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(57)  Afilm heating element includes a substrate (1),
an electrothermal film layer (2) coated on a surface of
the substrate (1) and made of a material having a PTC
effect, and two electrodes (3) mounted on two opposite

Film heating element having automatic temperature stabilisation function

sides of the electrothermal film (2) layer and each elec-
trically connected to the electrothermal film layer (2).
Thus, the film heating element has a simplified construc-
tion and does not need a temperature control.

Q2 S (X555
U OO R RS © ARLRXS RPN PO o f APPSO O AR, =Y
OOOOOOOOOOOOOOOOOOOOOOOOODOOOOOOOOOOOOOOOQOOOOOOOOOOOOOOOOOOOOOOOOOO
o,0,0,0°0, 0,0, 000 0 0 O, 0 0. O0_O0_ O O-,0 0 0 - 0C 0 0.0 0 0.0 00 0_0.0
0,0,0,05,0,0,0,0,0,0,0,0,0,0,0,0,0,0-0,0,0,0,0,0,0,0,0,0,0,0,0,0,0.0
0,0,05,0505,050,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0
0,0,0,0,0,0.,0-0,0,0,0-,0.0,0,0,0,0,0_0-0,0,0,0,0,0,0-,0-_0-0,0_0,.0 q
D 0,0,0950750,5,04R0,50,504,04,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,070
0,0,050,0,050,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,.(
PACrPr0Ca0,504,0,5C04,0,00,0A0CR0R0R0A0AR0A0AR0A0~A0A0,0,0,0,0,0,0,0,0,0,0,0,0,0
0,0,0,0,9,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0-0
0,0,0,0,0,0,0,0,0,0,00,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0.0
0,0,0,0,0,0,050,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,(
OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOQOOOOOOOOOOOOOOOOOOOOOOO
PAOCo0 0 0. OAOAOAO,,OAO,,OEO,..OAO,‘OHO,.\O,,OnOAOnOnOHOAOHOAOAO,‘OHOHOHOAO,\OHOﬁ

Printed by Jouve, 75001 PARIS (FR)



1 EP 1653778 Al 2

Description

[0001] The present invention relates to a film heating
element, and more particularly to a film heating element
having an automatic temperature control function.
[0002] A conventional heating device includes a heat-
ing element consisting of a nickel-chromium coil or a
quartz tube disposed at a proper position. The heating
element is heated in a heat convection manner with the
air as amedium of heat transfer. However, the heat trans-
fer efficiency in the air is poor, so that the heating tem-
perature of the heating element is not evenly distributed.
In addition, the conventional heating device has a larger
volume, and the heating temperature of the heating ele-
ment cannot be controlled easily.

[0003] Another conventional heating device is dis-
closed in the Taiwanese Patent Publication No. 472997
and comprises an electrothermal film. The electrothermal
film includes a substrate, a silver gel, and an electrode.
The substrate has a first side provided with a far infrared
layer and a second side provided with an electrothermal
film layer. The electrothermal film layer has a conductive
protective layer having an oxidation surface. The silver
gelislocated at a predetermined position of the protective
layer and is electrically connected to an inside of the pro-
tective layer. The electrode is electrically connected to
the electrothermal film layer through the protective layer
and the silver gel. Thus, the electrothermal film layer co-
operates with the far infrared layer to produce far infrared
rays so as to heat a target efficiently. In such a manner,
the conventional heating device uses the electrothermal
film to function as a heating source.

