the tip portions of the
connecting leads 37c, 37d and 24 so as to prevent the low-melting-point
metal element 23 from being scat- tered when it is fused and to provide
moisture proofness. Such an enclosing structure, however, is not shown 9
EP 0 423 368 B1 in Figs. 19 and 20. The operation of this surge absorber,
constructed as described above, is similar to that of the eighth
embodiment. Unlike the eighth embodiment, however, this embodiment employs
a thermocon- tractive insulating tube 36 which has two openings 36a and
36b, so that the low-melting- point metal element 23 is cut at three
positions when fused, which means that the length of the insulating section
is longer, thereby 5   making it possible to cut off a continuous excess
current more reliably. Further, the dispersion in the length of the time by
which the fusion occurs can be made smaller. Next, a tenth embodiment of
this invention will be described with reference to Figs. 21 and 22. Fig. 21
is a front view of a surge absorber with a safge quard function in
accordance with the tenth embodiment of this invention, and Fig. 22 isa
perspective view of the same. This embodiment is differentfrom the first,
the second 10 and the sixth embodiments in that it employs a
concentric-cylinder-like varistor instead of a cylindrical or plate- like
varistor as the surge absorbing element. In Figs. 21 and 22, the reference
numeral 38 indicates a surge absorbing element, which consists, for
example, of a varistor that is equipped with electrodes 38a and 38b, which
are formed respectively on the outerand innersidesurfaces of the
concentric-cylinder-like body thereof. Connecting leads 38c and 38d are
connected to these electrodes 38a and 38b, respectively. The reference 15
numeral 22 indicates an insulator, which is made, for example, of an
inorganic non-metal material such as glass and which partly or entirely
covers over the surface of the surge absorbing element 38. The reference
numeral 23 indicates a low-melting-point metal element, which consists, for
example, of a solder line of a tin/lead eu- tectic alloy. One end of this
low-melting-point metal element 23 is connected to the connecting lead 24
by, for example, a caulking member 33a, and the other end of this metal
element is connected to the connecting lead 20 38c by, for example, a
caulking member 33b. The reference numeral 25 indicates a thermocontractive
insu- lating tube, which is adapted to contract, when heated, to such an
extent that its diameter becomes smaller than the outer diameter of the
surge absorbing element 38, and which covers over the surface of the
insulator 22 that covers over the surface of the surge absorbing element
38, and the peripheral surface of the low-melt- ing-point metal element 23.
Further, as in the first and the second embodiments, the components of this
em- 25  bodiment are in many cases enclosed by an insulating resin or the
like except for the tip portions of the con- necting leads 38c, 38d and 24
so as to prevent the low-melting-point metal element 23 from being
scattered when it is fused and to provide moisture proofness. Such an
enclosing structure, however, is not shown in Figs. 21 and 22. The
operation of this surge absorber, constructed as described above, is
similar to that of the first, the second and the sixth embodiments. This
embodiment, however, can employ a material of the type in which 30 the
varistor voltage per unit length is larger than that of the material used
in the first and the second embodi- ments, so that this embodiment makes it
possible to Increase the surge resistance to a relatively large value, thus
enabling the surge absorber to be made smaller. This advantage can also be
obtained in the sixth em- bodiment. Since, however, the varistor body
around which the thermocontractive Insulating tube 25 is wound has a curved
surface, the contraction of the thermocontractive insulating tube 25 can
take place more smooth- 35 ly, thereby making it possible to reduce the
dispersion in the length of the time by which the fusion of the low-
melting-point metal element 23 takes place. 



