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HEATERDEVICE

BACKGROUND

[0001] The present disclosure pertains to heater devices. More particularly, the

present disclosure pertains to relatively thin heater devices useful in various applications

including but not limited to various automotive applications such as seats and steering

wheels.

[0002] Applications may be found for relatively thin heater devices within the

automotive industry and beyond if, their performance can be improved. Such

applications can be limited by factors including but not limited to economy and

reliability. There remains a cooling need to provide a heater device configuration that

may be produced economically and provide reliable heating with improved performance.

SUMMARY

[0003] Disclosed herein in an exemplary embodiment is a heater for a variety of

applications including but not limited to automotive applications such as steering wheel

heaters and seat cushion heaters. The heater disclosed herein produces heat when

connected to electric current. The heater device includes a substrate composed of an

electrically insulative material. The substrate has a first surface and a second surface

body portion. The heater also has a resistive material layer defined on at least a portion

of at least one surface of the substrate. The resistive material layer has a sheet resistance

between 10 and 20,000 ohm/sq. The heater also has a buss structure in communication

with the resistive material layer. The buss structure has at least two elements and is

configured to introduce current into the resistive layer with the current traveling in at

least one current path in the resistive layer. The heater device also has at least one

geometrically configured current directing structure defined on the resistive material

layer at a location between two elements of the buss structure and positioned discrete

therefore.



BRIEF DESCRIPTION OF THE DRAWINGS

[0004] The description herein makes reference to the accompanying drawings in

which like reference numerals refer to like parts throughout the several views and

wherein:

[0005] Fig. 1 is a plan view of a first embodiment of a heater device according to one

embodiment as disclosed herein;

[0006] Fig. 2A is simplified cross-sectional view of the device of Fig. 1 taken along

the 2-2 line in Fig. 1;

[0007] Fig. 2B is a detail cross-sectional view of node 44 of the heater device

depicted in Fig. 1;

[0008] Fig 2C is a detail cross-sectional view of ground buss structure of Fig. 2;

[0009] Fig. 2D is a detail cross-sectional view of an alternate exemplary embodiment

of ground buss structure of Fig. 2;

[0010] Fig. 3A is a detail view of the geometrically configured current directing

structure of Fig. 1 as disclosed herein;

[0011] Fig. 3B is a first alternate configuration of the representative geometrically

configured current directing structure of Fig. 1;

[0012] Fig. 3C is a second alternate configuration of the representative geometrically

configured current directing structure of Fig. 1;

[0013] Fig 4 is a top view of a third exemplary embodiment of the heater device as

disclosed herein;

[0014] Fig 5 is a cross-sectional view taken along the 4-4 line of Fig. 4A;

[0015] Fig. 6 is a top view of a fourth exemplary embodiment of the heater device as

disclosed herein;



[0016] Fig. 7 is a cross-sectional view of the device of Fig. 6 taken along the 7-7 line

of Fig. 6;

DETAILED DESCRIPTION

[0017] Disclosed herein is a heater device for producing heat when electric current is

applied. As disclosed, the device includes a substrate composed of an electrically

insulative material, a resistive layer defined on at least a portion of the substrate, and a

buss structure defined in communication with the resistive layer. The buss structure has

at least two elements configured to introduce current into the resistive layer. The

introduced current travels along at least one current path. The heater device also includes

at least one geometrically configured current directing structure defined on the resistive

layer at a location between at least two elements of the buss structure and positioned in

detached relationship separate from the buss structure.

[0018] It is contemplated that the heater device as disclosed herein may have a

variety of specific configurations depending upon the end use for the given heater device.

Various embodiments of the heater device as disclosed herein will be discussed in detail.

It is to be understood that the various embodiments and variations disclosed herein are to

be considered as illustrative and exemplary and are not limitative of the invention

disclosed.

[0019] The heater device 10 depicted in Figs. 1 and 2 include a substrate 12 that

includes or is composed of a suitable dielectric material. Dielectric materials that can be

employed include various polymers and polymeric compositions. Nonlimiting examples

of such materials include various polyamides, polyimides, polyethylenes and the like.

Where desired or required, it is contemplated that various other materials may be

employed as the substrate. Nonlimiting examples of suitable additional substrate

materials are ceramic materials and the like. The substrate material may be flexible or

rigid depending on the desired end use application. Flexible materials may be in the form

of polymeric films where desired or required.