[0004] However, the substrate is provided with the far
infrared layer in a high temperature sintering manner,
thereby complicating the working process. In addition,
the substrate is located between the far infrared layer
and the electrothermal film layer, thereby decreasing the
heat transfer efficiency. Further, the electrothermal film
is made of electric resistance material, so that the tem-
perature cannot be controlled easily. Thus, itis necessary
to provide a temperature control device additionally.
[0005] Another conventional heating device compris-
es a PTC heating body formed by a pressing or extruding
process. The PTC heating body is made of PTC material.
When an electricfield is applied on the PTC heating body,
the PTC heating body produces a larger electric current
and a larger current density, so that the PTC heating
body produces alarger heat to increase the temperature,
and the temperature increasing rate reaches 104 to
108K/S. The crystal of the PTC heating body is a semi-
conductor and the crystal boundary of the PTC heating
body is a highly resistant body, so that the external elec-
tric field is mainly applied on the crystal boundary of the
PTC heating body. The electric intensity on the crystal
boundary of the PTC heating body may reach one hun-
dred times of that applied on the testing sample, thereby
producing a high temperature. However, when the resist-
ance in the ceramic blank of the PTC material of the PTC
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heating body is not distributed evenly, the temperature
is not distributed evenly. In addition, when the tempera-
ture is increased to a determined value (the Curie tem-
perature point), the pressure stress is converted into a
tension stress suddenly due to a phase variation, so that
the stress reaches the limit value. However, the ceramic
blank of the PTC material of the PTC heating body has
a poor capacity to resist the tension stress, so that the
ceramic blank of the PTC material of the PTC heating
body is easily broken. Further, when the component or
crystal of the PTC material of the PTC heating body is
not distributed evenly, the ceramic blank of the PTC ma-
terial of the PTC heating body easily produces hot spots,
thereby causing a heat break or an electric perforation.
[0006] Inaccordance with the present invention, there
is provided a film heating element, comprising:

a substrate;

an electrothermal film layer coated on a surface of the
substrate and made of a material having a PTC effect;
and

two electrodes mounted on two opposite sides of the
electrothermal film layer and each electrically connected
to the electrothermal film layer.

[0007] The primary objective of the present invention
is to provide a film heating element having an automatic
temperature control function.

[0008] Another objective of the present invention is to
provide a film heating element, wherein the electrother-
mal film layer is made of the PTC effect material having
a positive temperature coefficient, so that the film heating
element has a simplified construction and does not need
a temperature control.

[0009] A further objective of the present invention is to
provide a film heating element, wherein the substrate is
integrally formed with the functional far infrared material
without needing a high temperature sintering process,
thereby simplifying the manufacturing process.

[0010] A further objective of the present invention is to
provide a film heating element, wherein the thermal in-
sulating layer is coated on the top face of the electrother-
mal film layer to provide a thermal insulating effect to the
electrothermal film layer.

[0011] Further benefits and advantages of the present
invention will become apparent after a careful reading of
the detailed description with appropriate reference to the
accompanying drawings.

[0012] In the drawings:

Fig. 1 is a plan view of a film heating element in ac-
cordance with the preferred embodiment of the
present invention; and

Fig. 2isaplan cross-sectional view of the film heating
element in accordance with the preferred embodi-
ment of the present invention.

[0013] ReferringtoFigs.1and2,afilmheating element
in accordance with the preferred embodiment of the
present invention comprises a substrate 1, an electro-



3 EP 1653778 Al 4

thermal film layer 2 coated on a surface of the substrate
1 and made of a material having a PTC effect, two elec-
trodes 31 mounted on two opposite sides of the electro-
thermal film layer 2 and each electrically connected to
the electrothermal film layer 2, and a thermal insulating
layer 4 coated on a top face of the electrothermal film
layer 2 to provide a thermal insulating effect to the elec-
trothermal film layer 2. Thus, the electrothermal film layer
2 produces heat by electrical conduction of the two elec-
trodes 31.