Next, an eleventh embodiment of this invention will be described with
reference to Fig. 23. Fig. 23 is a front view of a surge absorber with a
safe quard function in accordance with the eleventh embodiment of this
invention. This embodiment is different from the tenth embodiment in that
it employs two thermocontractive 40  insulating tubes 34a and 34b, which
are arranged with a predetermined space therebetween. In Fig. 23, the
reference numeral 38 indicates a surge absorbing element, which consists,
for example, of a varistor that Is equipped with electrodes 38a and 38b,
which are formed respectively on the outer and inner side surfaces of the
concentric-cylinder-like body thereof. Connecting leads 38c and 38d are
connected to these electrodes 38a and 38b, respectively. The reference
numeral 22 indicates an insulator, which is made, for example, of an 45
inorganic non- metal material such as glass and which partly or entirely
covers over the surface of the surge absorbing element 38. The reference
numeral 23 indicates a low-melting-point metal element, which consists, for
example, of a solder line of a tin/lead eutectic alloy. One end of this
low-melting-point metal element 23 is connected to the connecting lead 24
by, for example, a caulking member 33a, and the other end of this metal
element is connected to the connecting lead 38c by, for example, a caulking
member 33b. The reference nu- 50 merals 34a and 34b indicate
thermocontractive insulating tubes, which are adapted to contract, when
heated, to such an extent that their diameters become smaller than the
outer diameter of the surge absorbing element 38, and which cover over the
surface of the insulator 22. These thermocontractive insulating tubes 34a
and 34b, arranged with a predetermined space therebetween, cover over the
surface of the Insulator 22, which covers over the surface of the surge
absorbing element 38, and the periphery of the low-melting-point metal 55
element 23. Further, as In the first and the second embodiments, the
components of this embodiment are in many cases enclosed by an Insulating
resin or the like except for the tip portions of the connecting leads 38c,
38d and 24 so as to prevent the low-melting-point metal element 23 from
being scattered when it is fused and to provide moisture proofness. Such an
enclosing structure, however, Is not shown in Fig. 23. The operation 10
EP 0 423 368 B1 of this surge absorber, constructed as described above, is
similar to that of the tenth embodiment. Unlike the tenth embodiment,
however, this embodiment employs two thermocontractive insulating tubes 34a
and 34b, so that the low-melting-point metal element 23 is cut at two
positions when fused, which means that the length of the insulating section
is larger, thus making it possible to cut off a continuous excess current
more reliably. 5   Further, the dispersion in the length of the time by
which the fusion occurs can be made smaller. Next, a twelfth embodiment of
this invention will be described with reference to Figs. 24 and.25. Fig. 24
is a front view of a surge absorber with a safe guard function in
accordance with the twelfth embodiment of this invention, and Fig. 25 is a
perspective view of the same. This embodiment is different from the tenth
and the eleventh embodiments in that it employs athermocontractive
insulating tube 35which has an opening 35a. 10  In Figs. 24 and 25, the
reference numeral 38 indicates a surge absorbing element, which consists,
for example, of a varistor that is equipped with electrodes 38a and 38b,
which are formed respectively on the outer and the innerside surfaces of
the concentric-cylinder-like body thereof. Connecting leads 38c and 38d are
connected to these electrodes 38a and 38b, respectively. The reference
numeral 22 indicates an insulator, which is made, for example, of an
inorganic non-metal material such as glass and which partly or entirely
covers over the sur- 15  face of the surge absorbing element 38. The
reference numeral 23 indicates a low-melting-point metal element, which
consists, for example, of a solder line of a tin/lead eutectic alloy. One
end of this low-melting-point metal element 23 is connected to the
connecting lead 24 by, for example, a caulking member 33a, and the other
end of this metal element is connected to the connecting lead 38c by, for
example, a caulking member 33b. The reference numeral 35 indicates a
thermocontractive insulating tube, which is adapted to contract, when
heated, 20 to such an extent that its diameter becomes smaller than the
outer diameter of the surge absorbing element 38, and which covers over the
surface of the insulator 22 that covers over the surface of the surge
absorbing element 38, and the periphery of the low-melting-point metal
element 23, two tube portions 35b and 35c of the thermocontractive
insulating tube 35, which result from the presence of the opening 35a,
being in contact with the low-melting-point metal element23. Further, as in
the first and second embodiments, the components 25  of this embodiment are
in many cases enclosed by an insulating resin or the like except for the
tip portions of the connecting leads 38c, 38d and 24 so as to prevent the