[0020] The materials employed in the substrate 12 may be inherently dielectric or

may be rendered so by means of additives, doping agents and the like as desired or

required. The dielectric capacity of the material employed in the substrate 12 is generally

that sufficient to contain and direct current applied to various components of the heater

device 10. In certain embodiments and applications it is contemplated that the polymeric

material employed will have a volume resistivity as defined by ASTM 257-91 greater

that 1014 ohm cm at a film gauge of 5 mil and a dielectric constant as defined by ASTM

150-92 of approximately 3.5 or greater. In certain situations, it is contemplated that the

substrate material may be thru conductive in the Z-axis orientation depending on the end-

use.

[0021] Nonlimiting examples of materials that may be employed in the substrate are

materials such as Kapton commercially available from DuPont. Without being bound to

any theory, it is believed that Kapton materials are a polyimide material that can be

readily formed into configurations such as films and can remain stable in a wide range of

temperatures, from including to as high as 269 C to 400 0C. The material functions as a

dielectric and is believed to have a dielectric constant of 4.0 at 1 kHz when tested in

accordance to ASTM 150-94. Nonlimiting examples of suitable polyimides include

materials such as poly (4, 4-oxydiphenylene-pyromellitimide) such as those having the

general formula:

Suitable commercially available materials include but are not limited to materials such as

various RS types of Kapton film material. These materials are two-sided layers of

polyimide and carbon and are believed to be conductive in the X-Y axis in a range

between 100 ohm/sq to 1000 ohm/sq. Other materials that may be used in various

embodiments as disclosed herein include but are not limited to, Kapton MT that is

believed to be X-Y-Z axis conductive. It is believed that MT films are blended



polyimide/carbon materials having conductivities of 300 ohm or greater. It is also within

the purview of this disclosure to employ materials such as Kapton HN. It is believed that

HN materials are polyimide film materials such as Peralux.

[0022] The substrate may be composed of one or multiple layers as desired or

required. In the embodiment depicted in Figs. 1 and 2, the substrate 12 is a unitary layer.

The substrate 12 may be of any suitable thickness for the desired end-use application

however, it is generally contemplated that the substrate 12 will have a thickness sufficient

to support the various heater elements positioned thereon. The substrate 12 may be

configured to be flexible if desired or required. However, it is also considered within the

purview of the disclosure that the substrate 12 may be configured to be rigid or semi-rigid

as desired or required. The material may have any suitable thickness. Various

nonlimiting examples of material thicknesses are those between 10 and 1000 mils.

Depending upon the desired end-use application, the substrate thickness may be between

15 and 100 mils, with ranges between 15 and 50 mils being contemplated if desired or

required.

[0023] As depicted in Figs. 1 and 2, the substrate is an elongated planar member

having a lower face 14 and an opposed upper face 16. Where desired or required, the

lower face 14 may have various additional layers attached thereto (not shown). These

additional layers may include but are not limited to adhesive layers and the like. It is also

considered with in the purview of this disclosure that the substrate may have other

configurations as desired or required. Where adhesives are employed, it is contemplated

that these adhesive material(s) may be affixed to all or part of the lower surface 14.

Suitable adhesive materials will be those that can affix that substrate 12 to a suitable

corresponding underlying surface such as metal polymeric surfaces or the like. The

substrate 16 as depicted in Figs 1 and 2 also includes an upper edge 20, opposed side

edges 22, 24 and a lower edge 26.

[0024] The heater device 10 also includes a resistive layer 28 that covers at least a

portion of the upper surface 16 of the substrate 12. In the embodiment depicted in the

Figs 1 and 2, the resistive layer 28 is a discrete layer that is in overlying relationship with



the substrate 12. It is contemplated that the resistive layer may overlay essentially all, or

at least a portion of, the upper surface 16 of substrate 12 as depicted in Figs. 1 and 2.

Alternately, the resistive layer 28 overlies a defined portion of the substrate as desired or

required. It is also contemplated resistive layer 28 may be present as a distinct layer as

depicted in the embodiment in Figs. 1 and 2.

[0025] The resistive layer 28 may be attached to the substrate 12 by any suitable

means including but not limited to adhesion, formation in place and the like. While the

embodiment depicted in Figs. 1 and 2 depicts a discrete layer region between the

respective layers 12 and 28, it is also within the purview of this disclosure that the two

respective layers be presenting the form of regions prepared during the formation of the

substrate material. Thus, it is contemplated that the resistive material may be applied to

the substrate during formation of the substrate layer and adhered by methods such as

sintering to form a more unified integrated region. Nonlimiting examples of materials

that may be employed in various embodiments of the heater device 10 as disclosed herein

include materials such as carbon, graphite and the like.

