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ABSTRACT

The heating device includes a conductive layer which is positioned on an electrically
insulative substrate. Preferably, the conductive layer is screen printed onto the substrate. the
substrate is designed to limit elongation of the conductive layer, thereby improving the durability
of the conductor and enabling the heating device to be used in flexible applications, such as
automobile seats. The substrate can include at least one aperture passing therethrough to further
improve flexibility to further improve flexibility, fatigue resistance, and breathability of the
heater. The conductive layer is configured to include a buss structure with a first buss ground
inwardly adjacent from the periphery of the heating device and a first buss with serpentine paths
extending from one edge of the heating device to another edge. The buss structure further
includes a second buss with L-shaped portions positioned between the serpentine paths and the
first buss ground. The second buss ground is located in a central location between the serpentine
paths. A resistive or thermistor layer, preferably with a resistance which increases materially

In response to increased temperature, is placed over the conductive layer.
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FLEXIBLE HEATER DEVICE

FIELD OF THE INVENTION

[02] The present invention relates to heating systems which are suitable for use in
automobile components but which may also be used in other applications. In particular, this
invention relates to a heating device with a dielectric substrate having a conductor material and

a resistive layer screen printed thereon.

BACKGROUND OF THE INVENTION

J03] Heating devices with temperature regulating properties are used in the automotive
industry. However, some automotive applications, such as self-regulating heaters for external
mirrors, do not require flexibility. Such heaters can be found in U.S. Patent No. 4,931,627 and
U.S. Patent No. 4,857,711, both commonly owned with the present application.

[04] The parent applications of the present application have provided a flexible heater
which has been very satisfactory when flexibility is required, for example, in an automotive
application, such as an automotive seat. However, further refinements are desired to allow the
material of the heater to better flex without any degradation in performance, particularly
regarding heating capacity and uniformity of heating. Further refinements are desired to provide
a protective layer to protect against contact with liquid spills. Similarly, still further refinements

are desired in providing improved stress relief, flexibility and ventilation.
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SUMMARY OF THE INVENTION

[05] It is therefore a feature of the present invention to provide a heating device,
particularly for seating applications for the automotive industry, which provides increased
flexibility and fatigue resistance without compromising performance.

[06] It is therefore a further feature of the present invention to provide a heating
device, particularly for seating applications for the automotive industry, which maintains its
capacity and uniformity of heating through the lifetime of the product.

[07] It is therefore a further feature of the present invention to provide a heating
device, particularly for seating applications for the automotive industry, which maintains its
performance after repeated flexing.

[08] It is therefore a still further feature of the present invention to provide a
heating device, particularly for seating applications for the automotive industry, which
maintains its performance after being exposed to liquid spills.

[09] It is therefore a still further feature of the present invention to provide a

heating device, particularly for seating applications for the automotive industry, which

provide different heating levels with simplified control.
[10] 1t is therefore a still further feature of the present invention to provide a

heating device, particularly for seating applications for the automotive industry, which

provides for reduced stresses when flexed or even stretched.

[11] It is therefore a still further feature of the present invention to provide a
heating device, particularly for seating applications for the automotive industry, which
provide for improved ventilation.

[12) These and other features are attained by providing a flexible heater which
includes an electrically insulative substrate to which a conductor material is screen printed (or
otherwise attached, such as by adhesive). The substrate increases the fatigue life of the
conductor by being made of a material which has a high modulus of elasticity thereby
limiting elongation of the conductor material, as well as providing a protective layer from
liquid spills for the conductor material. The substrate also advantageously 1solates the heater.

[13] After the conductor is positioned onto the substrate, a resistive element can be
applied over the conductor. In one embodiment, the resistive element is made of a PTC
(positive température coefficient) material, that is, a material whose resistance generally

increases in response to an increase in temperature, thereby typically resulting in a self-
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regulating heating device. Alternately, the resistive element can be a fixed resistive element
which uses a controller to regulate the heating level. In either case, the resistance element is
typically a polymer thick film, but may be of other suitable material.

{14] In one embodiment of the invention, the heater circuit includes a conductor
layer having a main buss, a main buss ground, a small buss, a third buss, and a third buss
ground, as well as a thermistor layer. The third buss includes a serpentine configuration to
provide uniform heating. By changing the polarity connections of the busses, different
heating levels can be provided. This simplifies the external electronic controller to little more
than a simple multi-pole switch.

