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This invention relates to electrical heating devices and
more particularly to integral electrical heating devices
having a plurality of electrically conductive coating path-
ways insulated from one another.

Electrical heating of panels by means of resistance coat-
ings applied to insulating substrates for uses such as de-
icing windshields or for food warming devices, offer many
attractive possibilities if reliability can be achieved., These
devices afford uniform area heating, can provide unob-
structed vision, and the device can be of low cost and com-
pact construction. However, the use of conductive coat-
ings on non-conductive substrates for electrical heating
devices is highly critical with respect to uniformity since
small areas of high resistance or voids in the coatings can
cause catastrophic failure of the entire device. This is a
result of excessive heating in areas adjacent to a void which
causes erosion of the coating around the void, which in
turn causes growth of the void, resuiting in rapid accelera-
tion of the process of erosion and complete burnout of the
device. ‘This characteristic has put such rigorous require-
ments on quality control that production costs have been
prehibitively high for many applications where this struc-
ture is useful.

This deficiency of conductive coated insulated substrates
is especially apparent in structures which are subjected to
flexing. Flexing can cause the occurrence of microscopic
fissures in the coating, which upon application of electric
power can grow and lead to catastrophic failure.

It is, therefore, an object of this invention to provide
electrical heating devices which are not subject to the
deleterious effect of small imperfections.

It is a further object of this invention to provide re-
liable, integral electrical heating devices having a plurality
of electrically conductive coating pathways insulated from
one another which can be continuously produced. . These
and other objects will appear hereinafter.

These and other important objects and advantages of
the invention will become apparent as the same is more
fully understood from the following description, which,
taken in connection with the accompanying drawings, dis-
closes preferred embodiments of the invention wherein:

FIGURE 1 is a cross-sectional perspective view of the
heating device of the present invention.

FIGURE 2 illustrates a method for preparing the de-
vice of the present invention and

FIGURE 3 schematically shows an apparatus for the
continuous production of the heating device of the present
invention.

Before the heating device of the present invention is de-
scribed in detail, an understanding of the mechanism of
failure, due to a minor imperfection in the conductive
coating on the surface of an insulating support, will be
briefly discussed. In general, a heating device is com-
posed of an insulating film support having coated thereon
a conductive surface which is coupled to an external power
source located at two opposite ends of the support.

By nature, the distribution of the current, in flowing
from one end to the other over the conductive surface,
is such that it will spread over the entire available con-
ductive coating. As the current approaches a minor im-
perfection in the coating, such as a small scratch, an in-
crement of the electrical pathway encounters a large re-
sistance gradient. As the current basses around this non-
conductive area, the current density immediately adjacent
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the area increases enormously. ‘Accordingly, the heating
at the very edges of the imperfection can be excessive due
to a large increase in current density. This heating effect
increases very rapidly as it approaches the periphery of
the imperfection, causing oxidation or other erosion of
the surface or, in the case or organic film supports, gradual
degradation of the film. Quite obviously, any effects
which cause erosion of the coating on the surface will be
cumulative, since as part of the area is lost, the circum-
ference of the imperfection increases, with an increasing
effect on the remaining area of the conductive surface.
The effect has an exponential growth until the size of the
imperfection traverses the entire width of the conductive
path, at which time the unit fails.

The present invention eliminates or minimizes the
deleterious effects of imperfections, by isolating the effects
of individual imperfections and irregularities in the con-
ductive coating on the film. This is accomplished by divid-
ing the conductive coating into a plurality of substantially
independent pathways or channels, The extent of sub-
division into pathways determines the effectiveness in
eliminating very small imperfections, therefore, the larger
the number of divided pathways the more effective the
isolation will be,

As FIGURE 1 illustrates, insulating substrate 12 has
conductive coating 13, preferably of a material such as
tin oxide, divided into parallel strips by separations 14.
Terminal strip 15 is applied to the end of the panel by
means of conductive paint such as conductive silver paint,
or it can be a metal strip which is firmly secured to the
heating panel. A similar strip is located at the opposite
end of the structure. These strips distribute the current
evenly through the conductive pathways. The terminal
strips join the conductive pathways to an external elec-
trical circuit through connection 16, S

This invention is useful in improving the lifetime of
surface conductive devices which carry substantial cur-
rents, that is, currents which are of a magnitude at least
approaching that which causes heating. 1t is applicable to
flexible insulating supports coated with' conductive coat-
ings such as titanium dioxide (TiOy), tin dioxide (Sn0y),
indium oxide (Ing0y), or cadmium oxide (Cd0O). Other
conductive coatings such as thin metal films and films of
conductive carbon are also advantageously employed with
the device of this invention, The preferred oxide coatings
are transparent.