[0026] The resistive layer 28 will have a suitable resistivity to permit conveyance of

electric current there through with an associated degree of localized heating of the

resistive layer as the electrical current passes through. A nonlimiting example of suitable

resistivity is a sheet resistance in the range of (shown at front) 10 to 20,000 ohm/sq at 25

degrees °C as determined by the method outlined in IPOTM 650 method 2.5.1.7.1.

[0027] It is contemplated that resistive layer may be made from a suitably durable

material or composition. Suitable materials are those that possess resistance values that

are inherently within the specified range or may be rendered so, such as by the addition

of suitable conductive materials). Nonlimiting examples of such materials include

carbon, graphite, steel alumina, carbon black and organic-complexes containing such

materials or compounds. Various materials are available commercially.

[0028] The heater device depicted in Fig. 4 also includes a buss structure 30 that

includes at least two elements 32 and 34. The buss structure 30 is configured to

introduce electric current into the resistive layer 28. In the embodiment depicted in Figs.



1 and 2, the elements 32, 32 and 34 can constitute a main buss as at reference numeral(s)

32 and 32 and a main buss ground as at reference numeral 34. In the embodiment

depicted in Fig. 1, the heater element 10 has a pair of main buss element(s) 32, 32 located

on an outer surface 36 of resistive layer in electrical contact therewith. It is contemplated

that the various members of the buss structure 30 overlie the resistive layer and that at

least a portion of the elements of buss structure 30 are in direct contact with the resistive

layer 28. In the embodiment depicted in Figs. 1 and 2, it can be seen that the buss

elements 32 and 32 are in direct overlying contact with outer surface 36 of the resistive

layer 28. The main buss ground 34 is in partial contact with the outer surface 36 due to

the interposition of a suitable dielectric or variable resistance layer or layers such as

dielectric layer(s) 38 and 38. Where desired or required, it is contemplated that the

variable resistance layer may be eliminated or modified.

[0029] In the embodiment depicted in Figs. 1 and 2, the buss structure 30 includes

two main buss elements 32 and 32 on opposed sides of the structure with a ground buss,

34 interposed at a location in between the main buss elements 32 and 32. It is also

considered within the purview of this disclosure to have a heater device configuration

with a single main buss element as well as other variations and configurations of buss

elements as desired or required.

[0030] The buss structure 30 may be composed of any suitable conductive material.

Nonlimiting examples of conductive materials include conductive materials such as at

least one of gold, copper, silver, copper, platinum palladium, aluminum carbon graphite

and the like as well as suitable organic compositions and complexes containing such

metals. It is also contemplated that the material employed in the buss structure may be

one that is inherently conductive such as polyanaline and polypyrrole. The buss structure

30 may be applied to the resistive layer 28 in any manner that will permit and promote

transference of electrical current.

[0031] The introduced current will travel through the resistive layer 28 in the manner

discussed subsequently. The specific structure and composition of the buss structure

material may be one that also facilitates application to the resistive layer 28. Thus, the



material may be an ink composition capable of application by various processes.

Nonlimiting examples include screen-printing, web printing, spray deposition and the

like. Nonlimiting examples of materials that are commercially available include various

conductive inks of which DuPont 502S silver is but one example. Other nonlimiting

examples of materials that may be employed in the buss structure include various metal

foils, wires and the like that may be affixed to the substrate by any suitable manner

including but not limited to various conductive adhesive materials.

[0032] The heater device 10 also includes at least one geometrically configured

current directing structure 40 defined on the resistive material layer 28 at a location

between the at least two elements 32 and 34 of the buss structure 30 and positioned in

discrete distanced relationship to the buss structure therefore. In the embodiment as

depicted in Figs. 1 and 2, the heater device 10 includes a plurality of geometrically

configured current directing structures 40 in spaced relationship to one another at discrete

locations on the outer surface 36 of the resistive layer 28.