[15] In yet another embodiment of the invention, apertures can be provided through

the heater assembly to improve the flexibility and fatigue resistance of the heater assembly.
The apertures provide a reduction in the amount of stress applied to the assembly, particularly
the conductor material, when the assembly is caused to flex. Moreover, the apertures

beneficially allow air to flow through the assembly.

[16] Other features and advantages of the invention will become apparent to those
skilled in the art upon review of the following detailed description, claims and drawings, in

which like numerals are used to designate like features.

BRIEF DESCRIPTION OF THE DRAWINGS

[17] FIG. la is a cross-sectional schematic illustrating the sequence of layers in a

heating device according to the present invention.

[1'8] FIG. 1b is a cross-sectional schematic illustrating an alternative sequence of

layers 1n a heating device according to the present invention.

[19] FIG. 2 is a schematic of a buss structure of one embodiment of the present

Invention.

[20] FIG. 3 is a schematic of a buss structure of yet another embodiment of the
present invention.

[21] Before the embodiments of the invention are explained in detail, it is to be
understood that the invention is not limited in its application to the details of construction and
the arrangements of the components set forth in the following description or illustrated in the
drawings. The invention is capable of other embodiments and of being practiced or being

carried out in various ways. Also, it is understood that the phraseology and terminology used

_3-
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herein are for the purpose of description and should not be regarded as limiting. The use of
“including” and “comprising” and variations thereof herein is meant to encompass the items

listed thereafter and equivalents thereof as well as additional items and equivalents thereof.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[22] Referring now to the drawings in detail, FIGS. 2-3 show the typical outline of
a heating device 10 of the present invention, particularly when used for a heater for an
automotive seat or a similar application. Similar applications include, but are not limited to,
off-road vehicles, marine applications, and the like.

[23] FIG. 1a shows the sequence of layers of a heating device 10 according to one
embodiment of the invention. Conductor layer 16, which includes various busses such as
shown in FIGS. 2-3, is screen printed onto a substrate 20. The substrate 20 1s made of an
electrically insulative material, such as a polyester film or Mylar, but can be made of any
suitable material according to the principles of the present invention. For example, the
substrate can be made of various polymer films and other dielectric materials. Moreover, the
substrate is configured to be thin enough to allow for heat to pass therethrough, but thick
enough to provide the mechanical properties consistent with the teachings of the present

invention. If the conductor layer 16 is not screen printed onto the substrate 20 (e.g., it can be
printed onto thermistor layer 14), an adhesive layer 18 is generally needed. The adhesive is
made from any number of suitable materials and applied in any suitable manner known in the
art. Conductor layer 16 is typically made from a conductive metal such as copper, silver,
gold, aluminum, carbon, or graphitic materials, and may also be an inherently conductive
polymer such as polyaniline or polypryrrole. However, those skilled in the art will recognize
a range of equivalent substitutions of materials upon study of this disclosure. In general, the
conductive material is made of very small flakes of material in a polymer matrix. If this
material is caused to be over stretched or subjected to repeated stretching causing fatigue, the
conductive layer may actually crack, thereby resulting in undesirable arching. Therefore,
according to the present invention, the substrate 20 is adapted to protect and prevent the
conductor layer 16 from being damaged in applications where a flexible heater is desired.

[24] A resistive or thermistor layer 14 is applied on to the conductor layer 16. The
resistive layer 14 can be a PTC material to provide a self-regulating heater or can be a fixed

resistance element which requires an electronic controller (not shown) to regulate the heat
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level. The resistive layer 14 is typically a polymer thick film. The resulting heating device
10 may be placed between the seating upholstery fabric 22 and the internal foam rubber
material 12 of the automotive seat. The heater may be laminated with foam to facilitate
incorporation into a seat. Although not shown, an adhesive layer and a fabric layer may be
positioned between the resistive layer 14 and foam material 12. FIG. 1b does, however,
illustrate an adhesive layer 24. The adhesive can be made of any suitable material, but a
pressure sensitive adhesive is particularly suitable for use in accordance with the principles of
the present invention. The adhesive and fabric can be applied in any suitable manner, such as
by lamination. The fabric may be advantageously made of a flame retardant material. The
fabric may also advantageously be a noise isolator, bulk stabilizer, and thermal insulator for
the heater assembly. The density of the fabric may range from 1 to 10 ounces per square
yard, but could be of other suitable densities. The flame retardant material may be based on
halogen/antimony, melamine, phosphorous or inorganic flame retardant chemistry. -

