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(54) PLANAR HEATING ELEMENT

(57) A sheet-shaped heater is structured by attach-
ing plural electrode covering members 4, each covering
electrodes 3, on a sheet-shaped heating resistance
sheet 2 to have a predetermined space from each other.
At least an area adjacent to the electrode 3 is a PTC
layer having positive temperature coefficient character-
istics which show increasing electric resistance value
with rise in temperature. The heating resistance sheet 2

does not have the positive temperature coefficient char-
acteristics or has the positive temperature coefficient
characteristics of which, in a range below the tempera-
ture showing the maximum kick-off increase ratio of the
PTC layer, the kick-off increase ratio is smaller than that
of the PTC layer or the kick-off temperature is higher
than that of the PTC layer.
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Description

Technical Field

[0001] This invention relates to a sheet-shaped
heater having positive temperature coefficient charac-
teristics.

Background Art

[0002] In order to melt snow on a road or the like, a
sheet-shaped heater is embedded under the surface of
the road and heated. Further, the sheet-shaped heater
is used as a unit for heating the floor by integrating with
a thermal accumulator.
[0003] The sheet-shaped heater has a pair of elec-
trodes provided in a heating resistance sheet composed
of thermoplastic resin and the conductive particles such
as carbon black or the like, and when electric current is
supplied between the electrodes, the sheet is heated by
Joule heat.
[0004] The heating resistance sheet of the sheet-
shaped heater has positive temperature coefficient
characteristics (PTC characteristics) in which an electri-
cal resistance value increases with the rise in tempera-
ture, therefore, a difference of the temperature occurs
on a heated part in depending on environmental tem-
perature or the dissipation of heat.
[0005] For example, the heating resistance sheet
dissipates heat in its central area in two directions, that
is, from the front and back faces, but, in each side area
next to the central area, dissipates heat in three direc-
tions, that is, from the side face as well as the front and
back faces, so that the sheet has propensity to heat the
surface of the central area at the higher temperature
than the surface of either side area. When the propen-
sity is stronger, where the heating resistance sheet has
the positive temperature coefficient characteristics, the
temperature of the central area increases extremely
higher than the temperature of either side area, result-
ing in a local heating phenomenon in which the only
central area is heated.
[0006] In view of the above points, the conventional
art (Japanese Patent Application Laid-open No. Sho54-
156242) is considered, in which the local heating is
avoided by locating an equalizer plate on the whole
heating resistance sheet or locating the equalizer plate
on the only parts of the higher-temperature.
[0007] Further, in the conventional sheet-shaped
heater, when the heating resistance sheet is formed
from thermoplastic resin and the conductive particles,
thermal treatment or pressure treatment is carried out in
order to decrease a change caused by thermal histere-
sis or resistance variation with time.
[0008] As a disadvantage in the various uses, a
large difference between a resistance value in a room
temperature and a resistance value in a temperature
when the heating is stable occurs, which causes a large

difference between rushing power and stabilized power,
thus requiring a fully worked-out design for a breaker
and large contract demand.

[0009] In the aforementioned conventional art, how-
ever, the thick equalizer plate or a complicated shape of
the equalizer plate becomes primary factors of not only
inconvenient handling but also the large cost of manu-
facturing. And further, where the equalizer plate is
located only in the parts heated in high temperature, the
sheet-shaped heater extremely thickens, thus being
unsuitable for use as a thin heater.
[0010] And the heating resistance sheet undergoes
thermal treatment or pressure treatment when being
formed from thermoplastic resin and the conductive par-
ticles, so that the manufacturing steps are increased,
resulting in the primary factor of the large cost of manu-
facturing.
[0011] The object of the present invention is to pro-
vide a sheet-shaped heater which prevents local heat-
ing, reduces resistance variation with time and reduces
the cost of manufacturing, and furthermore, has charac-
teristics in which the variation of resistance is low to
reach defined heating-temperature and the resistance
value increases at more than a certain temperature.

Disclosure of the Invention

[0012] In order to attain this object, the present
invention eliminates PTC characteristics from a heating
resistance sheet or lets the heating resistance sheet
have the PTC characteristics of which a kick-off
increase ratio is smaller or kick-off temperature is higher
than the PTC characteristics of at least an area adjacent
to electrode in an electrode covering member.
[0013] More specifically, the sheet-shaped heater
according to the present invention, in which plural elec-
trode covering members each covering electrode, are
attached onto a sheet-shaped heating resistance sheet
to have a predetermined space from each other, is char-
acterized by including a PTC layer provided on at least
an area adjacent to the electrode in the electrode cover-
ing member, and having positive temperature coefficient
characteristics which show an increase in electric resist-
ance value with the rise in temperature; and a heating
resistance sheet without the positive temperature coef-
ficient characteristics or with the positive temperature
coefficient characteristics in which, in a range below the
temperature showing a maximum kick-off increase ratio
of the PTC layer, a kick-off increase ratio is smaller than
the kick-off increase ratio of the PTC layer or a kick-off
temperature is higher than the kick-off temperature of
the PTC layer.
[0014] In the present invention, the heating resist-
ance sheet is heated by supplying electric current
between the electrodes. The heating resistance sheet,
however, does not have the positive temperature coeffi-
cient characteristics or has the positive temperature
coefficient characteristics of which the kick-off increase
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ratio is smaller than the PTC layer or the kick-off tem-
perature is higher than the PTC layer, so that a local
heating does not occur on the heating resistance sheet,
although the degree of heating is different between cen-
tral area and each side area adjacent to the central area
on the heating resistance sheet, for example. Further-
more, at least an area adjacent to the electrode in the
electrode covering member is the PTC layer having the
positive temperature coefficient characteristics, so that
advantages of the positive temperature coefficient char-
acteristics of a conventional sheet-shaped heater are
allowed to be maintained. And further, by using a mem-
ber having the high positive temperature coefficient
characteristics as the heating resistance sheet, an area
having the positive temperature coefficient characteris-
tics, which show large change of the resistance
decreases, and the resistance variation with time is
allowed to decrease as a whole of sheet-shaped heater.
Therefore, the thermal treatment required in forming the
heating resistance sheet is not needed, thereby allow-
ing the reduction in the manufacturing cost.

[0015] A ratio and a specific resistance value of the
PTC layer (the electrode covering member) in relation to
the resistance value of the heating resistance sheet is
adjustably changed, thereby the temperature at which
the resistance value of the whole of heater increases
can be variably defined, thus easily obtaining the char-
acteristics in response to various uses.
[0016] The kick-off increase ratio of the positive
temperature coefficient characteristics of the heating
resistance sheet can be 0.5 lower than the kick-off
increase ratio of the positive temperature coefficient
characteristics of the PTC layer in the range below the
temperature showing the maximum kick-off increase
ratio of the PTC layer. And, kick-off temperature of the
positive temperature coefficient characteristics of the
heating resistance sheet can be more than 5°C higher
than the kick-off temperature of the positive temperature
coefficient characteristics of the PTC layer.
[0017] Where the positive temperature coefficient
characteristics of the heat-resistance is large, the local
heating easily occurs when the difference of tempera-
ture on the heating resistance sheet occurs. In order to
avoid this phenomenon, the positive temperature coeffi-
cient characteristics of the heating resistance sheet are
required to be small. Therefore, the kick-off increase
ratio of the positive temperature coefficient characteris-
tics of the heating resistance sheet in relation to the
PTC layer is defined to be, as described above, less
than 0.5 in the range below the temperature showing
the maximum kick-off increase ratio of the PTC layer, or
the kick-off temperature of the positive temperature
coefficient characteristics of the heating resistance
sheet is defined to be, as described above, 5°C higher
than the PTC layer, thereby avoiding the local heating
on the face of the heating resistance sheet and control-
ling the temperature with the positive temperature coef-
ficient characteristics in the PTC layer.