[0033] The geometrically configured current directing structure(s) 40 may have any

suitable configuration and position relative to one another and to the buss structure 30 in

order to direct current in and relative to the resistive layer 28. In the heater device 10 as

disclosed, it is believed that the geometrically configured current directing structure(s) 40

will be placed in positions that direct the electrical current in the resistive layer 28 in a

manner that permits and facilitates heating of the resistive layer in the desired fashion. In

the embodiment as depicted in Figs. 1 and 2, the geometrically configured current

directing structure(s) 40 are uniformly spaced linearly over the body of the resistive layer

28. Other orientations and positions are considered within the purview of this disclosure.

It is contemplated that the geometrically configured current directing structure(s) may be

symmetrically or asymmetrically positioned depending upon the particular end -use

application.

[0034] In the heater device 10 as disclosed, the geometrically configured current

directing structure(s) 40 includes at least one node. It is contemplated that the node is in

ohmic contact with the resistive layer 28. The amount of ohmic contact between the node



and the resistive layer 28 is that sufficient to alter at least a portion of the path of

electrical current introduced in to the resistive layer 28 through the buss structure 30.

[0035] The node 40 of the geometrically configured current directing structure 40

may be configured of one or more materials. The materials may be configured as layers

or other structures as desired or required. In one example of a simple form, the node of a

given geometrically configured current directing structure 40 can be composed of one

region or layer. One nonlimiting example of such a node is depicted in Figs. 1 and 2 as

node 42. Node 42 as depicted in Figs, 1 and 2 is configured to be in full ohmic contact

with the resistive layer 28. In the embodiment as depicted, node 42 has a generally

square planar configuration. It is contemplated that the node may have any of a variety

of planar configurations as desired or required. Full ohmic contact between the node and

the resistive layer may be accomplished in any suitable manner. In the embodiment as

depicted in Figs. 1 and 2, node 42 is a geometrically configured region of material in

overlying relationship with a discrete region of the resistive layer 28. It is contemplated

that the material of node 42 may directly adhere to the surface 36 of resistive layer 28.

Alternately, it is also contemplated that the node 42 may be affixed to the surface 36 of

resistive layer 28 by any suitable means or mechanism of which interposition of

conductive adhesive is but one example.

[0036] Node 42 may be composed of any suitable conductive material, various

embodiments of the heating device 10 as disclosed herein, node 42 is composed of at

least one material that has a resistance value less than the respective sheet resistance

value of the associated resistive layer 28. It is contemplated that in situations where the

resistance value of the resistive layer is 500 ohm/sq for example, the sheet resistance of

the node will be a value below 500 ohm/sq. The absolute difference between the

respective resistance values will be one that facilitates and encourages current flow to and

through the associated geometrically configured current directing structure 40 in the

direction of main ground buss structure 34. Nonlimiting examples of differences

between the respective sheet resistance values are in a ratio of at least 2:1, resistance of

substrate to resistance of node, respectively, in various load current applications.



[0037] The node 42 be composed of any conductive material that permits and

facilitates current flow; particularly, but not limited to Z-axis current flow, in a manner

that can control or mitigate localized heating. Nonlimiting examples of such materials

include at least one of silver, platinum, palladium, gold, copper, iron aluminum and

organic compounds thereof.

[0038] It is also considered to be within the purview of this disclosure to provide

nodes 44 that are in at least partial ohmic contact with the surface 36 of the resistive layer

28. Partial ohmic contact may be accomplished by the interposition or partial

interposition of a dielectric or partial dielectric material between the node and the surface

36 of resistive layer 28. In the node 44 as depicted in Figs. 1 and 2, the structure includes

at least two regions in relationship to one another. The two respective regions are

composed of materials having different characteristics, more specifically and two

materials that have different resistivity values.

[0039] While two respective regions of the node 44 can be in any configurationally

relationship to one another, one nonlimiting example of a suitable relationship of the two

respective regions is a stacked layered relationship as depicted in Figs. 1, 2A and 2B. In

the stacked relationship depicted in Figs. 1 and 2, the node 44 has at least two regions

configured as layers, with a layer region 46 proximate to the surface 36 of the resistive

layer 28 and a layer region 48 distal from the surface 36 of resistive layer 28. It is

contemplated that the material in the first layer region 46 proximate to the surface 36 of

resistive layer 28 will have a first resistivity value. The material in second layer region

48 distal to the surface 36 of resistive layer 28 will have a second resistivity value with

the second resistivity being less than the resistivity of the material in the first layer region

46. In many instances, the material of the second layer will have a sheet resistivity

greater than the sheet resistivity of the resistive layer 28. While the absolute value of the

differences between the resistivites of the respective first and second layer regions 46 and

48 can be any value that facilitates function of the associated geometrically configured

current directing structure 40 in the manner intended, nonlimiting examples of the

difference between the sheet resistivities between the respective layer regions 46 and 48

of node 44 may be expressed in a ratio of at least 1:2 top region top to center in the X-Y



axis. The resistivity can be understood that the resistivity can be greater or less in the Z-

axis depending upon the material employed.

