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(57)  Aheating panel has a substrate with a resistive
heating material disposed thereon. The substrate can
be metal with an insulating layer disposed between the
substrate and the heating layer. Alternatively, the sub-
strate can be glass ceramic. The heating layer has elec-
trodes on opposite edges connected to different phases
of a multiphase power source. Another electrode on the
heating layer can be connected to a neutral of the power
source. Capacitive currents caused in the substrate or a
metal object on the substrate by the different phases
cancel each other. Thus, leakage current through a con-

Switching control system for heating panel with leakage current cancellation

ductor connected between the substrate and ground is
minimized. The heating panel can be adapted for two
phase or three phase systems. Power to the panels is
controlled by solid state switches or relays. Zero cross-
ing drivers sense supply voltages and operate the
switches to balance currents in the panels. The zero
crossing driver operates the corresponding switch or
switches to turn the power on or off at a zero crossing of
the voltage.
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Description

BACKGROUND OF THE INVENTION

[0001] This invention relates generally to the field of
electric heating and specifically to a controller for multi-
phase heating panels.

[0002] Ovens and cooktops are commonly heated by
one or more of several means, including burning com-
bustible gases and electrical resistance. One form of
electrical resistance heating uses monolithic integrated
heat sources, known as "heat panels,” disposed on
walls of the oven or on the cooking surface of the cook-
top. Heat panels include a thermally and electrically
conductive metal substrate or core covered on one or
both faces by an electrically insulative material able to
conduct heat. One face of the insulative material has a
heating layer or film of electrically resistive material dis-
posed thereon and connected to a current to generate
heat. Alternatively, the heating layer is disposed on a
glass ceramic substrate. The glass ceramic is crystal-
lized glass that can be used as the cooktop. The heat is
conducted from the heating layer through the other lay-
ers to the oven cavity or cooking vessel on the cooktop.
Examples of such apparatus are shown in U.S. Patents
Nos. 4,298,789 to Eichelberger and 5,577,158 to Kall-
gren and Application Serial No. 08/503,039 filed July
17,1995 by Kallgren, et al, incorporated herein by refer-
ence.

[0003] Industry standards sometimes require the sub-
strate to be connected to ground. The electrically con-
ductive layers separated by an insulating layer form a
capacitor. Thus, when an alternating current (AC)
passes through the heating layer, a capacitive AC leak-
age current caused in one conductor, such as the sub-
strate, and a resistive leakage current through the
insulator become leakage current to ground when the
substrate is connected to ground. The leakage current
to ground will usually exceed industry standards or
codes. In addition, if the substrate is connected to neu-
tral or ground of a power source, the leakage current
should also be minimized to the power source. If the
substrate is floating, the electrical potential that builds
up on the substrate should be minimized.

BRIEF SUMMARY OF THE INVENTION

[0004] The present invention provides a heating panel
and control system including a control input. A heating
layer of electrically resistive sheet material is provided
on a substrate with an insulating layer disposed
between the heating layer and the substrate. First and
second electrodes are attached to the heating layer.
First and second switches are connected to the respec-
tive electrodes and adapted for being electrically con-
nected to different phases of a multiphase power source
to control power to the electrodes. A zero crossing
driver is connected to the control input, connected to
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sense voltage in one of the phases, and connected to
operate the switches. The zero crossing driver is ena-
bled by the control input to operate the switches at a
zero crossing of the voltage in the one phase. Alterna-
tively, the zero crossing driver can be a part of a micro-
processor or other controller that operates the switches.
A third electrode can be attached to the heating layer
and electrically connected to a neutral of the power
source.

[0005] The invention also provides a heating panel
and control assembly including first and second heating
panels. Each panel includes a heating layer of electri-
cally resistive sheet material, a substrate of electrically
conductive sheet material, and an insulating layer dis-
posed between the heating layer and the substrate.
First and second electrodes are attached to the heating
layer, the second electrodes being adapted for being
electrically connected to a neutral of the power source.
First and second switches are connected to the respec-
tive first electrodes and are adapted for being electri-
cally connected to different phases of a multiphase
power source to control power to the electrodes. A zero
crossing driver is connected to a control input, con-
nected to sense voltage in one of the phases, and con-
nected to operate the switches. The zero crossing driver
is enabled by the control input to operate the switches at
a zero crossing of the voltage in the one phase.

