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(54) POSITIVE TEMPERATURE COEFFICIENT (PTC) HEATER

(67)  The invention relates to a PTC heater (1) with
at least one PTC heating element (2). The at least one
PTC heating element (2) contains a heating layer (3)
made of a PTC material, which is arranged between a
first electrode plate (4a) and a second electrode plate
(4b) and is electrically contacted therewith. The PTC
heater (1) further contains a housing (5) in which the at
leastone PTC heating element (2) is arranged. The elec-
trode plates (4a, 4b) of the at least one PTC heating el-
ement (2) are fixed to the housing (5) in a heat-transmit-

ting and electrically insulated manner.

According to the invention, an electrically conductive
plate (8) is arranged parallel to the electrode plates (4a,
4b) and divides the heating layer (3) into a first heating
part layer (3a) and a second heating part layer (3b). Fur-
thermore, at least one heat conducting layer (9) is ar-
ranged between the electrode plates (4a, 4b) and is con-
nected to the first heating part layer (3a) and/or to the
second heating part layer (3b) in a heat- transmitting
manner.
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Description

[0001] The invention relates to a PTC heater compris-
ing at least one PTC heating element according to the
preamble of claim 1.

[0002] Modern motor vehicles are increasingly opti-
mized for consumption and less and less waste heat is
available for conventionally heating the interior. In par-
ticular when cold starting the motor vehicle and in the
case of low outside temperatures, the interior can be ad-
ditionally heated for example by means of a PTC (Positive
Temperature Coefficient) heater. PTC heaters are al-
ready known from the prior art and are made of typically
ceramic PTCs, which are characterized by an electrical
resistance, which increases as the temperature increas-
es. The PTC heater is throttled by its own behavior and
the heating surfaces of the PTC heater have an even
temperature distribution. The temperature of the heating
surfaces is in particular independent of boundary condi-
tions - such as for example of the applied voltage, the
resistance of the PTC or the air quantity above the PTC
heater. The PTC heater is cost-efficient, can be installed
in air ducts of the air conditioning system in a space-
saving manner and quickly converts the electrical energy
into the heat.

[0003] In hybrid or electric vehicles, a PTC heater has
a particularly high significance, because no waste heat
or only a small amount of waste heat is produced in a
hybrid or electric vehicle, and can be used for heating.
For an effective heating in a hybrid or electric vehicle,
the PTC heater needs to partially have a wattage of more
than 3 kW. This is why the PTC heater is operated at a
high voltage in order to keep the current as low as pos-
sible. The voltages are thereby above 60 V and partially
above 300 V. Furthermore, there is a need to further in-
crease the voltage in the hybrid or electric vehicle up to
800 V. Common PTC heaters are not designed for volt-
ages, as they appear in hybrid or electric vehicles, and
can thus only be used to a limited extent in hybrid or
electric vehicles.

To rule out exposure of the passengers during operation
ofthe PTC heater, the PTC heater needs to also be touch-
protected and flashover-protected. Voltage conducting
components of the PTC heater need to furthermore be
encapsulated in a dust-tight and water-tight manner. To
meet the increasing demands on the touch protection,
the voltage conducting components are electrically insu-
lated to the outside to an increasing extent. The heat
release of the PTC heater to the outside, which causes
an unwanted throttling of the PTC heater, is also reduced
thereby. The wattage, which the PTC heater can convert
into the heat, is also reduced accordingly.

[0004] It is thus the object of the invention to specify
animproved or at least alternative embodimentfora PTC
heater of the generic type, in the case of which the de-
scribed disadvantages are overcome.

[0005] According to the invention, this object is solved
by the subject matter of independent claim 1. Advanta-
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geous further embodiments are the subject matter of the
dependent claims.