[0040] The material employed in the second layer region 48 of node 44 may include

but is not limited to, at least one of silver, platinum, palladium, gold, copper, iron,

aluminum and organic compounds thereof. The material employed in the first layer

region 46 of node 44 may include but is not necessarily limited to materials such as

various dielectrics, partial dielectric materials variable dielectric materials and the like.

In the nonlimiting embodiment depicted in the drawing figures, the second layer region

48 is depicted as having a smaller size or footprint than the first layer 46. It is considered

within the purview of this disclosure to have other relative sizes and configurations as

desired or required. The respective layers may be of essentially equal size if desired or

required.

[0041] It is contemplated that materials suitable for use in the first layer region 46 are

those that can limit or affect the flow of electrical current to the second layer region 48 in

a periodic or continuous manner. The material or materials employed will be capable of

conveying electric current in the Z-axis relative to the outer surface 36 of the resistive

layer 28. It is contemplated that the material employed in the second layer region 48 will

have a resistivity value in the X-Y axis, or sheet state less than the sheet resistivity of the

first layer region 46. While the node 44 is depicted as having first and second layers, it is

considered within the purview of this disclosure that the node includes any number of

layers as desired or required. Typically, the material in the region proximate to the

resistive layer has a first resistivity and wherein the second region is distal to the resistive

layer and has a second resistivity, wherein the first resistivity is greater than the second

resistivity at least in the X-Y axis, but not necessarily in the Z-axis.

[0042] Nonlimiting examples of materials that may be employed in the second or

upper layer region 48 include silver, platinum, palladium, gold, copper, iron aluminum

and organic compounds thereof. It is also contemplated that various organic-metallic

complexes having resistivity in the desired ranges can be employed in various



embodiments disclosed herein. It is also contemplated that the materials in the first layer

region can be various other conductive materials as desired or required.

[0043] In certain embodiments, it is contemplated that the first layer region 46 may

be composed of a conductive material having a resistivity with a value that falls between

the resistivity of the resistive layer 28 and the second layer region 48 of the given node

42. The intermediate layers or layers may act as a choke or a switch for current passing

there through.

[0044] Depending upon the desired end-use application, it is also contemplated that

the material employed in the intermediate layer or layers may have a variable resistivity;

i.e., a resistivity that changes with an external characteristic such as pressure,

temperature, time and the like. Nonlimiting examples of suitable materials include

various positive temperature coefficient (PTC) materials. In certain embodiments, it is

contemplated that the material will be a polymeric PTC material.

[0045] Where PTC materials are employed, it is contemplated that various carbon

based positive temperature coefficient polymers may be effectively employed. In certain

embodiments, it is contemplated that positive temperature coefficient of resistance

materials based on carbon pastes may be employed.

[0046] Nonlimiting examples of PTC polymeric materials that can be employed in

various embodiments, if desired or required, include materials that exhibit PTC effects

that increase with temperature are contemplated herein. In such materials, the PTC is

typically 45,000 ppm/C at 35 degrees C with an increase to approximately 70,000 ppm/C

at 65 degrees C. Suitable materials may be those in which application of a constant

voltage will result in rapid heating followed by equilibrium at a defined elevated

temperature specified by at least one of circuit design, heat sink and ambient conditions.

Various polymeric systems may be effectively employed in various embodiments as

disclosed herein. Suitable materials will typically have operating ranges with upper

operation limit thresholds of 60 degrees C or more. Nonlimiting examples of suitable

PTC polymers include materials such as various polymeric thick film PTC carbon



resisters commercially available from DuPont Electronic Materials under trade names

such as 7281, 7285 and 7271.

[0047] It is to be considered within the purview of this disclosure that various

geometrically configured current directing structures 40 may have various configurations

and constructions depending upon a variety of considerations including but not limited to

the desired end use application. It is to be considered within the purview of this

disclosure that various geometrically configured current directing structures 40 will have

differing numbers of layers containing different materials.