[0006] Alternatively, a second zero crossing driver is
connected to the control input, connected to sense voli-
age in one of the phases, and connected to operate the
second switch. The second zero crossing driver is ena-
bled by the control input to operate the second switch at
a zero crossing of the voltage in the one phase to which
the second zero crossing driver is connected. The first
zero crossing driver is connected to sense voltage in the
first phase and the second zero crossing driver is con-
nected to sense voltage in the second phase.

[0007] A third heating panel includes a heating layer
of electrically resistive sheet material, a substrate of
electrically conductive sheet material, and an insulating
layer disposed between the heating layer and the sub-
strate. First and second electrodes are attached to the
heating layer, the second electrode of the third panel
being electrically connected to the neutral of the power
source. A third switch is connected to the first electrode
of the third panel and adapted for being electrically con-
nected to a third phase of the multiphase power source.
A third zero crossing driver is connected to the control
input, connected to sense voltage in the third phase,
and connected to operate the third switch. The zero
crossing driver is enabled by the control input to operate
the third switch at a zero crossing of the voltage in the
third phase.

[0008] The heating layers are adapted for converting
electrical current therethrough to heat energy trans-
ferred therefrom. The substrates are adapted for being
connected to ground.
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BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF
THE DRAWING

[0009]

Fig. 1 shows a schematic end view of a heating
panel for a two phase system according to the
invention;

Fig. 1A shows an alternative construction for the
heating panel of Fig. 1;

Fig. 2 shows a face of the heating panel connected
to a control system;

Fig. 3 shows a two heating panel assembly and
control system for a two phase system;

Fig. 4 shows a timing diagram for a two phase sys-
tem;

Fig. 5 shows a face of a heating panel for a three
phase system;

Fig. 6 shows a three heating panel assembly and
control system for a three phase system;

Fig. 7 shows a timing diagram for a three phase
system;

Fig. 8 shows an end view of a heating panel for a
two phase system according to another embodi-
ment of the invention;

Fig. 9 shows an end view of a heating panel for a
three phase system according to another embodi-
ment of the invention;

Fig. 10 shows a schematic block diagram of an
electric heating circuit according to the invention;
Fig. 11 shows wave form diagrams for the control
system; and

Fig. 12 shows heating panels arranged to form an
oven.

DETAILED DESCRIPTION OF THE INVENTION

[0010] Referring to Fig. 1, a heating panel 10 includes
a substrate 12 made of a durable material. The sub-
strate can be an electrically conductive material, such
as steel, or an electrically insulative material, such as
glass ceramic. The substrate is preferably formed as a
rectangular sheet generally defining dimensions of the
panel 10. "Panel” refers generally to a flat sheet or other
shape, such as a cylinder or bent sheet. An outer insu-
lating layer 14 of dielectric material, such as a ceramic,
is applied to at least one face or surface of the substrate
12 so that an interior surface of the outer insulating layer
14 is in thermal communication with the substrate 12.
Other suitable insulating materials include porcelain
enamel, aluminum oxide, mica and organic polymers.
An inner insulating layer 16 of electrically insulating
material can be applied to an opposite face of the sub-
strate 12. The inner layer 16 is exposed to the space or
object being heated. Referring to Fig. 1A, where the
substrate 12a is electrically insulative, such as glass
ceramic, the substrate can be exposed directly to the
space or object 11 being heated. In the construction of
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Fig. 1A, the heating layer can be applied directly on the
glass ceramic substrate 12a. Normally a dielectric, the
glass ceramic can become conductive at high tempera-
tures (>300°C). Therefore, it is desirable in some cases
to provide at least one of the insulating layers 14, 16 as
shown in Fig. 1. The following description of the control-
ler applies to this construction of the panel as well as
that shown in Figs. 1, 8, 9 and 12.

[0011] A heating layer 18 of electrically resistive mate-
rial, such as graphite, doped oxide, thin film or other
resistive thick or thin film, is applied to or deposited on a
face or exterior surface of the outer layer 14 opposite
the substrate 12. The term "resistive material” will
encompass any semiconductive or resistive material
having a measurable resistance adapted for conversion
of electrical energy into substantial heat energy when a
current is passed therethrough, as is apparent from the
following description. The outer insulating layer 14 can
also include a thin (< 1um) film of silicon dioxide
between the ceramic and the heating layer 18 to main-
tain electrical resistance at high temperatures. Other
layers can be added to provide desired thermal,
mechanical, chemical, or electrical characteristics. The
various layers conduct heat from the heating layer to a
space or object to be heated. Also, in any of the embod-
iments, the inner and outer layers 14, 16 can be joined
at edges of the substrate to substantially enclose the
substrate, as shown in Fig. 8.