[0018] In the present invention, the electrode cover-
ing member can be structured to have the PTC layer,
placed around the electrode and having the positive
temperature coefficient characteristics of which the
electric resistance value increases with the rise in tem-
perature, and a PTC layer covering member covering
the PTC layer, the PTC layer covering member and the
heating resistance sheet each being formed by using
the same type of resin.

[0019] According to the above structure, the elec-
trode covering member is produced by extruding the
PTC layer covering member with the PTC layer, previ-
ously formed to be co-extruded with the electrodes. The
PTC layer covering member and the heating resistance
sheet are each made of the same material, so that the
electrode is easily and securely fused to the heating
resistance sheet. And further, the endurance of the
sheet-shaped heater is achieved.
[0020] The electrode can be structured to be com-
posed of single-wire groups each having plural conduc-
tive single-wires for electrodes, and the PTC layer
covers each of the single-wires.
[0021] In the above structure, when pressure is
applied to the sheet-shaped heater itself, the PTC layer
is less deformed, thus improving resistance to pressure.
And further, an adverse effect on the performance of the
electrode when it is attached on the heating resistance
sheet 12 is allowed to be reduced to a minimum.
[0022] According to the present invention, the elec-
trode can be structured to be composed of single-wire
groups each having plural conductive single-wires for
electrodes, and the PTC layer covers a part of the sin-
gle-wire group and is formed of more than two types of
layer having the different kick-off increase ratio and kick-
off temperature.
[0023] In the above structure, by changing the pas-
sages of electric current supplied to the conductive sin-
gle-wires each placed in the plural types of PTC layers,
the different positive temperature coefficient character-
istics can be selected, thus controlling the heating tem-
perature.
[0024] And further, it can be structured that the
electrode is composed of single-wire groups of plural
conductive single-wires for electrodes, and the single-
wire groups are each composed of plural single-wires
each arranged parallel to the heating resistance sheet
and each have a different space from the heating resist-
ance sheet.
[0025] In the above structure, by changing the cur-
rent-carrying single-wire groups, the different positive
temperature coefficient characteristics can be selected,
thus allowing the control of the heating temperature.
[0026] The aforementioned PTC layer can be
formed of a heating composition, consisting of thermo-
plastic resin and conductive particles, an inorganic
material, or a metal material.
[0027] It can be structured that the heating resist-
ance sheet and the PTC layer are connected through an
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insulating layer (e.g., a PET film, a PE film) by using a
heat-transfer material (e.g., a metal plate) to be ther-
mally integrated with each other.

[0028] When the heating resistance sheet and the
PTC layer are mutually connected by using the heat-
transfer material, the heat of the heating resistance
sheet is directly transferred to the electrode, thereby
exerting effects caused by the positive temperature
coefficient characteristics. In this point, where the heat-
ing resistance sheet and the PTC layer are directly con-
nected to each other by using the heat-transfer material,
the electric current is supplied to the heat-transfer mate-
rial without being supplied the heating resistance sheet,
so that the heating does not occur on the heating resist-
ance sheet. In the present invention, however, the insu-
lating layer is placed between the heat-transfer material,
and the heating resistance sheet and PTC layer,
thereby the electric current is reliably supplied to the
heating resistance sheet to secure the effect of heating.

Brief Description of Drawings

[0029]

Fig. 1 is a perspectively cutaway view of a sheet-
shaped heater of the first embodiment according to
the present invention;
Fig. 2 is a plane view of Fig. 1;
Fig. 3 is a graph showing positive temperature coef-
ficient characteristics of an electrode covering
member and a heating resistance sheet;
Fig. 4(A) is a graph showing the positive tempera-
ture coefficient characteristics of the electrode cov-
ering member, Fig. 4(B) is a graph showing the
positive temperature coefficient characteristics of
the heating resistance sheet, and Fig. 4(C ) is a
graph showing the positive temperature coefficient
characteristics of the whole sheet-shaped heater;
Fig. 5 is a perspectively cutaway view of a sheet-
shaped heater of the second embodiment accord-
ing to the present invention;
Fig. 6 is a plane view of Fig. 5;
Fig. 7(A) is a graph showing the positive tempera-
ture coefficient characteristics of the electrode cov-
ering member, Fig. 7(B) is a graph showing the
positive temperature coefficient characteristics of
the heating resistance sheet, and Fig. 7(C ) is a
graph showing the positive temperature coefficient
characteristics of the whole sheet-shaped heater;
Fig. 8 is a perspectively cutaway view of a sheet-
shaped heater of the third embodiment according to
the present invention;
Fig. 9 is a plane view of Fig. 8;
Fig. 10 is a sectional view of Fig. 9;
Fig. 11 is a sectional view of a sheet-shaped heater
of the fourth embodiment according to the present
invention;
Fig. 12 is a sectional view of a sheet-shaped heater

of the fifth embodiment according to the present
invention;

Fig. 13 is a sectional view of a sheet-shaped heater
of the sixth embodiment according to the present
invention;
Fig. 14 is a graph showing the positive temperature
coefficient characteristics of the whole sheet-
shaped heater according to the sixth embodiment;
Fig. 15 is a sectional view of a sheet-shaped heater
of the seventh embodiment according to the
present invention; and
Fig. 16 is a graph showing the positive temperature
coefficient characteristics of the whole sheet-
shaped heater according to the seventh embodi-
ment.

Best Mode for Carrying out the Invention

[0030] The preferred embodiments according to the
present invention will be explained below with reference
to the attached drawings. Incidentally, in each descrip-
tion of the following embodiments, the same reference
numerals will be used to designate the same compo-
nents, so that the description will be omitted or simpli-
fied.
[0031] Fig. 1 and Fig. 2 show a sheet-shaped
heater 1 of the first embodiment according to the
present invention. Fig. 1 is a perspectively cutaway view
of the sheet-shaped heater 1, and Fig. 2 is a plane view
of Fig. 1.
[0032] In those drawings, the sheet-shaped heater
1 is composed of a heating resistance sheet 2 formed in
a flat rectangular shape, two electrode covering mem-
bers 4 covering electrodes 3 wound at each side-end of
the heating resistance sheet 2, and an armor member
made of a PET film and so on, provided as necessary.
[0033] The heating resistance sheet 2 is made of: a
sheet-shaped metal material such as sheet-shaped
nichrome, stainless steel, aluminium etching materials
and so on; sheet-shaped conductive-inorganic materi-
als such as a sheet-shaped ITO material and so on; a
sheet-shaped organic material; or a composition of car-
bon black (CB) and amorphous resin such as polysty-
rene (PS), methacrylate resin (PMMA), vinyl chloride
and so on. The heating resistance sheet 2 does not
have positive temperature coefficient characteristics
(PTC characteristics) which show resistance value
increases with the rise in the temperature.
[0034] The heating resistance sheet 2 is 0.1mm-
5mm thick, preferably 0.1mm-2mm thick, and 2.5mm-
6,000mm wide, but the length of the heating resistance
sheet 2 is not limited.
[0035] The electrodes 3 is composed of plural con-
ductor single-wires for electrodes 3A (four single-wires
in the drawing) arranged in parallel and flatly so as not
to cross mutually. The diameter of the single-wire 3A is
more than 0.1 mm and less than 2 mm, but the specific
diameter is defined in correspondence to the number of
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single-wires 3A. The electrode 3 is not limited to be
composed of the conductor single-wire for electrode 3A
shown in the drawing, and can be composed of a metal-
lic tape or electrically conductive paste.