[0048] It is contemplated that the layer proximate to the surface 36 of the resistive

layer may be applied directly to the resistive layer 28. However, where desired or

required, the layer 36 may be applied with a suitable adhesive or bonding tape. Similarly,

adhesive materials may be employed between the various layers. It is contemplated that

such adhesives will not impair or provide undesirable impedance to current flow.

Nonlimiting examples of suitable adhesives include those with Z-axis conductivity. It is

contemplated that the current directing structure 40 may be located on the adhesive layer

and then adhered with the resistive layer 28.

[0049] As indicated previously, the geometrically configured current directing

structures 40 may be configured in any suitable size or shape depending upon various

considerations includes the end use application of the heater device 10 to which they are

applied. Nonlimiting examples of various configurations for individual geometrically

shaped current directing devices 40 are found in Figs. 3A, 3B and 3C. It is to be

understood that other configurations may be employed as desired or required.

[0050] In the embodiment depicted in Fig. 1, the geometrically configured current

directing structure 40 is configured as a generally rectilinear shape. Various structures 40

are configured as a single layer of a conductive material and/or a single layer of a

variably conductive material. Other geometrically configured current directing structures

40 are configured as multiple layer assemblies with first layer 46 being positioned in

overlying relationship to second layer 48.



[0051] The geometrically configured current directing structure 40 may have any

dimensions appropriate and/or suitable to the end use application. It is contemplated that

the geometrically configured current directing structure 40 will have a height as measured

from the upper surface 36 of the resistive layer 28 in a range between about 0.4 mils and

2.5 mils in a multilayer configuration. Where a single layer configuration is

contemplated, the geometrically configured current directing structure may be thinner, or

in the range of 0.2 mils or greater.

[0052] Various other configurations are contemplated for the geometrically

configured current directing structure(s) 40. In Fig. 3B the geometrically configured

current directing structure has a first layer 46 having a rectilinear outer edge and a

hexagonal opening defined herein. The hexagonal opening surrounds an aperture 50

defined in the substrate 12. In the alternate embodiment as set forth in Fig. 3C,

geometrically configured current directing structure 40 has an essentially circular shape

with first layer or region 48 defining the outer perimeter of the geometrically configured

current directing structure 40. A smaller second region 46 overlies the first region or

layer 46. Collectively the layers 46 and 48 surround an aperture 50 defined in the

resistive layer 28 and associated substrate 12.

[0053] Where desired or required, the heater device 10 as depicted in Fig. 1 can also

include a suitable dielectric layer 52 in overlying relationship with the upper surface 36

of resistive layer 12 and elements defined thereon. The dielectric layer 52, where

employed, may overlie the various elements also present on the surface of resistive layer

28, such as the buss elements 32, 32, 38 as well as the various geometrically configured

current directing structure(s) 40.

[0054] The dielectric layer 52 may be composed of any suitable material of which

materials such as DuPont 5018 A is but one example. The dielectric layer of choice will

be one that protects the various components present on the surface 36 of resistive layer 12

from wear and damage while maintaining a suitable insulation between these components

and the regions outside the heater device. Suitable dielectric materials will be those that



can permit heat transfer from the resistive layer 28 to regions external to the heater device

10.

[0055] It is contemplated that the regions external to the heater device 10 may be

various covers, solid surfaces or the like depending upon the end use application of the

heater device 10 such as a cover in a vehicle seat. The various nonlimiting examples of

applications for this and other embodiments of the heater device 10 herein will be

disclosed subsequently.

[0056] An alternate embodiment of the heater device 10 as disclosed herein is set

forth in Fig. 4. The embodiment of the heater device 10 as set forth in Fig. 4 can include

the substrate 12 with resistive layer 28 as discussed previously. A suitable buss structure

30 is positioned on the outer surface 36 of resistive layer 28. While the buss structure 30

can be configured as discussed previously in conjunction with Fig. 1, the embodiment in

Fig. 4 depicts a nonlimiting example of alternate structure in which buss structure 30 is

composed of a buss element 32 positioned parallel to one outer edge of the substrate with

a ground buss 38 positioned parallel to an opposite edge of substrate 12. The substrate

12, resistive layer 28 and buss structure 30 can be composed of any suitable materials as

described previously.