low-melting-point metal element 23 from being scat- tered when it is fused
and to provide moisture proofness. Such an enclosing structure, however, Is
not shown in Figs. 24 and 25. The operation of this surge absorber,
constructed as described above, is similar to that of the tenth and the
eleventh embodiments. Unlike the tenth embodiment, however, this embodiment
employs 30  a structure in which the low-melting-point metal element 23 is
in contact with the two tube portions 35b and 35c of the thermocontractive
insulating tube 35, so that the low-melting-point metal element 23 is cut
at two 



positions when fused, which means that the length of the insulating section
is longer, thereby making it possible to cut off a continuous excess
current more reliably. Further, the dispersion in the length of the time by
which the fusion to occurs can be made smaller. These advantages can also
be obtained in the eleventh embodiment 35  In the eleventh embodiment,
however, the process steps of arranging the thermocontractive insulating
tubes with a predetermined space therebetween is rather difficult, whereas,
in this embodiment, the space between the two portions of the
thermocontractive insulating tube is fixed because of the opening 35a,
which leads to an improvement in the working efficiency, reduction in the
cost, etc. Next, a thirteenth embodiment of this invention will be
described with reference to Figs. 26 and 27. Fig. 40 26 is a front view of
a surge absorber with a safe quard function in accordance with the
thirteenth embodiment of this invention, and Fig. 27 is a perspective view
of the same. This embodiment is different from the twelfth embodiment in
that it employs a thermocontractive insulating tube 36 which has two
openings 36a and 36b. In Figs. 26 and 27, the reference numeral 38
indicates a surge absorbing element, which consists, for example, of a
varistor that is equipped with electrodes 38a and 38b, which are formed
respectively on the outer and inner 45  side surfaces of the
concentric-cylinder-like body thereof. Connecting leads 38c and 38d are
connected to these electrodes 38a and 38b, respectively. The reference
numeral 22 indicates an insulator, which is made, for example, of an
inorganic non-metal material such as glass and which partly or entirely
covers over the sur- face of the surge absorbing element 38. The reference
numeral 23 indicates a low-melting-point metal element, which consists, for
example, of a solder line of a tin/lead eutectic alloy. One end of this
low-melting-point metal 50  element 23 Is connected to the connecting lead
24 by, for example, a caulking member 33a, and the other end of this metal
element is connected to the connecting lead 38c by, for example, a caulking
member 33b. The reference numeral 36 indicates a thermocontractive
insulating tube, which is adapted to contract, when heated, to such an
extent that its diameter becomes smaller than the outer diameter of the
surge absorbing element 38. This thermocontractive insulating tube 36 has
two openings 36a and 36b so that, when it covers over the 55  insulator22
that covers overthe surface of the surge absorbing element 38, and the
periphery of the low-melt- ing-point metal element 23, the three portions
36c3 36d and 36e thereof, resulting from the presence of the two openings
36a and 36b, are in contact with the low-melting-point metal element 23.
Further, as in the first and the second embodiments, the components of this
embodiment are in many cases enclosed by an insu- 11    EP 0 423 368 B1
lating resin or the like except for the tip portions of the connecting
leads 38c, 38d and 24 so as to prevent the low-melting-point metal element
23 from being scattered when it is fused and to provide moisture proofness.
Such an enclosing structure, however, is not shown in Figs. 26 and 27. The
operation of this surge absorber, constructed as described above, is
similar to that of the twelfth embodiment. Unlike the twelfth embodiment, 5
however, this embodiment employs a thermocontractive insulating tube 36
which has two openings 36a and 36b, so that the low-melting-point metal
element 23 is cut at three positions when fused, which means the length of
the insulating section is longer, thereby making it possible to cut off a
continuous excess current more reliably. Further, the dispersion in the
length of the time by which the fusion occurs can be made smaller. Next, a
fourteenth embodiment of this Invention will be described with reference to
Figs. 28 and 29. Fig. 10  28 is a frontview of a surge absorberwith a safe
quard function in accordance with the fourteenth embodiment of this
Invention, and Fig. 29 is a side view of the same taken in the direction
indicated by the arrow L of Fig. 28. This embodiment is different from the
first, the second and the sixth embodiments in that it employs a
discharging gap instead of a varistor as the surge absorbing element. In
Figs. 28 and 29, the reference numeral 39 indicates a surge absorbing
element, which consists, for example, of a discharging gap that is equipped
15  with connecting leads 39a and 39b. The reference numeral 23 indicates a