[25] According to one embodiment of the present invention, a dielectric film can be
applied over the conductor by heat lamination. The film improves the chemical resistance
and durability of heating device 10. The heating device 10 thereby achieves improved
resistance to chemicals such as plasticizers and solvents that can be found in automotive seats
of some manufacturers. The laminate further protects the surface of the heating device 10 by
preventing the silver and carbon black of the conductors from being removed by contact and
abrasion with the fabric or other seat members. The adhesive laminate can further help to
reduce or eliminate cracking of conductor layer 16, thereby extending the life of conductor
layer 16 and that of heating device 10. For instance, polyester film with a polyester adhesive
may be used. However, other types of films such as nylon, polyolefine and polyimide can be
used, as well as other types of adhesives such as epoxy and acrylics, or even types of
adhesive that are pressure sensitive rather than those requiring heat activation.

[26] Referring now to FIG. 2, one sees a first embodiment of the configuration of
the conductor layer 16 and the resistive layer 14. One further sees that heating device 10
typically includes upper edge 30, side edges 32, 34 and lower edge 36. Conductor layer 16 is
formed so as to create main buss 40, main buss ground 42, third buss 46, and third buss
ground 48. In addition, several small busses extend from main buss 40 and mair buss ground
42 as will be described hereinafter. In the embodiment of FIG. 2, third buss ground 48 is
formed inwardly adjacent from a periphery of the heating device 10 as formed by upper edge
30, side edges 32, 34 and lower edge 36. Third buss 46 is formed from two serpentine paths

5.
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50, 52 which, in turn, are formed from successive inwardly and outwardly facing curved _
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portions. Serpentine paths 50, 52 extend from a portion of the third buss ground 48 which is
inwardly adjacent from upper edge 30 to a portion of third buss ground 48 which is inwardly
adjacent from lower edge 36. Serpentine path 50 is positioned generally about one fourth of
the vertical distance from side edge 32 to side edge 34 while serpentine path 52 is positioned
generally about three fourths of the vertical distance from the side edge 32 to side edge 34.
In order to increase the uniformity of heating, serpentine paths 50, 52 include spurs 54 which
extend into resistive layer 14. Similarly, the portion of third buss ground 48 which is
inwardly adjacent from lower edge 36 includes spurs 56. Main buss 40 is formed from
inverted (in the orientation shown in Figure 2) L-shaped portions 60, 62 with longer legs 64,
66 inwardly adjacent from side edges 32, 34, respectively, and shorter legs 68, 70 colinear
with each other and inwardly adjacent from upper edge 30. Longer leg 64 includes small
busses 72, 74, 76 which extend inwardly into resistive layer 14 and into the outwardly facing
curved portions of serpentine path 50. Small busses 72, 74, 76 include round portions 78
joined by, and therefore in electrical communication with, straight portions 80. Round
portions 78 encircle apertures 82 which typically pass through all layers of heating device 10
thereby improving ventilation and heat circulation and further providing stress relief and
increased flexibility. Round portions 78 further include spurs 84 which extend into resistive
layer 14 to increase the uniformity of heating. Similarly, longer leg 66 includes small busses
86, 88, 90 which extend into resistive layer 14 and into the outwardly facing curved portions
of serpentine path 52. Small busses 86, 88, 90 include round portions 78 joined by, and
therefore in electrical communication with, straight portions 80.

[27] Main buss ground 42 extends through a central portion of heating device 10,
positioned between serpentine paths 50, 52. Main buss ground 42 further includes small
busses 92, 94, 96 which extend into the inwardly curved portions of serpentine path 50 and
small busses 98, 100, 102 which extend into the inwardly facing curved portions of
serpentine path 52. Small busses 92-102 include the previously identified structure of round
portions 78 encircling apertures 82. Round portions 78 are in electrical communication with
main buss ground 42 by straight portions 80 and further include spurs 84 to increase the
uniformity of heating.

{28] The resulting structure provides for low and high settings with a simple multi-

pole switch (not shown) and further, as a resistive device, is not polarity sensitive.




CA 02440653 2003-09-11

[29] In order to achieve a high setting for relatively greater heating, both L-shaped
portions 60, 62 of main buss 40 and main buss ground 42 are connected to a positive battery
polarity while third buss 46, in electrical communication with third buss ground 48, is
connected to a negative battery terminal. Current flows from the two serpentine paths 50, 52
of third buss 46, through resistive layer 14 thereby producing heat, to the main ground buss
42 and to inverted L-shaped portions 60, 62 of main buss 40. As previously described, the
various spurs and small busses aid in the uniformity of the distribution of the current through
resistive layer thereby achieving more even heating.