[0006] A generic PTC (Positive Temperature Coeffi-
cient) heaterhas atleastone PTC heating element, which
has a heating layer made of a PTC material. The heating
layer is thereby arranged between a first electrode plate
and a second electrode plate and is electrically contacted
therewith. The PTC heaterfurther has a housing, in which
the at least one PTC heating element is arranged. The
electrode plates of the at least one PTC heating element
are thereby fixed to the housing so as to transfer heat
and so as to be electrically insulated. According to the
invention, an electrically conductive plate is arranged in
parallel to the electrode plates and divides the heating
layer into a first heating part layer and a second heating
partlayer. Furthermore, atleast one heat conducting lay-
er is arranged between the electrode plates and is con-
nected to the first heating part layer and/or to the second
heating part layer so as to transfer heat.

[0007] Advantageously, the at least one heat conduct-
ing layer has a heat conductivity, which is higher as com-
pared to the heating layer, and dissipates the heat gen-
erated in the heating layer to the outside. Advantageous-
ly, an unwanted throttling of the PTC heating element is
thus prevented or at least delayed and the heat output
of the PTC heating element and of the PTC heater is
improved. The electrically conductive plate arranged in
parallel to the electrode plates can additionally dissipate
the heat generated in the first heating part layer and in
the second heating part layer.

[0008] Advantageously, the electrically conductive
plate can be a third electrode plate. If a voltage is applied
to the two electrode plates and to the electrically conduc-
tive plate, the first heating layer and the second heating
part layer are divided by the third electrode and are con-
nected in series with one another. A voltage drop thus
results at the electrically conductive plate and the applied
voltage at the two heating part layers in each case drops
by half. Advantageously, the applied voltage can then be
increased, without having to change the dimensions of
the heating part layers. Furthermore, the creeping dis-
tance between potentials is doubled thereby and a
flashover is prevented in an advantageous manner.
[0009] Advantageously, the PTC heating element in
the PTC heater according to the invention can be
switched in two different ways thereby. The voltage - for
example 400 V - can thus be applied between the first
electrode plate and the second electrode plate, so that
the applied voltage - thus 400 V - drops across the entire
heating layer. In the alternative, the voltage - forexample
800 V - can be applied between the first and second
electrode plates and the electrically conductive plate. In
this case, the first heating part layer and the second heat-
ing part layer are connected in series, and the voltage at
the two heating part layers in each case drops by half -
thus in each case 400 V. The PTC heating element can
be operated at two different voltages with a constant heat
output in this way. The PTC heating element can further-
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more also be switched over from the outside during op-
eration and an additional engaging with the PTC heating
element is not necessary.

[0010] Provision can advantageously be made for the
at least one heat conducting layer to divide the first heat-
ing part layer vertically to the first electrode plate. In the
alternative orin addition, the at least one heat conducting
layer can divide the second heating part layer vertically
to the second electrode plate. Advantageously, the re-
spective heat conducting layer thereby has a higher heat
conductivity than the first heating part layer or the second
heating part layer and can dissipate the heat generated
in the respective heating part layer via the electrode
plates. On both sides of the housing, the electrode plates
arranged at the housing and electrically insulated there-
from in each case form a heating surface, at which the
heat generated in the heating layer is released into the
surrounding area. The heat can be released more effec-
tively tothe electrode plates and to the respective heating
surfaces of the housing by means of the at least one heat
conducting layer. An unwanted throttling of the PTC heat-
ing element in the first heating part layer as well as in the
second heating part layer can be prevented in an advan-
tageous manner in this way. Advantageously, the respec-
tive heat conducting layer is electrically insulated from
the respective heating part layer and does not influence
electrical properties of the PTC heating element.
[0011] The at least one heat conducting layer can
thereby abut on the electrically conductive plate on one
side and the second heating part layer on the other side.
[0012] In the alternative or in addition, the at least one
heat conducting layer can abut on the electrically con-
ductive plate on one side and the first heating part layer
on the other side. A mutual influencing of the first heating
part layer and of the second heating part layer through
the electrically conductive plate is prevented in this way.
As a whole, the heat output of the PTC heating element
can be increased thereby in an advantageous manner.
[0013] Advantageously, the at least one heat conduct-
ing layer can consist of a sintered ceramic, which pref-
erably has aluminum nitride or boron nitride, or consists
thereof. The heating layer - and correspondingly also the
first heating part layer and the second heating part layer
- can consist of the sintered PTC material, which is pref-
erably a barium titanate. The heating layer of the sintered
barium titanate has a heat conductivity of approximately
2 W/mK. In the case of the sintered aluminum nitride, the
heat conducting layer has a heat conductivity of approx-
imately 130 W/mK and in the case of the sintered boron
nitride a heat conductivity of approximately 60 W/mK.
The heat conducting layer can thus effectively dissipate
the heat generated in the heating layer to the outside and
can thus prevent an unwanted throttling of the PTC heat-
ing element and of the PTC heater.