low-melting-point metal element, which consists, for example, of a solder
line of a tin/lead eutectic alloy. One end of this low-melting-point metal
element 23 is connected to the connecting lead 39b by, for example, a
caulking member 33a, and the other end of this metal element is connected
to the connecting lead 24 by, for example, a caulking member 33b. The
reference numeral 25 indicates a thermocontractive insulating tube, which
is adapted to contract, when heated, 20  to such an extent that its
diameter becomes smaller than that of the surge absorbing element 39. This
ther- mocontractive insulating tube 25 covers over the periphery of the
surge absorbing element 39 and that of the low-melting-point metal element
23 in such a manner that the surface of the surge absorbing element 39 is
in contact with the low-melting-point metal element 23. Further, as in the
first and the second embodiments, the components of this embodiment are in
many cases enclosed by an insulating resin or the like except for the 25
tip portions of the connecting leads 39c, 39d and 24 so as to prevent the
low-melting-point metal element 23 from being scattered when it is fused
and to provide moisture proofness. Such an enclosing structure, however, 



Is not shown in Figs. 28 and 29. The operation of this surge absorber,
constructed as described above, issimilar to that of the first, the second,
the sixth and the tenth embodiments. Unlike these embodiments, however,
this embodiment employs a discharging gap instead of a varistor as the
surge absorbing element, so that, although 30  the speed of response it
provides is relatively low, it can keep the residual voltage at a
relatively low level. Next, a fifteenth embodiment of this invention will
be described with reference to Figs. 30 and 31. Fig. 30 is a front view of
a surge absorber with a safe quard function in accordance with the
fifteenth embodiment of this Invention, and Fig. 31 is a side view of the
same taken in the direction indicated by the arrow M of Fig. 30. This
embodiment is different from the fourteenth embodiment in that it employs
two thermocontractive insu- 35  lating tubes 34a and 34b, which are
arranged with a predetermined space therebetween. In Figs. 30 and 31, the
reference numeral 39 indicates a surge absorbing element, which consists,
for example, of a discharging gap that is equipped with connecting leads
39a and 39b. The reference numeral 23 Indicates a low-melting- point metal
element, which consists, for example, of a solder line of a tin/lead
eutectic alloy. One end of this low-melting-point metal element23 is
connected to the connecting lead 39b by, forexample, a caulking member 40
33a, and the other end of this metal element is connected to the connecting
lead 24 by, for example, a caulking member 33b. The reference numerals 34a
and 34b indicate thermocontractive insulating tubes, which are adapted to
contract, when heated, to such an extent that their diameters become
smaller than the outer diam- eter of the surge absorbing element 39. These
thermocontractive insulating tube, arranged with a predeter- mined space
therebetween, cover over the periphery of the surge absorbing element 39
and that of the low- 45  melting-point metal element 23 in such a manner
that the surface of the surge absorbing element 39 is In con- tactwith the
low-melting-point metal element23. Further, as in the first and the second
embodiments, the com- ponents of this embodiment are in many cases enclosed
by an insulating resin or the like except for the tip portions of the
connecting leads 39c, 39d and 24 so as to prevent the low-melting-point
metal element 23 from being scattered when It is fused and to provide
moisture proofness. Such an enclosing structure, however, is 50  not shown
in Figs. 30 and 31. The operation of this surge absorber, constructed as
described above, is similar to that of the fourteenth embodiment. Unlike
the fourteenth embodiment, however, this embodiment employs two
thermocontractive insulating tubes 34a and 34b, so that the
low-melting-point metal element 23 is cut at two positions when fused,
which means that the length of the insulating section is larger, thus
making it possible to cut off a continuous excess current more reliably.
Further, the dispersion in the length of the time by which 55  the fusion
occurs can be made smaller. Next, a sixteenth embodiment of this invention
will be described with reference to Figs. 32 and 33. Fig. 32 is a front
view of a surge absorber with a safe quard function in accordance with the
sixteenth embodiment of this invention, and Fig. 33 is a side view of the
same taken in the direction indicated by the arrow N of Fig. 12    EP 0 423
368 B1 32. This embodiment is different from the tenth and the eleventh
embodiments in that it employs a thermo- contractive insulating tube 35
which has an opening 35a. In Figs. 32 and 33, the reference numeral 39
indicates a surge absorbing element, which consists, for example, of a
discharging gap that is equipped with connecting leads 39a and 39b. The
reference numeral 23 indicates a low-melting-point metal element, which
consists, for 5   example, of a solder line of a tin/lead eutectic alloy.