[0014] Preferably, the substrate 1 has a plate shape,
a tubular shape or a cellular shape so that the substrate
1 is available for heating devices of different types.
[0015] In general, the PTC effect is described as fol-
lows. When the temperature is smaller, the resistance of
the PTC material is smaller, and when the temperature
is increased, the resistance of the PTC material is in-
creased with rise of the temperature. When the temper-
ature of the PTC material reaches a determined value,
such as the Curie temperature point, the resistance of
the PTC material is increased to reach that of an insulat-
ing body, so that the PTC material contains a voltage
without passage of a current. In addition, the resistance
of the PTC material is reduced due to dissipation of the
temperature (the Curie temperature point is reduced),
thereby producing a current to provide a power required
for dissipation of the temperature so as to achieve a bal-
ance effect, which indicates the PTC effect.

[0016] Preferably, the PTC effect material of the elec-
trothermal film layer 2 is a material having a positive tem-
perature coefficient and having a PTC effect. When the
temperature is increased, the impedance of the PTC ma-
terial having a positive temperature coefficient is in-
creased, so that the temperature will not be increased
without restriction.

[0017] The electrothermal film layer 2 has a thickness
smaller than 2um. In addition, the electrothermal film lay-
er 2 is combined with the substrate 1 in a molecular link
manner and in a high temperature diffusion chemical re-
action manner, so that when the electrothermal film layer
2 severely produces heat instantaneously, the electro-
thermal film layer 2 will not produce a temperature differ-
ential and hot spots so as to overcome the shortcomings
of the conventional PTC heating body formed by a press-
ing or extruding process. In addition, the electrothermal
film layer 2 is made of the PTC effect material having a
positive temperature coefficient, so that the film heating
element has a simplified construction and does not need
a temperature control.

[0018] Inaddition, the substrate 1 is added with a func-
tional far infrared material, such as a ceramic material,
to project far infrared rays onto an object to be heated.
Preferably, the functional far infrared material is mixed
with the substrate 1 before the substrate 1 is formed, so
that the substrate 1 is integrally formed with the functional
far infrared material without needing a high temperature
sintering process, thereby simplifying the manufacturing
process.
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[0019] Accordingly, the electrothermal film layer 2 is
made of the PTC effect material having a positive tem-
perature coefficient, so that the film heating element has
a simplified construction and does not need a tempera-
ture control. In addition, the substrate 1 is integrally
formed with the functional far infrared material without
needing a high temperature sintering process, thereby
simplifying the manufacturing process. Further, the ther-
mal insulating layer 4 is coated on the top face of the
electrothermal film layer 2 to provide a thermal insulating
effect to the electrothermal film layer 2.

[0020] Although the invention has been explained in
relation to its preferred embodiment(s) as mentioned
above, it is to be understood that many other possible
modifications and variations can be made without depart-
ing from the scope of the present invention. It is, there-
fore, contemplated that the appended claim or claims will
cover such modifications and variations that fall within
the true scope of the invention.

Claims
1. Afilm heating element, comprising:

a substrate;

an electrothermal film layer coated on a surface
of the substrate and made of a material having
a PTC effect; and

two electrodes mounted on two opposite sides
of the electrothermal film layer and each electri-
cally connected to the electrothermal film layer.

2. The film heating element in accordance with claim
1, wherein the substrate has a plate shape.

3. The film heating element in accordance with claim
1, wherein the substrate has tubular shape.

4. The film heating element in accordance with claim
1, wherein the substrate has a cellular shape.

5. The film heating element in accordance with claim
1, wherein the electrothermal film layer has a thick-
ness smaller than 2um.

6. The film heating element in accordance with claim
1, wherein the substrate is added with a functional
far infrared material.

7. The film heating element in accordance with claim
6, wherein the substrate is integrally formed with the
functional far infrared material.

8. The film heating element in accordance with claim
1, further comprising a thermal insulating layer coat-
ed on a top face of the electrothermal film layer to
provide a thermal insulating effect to the electrother-
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mal film layer.

The film heating element in accordance with claim
1, wherein the electrothermal film layer is made of a
PTC effect material having a positive temperature
coefficient

The film heating element in accordance with claim
1, wherein the PTC effect material of the electrother-
mal film layer is a material having a positive temper-
ature coefficient and having a PTC effect.
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