[0036] The two electrode covering members 4,
formed in a lengthened shape, are each fused in the
longitudinal direction on each side-end of the heating
resistance sheet 2.
[0037] The electrode covering member 4 is formed
in a sectional rectangular shape 0.3mm-5mm thick and
0.5mm-30mm wide, preferably 1mm-10mm wide.
[0038] The electrode covering member 4 is pro-
duced with a co-extrusion method in which the plural
conductor single-wires for electrodes 3A are inserted
into a die of extrusion molding apparatus while being
arranged parallel so as not to cross mutually, and are
extruded with a heating composition.
[0039] The electrode covering member 4 is made of
the heating composition including thermoplastic resin
and conductive particles, and is a PTC layer having the
positive temperature coefficient characteristics.
[0040] As to the thermoplastic resin used here, the
crystalline thermoplastics is desirable, more specifically,
polyolefin resin, copolymer resin of polyolefin resin, a
polyamide type resin, polyacetal resin, thermoplastic
polyester resin, polyphenylene oxide, nonyl resin,
polysulfone and so on can be listed.
[0041] As to polyolefin resin, for example, a polyeth-
ylene class such as a high-density polyethylene, a
medium-density polyethylene, a low-density polyethyl-
ene, a linear low density polyethylene and so on; a poly-
propylene class such as isotactic polypropylene,
syndiotactic polypropylene and so on; polybutene; 4-
methylpentene-1 resin; and so on can be listed.
[0042] In the first embodiment, the following can be
used: an ethylene acrylate type copolymer such as an
ethylene propylene copolymer, an ethylene-vinyl ace-
tate copolymer, an ethylene acrylic acid copolymer, an
ethylene ethyl acrylate copolymer (EEA), an ethylene
methyl acrylate copolymer and so on; a copolymer of
olefin, such as an ethylene-vinyl chloride copolymer and
so on, and a vinyl compound; a fluorine-containing eth-
ylene type copolymer; and denatured substance of the
aforementioned components.
[0043] In the above description, as to a vinyl ace-
tate type resin, for example, a vinyl acetate resin, poly-
vinyl acetoacetal, polyvinyl butyral and so on can be
listed.
[0044] As to polyamide resin, for example, nylon 6,
nylon 8, nylon 11, nylon 66, nylon 610 and so on can be
listed.
[0045] Polyacetal may either be a homopolymer or
a copolymer.
[0046] As to thermoplastic polyester resin, for
example, polyethylene terephthalate, polybutylene
terephthalate and so on can be listed.
[0047] As to the crystalline thermoplastics, in addi-
tion to the above list, for example, diene type polymer

and copolymer, such as trans-1,3-polyisoprene, syndio-
tactic-1,2-polybutadiene, and so on can be listed.

[0048] Each of the above crystalline thermoplastics
may be used alone or as a polymer blend of more than
two components.
[0049] As the aforementioned components of the
crystalline thermoplastics, an olefin type copolymer
such as a high-density polyethylene, a low-density poly-
ethylene, a linear polyethylene or an ethylene-vinyl ace-
tate copolymer, an ethylene ethyl acrylate copolymer
and so on, trans-1,4-polyisoprene and so on are desira-
ble.
[0050] The aforementioned components of crystal-
line thermoplastics can be used as a composition with
additives or another polymer as necessary.
[0051] As to the conductive particles described
above, for example, the following can' be listed: particu-
late matter such as carbon black particles, graphite par-
ticles or the like; metallic fine particulate matter of iron
(Fe), nickel (Ni), platinum (Pt), copper (Cu), silver (Ag),
gold (Au) or the like; metallic powder of the aforemen-
tioned elements; powder matter such as oxidized metal
powder of the aforementioned elements or the like; fib-
ered matter of carbon fiber or the like; conductive-inor-
ganic materials (ITO or the like); and an inorganic
material having the positive temperature coefficient
characteristics, such as barium titanate (BaTio3), stron-
tium titanate (SrTio3) or the like. In the above list, partic-
ulate matter such as carbon black particles, graphite
particles or the like is preferable, preferably, carbon
black particles.
[0052] Each of the conductive particles listed above
can be used alone or in a mixture of two or more.
[0053] A particle size of a conductive particle is not
limited, but the average particle size is, for example,
10nm-200nm, preferably, 15nm-100nm. When the con-
ductive particles are fibrous, the aspect ratio is 1-1,000
generally, preferably, approximately 1-100.
[0054] The proportion of a mixture of the crystalline
resin and the conductive particles is generally 10-80:90-
20 by weight percentage, preferably, 55-75:45-25.
When a proportion of conductive particles is below the
above range, the resistance value of the electrode cov-
ering member 4 increases, so that the sheet-shaped
heater 1 may not be sufficiently heated. But when a pro-
portion of conductive particles exceeds the above
range, the positive temperature coefficient characteris-
tics do not sufficiently occur.
[0055] A specific resistance value of the heating
composition of the electrode covering member 4 can be
appropriately selected in response to requirement or
purpose,  but  in  normal  times,  it  is  preferable  to
select 10Ωgcm-50,000Ωgcm, preferably, 40Ωgcm-
20,000Ωgcm.
[0056] When the electrode covering member 4 is
formed by means of mixing the crystallinearesin and the
conductive particles, in or after molding, it is desirable
that the heating composition is hardened by cross-link-
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ing the thermoplastic crystallinearesin in the heating
composition. By hardening the heating composition, the
positive temperature coefficient characteristics
improves, and also faults created by heat deformation,
thermosoftening and so on, of the sheet-shaped heater
can be avoided.

[0057] The cross-linking of the thermoplastic crys-
talline resin can be carried out by using a crosslinking
agent and/or radiation. The crosslinking agent can be
appropriately selected from organic peroxide, a sulfur
compound, an oxime group, a nitroso compound, an
amine compound, a polyamine compound and so on in
response to a type of the thermoplastic crystalline-
aresin.
[0058] For example, where the thermoplastic crys-
tallinearesin is a polyolefin type resin or the like, organic
peroxide can be used as the suitable crosslinking agent.
As organic peroxide, for example, the following is listed:
benzoyl peroxide; lauroyl peroxide; dicumyl peroxide;
tert-butyl peroxide; tert-butyl peroxy-benzoate; tert-butyl
cumyl peroxide; 3-butyl hydro-peroxide; 2,5-dimethyl-
2,5-di(tert-butyl peroxy)hexyne-3; 1,1,bis-(tert-butyl per-
oxy isopropyl) benzene; 1,1-bis-(tert-butyl peroxy)-
3,3,5-trimethyl cyclohexane; n-butyl-4,4-bis(tert-butyl
peroxy) valerate; 2,2-bis-(tert-butyl peroxy) butane; tert-
butyl peroxy benzene; and so on.
[0059] In the above list, 2,5-dimethyl-2,5-di(tert-
butyl peroxy)hexyne-3 and so on are especially desira-
ble. Incidentally, each of the above organic peroxide can
be used alone, and can be used with addition of a
crosslinking ancillary agent, such as triallyl cyanurate,
di-vinyl-benzene, triallyl isocyanurate and so on, as nec-
essary.
[0060] The proportions of the organic peroxide in
the crystalline resin is generally 0.01%-5% by weight,
preferably 0.05%-2% by weight, compared to the crys-
talline resin by weight of 100%. When the proportion
decreases to less than 0.01% by weight easily result in
insufficient crosslinking, thereby the positive tempera-
ture coefficient characteristics does not occur suffi-
ciently, the resistance in a high-temperature area
decreases, and so on. On the other hand, when the pro-
portion increases to more than 5% by weight results in
over-crosslinking, thereby leading to deterioration of
moldability and the positive temperature coefficient
characteristics.
[0061] Fig. 3 is a graph showing the positive tem-
perature coefficient characteristics of the electrode cov-
ering member 4 and the heating resistance sheet 2. In
Fig. 3, P shows the positive temperature coefficient
characteristics of the electrode covering member 4, and
its kick-off increase ratio Xp is found by the following
expression.