One end of this low-melting-point metal element 23 is con- nected to the
connecting lead 39b by, for example, a caulking member 33a, and the other
end of this metal element is connected to the connecting lead 24 by,
forexample, a caulking member33b. The reference numeral 35 indicates a
thermocontractive insulating tube, which is adapted to contract, when
heated, to such an extent that its diameter becomes smaller than the outer
diameter of the surge absorbing element 39, and which has 10  an opening
35a. This thermocontractive insulating tube 35 covers over the surface of
the surge absorbing ele- ment 39 and the periphery of the low-melting-point
metal element 23, two tube portions 35b and 36c, which resultfrom the
presence of the opening 35a, being in contactwith the low-melting-point
metal element 23. Fur- ther, as in the first and the second embodiments,
the components of this embodiment are in many cases en- closed by an
insulating resin or the like except for the tip portions of the connecting
leads 39c, 39d and 24 so 15  as to prevent the low-melting-point metal
element 23 from being scattered when it is fused and to provide mois- ture
proofness. Such an enclosing structure, however, is not shown in Figs. 32
and 33. The operation of this surge absorber, constructed as described
above, is similar to that of the fourteenth and the fifteenth embodi-
ments. Unlike the fourteenth embodiment, however, this embodiment employs a
structure in which the low- melting-point metal element 23 is in contact
with the two tube portions 35b and 35c of the thermocontractive 20
insulating tube 35, so that the low- melting-point metal element 23 is cut
at two positions when fused, which means that the length of the insulating
section is longer, thereby making it possible to cut off a continuous ex- 



cess current more reliably. Further, the dispersion in the length of the
time by which the fusion occurs can be made smaller. These advantages can
also be obtained in the fifteenth embodiment. In the fifteenth embodi-
ment, however, the process steps of arranging the thermocontractive
insulating tubes with a predetermined 25  space therebetween is rather
difficult, whereas, in this embodiment, the space between the two portions
of the thermocontractive insulating tube is fixed because of the opening
35a, which leads to an improvement in the working efficiency, reduction in
the cost, etc. Next, a seventeenth embodiment of this invention will be
described with reference to Figs. 34 and 35. Fig. 34 is a front view of a
surge absorber with a safe quard function in accordance with the
seventeenth embodi- so   ment of this invention, and Fig. 35 is a side view
of the same taken in the direction Indicated by the arrow 0 In Fig. 34.
This embodiment is different from the sixteenth embodiment in that it
employs a thermocontractive insulating tube 36 which has two openings 36a
and 36b. In Figs. 34 and 35, the reference numeral 39 indicates a surge
absorbing element, which consists, for example, of a discharging gap that
is equipped with connecting leads 39a and 39b. The reference numeral 23
indicates a low-melting-point metal element, which consists, for 35
example, of a solder line of a tin/lead eutectic alloy. One end of this
low-melting-point metal element 23 is con- nected to the connecting lead
39b by, for example, a caulking member 35a, and the other end of this metal
element is connected tothe connecting lead 24 by, forexample, a caulking
member 35b. The reference numeral 36 indicates a thermocontractive
insulating tube, which is adapted to contract, when heated, to such an
extent that its diameter becomes smaller than the outer diameter of the
surge absorbing element 39. This thermo- 40  contractive insulating tube 36
has two openings 36a and 36b, so that, when it covers over the surface of
the surge absorbing element 39 and the periphery of the low-melting-point
metal element 23, three tube portions 36c, 36d and 36e, which result from
the presence of the two openings 36a and 36b, being in contact with the
low-melting-point metal element 23. Further, as in the first and the second
embodiments, the components of this embodiment are in many cases enclosed
by an insulating resin or the like except for the tip portions of 45  the
connecting leads 39c, 39d and 24 so as to prevent the low-melting-point
metal element 23 from being scat- tered when it is fused and to provide
moisture proofness. Such an enclosing structure, however, is not shown in
Figs. 34 and 35. The operation of this surge absorber, constructed as
described above, is similar to that of the sixteenth embodiment. Unlike the
sixteenth embodiment, however, this embodiment employs a thermo-
contractive Insulating tube 36 which has two openings 36a and 36b, so that
the low-melting-point metal ele- 50  ment 23 is cut at three positions when
fused, which means the length of the insulating section is longer, thereby
making it possible to cut off a continuous excess current more reliably.
Further, the dispersion in the length of the time by which the fusion
occurs can be made smaller. Although the above-described embodiments of
this invention employs cylindrical, plate-like, orconcentric- cylinder-like
varistor as the surge absorbing element, this should not be construed as
restrictive. It is also pos- 55  sible to arrange varistors or discharging
gaps, or a combination thereof, in series or in parallel. Further, while,
in the above-described embodiments, glass which is an inorganic material,
is employed as the insulator cov- ering the surface of the surge absorbing
element, the insulator is not limited to this. While, in the above em-
bodiments, silicon is adopted as the material of the thermocontractive
insulating tube, other types of material 13    EP 0 423 368 B1 may also be
adopted. Further, while the third, the seventh, the eleventh, and the
fifteenth embodiments of this invention employ two thermocontractive
insulating tubes 34a and 34b, the number of tubes is not limited to two.