[0014] Inthe case of a further development of the PTC
heater according to the invention, provision is advanta-
geously made for the at least one heat conducting layer
to be arranged in parallel to the electrode plates and to
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be enclosed at least in some areas by the electrically
conductive plate, which is embodied in a U-shaped man-
ner. The heat conducting layer is then coupled to the first
heating part layer on the one side and to the second
heating part layer on the other side so as to transfer heat
via the enclosing electrically conductive plate, and can
effectively dissipate the heat generated in the heating
part layers, in particular from a middle area of the PTC
heating element. An unwanted throttling of the PTC heat-
ing element is prevented in an advantageous manner in
this way and the PTC heating element can be operated
at two different voltages with a constant heat output.
[0015] To effectively dissipate the heat generated in
the heat conducting layer to the outside, a heat distribu-
tion body of the PTC heating element can be fixed to the
at least one heat conducting layer on one side and to the
housing on the other side so as to transfer heat. The heat
distribution body can consist for example of a sintered
ceramic, which preferably has aluminum nitride or boron
nitride, or consists thereof. The heat distribution body
dissipates the heat from the respective heat conducting
layer to the housing, to which the heat distribution body
is fixed so as to transfer heat, and thus forms at least one
body heating surface of the PTC heater. The body heat-
ing surface expands the heating surface of the PTC heat-
er and the heat generated in the PTC heating element
can be releasedinto the surrounding areain a large-scale
and effective manner.

[0016] Provision can advantageously be made for an
electrically insulating insulating plate to be arranged in
each case between the electrode plates and the housing.
The respective electrode plate is fixed to the housing so
as to transfer heat and electrically insulates the electrode
plates from the housing. The PTC heater is protected
against touch and flashover in this way. The respective
insulating plate can additionally be connected to the heat
distribution body of the PTC heating element so as to
transfer heat, in order to effectively release the heat gen-
erated in the PTC heating element to the heating surface
and to the body heating surface. Advantageously, the
respective insulating plate can consist of an aluminum
oxide or a sintered ceramic, which preferably has alumi-
num nitride or boron nitride, or consists thereof.

[0017] As a whole, the PTC heater according to the
invention can be operated at a higher voltage, without
having to increase dimensions of the heating layer.
[0018] Different voltages can furthermore be applied
to the PTC heater, wherein a switchover of the PTC heat-
ing element from the outside can also take place during
operation. In the case of the PTC heater according to the
invention, the heat generated in the heating layer can
also be effectively dissipated to the outside and an un-
wanted throttling of the PTC heating element can thus
be prevented in an advantageous manner.

[0019] Further important features and advantages of
the invention follow from the subclaims, from the draw-
ings, and from the corresponding figure description by
means of the drawings.
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[0020] Itgoeswithoutsaying thatthe above-mentioned
features and the features, which will be explained below,
cannot only be used in the respective specified combi-
nation, but also in other combinations or alone, without
leaving the scope of the invention at hand.

[0021] Preferred exemplary embodiments of theinven-
tion are illustrated in the drawings and will be explained
in more detail in the description below, whereby identical
reference numerals refer to identical or similar or func-
tionally identical components.