[0012] The heating panel 10 further includes a plural-
ity of electrically conductive members, such as elec-
trodes 20 (individually designated as 20a, 20b and 20c),
attached to the heating layer 18 in electrical communi-
cation therewith. The electrodes 20 can be attached
directly to the heating layer or mounted on the outer
layer 14 with the heating layer deposited thereover. The
electrodes 20 are positioned such that the heating layer
18 defines a sheet or film of material extending between
the conductors. The electrodes 20 are electrically con-
ductive, elongated bars or braids made of conductive
thick film, for example, and provided with connectors,
wires, or other means for connecting the electrodes to a
source of electrical energy. Preferably, the electrodes
are all made of the same material, have the same cross-
sectional shape and dimensions, and are the same
length.

[0013] Referring to Figs. 1 and 2, a first electrode 20a
is attached along one edge of the panel 10 and a sec-
ond electrode 20b is attached along a second, generally
parallel, edge of the panel. A third electrode 20c can be
disposed generally parallel with the first and second
electrodes 20a, 20b and about midway therebetween.
Preferably, the electrodes 20a, 20b, 20¢ are precisely
evenly spaced.

[0014] The first and second electrodes 20a, 20b are
connected to different phases L1, L2 of a multiphase
power source, such as a synthetic two phase 240 V
household power source, sometimes known as the Edi-
son System. Such a power source is a three wire AC
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system providing 240 volts across two wires, the third
wire being a neutral that can also be used as a ground.
The third electrode 20¢ can be connected to a neutral of
the power source. As sometimes required by industry
standards, the substrate 12 can be connected directly to
ground by a suitable grounding conductor 22 or indi-
rectly through the neutral of the power source. The term
"ground” refers generally to any such direct or indirect
connections to ground or the neutral.

[0015] The phases L1, L2 are connected to the elec-
trodes 20a, 20b through respective controlled switches,
such as triacs or relays 30a, 30b. The triacs 30a, 30b
are connected to control power to the electrodes 203,
20b. A zero crossing driver 32 is connected to operate
the triacs 30a, 30b. The zero crossing driver 32 includes
a zero crossing sensor connected to sense zero voltage
crossings in one of the phases L1, L2. A controller 34 is
connected to provide a control input to the zero crossing
driver 32 to enable the driver. The controller can be con-
nected to operate a separate zero crossing driver for
each phase and switch. The zero crossing driver 32
operates the triacs 30a, 30b at a zero crossing of the
voltage in the phase responsive to an input from the
controller 32.

[0016] When the controller 24 enables the zero cross-
ing driver 32, the zero crossing driver operates the tri-
acs 30a, 30b at the next subsequent zero crossing in
the first phase L1 voltage. Initially, the zero crossing
driver operates the triacs 30a, 30b to a closed, conduct-
ing state. Current flowing through the triacs 30a, 30b
and the heating layer 18 from the power source gener-
ates heat, which is conducted through the insulating lay-
ers 14, 16 and the substrate 12 to a space or object to
be heated. Capacitive currents generated in the sub-
strate 12 by the currents passing through the heating
layer 18 cancel each other because the electrodes 20a,
20b supply current 180° out of phase. When the control-
ler 34 disables the zero crossing driver 32, the triacs
30a, 30b are operated to an open, nonconductive state
at the next subsequent zero crossing in the phase volt-
age L1. Transient currents in the heating layer 18 are
minimized. Thus, little or no leakage current travels
through the ground conductor 22 from the capacitor
formed by the heating panel 10.

[0017] Referring to Fig. 3, two heating panels 10a, 10b
are shown. The panels 10 are connected in pairs such
that the first electrode 20a (on the first panel 10a) is
connected to the first phase L1 and the second elec-
trode 20b (on the second panel 10b) is connected to the
second phase L2. The first and second electrodes 203,
20b are connected to the power source through respec-
tive triacs 30a, 30b. The triacs are operated by respec-
tive zero crossing drivers 32a, 32b connected to sense
zero crossings in the voltage of the corresponding
phase. The controller 34 is connected to operate both
zero crossing drivers 32a, 32b. The third electrode 20¢
(on the first panel 10a) and a fourth electrode 20d (on
the second panel 10b) are connected together and/or to
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the neutral. The third and fourth electrodes 20c, 20d,
connected to the neutral, are disposed along an edge of
the respective panel 10 parallel with and opposite to the
corresponding first and second electrodes 20a, 20b.
Substrates of both panels 10a, 10b are connected to
ground through the ground conductor 22.