While the fifth, the ninth, the thirteenth, and the seventeenth embodiments
of this invention adopt a thermocontractive insulating tube 36 having two
openings 36a and 36b, the number of such openings is not 5 limited to two,
either. Further, while in the above-described embodiments a surge absorbing
element consti- tutes the electronic part which is short-circuited and
heated when it malfunctions, the electronic part may also consist of a
resistor, a capacitor, etc. INDUSTRIALAPPLICABILITY 10 As described above,
this invention provides an electronic part having a safeguard function,
comprising: an electronic part; a low-melting-point metal element which is
electrically connected in series with this elec- tronic part and which is
held in contact with this electronic part in such a manner as to allow a
satisfactory heat conduction therebetween; and a thermocontractive
insulating tube covering over the periphery of the 15 electronc part and
that the low-melting-point metal element Thus, if, in an abnormal
condition, the above- mentioned electronic part is short-circuited and
heated, the above-mentioned low-melting-point metal element is fused, and
then the thermocontractive Insulating tube contracts, thereby causing the
low-melting-point met- 



al element to be cut. In this process, the above- mentioned
thermocontractive metal element, which acts as an insulator, breaks into
the low-melting-point metal element, so that the excess current can be
totally cut off, 20 thereby making it possible to prevent the
above-mentioned electronic part from being ignited. In the case where a
surge absorbing element is used as the electronic part, in particular, the
circuit voltage would become abnormally high due to interference with a
power cable, or the operation starting voltage would be lowered as a result
of a deterioration in the surge absorbing element due to repeated surge
absorption. If, as a result of such conditions, a continuous excessive
voltage which is in excess of the operation starting vol- 25 tage of the
surge absorbing element is applied to the surge absorbing element, the
above-mentioned low-melt- ing-point metal element is fused, and then, the
above-mentioned thermocontractive insulating tube contracts so as to cut
the low-melting-point metal element. When the thermocontractive insulating
element, which acts as an insulator, thus breaks into the low-melting-point
metal element, the excess current is totally cut off, and the surge
absorbing element and the protected circuit are insulated from the circuit,
thereby making it possible 30 to prevent them from being ignited. Claims 35
1. An electronic part having a safeguard function, comprising: an
electronic element (21), a low-melting-point metal element (23) which is
electrically connected in series with said electronic part (21), and a heat
op- erated element (25; 34a, 34b; 35; 36;), characterized in that said
low-melting-point metal element (23) is held in contact with said
electronic element (21) in such 40      a manner as to allow a satisfactory
heat conduction therebetween, and said heat operated element (25; 34a, 34b;
35; 36) includes at least one thermocontractive insulating tube covering
over the periphery of said electronic element (21) and that of said
low-melting-point metal element (23) and adapted to break into the
low-melting-point metal element (23) when the latter has been fused. 45 2.
An electronic part having a safeguard function as claimed in Claim 1,
wherein two or more thermocon- tractive insulating tubes (34a, 34b) cover
over the periphery of said electronic element (21) and the per- iphery of
said low-melting-point metal element (23), with a predetermined space
between said thermo- contractive insulating tubes (34a, 34b). 50 3. An
electronic part having a safeguard function as claimed in Claim 1, wherein
said thermocontractive in- sulating tube (25; 34a, 34b; 35; 36) has one or
more openings (35a; 36a, 36b). 4. An electronic part having a safeguard
function as claimed in any preceding claim, wherein said electronic element
(21), said low-melting-point metal element (23), and said thermocontractive
insulating tube(s) (25; 34a, 34b; 35; 36) are enclosed in a casing (27)
which is made of a flame resistant insulating material. 5. An electronic
part having a safeguard function as claimed in any preceding claim, wherein
said electronic 14    EP 0 423 368 BI            *  C  L  M  S * may also
be adopted. Further, while the third, the seventh, the eleventh, and the
fifteenth embodiments of this invention employ two thermocontractive
insulating tubes 34a and 34b, the number of tubes is not limited to two.