[0062] At this point R shows a resistance value in a
temperature T, R25 means a resistance value in the

temperature 25°C. The maximum kick-off increase ratio
Xp max is shown by

[0063] And, in the drawing, S shows the positive
temperature coefficient characteristics of the heating
resistance sheet 2. The maximum kick-off increase ratio
is zero, and there is no positive temperature coefficient
characteristics.
[0064] When the electrode covering member 4 is
formed by using an ethylene ethyl acrylate copolymer
(EEA) and carbon black (CB), and the heating resist-
ance sheet 2 is formed by using a composition of car-
bon black and amorphous resin such as polystyrene
(PS), the positive temperature coefficient characteris-
tics P of the electrode covering member 4 shows the
increasing resistance value with the rise in the tempera-
ture as in Fig. 4(A). As shown in Fig. 4(B), the positive
temperature coefficient characteristics S of the heating
resistance sheet 2 do not change the resistance value
notwithstanding the rise in the temperature. In Fig. 4(C
), the positive temperature coefficient characteristics
(P+S) of the whole sheet-shaped heater 1 shows char-
acteristics of which the resistance value increases with
the rise in temperature. Incidentally, in the graph of Fig.
4(C ), a doffed line shows the case in which only the
heating resistance sheet 2 is used.
[0065] Therefore, according to the first embodi-
ment, the two electrode covering members 4 each cov-
ering the electrodes 3 are attached on the sheet-
shaped heating resistance sheet 2 to have a predeter-
mined space from each other. And the electrode cover-
ing member 4 is the PTC layer having the positive
temperature coefficient characteristics in which the
electrical resistance value increases with the rise in the
temperature. Further, the heating resistance sheet 2
does not have the positive temperature coefficient char-
acteristics. Therefore, when the heating resistance
sheet 2 dissipates heat produced by passing electric
current between the electrodes 3, the local heating does
not occur on the heating resistance sheet 2 although,
for example, the degree of heat dissipation differs
between the central area and each side area. Further-
more, the positive temperature coefficient characteris-
tics required for the sheet-shaped heater 1 is secured
by the electrode covering member 4. And the heating
resistance sheet 2 does not have the positive tempera-
ture coefficient characteristics, so that, as a whole of
sheet-shaped heater 1, an area having the positive tem-
perature coefficient characteristics which show the
large change in the resistance, decreases, and the
resistance variation with time can be decreased. There-
fore, the thermal treatment required in forming the heat-
ing resistance sheet 2 is not needed, thereby reducing
the manufacturing cost.
[0066] The second embodiment according to the
present invention will be explained below with reference
to Fig. 5 and Fig. 6. The second embodiment differs
from the first embodiment in that the heating resistance
sheet has the positive temperature coefficient charac-

Xp=R/R25

Xp max = R pmax/R25.
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teristics, but all other structures are the same as the first
embodiment.

[0067] Fig. 5 and Fig. 6 show a sheet-shaped
heater 11 according to the second embodiment of the
present invention. Fig. 5 is a perspectively cutaway view
of the sheet-shaped heater. Fig. 6 is a plane view of Fig.
5.
[0068] In the above drawings, the sheet-shaped
heater 11 is composed of a heating resistance sheet 12
which is formed by molding the heating composition in a
flat rectangular shape, the aforementioned two elec-
trode covering members 4 which covers the electrodes
3 and is provided at each end of the heating resistance
sheet 2, and the armor member which is made of a PET
film and so on, provided as necessary.
[0069] The heating resistance sheet 12 is formed
from the heating composition which is molded into a
sheet shape or a film shape by an extrusion molding
method, which is 0.1mm-5mm thick, preferably 0.1mm-
2mm thick, and 2.5mm-6,000mm wide, but the length of
the heating resistance sheet 2 is not limited.
[0070] On both of the end portions of the heating
resistance sheet 12, the electrode covering members 4
are fused by heat seal or ultrasonic sealing.
[0071] The heating composition of the heating
resistance sheet 12 has the positive temperature coeffi-
cient characteristics.
[0072] In the second embodiment, thermoplastic
resin used for the heating composition of the heating
resistance sheet 12 specifically crystalline thermoplas-
tics, and thermoplastic resin used for the heating com-
position of the electrode covering member 4 specifically
crystalline thermoplastics, may each be either the same
type or a different type. In order to secure better adhe-
sion by heat-sealing, it is more desirable to use the
same type.
[0073] The type of conductive particles used for the
heating composition of the heating resistance sheet 12
and the conductive particles used for the heating com-
position of the electrode covering member 4 may either
be the same type with each other or a different type.
[0074] In order to produce a difference in positive
temperature coefficient characteristics between the
electrode covering member 4 and the heating resist-
ance sheet 12, a proportion of the blended thermoplas-
tic resin is adapted.
[0075] In Fig. 3, S1 and S2 show the positive tem-
perature coefficient characteristics of the heating resist-
ance sheet 12. S1 means the case when the kick-off
increase ratio is smaller than that of the electrode cov-
ering member 4 in a range below a temperature shown
with the maximum kick-off increase ratio of the elec-
trode covering member 4 composing of the PTC layer,
and S2 means the case when the kick-off temperature
is higher than that of the electrode covering member 4.
[0076] In the range below the Tp max temperature
when the maximum kick-off increase ratio of the elec-
trode covering member 4 is Xp max, the positive tem-

perature coefficient characteristics S1 of the heating
resistance sheet 12 is smaller than the positive temper-
ature coefficient characteristics P of the electrode cov-
ering member 4. In other words, when the kick-off
increase ratio of the heating resistance sheet 12 is
defined as Xs, it results in Xs<Xp, preferably Xs20.5Xp.