[0018] The zero crossing drivers 32a, 32b operate the
triacs 30a, 30b responsive to signals from the controller
34 at zero crossings in the respective phases L1, L2.
Theoretically, the zero crossing drivers 32a, 32b will
operate the triacs 30a, 30b simultaneously, however,
impedances and other factors might cause the phase
voltages to have different zero crossings. Both of the
zero crossing drives can be embodied in a microcontrol-
ler or other device.

[0019] Referring to Fig. 4, exemplary timing diagrams
for Figs. 2 and 3 are shown. The power source voltage
phases (L1 In, L2 In) are 180° out of phase. When the
controller enables the zero crossing driver(s) 32, power
(L1 Out, L2 QOut) is supplied to the electrodes 20a, 20b
beginning at the next zero crossing. Power to the elec-
trodes is disconnected at the first zero crossing after the
controller disables the zero crossing driver(s). Through-
out this description a negative logic enable signal is
used, that is, a zero value is an enable signal and a pos-
itive value is an inhibit signal.

[0020] Referring to Fig. 5, the principles of the present
invention also apply where the heating panel 10¢ is con-
nected to a three phase power source. Three electrodes
20e, 20f, 20g are connected to respective phases L1,
L2, L3 of the power source. Two of the electrodes 20e,
20g are disposed along opposite edges of the panel
10c, and one of the electrodes 20f is disposed near the
middle of the panel. Preferably, the electrodes 20e, 20f,
20g are precisely evenly spaced. Two additional elec-
trodes 20h, 20i are connected to the neutral of the
power source and are evenly spaced between pairs of
the electrodes 20e, 20f, 20g. Theoretically the elec-
trodes should be precisely spaced, as described, but in
practice some adjustment may be required depending
on the characteristics of the panel.

[0021] The electrodes 20e, 20f, 20g are connected to
the power source through respective triacs 30e, 30f,
20g. The triacs are operated by respective zero cross-
ing drivers 32e, 32f, 32g connected to sense zero cross-
ings in the voltage of the corresponding phase. The
controller 34 is connected to operate the zero crossing
drivers 32e, 32f, 32g. The phases L1, L2, L3 of the
power source are displaced 120° with respect to each
other. Additional electrodes connected to these phases
can be similarly controlled with additional triacs con-
nected to the corresponding zero crossing drivers.
Thus, capacitive leakage currents caused in the sub-
strate by the respective phases cancel each other to
minimize leakage current through the ground conductor
22,

[0022] Referring to Fig. 6, three heating panels 10d,
10e, 10f are shown. When multiples of three heating
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panels are connected to a three phase power source in
the same system or assembly, only two electrodes 20
are required on each panel. The panels 10 are con-
nected in triads. The first electrode 20e (on the first
panel 10d) is connected to the first phase L1, the sec-
ond electrode 20f (on the second panel 10e) is con-
nected to the second phase L2, and the third electrode
20g (on the third panel 10f) is connected to the third
phase L3. Fourth, fifth, and sixth electrodes 20h, 20i,
20j, on respective panels 10d, 10e, 10f are connected
together and/or connected to the neutral. The elec-
trodes 20h, 20i, 20j connected together are disposed
along an edge of the respective panel 10d, 10e, 10f par-
allel with and opposite to the corresponding electrodes
20e, 20f, 20g connected to the three phases L1, L2, L3
of the power source. In an alternative connection, the
electrodes 20h, 20i, 20j can be connected to phases L2,
L3, and L1, respectively, instead of being connected
together. Substrates of all panels are grounded through
the ground conductor 22. The heating layers 18 can all
be applied on a single substrate of metal or glass
ceramic or on separate substrates.

[0023] The electrodes 20e, 20f, 20g are connected to
the power source through respective triacs 30e, 30f,
20g. The triacs are operated by respective zero cross-
ing drivers 32e, 32f, 32g connected to sense zero cross-
ings in the voltage of the corresponding phase. The
controller 34 is connected to enable the zero crossing
drivers 32e, 32f, 32g. The phases L1, L2, L3 of the
power source are displaced 120° with respect to each
other. Thus, capacitive leakage currents caused in the
substrate by the respective phases cancel each other to
minimize leakage current through the ground conductor
22.