While the fifth, the ninth, the thirteenth, and the seventeenth embodiments
of this invention adopt a thermocontractive insulating tube 36 having two
openings 36a and 36b, the number of such openings Is not 5   limited to
two, either. Further, while in the above-described embodiments a surge
absorbing element consti- tutes the electronic part which is
short-circuited and heated when it malfunctions, the electronic part may
also consist of a resistor, a capacitor, etc. INDUSTRIALAPPLICABILITY 10 As
described above, this invention provides an electronic part having a
safeguard function, comprising: an electronic part; a low-melting-point
metal element which is electrically connected in series with this elec-
tronic part and which is held in contact with this electronic part in such
a manner as to allow a satisfactory heat conduction therebetween; and a
thermocontractive insulating tube covering over the periphery of the 15
electronc part and that the low-melting-point metal element Thus, if, in an
abnormal condition, the above- mentioned electronic part is short-circuited
and heated, the above-mentioned low-melting-point metal element is fused,
and then the thermocontractive insulating tube contracts, thereby causing
the low-melting-point met- al element to be cut. In this process, the
above- mentioned thermocontractive metal element, which acts as 



an insulator, breaks into the low-melting-point metal element, so that the
excess current can be totally cut off, 20  thereby making it possible to
prevent the above-mentioned electronic part from being ignited. In the case
where a surge absorbing element is used as the electronic part, in
particular, the circuit voltage would become abnormally high due to
interference with a power cable, or the operation starting voltage would be
lowered as a result of a deterioration in the surge absorbing element due
to repeated surge absorption. If, as a result of such conditions, a
continuous excessive voltage which is in excess of the operation starting
vol- 25 tage of the surge absorbing element is applied to the surge
absorbing element, the above-mentioned low-melt- ing-point metal element is
fused, and then, the above-mentioned thermocontractive insulating tube
contracts so as to cut the low-melting-point metal element. When the
thermocontractive insulating element, which acts as an insulator, thus
breaks into the low-melting-point metal element, the excess current is
totally cut off, and the surge absorbing element and the protected circuit
are insulated from the circuit, thereby making it possible 30  to prevent
them from being ignited. Claims 35  1.  An electronic part having
asafeguardfunction, comprising: an electronicelement (21), a
low-melting-point metal element (23) which is electrically connected in
series with said electronic part (21), and a heat op- erated element (25;
34a, 34b; 35; 36;), characterized in that said low-melting-point metal
element (23) is held in contactwith said electronic element (21) in such 40
a manner as to allow a satisfactory heat conduction therebetween, and said
heatoperated element (25; 34a, 34b; 35; 36) includes at least one
thermocontractive insulating tube covering over the periphery of said
electronic element (21) and that of said low-melting-point metal element
(23) and adapted to break into the low-melting-point metal element (23)
when the latter has been fused. 45 2. An electronic part having a safeguard
function as claimed in Claim 1, wherein two or more thermocon- tractive
insulating tubes (34a, 34b) cover over the periphery of said electronic
element (21) and the per- iphery of said low-melting-point metal element
(23), with a predetermined space between said thermo- contractive
insulating tubes (34a, 34b). 3.  An electronic part having a safeguard
function as claimed in Claim 1, wherein said thermocontractive in- sulating
tube (25; 34a, 34b; 35; 36) has one or more openings (35a; 36a, 36b). 4. An
electronic part having a safeguard function as claimed in any preceding
claim, wherein said electronic 55       element (21), said
low-melting-point metal element (23), and said thermocontractive insulating
tube(s) (25; 34a, 34b; 35; 36) are enclosed in a casing (27) which is made
of a flame resistant insulating material. 5. An electronic part having a
safeguard function as claimed in any preceding claim, wherein said
electronic 14    EP 0 423 368 B1 * C   L  M   S* element (21) comprises a
surge absorbing element. 6. An electronic part having a safeguard function
as claimed in Claim 5, wherein said surge absorbing ele- ment (21)
comprises a varistor or a discharging gap or a combination thereof. 5