[0022] In each case schematically

Figs.1and 2  show sectional views of a PTC heater
according to the invention comprising a
U-shaped electrically conductive plate;
Fig. 3 shows a view of a PTC heateraccording
to the invention according to Fig. 1 and
Fig. 2 comprising a heat distribution
body;

Figs.4and 6  show sectional views of an alternatively
embodied PTC heater comprising a flat
electrically conductive plate;
Figs.5and 7  show views of PTC heating elements in
the PTC heater according to Fig. 4 and
Fig. 6.

[0023] Fig. 1 and Fig. 2 show sectional views of a PTC
heater 1 according to the invention. The PTC heater 1
thereby has a PTC heating element 2 comprising a heat-
ing layer 3, which is arranged between a first electrode
plate 4a and a second electrode plate 4b and which is
electrically contacted therewith. The heating layer 3 con-
sists for example of a sintered PTC material, which is
preferably a barium titanate or has barium titanate. The
PTC heating element 2 is encapsulated in a housing 5
of the PTC heater 1 in a dust-tight and water-tight man-
ner, wherein insulating plates 6a and 6b are arranged
between the electrode plates 4a and 4b and the housing
5. The respective insulating plates 6a and 6b are fixed
to the housing 5 so as to transfer heat and electrically
insulate the electrode plates 4a and 4b from the housing
5. The PTC heater 1 is protected against touch and
flashover in this way. The insulating plates 6a and 6b can
consist of or can have an aluminum oxide or a sintered
ceramic, preferably an aluminum nitride or a boron ni-
tride. The heat generated in the heating layer 3 is re-
leased to heating surfaces 7a and 7b of the housing 5
viathe electrode plates 4a and 4b as well as the insulating
plates 6a and 6b.

[0024] An electrically conductive plate 8, which divides
the heating layer 3 into a first heating part layer 3a and
a second heating part layer 3b, is arranged in parallel to
the electrode plates 4a and 4b. The electrically conduc-
tive plate 8 is embodied in a U-shaped manner and en-
closes a heat conducting layer 9, which is arranged in
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the U-shaped electrically conductive plate 8 in parallel to
the electrode plates 4a and 4b. The electrically conduc-
tive plate 8 thereby abuts on the heating part layers 3a,
3b and the heat conducting layer 9 in a flat manner. Ad-
vantageously, the heat conducting layer 9 has a heat
conductivity, which is higher as compared to the heating
layer 3 and accordingly also as compared to the heating
part layers 3a and 3b, and can consist for example of a
sintered ceramic, which is preferably an aluminum nitride
or a boron nitride. In the case of the sintered aluminum
nitride, the heat conducting layer 9 then has a heat con-
ductivity of approximately 130 W/mK and a heat conduc-
tivity of approximately 60 W/mk in the case of the sintered
boron nitride. In contrast, the heating layer 3 and accord-
ingly the heating part layers 3a and 3b for example of the
sintered barium titanate have a heat conductivity of ap-
proximately 2 W/mK. The heat conducting layer 9 is con-
nected to the first heating part layer 3a on the one side
and to the heating part layer 3b on the other side via the
electrically conductive plate 8 so as to transfer heat, and
can effectively dissipate the heat generatedin the heating
part layers 3a and 3b, in particular from a middle area 10
of the PTC heating element 2. An unwanted throttling of
the PTC heating element 2 is prevented in an advanta-
geous manner in this way.