[30] In order to achieve a low setting for relatively lesser heating, both L-shaped
portions 60, 62 of main buss 40 are connected to a positive battery polarity and main buss
ground 42 is connected to a negative battery polarity. Current flows from the main buss
ground 42 (including small busses 92-102), through the resistive layer 14, thereby producing
heat, to main buss 40 (including small busses 72, 74, 76, 86, 88, 90).

[31] Other setting combinations are also possible such as medium, medium high
and medium low, depending upon the connection of the circuit.

[32] It is important to note that the third buss ground 48 allows even distribution of
current flow through the entire heater circuit. This is important in seat heater or similar
designs due to the large size of the circuit. If the third buss ground 48 were not used in the
circuit, the cumulative electrical resistance in the serpentine third buss 40 would choke off
current flow toward the end of the circuit. It is common electrical design practice to decrease
electrical resistance by increasing conductor width such as in the third buss 40. However,
this would limit design freedom, possibly to the point of making the design impractical. The
third buss ground 48 allows the third buss 40 to be kept at a reduced width thereby achieving
a practical and even heating design.

[33] FIG. 3 shows a similar design with numerals corresponding to those of FIG 2.
FIG 3 shows a design with more tightly spaced inwardly and outwardly facing loops of the
serpentine paths 50, 52, resulting in additional small busses 73, 75, 87, 89, 93, 95, 99, 101.

[34] Thus the several aforementioned features and advantages are most effectively
attained. Although preferred embodiments of the invention have been disclosed and
described in detail heréin, variations and modifications of the foregoing are within the scope
of the present invention. It is understood that the invention disclosed and defined herein
extends to all alternative combinations of two or more of the individual features mentioned or

evident from the text and/or drawings. All of these different combinations constitute various
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alternative aspects of the present invention. The embodiments described herein explain the
best modes known for practicing the invention and will enable others skilled in the art to
utilize the invention. The claims are to be construed to include alternative embodiments to
the extent permitted by the prior art.

[35] Various features of the invention are set forth in the following claims.
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CLAIMS
WHAT IS CLAIMED IS:
I. A heating device for producing heat when connected to an electrical power

source, including:

an electrically insulative substrate positioned beneath a flexible member;

a conductive layer screen printed on said substrate in a pattern thereby forming a buss
structure, wherein said substrate is adapted to limit elongation of said conductive layer when
said substrate is subjected to a flexing action so as to improve durability of the conductive
layer; and

a resistive layer applied to said conductive layer, such that when an electrical power

source is connected to said buss structure of the heating device, heat is generated.

2. The heating device of claim 1, wherein said substrate is a polyester film.

3. The heating device of claim 1, wherein said substrate is a dielectric film
substrate.

4. The heating device of claim 1, wherein said resistive layer has an increasing

resistance in response to an increasing temperature, thereby resulting in a self-regulating

temperature characteristic.

5. The heating device of claim 1, wherein said substrate includes apertures

formed therethrough.

6. The heating device of claim 1, further comprising a flame retardant material.

7. The heating device of claim 1, wherein the heating device is a seat heater for

an automobile.
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8. A heating device for producing heat when connected to an electrical power

source, including:

an electrically insulative substrate having at least one aperture extending
therethrough;

a conductive layer screen printed on said substrate in a pattern thereby forming a buss
structure; and
a resistive layer applied to said conductive layer, such that when an electrical power

source is connected to said buss structure of the heating device, heat is generated.

9. The heating device of claim 8, wherein said substrate is a dielectric film

substrate.

10.  The heating device of claim 8, wherein said resistive layer has an increasing

resistance in response to an increasing temperature, thereby resulting in a self-regulating

temperature characteristic.

11.  The heating device of claim 8, further comprising a flame retardant material.

12.  The heating device of claim 8§, wherein the heating device is a seat heater for

an automobile.

13. A heating device for producing heat when connected to an electrical power
source, including:

a substrate;

a layer of resistive material;

a layer of conductive material forming a buss structure for providing electrical current
to said layer of resistive material; and

said buss structure including a first buss ground which extends around a periphery of
the heating device; a first buss in electrical communication with said first buss ground,
including at least two serpentine paths extending through an area bounded by said first buss
ground; a second buss ground positioned between said at least two serpentine paths; and a

second buss located between said first buss ground and said at least two serpentine paths.