[0077] The kick-off temperature in the positive tem-
perature coefficient characteristics S2 of the heating
resistance sheet 12 is higher than that of the electrode
covering member 4. More specifically, when the kick-off
temperature is defined as a temperature when the
resistance value R is 2×R25, the kick-off temperature of
the electrode covering member 4 in 2×Rp25 is tp, and
the kick-off temperature of the heating resistance sheet
12 in 2×Rs25 is ts. The kick-off temperature tp is lower
than the kick-off temperature ts , in which
the  preferable  difference  between  tp  and  ts  is  more
than  preferably, more than 10°C

[0078] Where the electrode covering member 4 is
formed from the heating composition of ethylene ethyl
acrylate copolymer (EEA) and carbon black (CB), and
the heating resistance sheet 12 is formed from the heat-
ing composition of high-density polyethylene (HDPE)
and carbon black, the positive temperature coefficient
characteristics P of the electrode covering member 4 is
changed to increase the resistance value with the rise in
the temperature as shown in Fig. 7(A), and also, the
positive temperature coefficient characteristics S2 of
the heat-resistance 12 is changed to increase the resist-
ance value with the rise in the temperature as shown in
Fig. 7(B), but the degree of the change of S2 differs from
the positive temperature coefficient characteristics P of
the electrode covering member 4.
[0079] In Fig. 7(A), the kick-off temperature tp of the
electrode covering member 4 is 67°C, and in Fig. 7(B),
the kick-off temperature ts of the heating resistance
sheet 12 is 120°C, in other words, the kick-off tempera-
ture tp of the electrode covering member 4 is 53°C
higher than the kick-off temperature of the heating
resistance sheet 12.
[0080] As a whole of sheet-shaped heater 1, as in
Fig. 7(C), the characteristics showing the increasing
resistance value with the rise in the temperature is
shown. The characteristics, specifically, the tempera-
ture causing increase in resistance value changes in
response to the specific resistance value and the ratio
of the electrode covering member 4 (the PTC layer).
Incidentally, in the graph in Fig. 7(C), the doffed line
shows the case when only the heating resistance sheet
12 is used.
[0081] Therefore, according to the second embodi-
ment, the two electrode covering members 4 each cov-
ering the electrodes 3 are attached on the sheet-
shaped heating resistance sheet 12 to have a predeter-
mined space from each other. And, the electrode cover-
ing member 4 is the PTC layer having the positive
temperature coefficient characteristics. Further, the

(0°C<ts-tp)

5°C (5°C2ts-tp),
(10°C2ts-tp).

11 12

5

10

15

20

25

30

35

40

45

50

55



EP 1 009 196 A1

8

heating resistance sheet 12 has the positive tempera-
ture coefficient characteristics of which the kick-off
increase ratio Xs is smaller than the kick-off increase
ratio Xp of the electrode covering member 4 in the
range below the Tp max temperature showing the max-
imum kick-off increase ratio Xp max of the electrode
covering member 4, or in which the kick-off temperature
ts is higher than the kick-off temperature tp of the elec-
trode covering member 4. Therefore, in the same as the
first embodiment, the local heating does not occur on
the heating resistance sheet 12, and the positive tem-
perature coefficient characteristics required for the
sheet-shaped heater 1 is secured by the electrode cov-
ering member 4. Furthermore, as a whole of sheet-
shaped heater 1, an area having the positive tempera-
ture coefficient characteristics which show the large
change in the resistance, decreases, and the resistance
variation with time can be decreased. Therefore, the
thermal treatment required in forming the heating resist-
ance sheet 12 is formed is not needed, thereby allowing
the reduction of the manufacturing cost.

[0082] And further, in the second embodiment, in
the range below the Tp max temperature showing the
maximum kick-off increase ratio Xp max of the elec-
trode covering member 4, when the kick-off increase
ratio Xs of the heating resistance sheet 12 is less than
0.5 for the kick-off increase ratio Xp of the electrode
covering member 4, or when the kick-off temperature ts
of the heating resistance sheet 12 is more than 5°C
higher than the kick-off temperature ts of the electrode
covering member 4, the local heating on the heating
resistance sheet 12 is securely avoided, and the tem-
perature control is possible by using the positive tem-
perature coefficient characteristics in the electrode
covering member 4.
[0083] The third embodiment according to the
present invention will be explained below with reference
to Fig. 8 to Fig. 10.
[0084] Fig. 8 to Fig. 10 show a sheet-shaped heater
21 according to the third embodiment of the present
invention. Fig. 8 is a perspectively cutaway view of the
sheet-shaped heater 21. Fig. 9 is a plane view of Fig. 8,
and Fig. 10 is a sectional view of Fig. 8.
[0085] In the above drawings, the sheet-shaped
heater 21 has the aforementioned heating resistance
sheet 12, the aforementioned two electrode covering
members 4 covering the aforementioned electrodes 3,
an insulation layer 22 covering the heating resistance
sheet 12 and the electrode covering member 4, and a
heat-transfer material 23 further covering the both sides
of the heating resistance sheet 12 and the electrode
covering member 4 from the outside of the insulation
layer 22, in which the heating resistance sheet 12 and
the electrode covering member 4 are connected to each
other by the heat-transfer material 23 through the insu-
lation layer 22 to be thermally integrated with each
other.
[0086] The heat-transfer material 23 effectively

transfers heat, produced in the heating resistance sheet
12, to the electrode covering member 4 as the PTC
layer, which is formed to be a flat shape or a sheet
shape by using metal, such as copper, gold, silver, alu-
minium, iron, stainless steel or the like, and secured on
the insulation layer 22 with an adhesive tape, adhesive
or the like.

[0087] The insulation layer 22 ensures electric cur-
rent to flow into the heating resistance sheet 12, which
is formed by using a film having the high insulation
effect, such as polyethylene terephthalate (PET), poly-
ethylene (PE) or the like. More specifically, when the
heating resistance sheet 12 and the electrode covering
member 4 are directly connected by using the heat-
transfer material 23, electric current is supplied to the
heat-transfer material 23 without being supplied to the
heating resistance sheet 12, resulting in the disadvan-
tage that the heating resistance sheet 12 is not heated.
But the insulation layer 22 is located between the heat-
transfer material 23, and the heating resistance sheet
12 and electrode covering member 4, thereby avoiding
the above disadvantage.
[0088] According to the third embodiment, in addi-
tion to the same effects of the second embodiment, the
heating resistance sheet 12 and the electrode covering
member 4 as the PTC layer are connected through the
insulation layer 22 by using the heat-transfer material 23
to be thermally integrated with each other, so that the
heat of the heating resistance sheet 12 is directly trans-
ferred to the electrode 3, thereby efficiently exerting the
effect caused by the positive temperature coefficient
characteristics.
[0089] The fourth embodiment according to the
present invention will be explained below with reference
to Fig. 11.
[0090] In the fourth embodiment, the point of differ-
ence from the second embodiment is the structure of
the electrode covering member, and the other struc-
tures are the same as the second embodiment.
[0091] Fig. 11 shows a sheet-shaped heater 31
according to the forth embodiment of the present inven-
tion.
[0092] In Fig. 11, the sheet-shaped heater 31 has
the heating resistance sheet 12, an electrode covering
members 34 provided on each side-end of the heating
resistance sheet 12 to cover the electrodes 3, and the
armor member made of a PET film or the like, provided
as necessary.
[0093] The electrode covering member 34 is com-
posed of a PTC layer 34A, placed around the electrode
3 and having the positive temperature coefficient char-
acteristics which show the increasing electrical resist-
ance value with the rise in temperature, and a PTC layer
covering member 34B covering the PTC layer 34A.
[0094] The PTC layer 34A is formed in an approxi-
mately sectional oblong shape to cover the electrode 3
composed of the conductive single-wires 3A aligned in
horizontal direction.

13 14

5

10

15

20

25

30

35

40

45

50

55



EP 1 009 196 A1

9

[0095] The PTC layer covering member 34B is
made of the same resin as the heating resistance sheet
12.