The device of the invention is useful preferably with
heat-resistant films, such as films of polymeric polyimides
prepared from dianhydrides and diamines (e.g. pyromel-
litic dianhydride and 4,4’-diaminodiphenyl ether as de-
scribed in copending application Serial No, 169,120, filed
January 26, 1962, and assigned to the assignee of the pres-
ent invention). Likewise, the Jifetime of very thin con-
ductive coatings on rigid substrates such as glass or ce-
ramics may be increased by use of the device of the pres-
ent invention.

The segregated pathway conductive coating of this in-
vention can be applied by adaptation of numerous meth-
ods known to the art; by masking the areas between the
separate channels as shown in FIGURE 2, or by scribing
parallel lines manually or with an engine such as a ruling
engine.

As shown in FIGURE 2, film 6 is supported by frame-
work 7 above vessel 8 which contains the conductive
composition 9 to be coated on the film. Frame 7 which
is used as a film support in coating and as a masking
frame to divide the coating into parallel channels has
end supports 10 to which are silver soldered a number
of parallel nickel wires 11. Additional heavy bars §
at each end of the framework tend to support the wires
in parallel relationship. When film 6 and framework 7
are placed in the oven for application of the conductive
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coating, film 6 tests firmly on the framework so that
the wires 11 will provide an uncoated section on the
film.

In order to illustrate.the improvement of lifetime ef-
fected by the above insulated band structure in use
with an electric current sufficient to cause heating, the
area around a small scratch made through the coating
about halfway across a single band glowed red in the
dark, and after about an hour this band is observed to
have lost its conductivity, while the other bands are un-
changed in resistance.

As mentioned hereinbefore, the heating panel of this
invention is especially adapted to automatic production.
An apparatus for production of this panel by automatic
means is illustrated schematically in FIGURE 3. An
oven 17 contains an open ended, cage-like masking de-
vice 18 over which the film passes as it is being coated
with the conductive material.

Device 18 is driven by spindle 19 and is made of rigid
blade-like structures 20 which pass axially along the pe-
riphery of the cage-like structure. This cage-like mask-
ing roller is supported by rollers 21 and 22 and 23 which
in turn are mounted on bracket 24 so as to provide sup-
port to the open end of the cage-like structure.

_Film 25 is guided over the cage-like mask by rollers
2% and 27 while the cage-like structure is driven by driver
niember 28 on the far side of the enclosure. The solu-
tion for the coating composition is fed into the enclosure
to trough 29 where it is electrically heated and evapo-

rated to cover the film which wraps on the upper side -3

of the cage-like structure and travels at the same speed
as the cage structure to insure even masking lines on
the film. The coated film passes out through port 30
where it goes to windup or other processing.

It will be understood by those familiar with related
art that this device requires frequent attention, to avoid
the build-up of the coating material on the inside of the
masking, cage-like structure. For this reason a non-ad-
herent coating is preferably used on the structure to

prevent the adherence of the coating composition to the-

mask rather than to the film. Even so, after long peri-
ods of time the device must be taken apart and cleaned
to remove excessive deposits which -occur on the masking
structure.

The principal advantage of this device over those known '

to the prior art is its reliability and relatively long life-
time as effected by elimination of the pernicious effect
of minor imperfections in the coating. A further advan-
tage is its ability to be constructed by relatively cheap
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methods as a result of relaxation of rigorous quality stand-
ards. A still further advantage is the ease at which it
can be adapted to continuous production allowing mass
production of heating elements which are essential to
their widespread use. Yet another advantage is the fact
that this is an integral unit, as opposed to heating pan-
els and similar devices fabricated from metal strips which
are embedded in and supported by asbestos or other insu-
lating fabrics. This enables the device to be adapted to
numerous uses where conformity to complex shapes is
required.

What is claimed is:

A heating device comprising, in combination: a flex-
ible polyimide film derived from a dianhydride of an
aromatic tetracarboxylic acid and an organic diamine; a
conductive metal oxide coating on one surface of said
film, said conductive metal oxide coating selected from
the group consisting of tin oxide, indium oxide, titanium
dioxide and cadmium oxide and divided into a plurality
of substantially parallel pathways of equal width trans-
versely insulated from each other; and a pair of conduc-
tive silver paint strips disposed in a paralle]l manrer and
applied over each end of said pathways joining said path-
ways to an external electrical circuit, whereby the effect
of discontinuities in the coating is minimized.
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