Patentanspriche 1. Elektronisches Bauteil mit einer Sicherheitsfunktion,
umfassend: ein elektronisches Element (21), ein 10      Metallelement (23)
mit niedrigemSchmelzpunkt, das mltdemelektronischen Bauteil (21) elektrisch
in Re!- he geschaltet ist, und ein warmebetltigtes Element (25; 34a, 34b;
35; 36), dadurch gekennzeichnet, daM das Metallelement (23) mit niedrigem
Schmelzpunkt mit dem elektronischen Element (21) in der Weise in Kontakt
gehalten wird, daB eine zufriedenstellende WIrmeleitung zwischen diesen
ermoglicht ist, und 1S      das warmebetatigte Element (25; 34a, 34b; 35;
36) mindestens emn thermisch kontrahierbares Isolierrohr enthalt, des den
Umfang des elektronischen Elements (21) und denjenigen des Metallelements
(23) mit niedrigem Schmelzpunkt Oberdeckt und so eingerichtet ist, daB es
das Metallelement (23) mit niedrigem Schmelzpunkt unterbricht, wenn dieses
geschmolzen ist. 2.  Elektronisches Bautail mit einer Sicherheitsfunktion
nach Anspruch 1, bel welchem zwel oder mehrere thermisch kontrahierbare
Isolierrohre (34a, 34b) den Umfang des elektronischen Elements (21) und den
Umfang des Metallelements (23) mit niedrigem Schmelzpunkt Uberdecken, wobei
ein vorbestimmterAb- 



stand zwischen den thermisch kontrahlerbaren Isolierrohren (34a, 34b)
vorhanden ist. 25  3.  Elektronisches Bauteil mit einer Sicherheitsfunktion
nach Anspruch 1, bei welchem das thermisch kon- trahierbare Isolierrohr
(25; 34a, 34b; 35; 36) eine oder mehrere Offnungen (35a; 36a, 36b)
aufwelst. 4.  Elektronisches Bauteil mit elner Sicherheitsfunktion nach
einem der vorstehenden Anspruche, bei wel- chem das elektronische Element
(21) das Metallelement (23) mit niedrigem Schmelzpunkt und das ther- misch
kontrahierbare bzw. die thermisch kontrahierbaren Isolierrohr(e) (25; 34a,
34b; 35; 36) in einem Gehause (27) eingeschlossen sind, das aus einem
flammenbestindigen Isoliermaterial hergestellt ist. 5.  Elektronisches
Bautbil mit einer Sicherheitsfunktion nach einem der vorstehenden
Anspruche, bei wel- chean das elektronische Element (21) ein
stromstoBabsorbierendes Element umfasst. 35  6.  Elektronisches Bauteil mit
einer Sicherheitsfunktion nach einem der vorstehenden Anspruche, bel wel-
chem das stromstofabsorbierende Element (21) einen Varistor oder eanen
Entladungsspalt oder eine Kombination daraus umfasst. 40   Revendlcations
1. Composant olectronique ayant une fonction de securitA, comprenant un
Albmentblectronique (21), un AlA- ment en metal A bas pointde fusion (23)
quiest connecti Alectriquement en sbrie avec ledit Alement lec- tronique
(21) at un Ai6ment rbagissant sous l'effet de la chaleur (25; 34a, 34b; 35;
36), 45            caracthrisb en ce que ledit Ai6ment en mital A bas point
de fusion (23) est maintanu an contact avecleditelementblectronique (21) de
maniure A permettre une conduction de chaleursatisfaisantb entre eux, at en
co qua ledit Alement reagissant sous leffet de la chaleur (25; 34a, 34b;
35; 36) comprend au moins un tube isolant thermocontractile, recouvrant la
peripherie dudit AIlment Alectronique (21) et celli dudit Alement en metal
A bas point de fusion (23) et agenc6 de fagon A pbnetrer dans l'IAlment en
metal co      A bas point de fusion (23) lorsque ce dernier a At fondu. 2.
Composant Alectronique ayant une fonction de securiti salon la
revendication 1, dans lequel deux ou plu- sieurs tubes isolants
thermocontractiles (34a, 34b) recouvrent la pbriphbrie dudit Alement
blectronique (21) et la peirpherie dudit Ai6ment en metal A bas point de
fusion (23), avec un espace prbdbtermine entre 55      lesdits tubes
isolants thermocontractiles (34a, 34b). 3. Composant 6lectronique ayant une
fonction de slcuriti salon la revendication 1, dans lequel ledit tube
isolant thermocontractile (25; 34a, 34b; 35; 36) comporte une ou plusieurs
ouvertures (35a; 36a, 36b). 15    * C  L  M   S 4.  Composant electronique
ayant une fonction de s6curite salon l une quelconque des revendications 1
A 3, dans lequel ledit element electronique (21), ledit el6ment en metal a
bas point de fusion (23) at ledit ou lesdits tubes isolants
thermocontractlles (25; 34a, 34b; 35; 36) sont enfermes dans un boltier
(27) qui eat fait d'une matibre isolante resistante aux flammes. 5 S
5. Composant 6lectronique ayant une fonction de s6curite selon I'une
quelconque des revendications I A 4, dans lequel ledit 6l6ment electronique
(21) comprend un element de protection contre les surtansions. 6. Composant
6lectronique ayant une fonction de s6curiti selon la revendication 5, dans
lequel ledit 6l6ment de protection contre les surtansions (21) comprend une
varistance, un 6clateur ou une combinaison de ceux-ci. 15 'Y     20 25 30
35 40 45 50 55 16    