[0096] Therefore, according to the fourth embodi-
ment, in addition to the same effects as the second
embodiment, the materials of the PTC layer covering
member 34B and the heating resistance sheet 12 are
the same, so that the heat-seal between the member
34B and the sheet 12 is easy, thereby allowing the vari-
ability in the manufacturing to be decreased. And fur-
ther, a material having a higher heat-resistance than the
EEA used for the electrode covering member 4 is used
for the PTC layer covering member 34B, thus improving
endurance and the stability of performance.
[0097] The fifth embodiment according to the
present invention will be explained below with reference
to Fig. 12.
[0098] Fig. 12 shows a sheet-shaped heater 41
according to the fifth embodiment of the present inven-
tion. In the fifth embodiment, what is differ from the
fourth embodiment is that the conductive single-wire 3A
is each covered with the PTC layer 34A, but all the other
structures are the same.
[0099] Fig. 12 is a sectional view of the sheet-
shaped heater 41.
[0100] In Fig. 12, the sheet-shaped 41 is composed
of the heating resistance sheet 12, an electrode cover-
ing member 44 provided on each side-end of the heat-
ing resistance sheet 12 to cover the electrode 3, and the
armor member made of a PET film or the like, provided
as necessary.
[0101] The electrode covering member 44 has a
PTC layer 44A, placed around the electrode 3 and hav-
ing the positive temperature coefficient characteristics
in which the electrical resistance value increases with
the rise in temperature, and the PTC layer covering
member 34B covering the PTC layer 44A.
[0102] The positive temperature coefficient charac-
teristics of the PTC layer 44A is either the same as or
different from the electrode covering member 4. And the
PTC layer 44A covers each of the aligned four conduc-
tive single-wires 3A of the electrode 3.
[0103] According to the fifth embodiment, in addi-
tion to the effects of the fourth embodiment, each of the
conductive single-wires 3A composing the electrode 3
is independently covered with the PTC layer 44A, so
that the periphery of the PTC layer 44A can be covered
with the PTC layer covering member 34B which can be
formed by using a material having a larger strength than
the PTC layer 44A which allows the less deformation of
the PTC layer 44A, which is caused when the sheet-
shaped heater 41 itself is pressured, resulting in the
improvement of resistance to pressure. Furthermore,
each position of the conductive single-wires 3A of the
electrode 3 can be held, thereby allowing any adverse
effect on the performance of the electrode 3 when it is
attached on the heating resistance sheet 21 to be
reduced to a minimum.

[0104] The sixth embodiment according to the
present invention will be explained below with reference
to Fig. 13 and Fig. 14.

[0105] Fig. 13 shows a sheet-shaped heater 51
according to the present invention. In the sixth embodi-
ment, the point of difference from the fourth embodi-
ment is that the conductive single-wires 3A are covered
with the plural types of the PTC layers, but the other
structures are the same.
[0106] Fig. 13 is a sectional view of the sheet-
shaped heater 51.
[0107] In Fig. 13, the sheet-shaped heated 51 is
composed of the heating resistance sheet 12, electrode
covering members 54 provided on each side-end of the
heating resistance sheet 12 to cover the electrode 3,
and the armor member made of a PET film or the like,
provided as necessary.
[0108] The electrode 3 is composed of single-wire
groups each having plural, six in Fig. 13, conductive sin-
gle-wires 3A aligned in the horizontal direction.
[0109] The electrode covering member 54 has a
first PTC layer 54A covering a part of the single-wire
group, more specifically, three conductive single-wires
3A, a second PTC layer 54B covering the other three
conductive single-wires 3A, and the PTC layer covering
member 34B covering the first and second PTC layers
54A and 54B.
[0110] The conductive single-wires 3A covered with
the first PTC layer 54A and the conductive single-wires
3B covered with the second PTC layer 54B are adapted
to carry electric current simultaneously or selectively.
[0111] The first PTC layer 54A has the same posi-
tive temperature coefficient characteristics as the afore-
mentioned PTC layer 34A, and the second PTC layer
54B has the positive temperature coefficient character-
istics in which the kick-off increase ratio and the kick-off
temperature differ from the first PTC layer 54A.
[0112] Fig. 14 shows the positive temperature coef-
ficient characteristics of the sheet-shaped heater 51
when the first and second PTC layers 54A and 54B are
used.
[0113] In Fig. 14, P + SA means the case when only
the electrode 3 covered with the first PTC layer 54A is
supplied with electric current, which is the same as P +
S2 in Fig. 7(C). And P + SB means the case when only
the electrode 3 covered with the second PTC layer 54B
is supplied with electric current.
[0114] In the sixth embodiment, the PTC layer can
be structured not only with two types of the first and sec-
ond PTC layers, but also with more than three types as
well.
[0115] According to the sixth embodiment, in addi-
tion to the effects of the second embodiment, the differ-
ent positive temperature coefficient characteristics are
selected by changing the passages of electric current
supplied into the conductor wires for electrodes 3A pro-
vided in the plural types of the PTC layers 54A and 54B,
thus making it possible to control the heating tempera-
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ture of the sheet-shaped heater 51.

[0116] The seventh embodiment according to the
present invention will be explained below with reference
to Fig. 15 and Fig. 16.
[0117] Fig. 15 shows a sheet-shaped heater 61
according to the present invention. In the seventh
embodiment, the point of difference from the second
embodiment is that the conductive single-wires 3A are
placed in plural rows in the vertical direction, and all
other structures are the same as the second embodi-
ment.
[0118] Fig. 15 is a sectional view of the sheet-
shaped heater 61.
[0119] In Fig. 15, the sheet-shaped heater 61 has
the heating resistance sheet 12, the electrode covering
member 4 of thickness T, provided on each side-end of
the heating resistance sheet 12 to cover the electrode 3,
and the armor member made of a PET film or the like,
provided as necessary.
[0120] The electrode 3 has the first and second sin-
gle-wire groups 31 and 32, each composed of the plu-
ral, five in Fig. 15, conductive single-wires 3A, in which
the single-wire groups 31 and 32 are placed parallel to
the heating resistance sheet 12 to be respectively
spaced in distance D1 and D2.
[0121] The aforementioned single-wire groups 31
and 32 are adapted to be energized simultaneously or
selectively.
[0122] Between where the electric current is
passed only through the first single-wire group 31 and
where the electric current is passed only through the
second single-wire group 32, each distance of the sin-
gle-wire groups 31 and 32 from the heating resistance
sheet 12 as the heating portion is different from each
other, so that the positive temperature coefficient char-
acteristics of the sheet-shaped heater 61 is different.
[0123] Fig. 16 shows the positive temperature coef-
ficient characteristics of the sheet-shaped heater 61
when the first and second single-wire groups 31 and 32
are energized.
[0124] In Fig. 16, P + SC means the case when the
only first single-wire group 31 is energized, and P + SD
means when the only second single-wire group 32 is
energized. In Fig. 16, a difference between P + SC and
P + SD is temperature )t.
[0125] Incidentally, in the seventh embodiment, the
single-wire group can be provided with not only the two
types of the first and second single-wire groups but also
more than three types.
[0126] Therefore according to the seventh embodi-
ment, in addition to the effects of the second embodi-
ment, the electrode 3 is composed of the single-wire
groups of the plural conductive wires for electrodes 3A,
and the single-wire group is structured of the plural sin-
gle-wire groups 31 and 32 each placed in parallel to the
heating resistance sheet 12 in the different distance
from the heating resistance sheet 12 from each other,
so that the different positive temperature coefficient

characteristics can be selected by changing between
the electric current-carrying single-wire groups 31 and
32, thereby controlling the temperature heating the
sheet-shaped heater 61.