[0057] In addition to the octagonal geometrically configured current directing

structures 40 positioned in spaced relationship over the outer surface 36 of the resistive

layer 28, the heater device 10 may include a plurality of geometric apertures 50 in spaced

relationship over the total surface area of the device 10. The apertures are defined in the

substrate 12 and may include any suitable configuration or size. As depicted herein, the

through apertures 50 are circular in configuration. The heater device 10 also includes a

suitable dielectric layer 52 as described previously.

[0058] It is contemplated that the apertures 50 may be employed to increase airflow

and/or heat transfer, facilitate flexibility and the like. In the embodiment as depicted in

Figs. 4 and 5, the geometrically configured current directing structures 40 are positioned

at a spaced distance from either element 32, 38 of buss structure 30. This current

introduced through the buss structure 30 flows in the resistive layer 28 and is redirected



at locations to the geometrically configured current directing structures 40 and back into

the resistive layer 28. Without being bound to any theory, it is believed that the presence

and positioning of the geometrically configured current directing structures 40 permits

and facilitates current passage through the resistive layer 28.

[0059] The geometrically configured current directing structures 40 as depicted in

Fig. 4 are composed of a first layer 46 and a second layer 48, as described previously. It

is also contemplated that other structures and configurations can be employed. In the

embodiment as depicted in Fig. 4, the geometrically configured current directing

structure includes a first or upper layer 46 and an interposed second or middle layer 48.

In one embodiment, these respective layers can be a polymeric PTC in the second or

middle layer 48 overlaid by a silver material in the upper layer 46. In one alternate

embodiment, the upper silver layer may be applied to an adhesive layer that is registered

with the middle layer and adhered thereto.

[0060] It is also contemplated that the heater device 10 as disclosed herein may be

configured as an elongated ribbon as depicted in Figs. 6 and 7. The heater device 10

depicted in Figs. 6 and 7 includes a substrate 12 having a conductive layer 28 attached

thereto. A buss structure 30 is affixed to the upper surface 36 of the conductive layer 28.

The buss structure 30 as depicted includes buss elements 32 and 32 proximate to the

outer edges of the substrate 12. The buss structure 30 also includes a central ground buss

38 located in a region defined between the respective elements 32 and 32, As depicted in

Fig. 6, the ground buss is centrally located between the respective buss elements 32 and

32.

[0061] The elements of the buss 30 may be composed of any suitable material. In the

embodiment depicted in Figs. 6 and 7, the buss elements 32, 32 and 38 are a metal foil

such as copper, silver, or the like. The buss elements can be affixed to the upper surface

36 of the resistive layer 28 by any suitable adhesive. It is contemplated that the adhesive

employed in at least some of the applications will be one that is conductive, specifically,

one that is conductive in the Z-axis. Nonlimiting examples of such materials are Z-axis



conductive adhesives, such as those commercially available from 3M Corporation under

trade designations such as 5460R.

[0062] The heater device 10 as depicted in Figs. 6 and 7 also includes a plurality of

geometrically configured current directing structures 40 in ohmic contact with the

resistive layer 28 located in a spaced relationship from the various elements of the bus

structure. As depicted in Figs. 6 and 7, the geometrically configured current directing

structures 40 are in spaced relationship to one another along the longitude of the heater

device 10. It is contemplated that each end of the heater device 10 may optionally

include various rivets or other anchoring devices Such as rivets 54 shown in the alternate

cross-sectional embodiment depicted in Fig. 7B.

[0Θ63] The heater device 10 as depicted in Figs. 6 and 7 may also include a suitable

dielectric layer 52 in overlying contact with elements of the buss structure 30 and the

geometrically configured current directing structures 40. It is also contemplated that the

geometrically configured current directing structures 40 include at least two layers with

the at least one intermediate layer being a material having a resistivity between the values

of the resistive layer 28 and the respective upper layer.

[0064] It is also contemplated to configure the elongated strip heater device 10

without geometrically configured current directing structures. One such embodiment is

depicted in Figs. 8 and 9. Where desired or required, it is contemplated that the heater

device may have a central ground buss 38 being configured as the ground buss in Fig. 1.

[0065] The heater device 10 as disclosed herein can be utilized in a variety of end use

applications various examples include, but are not limited to vehicle seat heaters and

various fluid heaters such as air heaters. In such configurations, it is to be understood

that the respective devices can include appropriate power cords, controllers and the like

(not shown).

[0066] While the disclosure includes what is presently considered to be the most

practical and preferred embodiments, it is to be understood that the disclosure is not

limited to the disclosed embodiments but is intended to cover various modifications and



equivalent arrangements included within the spirit and scope of the appended claims,

which scope is to be accorded the broadest interpretation to cover all such modifications

and equivalent structures.