[0025] The PTC heating element 2 can be switched in
two different ways in the PTC heater 1. The voltage - for
example 400 V - can thus be applied between the first
electrode plate 4a and the second electrode plate 4b, as
is shown in Fig. 1. The applied voltage - thus 400 V -
drops across the entire heating layer 3 and the wattage
is converted into the heat. In the alternative, the voltage
- for example 800 V - can be applied between the elec-
trode plates 4a and 4b as well as the electrically conduc-
tive plate 8, as is shown in Fig. 2. Here, the electrically
conductive plate 8 forms a third electrode plate 11, and
the first heating part layer 3a and the second heating part
layer 3b are connected in series. At the two heating part
layers 3a and 3b, the voltage in each case drops by half
- thus in each case 400 V. The PTC heating element 2
can be operated at two different voltages - 400 V and
800 V - with a constant heat output in this way. The PTC
heating element 2 can thereby also be switched over
from the outside during operation and an additional en-
gaging with the PTC heating element 2 can be avoided.
[0026] Fig. 3 shows a perspective view of the PTC
heater 1 comprising a heat distribution body 12. The heat
distribution body 12 can for example consist of a sintered
ceramic, which is preferably an aluminum nitride or a
boron nitride. The heat distribution body 12 is fixed to the
heat conducting layer 9 on the one side and to the housing
5 on the other side so as to transfer heat and dissipates
the heat from the heat conducting layer 9 to the housing
5. Body heating surfaces 13a, 13b, at which the heat is
released into the surrounding area, are thus formed on
the housing 5. The body heating surface 13a and 13b
expands the heating surfaces 7aand 7b of the PTC heat-
er 1 and the heat generated in the PTC heating element
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2 can be released into the surrounding area in a large-
scale and effective manner.

[0027] Fig. 4 and Fig. 6 show sectional views of the
alternatively embodied PTC heater 1. Fig. 5 and Fig. 7
show perspective views of the PTC heating element 2.
In this exemplary embodiment, the heat conducting layer
9 divides the first heating part layer 3a vertically to the
first electrode plate 4a. Two heat conducting layers 9 are
arranged on both sides of the second heating part layer
3b so as to abut thereon and vertically to the electrode
plate 4b. To prevent a mutual influencing of the divided
heating part layer 3a and of the heating part layer 3b via
the electrically conductive plate 8, the heat conducting
layers 9 and the heating part layers 3a and 3b are ar-
ranged on the electrically conductive plate 8 in an alter-
nating manner. The heat conducting layer 9 thus abuts
on the electrically conductive plate 8 on one side and the
divided heating part layer 3a or the heating part layer 3b
on the other side. The electrically conductive plate 8 is
thereby embodied so as to be flat.

[0028] Advantageously, the respective heat conduct-
ing layers 9 have a higher heat conductivity than the heat-
ing part layers 3a and 3b and can effectively dissipate
the heat generated in the respective heating part layer
3a and 3b via the electrode plates 4a and 4b. An unwant-
ed throttling of the PTC heating element 2 in the first
heating part layer 3a as well as in the second heating
part layer 3b can be prevented in an advantageous man-
nerin this way. The heat conducting layers 9 furthermore
extend into the PTC heating element 2, as is shown in
Fig. 5 and Fig. 7, and the heat generated in the heating
part layers 3a and 3bis evenly released across the entire
depth of the PTC heating element 2. The heat conducting
layers 9 are electrically insulated from the respective
heating part layer 3a and 3b and do not influence elec-
trical properties of the PTC heating element 2. As also
in the PTC heater 1, which is embodied alternatively in
Fig. 1 to Fig. 3, the heat conducting layer 9 can consist
of an aluminum nitride or of a boron nitride. The heating
layer 3 and thus the heating part layers 3a and 3b can
consist of the sintered barium titanate.

[0029] Inthe PTC heating element 2 in Fig. 4 and Fig.
5, the voltage - for example 400 V - is applied between
the first electrode plate 4a and the second electrode plate
4b. The applied voltage - thus 400 V - drops across the
entire heating layer 3 and the wattage is converted into
the heat. In Fig. 6 and Fig. 7, the voltage - for example
800 V - is applied between the electrode plates 4a and
4b as well as the electrically conductive plate 8 or the
third electrode plate 11, respectively, and the first heating
part layer 3a and the second heating part layer 3b are
connected in series. At the two heating part layers 3a
and 3b, the voltage in each case drops by half - thus in
each case 400 V. The PTC heating element 2 can be
operated at two different voltages - 400 V and 800 V -
with a constant heat output in this way. The PTC heating
element 2 can thereby also be switched over from the
outside during operation and an additional engaging with
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the PTC heating element 2 can be avoided.