-10-
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14.  The heating device of claim 13, wherein said at least two serpentine paths

include alternating inwardly facing curved portions and outwardly facing curved portions.

15. The heating device of claim 14, wherein said second buss ground includes
second buss ground extensions which extend into said inwardly facing curved portions of

said at least two serpentine paths

16. The heating device of claim 15, wherein said second buss includes second
buss extensions which extend into said outwardly facing curved portions of said at least two

serpentine paths.

17.  The heating device of claim 16, wherein said second buss ground extensions
and said second buss extensions have circular portions defining apertures therein which pass

through the heating device.

18.  The heating device of claim 17, wherein said second buss includes a first L-
shaped portion comprises a first shorter leg and a first longer leg and a second L-shaped

portion comprising a second shorter leg and a second longer leg.

19.  The heating device of claim 18, whereih said first shorter leg and said second
shorter leg are colinear along a first edge of the heating device, a space being formed between

said first shorter leg and said second shorter leg through which said at least two serpentine
paths extend.

20.  The heating device of claim 19, wherein said first longer leg extends along a
second edge of the heating device and said second longer leg extends along a third edge of

the heating device, wherein said first longer leg is parallel to said second longer leg.

21.  The heating device of claim 20, wherein said first longer leg and said second

longer leg are perpendicular to said first shorter leg and said second shorter leg.

22.  The heating device of claim 21, wherein said second buss ground is parallel to

said first longer leg and said second longer leg.

-11-
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23.  The heating device of claim 22, wherein said at least two serpentine paths

include spur portions.

24.  The heating device of claim 23, wherein said second buss ground extensions

include spur portions.

25.  The heating device of claim 24, wherein said second buss extensions include

spur portions.

26.  The heating device of claim 13, wherein resistance of said resistive layer
increases with increasing temperature thereby providing a self-regulating temperature

characteristic.

27. The heating device of claim 13, wherein said substrate is dielectric.

28.  The heating device of claim 27, wherein said conductive layer is screen

printed over said substrate.

29.  The heating device of claim 28, wherein said conductive layer is formed from
a material chosen from the group consisting of copper, gold, silver, aluminum, carbon,

graphitic materials and a conductive polymer.
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30. A method of assembling a heating device for use in an automobile seat, the
method comprising the step of:

providing an electrically insulative substrate;

screen printing a conductive layer onto the substrate, the substrate being adapted to limut
elongation of the conductive layer.

applying a resistive layer onto the conductive layer, the conductive layer and resistive
layer being adapted to generate heat when subjected to an electrical power source;

applying at least one of a fabric material, an adhesive, and a flame retardant material to
either side of the substrate, wherein said substrate, said conductive layer, said resistive layer and
said at least one of a fabric material, an adhesive and a flame retardant material define an

assembly; and

positioning said assembly between an outer seating material and an inner seating material.

31.  The method of claim 30, wherein the step of applying at least one of a fabric
material, an adhesive, and a flame retardant material to either side of the substrate includes
applying an adhesive over the resistive layer and applying a flame retardant fabric over the
adhesive, and wherein the outer seating material is an upholstery fabric and the inner seating

material i1s a foam rubber.

32. A flexible seat heater for a vehicle, said heater comprising:

a substrate having at least one open space extending therethrough;

a polymeric layer of material applied to said substrate in a pattern thereby forming a buss
structure, wherein said substrate is adapted to limit elongation of said polymeric layer when said
substrate 1s subjected to a flexing action so as to improve durability of the polymeric layer; and

an electrical power source connected to said buss structure so as to generate heat, said

buss structure being adapted to regulate the heat.

33. A flexible seat heater for a vehicle, said heater comprising:

- 13 -
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a flexible substrate capable of being subjected to a flexing action thereby causing at least
a portion of said substrate to bend and stretch without adversely affecting how said substrate
performs and functions in the heater;

a polymeric layer of material applied to said substrate in a pattern thereby forming a buss
structure, wherein said substrate is adapted to limit elongation of said polymeric layer when said
substrate is subjected to a flexing action so as to improve durability of the polymeric layer; and

an electrical power source connected to said buss structure so as to generate heat, said

buss structure being adapted to regulate the heat.

- 14 -
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