What is claimed is;

1. A heater device for producing heat when connected to an electrical power

source, the heater comprising:

a substrate composed of an insulative material, the substrate having a first

surface and a second surface;

a resistive material layer, the resistive material layer having sheet

resistance between 10 and 20,000 ohm/sq defined on at least a portion at least one surface

of the substrate;

a buss structure in communication with the resistive material layer, the

buss structure having at least two elements and configured to introduce current into the

resistive layer, the current traveling in at least one current path; and

at least one geometrically configured current directing structure defined on

the resistive material layer at a location between the at least two elements of the buss

structure and positioned discrete there from.

2. The heater of claim 1 wherein the geometrically configured current

directing structure includes at least one node, wherein the node is in ohmic contact with

the resistive layer and the ohmic contact alters at least a portion of the current path.

3. The heater of claim 2 wherein the geometrically configured current

directing structure is composed of at least one material having a resistance value less than

the respective sheet resistance value of the associated resistive layer.

4. The heater of claim 3 wherein the node is in full ohmic contact with the

resistive layer.

5. The heater of claim 2 wherein the node comprises at least two regions

composed of different materials.

6. The heater of claim 5 wherein the node comprises at least two layers and

wherein the material in the region proximate to the resistive layer has a first resistivity



and wherein the second region is distal to the resistive layer and have a second resistivity

and wherein the first resistivity is greater than the second resistivity.

7. The heater of claim 1 wherein the substrate is a flexible polymeric layer

containing at least one of a polyimide, a polyamide and a polyester.

8. The heater of claim 1 wherein the resistive layer contains at least one of

carbon and graphite.

9. The heater of claim 1 wherein the buss structure contains at least one of

silver, platinum, palladium, gold, copper, iron, aluminum arid organic compounds

thereof.

10. The heater of claim 1 wherein the geometrically configured current

directing structure includes at least one first region in ohmic contact with the conducting

layer, the at least one first region containing at least one conductive material including at

least one of silver, platinum, palladium, gold, copper, iron aluminum and organic

compounds thereof.

11. The heater of claim 10 wherein the geometrically configured current

directing structure includes at least one additional region, the at least one additional

region interposed between at least a portion of the first region and the resistive layer, the

region layer having a surface resistivity greater than surface resistivity of the first region,

and a Z-axis resistivity less than the surface resistivity of the resistive layer.

12. The heater of claim 10 wherein the geometrically configured current

directing structure includes at least one additional region, the at least one additional

region interposed between at least a portion of the first region and the resistive layer, the

additional region having a resistivity that varies with at least one of temperature, pressure

and electric current flow.



13. The heater of claim 12 wherein the additional layer contains at least one of

PTC and pressure sensitive material.

14. The heater of claim 12 wherein the resistive layer overlies an entirety of at

least one of the first or second surfaces of the substrate.

15. The heater of claim 11 wherein the substrate has at least one aperture

defined therein and where the geometrically configured current directing structure

surrounds at least a portion of the aperture.

16. A heating device for producing heat when connected to an electrical

power source comprising:

a substrate composed of an insulative material, the substrate having a first

surface and a second surface;

a resistive layer selectively positioned on the substrate, the resistive layer

having sheet resistance between 10 and 20,000 ohm/sq defined on at least a portion at

least one surface of the substrate and defining a current conveying structure conveying

current in an X-Y plane;

a buss structure in communication with the resistive material layer, the

buss structure having at least two elements and configured to introduce current into the

resistive layer, the current traveling in at least one current path;

at least one geometrically configured current directing structure defined on

the resistive material layer at a location between the at least two elements of the buss

structure and positioned a discrete distance from the elements of the buss structure, the

current directing structure configured to convey current in to a Z-axis relative to the X Y

plane.

17. The heater of claim 17 wherein the geometrically configured current

director includes at least one island, wherein the geometrically configured current

director is in ohmic contact with the resistive layer, the ohmic contact alters at least a

portion of the current path in to the Z-axis and wherein the geometrically configured



current director is composed of at least one material having a resistance value less than

the respective sheet resistance value of the associated resistive layer.

18. The heater of claim 18 wherein the buss structure is applied to an adhesive

layer and the adhesive layer applies the buss structure to the resistive layer.
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