[0127] Experiments in order to verify the effects of
each of the embodiments will be described below.

Experiment 1

[0128] Experiment 1 corresponds to the first
embodiment, in which the heating resistance sheet 2 is
formed by using aluminium etching materials. The alu-
minium etching material is 245mm wide × 1m length in
shape, of which the resistance value is 1KΩ/m.
[0129] The electrode covering member 4 is formed
by using the heating composition of 55% by weight of an
ethylene ethyl acrylate copolymer (EEA) (DPDJ6182:
made by Nippon Unicar Co., Ltd.) and 45% by weight of
carbon black (CB) (DIA-BLACK E: made by MISTUBI-
SHI KASEI KOUGYOU Co., Ltd.). Each of the elec-
trodes 3 is formed to arrange the ten single-wires 3A in
parallel so as not to cross mutually.
[0130] In the sheet-shaped heater 1 having the
above structure, a heating value changes depending
upon environmental temperature, and the fine positive
temperature coefficient characteristics is shown as in
the case of the conventional sheet-shaped heater which
the heating composition is used for the heating resist-
ance sheet. This positive temperature coefficient char-
acteristics is the same as Fig. 4(C). The reason is that
the temperature of the electrode covering member 4
rises by transferring the temperature of the heating
resistance sheet 2 to the electrode 3, thus letting the
positive temperature coefficient characteristics work in
the electrode covering member 4.
[0131] One face of the sheet-shaped heater 1 is
covered along the electrode 3 with a heat insulator
(foamed styrol) to produce a different temperature 20°C
on the face, but, the local heating produced in the con-
ventional sheet-shaped heater does not occur.
[0132] In the range between a lower limit tempera-
ture -20°C and a upper limit temperature 70°C, thermal
hysteresis is carried out in fifteen cycles (speeds of
increase and decrease of the temperature: the temper-
ature is retained for 50 min. after being increased and
decreased at 1°C/mm for 10 min., and moves to a next
step), with the result that a change of the resistance
value, caused by heat hysteresis, is -0.5% in Experi-
ment 1, but is -20% in the conventional sheet-shaped
heater, that is to say, Experiment 1 is less than a fortieth
the change of the resistance value, caused by heat hys-
teresis, of the conventional sheet-shaped heater.

Experiment 2

[0133] Experiment 2 corresponds to the second
embodiment, in which the heating resistance sheet 12 is
formed by using the heating composition of 80% by
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weight of a high density polyethylene (HDPE) (IDE-
MITSU HDPE 230J; made by IDEMITSU PETRO-
CHEMICAL Co., Ltd.) and 20% by weight of carbon
black (CB) (DIA-BLACK E: made by MISTUBISHI
KASEI KOUGYOU Co., Ltd.), and the electrode cover-
ing member 4 is formed by using the same heating com-
position of an ethylene ethyl acrylate copolymer (EEA)
and carbon black (CB) as Experiment 1. Each of the
electrodes 3 is formed by arranging the ten single-wires
3A in parallel so as not to cross mutually.

[0134] The sheet-shaped heater 11 having the
above structure shows the fine positive temperature
coefficient characteristics with a similar reason to
Experiment 1. This positive temperature coefficient
characteristics is the same as Fig. 7(C).
[0135] One face of the sheet-shaped heater 11 is
covered along the electrode 3 with a heat insulator
(foamed styrol) to create 20°C difference in temperature
on the face, but, the local heating seen in the conven-
tional sheet-shaped heater does not occur. The reason
is that a melting point of the resin used for the heating
resistance sheet 12 is more than 120°C, so the large
kick-off of the resistance value (the positive temperature
coefficient characteristics) is not created at less than
100°C.
[0136] Simultaneously, an experiment of heat hys-
teresis is carried out under the same conditions as
Experiment 1, with the result that, in Experiment 2, the
change of the resistance value which is caused by heat
hysteresis is less than a tenth of the resistance value
seen in the conventional sheet-shaped heater.

Experiment 3

[0137] Experiment 3 corresponds to the fourth
embodiment, in which the PTC layer 34A is the same
structure as the electrode covering member 4 of Exper-
iment 1, and the PTC layer covering member 34B is
formed by using 55% by weight of a high density poly-
ethylene (HDPE) and 45% by weight of carbon black
(CB). The specific resistance value of the PTC layer
covering member 34B is small and does not contribute
to heating. The other structures of Experiment 3 are the
same as Experiment 2.
[0138] In the sheet-shaped heater 31 having the
above structure, the PTC layer covering member 34B
and the heat-resistance 2 are made of the same mate-
rial, so that the heat-seal between the member 34B and
the sheet 12 is easy, thereby decreasing the variability
in the manufacturing by 20%. As compared with EEA
used for the electrode covering member 4, HDPE has a
heat resistance, thereby improving endurance and the
stability of performance in high temperature by 30°C.

Experiment 4

[0139] Experiment 4 corresponds to the fifth
embodiment, in which the structure is similar to Experi-

ment 3 with the exception that each of the conductive
single-wires 3A is independently covered with the PTC
layer 44A.

[0140] In the sheet-shaped heater 41 of the above
structure, the pressure resistance performance is
improved.
[0141] More specifically, in Experiments 1 and 2,
where the pressure is added to the electrode 3, a space
between the conductive single-wire 3A and the heating
resistance sheet 12 easily changes and the positive
temperature coefficient characteristics changes on a
large scale.
[0142] On the other hand, in Experiment 4, how-
ever, by using HDPE having larger strength than EEA,
position of the conductive single-wire 3A is kept and the
deformation of the PTC layer 44A is controlled.
[0143] More specifically, when pressure of
10kg/cm2 is added on an area, where the electrode 3 is
placed in the sheet-shaped heater 1, with a press in a
room temperature, 20% change in resistance is seen in
Experiment 1, but only less than 3% change is seen in
Experiment 4.

Experiment 5

[0144] Experiment 5 corresponds to the sixth
embodiment. The first PTC layer 54A has the same
structure as the PTC layer 34A of Experiment 3, and the
second PTC layer 54B uses a liner low density polyeth-
ylene (LLDPE)(trade name;FW1650 made by DOW
Co., Ltd.) as thermoplastic resin, and the method of pro-
ducing and composing carbon black (CB) is the same
as Experiment 1.
[0145] In the sheet-shaped heater 51 having the
above structure, by changing the passages of electric
current through the conductive single-wire 3A covered
with the first PTC layer 54A and the conductive single-
wire 3A covered with the second PTC layer 54B, the
positive temperature coefficient characteristics can be
selected from two types, thereby allowing the control of
the heating temperature. More specifically, the maxi-
mum temperature of the sheet-shaped heater 51 is
approximately 80°C in the first PTC layer 54A and
100°C in the second PTC layer 54B. Especially, for
heating the floor and so on, a required amount of heat
changes depending on season, therefore, Experiment 6
is suitable as a method for controlling the amount of
heat.

Experiment 6

[0146] Experiment 6 corresponds to the seventh
embodiment, which has the same structure as Experi-
ment 2 with the exception that two types of the single-
wire groups 31 and 32 which is located respectively at
different distances D1 and D2 from the heating resist-
ance sheet 12 are used.
[0147] In Experiment 6, the thickness T of the elec-
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trode covering member 4 is defined as 1.0mm, D1 and
D2 are respectively defined as 0.2mm and 0.4mm. In
this case, the difference in temperature ∆t between P +
SC and P + SD, shown in Fig. 16, is 20°C.