[0030] Advantageously, the PTC heater 1 according
to the invention can be operated at two different voltages,
wherein the PTC heating element can also be switched
over from the outside during operation. In the PTC heater
1 according to the invention, the heat generated in the
heating part layer 3a and 3b can furthermore be effec-
tively dissipated to the outside and an unwanted throttling
of the PTC heating element 2 in the PTC heater 1 can
be prevented in an advantageous manner thereby.

Claims

1. APTC heater (1) comprising at least one PTC heat-
ing element (2),

- wherein the at least one PTC heating element
(2) has a heating layer (3) of a PTC material,
which is arranged between afirst electrode plate
(4a) and a second electrode plate (4b) and is
electrically contacted therewith,

- wherein the PTC heater (1) has a housing (5),
in which the at least one PTC heating element
(2) is arranged, and

- wherein the electrode plates (4a, 4b) of the at
least one PTC heating element (2) are fixed to
the housing (5) so as to transfer heat and so as
to be electrically insulated,

characterized in

- that an electrically conductive plate (8) is ar-
ranged in parallel to the electrode plates (4a, 4b)
and divides the heating layer (3) into afirst heat-
ing part layer (3a) and a second heating part
layer (3b),

- that at least one heat conducting layer (9) is
arranged between the electrode plates (4a, 4b)
and is connected to the first heating part layer
(3a) and/or to the second heating part layer (3b)
so as to transfer heat.

2. The PTC heater according to claim 1,
characterized in
that the electrically conductive plate (8) is a third
electrode plate (11).

3. The PTC heater according to claim 1 or 2,
characterized in

- that the at least one heat conducting layer (9)
divides the first heating part layer (3a) vertically
to the first electrode plate (4a), and/or

- that the at least one heat conducting layer (9)
divides the second heating part layer (3b) verti-
cally to the second electrode plate (4b).
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The PTC heater according to claim 3,
characterized in

- that the at least one heat conducting layer (9)
abuts on the electrically conductive plate (8) on
one side and the second heating part layer (3b)
on the other side, and/or

- that the at least one heat conducting layer (9)
abuts on the electrically conductive plate (8) on
one side and the first heating part layer (3a) on
the other side.

The PTC heater according to one of the preceding
claims,
characterized in

- that the at least one heat conducting layer (9)
is made of a sintered ceramic, preferably has
aluminum nitride or boron nitride, or consists
thereof, and/or

-thatthe heating layer (3) is made of the sintered
PTC material, preferably has barium titanate or
is made thereof.

The PTC heater according to one of the preceding
claims,

characterized in

that the at least one heat conducting layer (9) is ar-
ranged in parallel to the electrode plates (4a, 4b) and
is enclosed at least in some areas by the electrically
conductive plate (8), which is embodied in a U-
shaped manner.

The PTC heater according to claim 6,
characterized in

that a heat distribution body (12) of the PTC heating
element (2) is fixed to the at least one heat conduct-
ing layer (9) on one side and to the housing (5) on
the other side so as to transfer heat.

The PTC heater according to claim 7,
characterized in

that the heat distribution body (12) is made of a sin-
tered ceramic, preferably has aluminum nitride or
boron nitride, or consists thereof.

The PTC heater according to one of the preceding
claims,

characterized in

that an electrically insulating insulating plate (6a,
6b), which fixes the respective electrode plate (6a,
6b) to the housing (5) of the PTC heater (1) so as to
transfer heat, is arranged in each case between the
electrode plates (4a, 4b) and the housing (5).

The PTC heater according to claim 9,
characterized in
that the respective insulating plate (6a, 6b) is made
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of a sintered ceramic, preferably has aluminum ni-
tride or aluminum oxide or boron nitride, or consists
thereof.
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