[0148] In the sheet-shaped heater 61 having the
above structure, by switching the electric current-carry-
ing single-wire groups 31 and 32, the heating tempera-
ture changes by 20°C.

Comparison

[0149] The heating resistance sheet is formed from
the heating composition of 60% by weight of an ethyl-
ene ethyl acrylate copolymer (EEA) (DPDJ6182: made
by Nippon Unicar Co., Ltd.) and 40% by weight of car-
bon black (GB) (DIA-BLACK E: made by MISTUBISHI
KASEI KOUGYOU Co., Ltd.). The sectional rectangular
electrode covering member of a lengthened-shape is
formed by co-extruding the similar composition to above
and the electrode. And the electrode covering member
and the heating resistance sheet are mutually fused by
heat-sealing or the like.
[0150] After an equalizer plate is provided on the
aforementioned sheet-shaped heater, the electric cur-
rent is supplied, with the result that the fine positive tem-
perature coefficient characteristics is shown depending
upon the change in temperature.
[0151] When one face of the sheet-shaped heater
is, however, covered along the electrode with the heat
insulator (foamed styrol) and the 20°C difference in tem-
perature is produced on the face, the local heating is
produced, resulting in the inferior heating. And further,
the change caused by thermal hysteresis is observed at
several tens of percentages.
[0152] Incidentally, the present invention is not
intended to be limited to the aforementioned embodi-
ments, and insofar as the object of the present invention
is attained, the following modifications are included in
the scope of the present invention.
[0153] For example, in each of the aforementioned
embodiments, the electrode covering member 4 is
formed by co-extruding the heating composition and the
electrode 3, which is formed by arranging the plural sin-
gle-wires 3A in parallel and flatly, and in the sectional
rectangular shape. But in the present invention, the
electrode provided in the electrode covering member 4
may be formed in a sectional circular shape by twisting
the plural single-wires or may be formed by using one
thick single-wire. And further, the sheet-shaped heaters
1, 11 and 21 may be structured to provide one thick
electrode-wire or an electrode wire formed to the heat-
ing resistance sheets 2, 12 and 22 themselves by twist-
ing the conductor single-wires for electrodes.
[0154] The two electrode covering members 4 are
fined on each of the heating resistance sheets 2, 12 and
22, but the number of the electrode covering member 4
may be more than three.
[0155] A sectional shape of the electrode covering

member 4 may be various shapes such as a trapezium,
a triangle, a pentagon or the like.

[0156] According to the present invention, the suffi-
cient avoidance of the local heating, the low resistance
variation with time and the small cost for manufacturing
are attained, because the plural electrode covering
members, each covering the electrodes, are attached
on the sheet-shaped heating resistance sheet in a pre-
determined space from each other; at least an area
adjacent to the electrode in the electrode covering
member is the PTC layer having the positive tempera-
ture coefficient characteristics in which the electric
resistance value increases with the rise in the tempera-
ture; and the heating resistance sheet is structured
without the positive temperature coefficient characteris-
tics or with the positive temperature coefficient charac-
teristics in which, in the range below the temperature
showing the kick-off increase ratio of the PTC layer, the
kick-off increase ratio is smaller than the PTC layer or
the kick-off temperature is higher than the PTC layer.
And further, the kick-off temperature of the resistance is
allowed to be selectively controlled by changing the
ratio and the specific resistance value of the PTC layer
in relation to the heating resistance sheet, so that there
is an advantage that the change in the resistance until
the kick-off point can be lowered.

Industrial Availability

[0157] As described thus far, the present invention
is applicable in the use of a heater for melting snow on
a road or a roof, a heater for the floor, a heater for pre-
venting a minor from fogging, and so on.

Claims

1. A sheet-shaped heater, in which plural electrode
covering members, each covering an electrode, are
attached onto a sheet-shaped heating resistance
sheet to have a predetermined space from each
other, comprising:

a PTC layer provided as at least an area adja-
cent to the electrode in the electrode covering
member, and having positive temperature coef-
ficient characteristics which show increase in
electric resistance value with the rise in tem-
perature; and
a heating resistance sheet without the positive
temperature coefficient characteristics or with
the positive temperature coefficient character-
istics of which, in a range below the tempera-
ture showing a maximum kick-off increase ratio
of said PTC layer, a kick-off increase ratio is
smaller than the kick-off increase ratio of said
PTC layer or a kick-off temperature is higher
than the kick-off temperature of said PTC layer.
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2. The sheet-shaped heater according to Claim 1,
wherein the kick-off increase ratio of the positive
temperature coefficient characteristics of said heat-
ing resistance sheet is lower than 0.5 of the kick-off
increase ratio of the positive temperature coeffi-
cient characteristics of said PTC layer in the range
below the temperature showing the maximum kick-
off increase ratio of said PTC layer.

3. The sheet-shaped heater according to Claim 1,
wherein the kick-off temperature of the positive
temperature coefficient characteristics of said heat-
ing resistance sheet is more than 5°C higher than
the kick-off temperature of the positive temperature
coefficient characteristics of said PTC layer.

4. The sheet-shaped heater according to any one of
Claim 1 to Claim 3, wherein said PTC layer is
formed of a heating composition consisting of ther-
moplastic resin and conductive particles.

5. The sheet-shaped heater according to any one of
Claim 1 to Claim 3, wherein said PTC layer is
formed of inorganic material.

6. The sheet-shaped heater according to any one of
Claim 1 to Claim 5, wherein said heating resistance
sheet is formed of a heating composition consisting
of thermoplastic resin and conductive particles.

7. The sheet-shaped heater according to any one of
Claim 1 to Claim 6, wherein the electrode covering
member has said PTC layer, placed around the
electrode and having the positive temperature coef-
ficient characteristics which show the increase in
electric resistance value with the rise in tempera-
ture, and a PTC layer covering member covering
said PTC layer, the PTC layer covering member
and said heating resistance sheet each being
formed by using same type of resin.

8. The sheet-shaped heater according to Claim 7,
wherein the electrode is composed of single-wire
groups each having plural conductive single-wires
for electrodes, and wherein said PTC layer covers
each of the single-wires.

9. The sheet-shaped heater according to any one of
Claim 1 to Claim 8, wherein the electrode is com-
posed of single-wire groups each having plural con-
ductive single-wires for electrodes, and wherein
said PTC layer covers a part of the single-wire
group and is formed of more than two types of PTC
layer having the different kick-off increase ratio and
kick-off temperature.

10. The sheet-shaped heater according to any one of
Claim 1 to Claim 9, wherein the electrode is com-

posed of single-wire groups each having plural con-
ductive single-wires for electrodes, and wherein the
single-wire groups are each composed of plural sin-
gle-wires each single-wires arranged in parallel to
said heating resistance sheet and each located at a
different space from said heating resistance sheet.

11. The sheet-shaped heater according to any one of
Claim 1 to Claim 10, wherein said heating resist-
ance sheet is formed of inorganic material.

12. The sheet-shaped heater according to any one of
Claim 1 to Claim 10, wherein said heating resist-
ance sheet is formed of metallic material.

13. The sheet-shaped heater according to any one of
Claim 1 to Claim 12, wherein said heating resist-
ance sheet and said PTC layer are connected
through an insulating layer by using a heat-transfer
material to be thermally integrated with each other.
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