[0024] Referring to Fig. 7, exemplary timing diagrams
for Figs. 5 and 6 are shown. In systems where zero
crossings are not coincident in all phases, such as three
phase system, it is preferable to use a separate zero
crossing driver for each phase. In the three phase sys-
tem, the power source voltage phases (L1 In, L2 In, L3
In) are 120° out of phase. When the controller enables
the zero crossing driver(s) 32, power (L1 Out, L2 Out,
L3 Out) is supplied to the electrodes 20e, 20f, 20g
beginning at the next zero crossing in each phase.
Power to the electrodes is disconnected at the first zero
crossing in each phase after the controller disables the
zero crossing driver(s).

[0025] As shownin Figs. 8 and 9, plural heating layers
can be mounted on single substrate. Referring to Fig. 8,
the outer insulating layer 14 and inner insulating layer
16 are disposed on the substrate 12. A first heating
layer 18a is disposed on the outer insulating layer 14.
Two electrodes 20a, 20c are electrically connected with
the heating layer and disposed along opposed edges
thereof. One electrode 20a is connected to one phase
L1 of a two phase power source and the other electrode
20c¢ is connected to the neutral. A second heating layer
18b, substantially identical with the first, is disposed on
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the inner insulating layer 16. Two electrodes 20b, 20d
are connected to the second heating layer 18b opposite
to the electrodes 20a, 20c on the first heating layer. One
electrode 20b is connected to the other phase L2 of the
two phase power source and the other electrode 20d is
connected to the neutral. The substrate is connected to
ground through the ground conductor 22. This construc-
tion is similar to Fig. 3, except that both heating layers
are disposed on the same substrate.

[0026] The first and second electrodes 20a, 20b are
connected to the power source through respective tri-
acs 30a, 30b. The triacs are operated by the zero cross-
ing driver 32 connected to sense zero crossings in the
voltage of the corresponding phase. The controller 34 is
connected to enable the zero crossing driver 32. The
zero crossing driver 32 operates the triacs 30a, 30b
responsive to signals from the controller 34 at zero
crossings in the respective phases L1, L2.

[0027] Referring to Fig. 9, three heating layers 18a,
18b, 18¢ are disposed on a single substrate 12. In this
case, the heating layers are substantially smaller than
the substrate 12. Two of the heating layers 18a, 18c are
disposed on one face of the substrate and the other
heating layer 18b is disposed on the opposite face.
Each heating layer has a first electrode 20e, 20f, 20g
connected to a different phase L1, L2, L3 of a three
phase power source. A second electrode 20h, 20i, 20j
on each heating layer is connected to the neutral of the
three phases power source. The substrate is connected
to ground through the ground conductor 22. This con-
struction is similar to Fig. 6, except that the heating lay-
ers are disposed on different faces of the same
substrate. As described for Fig. 6, the second elec-
trodes 20h, 20i, 20j can be connected together and the
neutral omitted or the second electrodes can be con-
nected to different phases L2, L3, L1, respectively. Addi-
tional layers can be applied over the heating layers 18
for electrical insulation and protection.

[0028] The electrodes 20e, 20f, 20g are connected to
the power source through respective triacs 30e, 30f,
30g. The triacs are operated by respective zero cross-
ing drivers 32e, 32f, 32g connected to sense zero cross-
ings in the voltage of the corresponding phase. The
controller 34 is connected to operate the zero crossing
drivers 32e, 32f, 32g. The phases L1, L2, L3 of the
power source are displaced 120° with respect to each
other. Thus, capacitive leakage currents caused in the
substrate by the respective phases cancel each other to
minimize leakage current through the ground conductor
22,

[0029] Referring to Fig. 10, the heating panel 10, tri-
acs 30, zero crossing driver 32, and controller 34 are
shown schematically in a block diagram of an electrical
heating circuit. The arrangement shown in Fig. 10 is
similar to the configuration shown in Fig. 2. The control-
ler 34 includes a temperature sensor 40, such as a tem-
perature to voltage transducer, adapted for sensing a
temperature of the heating panel 10 or a space heated
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by the panel. The temperature sensor signal T can be
amplified by a temperature amplifier 42. The amplified
signal KT or lack thereof can be used to inhibit opera-
tion of the zero crossing driver 32 by means of an open
transducer detector 44, which detects removal of the
temperature sensor or a fault in the temperature sensor.
A desired temperature Vj is input to a subtractor 46 that
provides a signal representing the difference between
the desired temperature V¢ and the desired temperature
K;T. The difference signal is amplified by an error ampli-
fier 48 to provide an error signal E, =K, (V- K,T),
where K, and K; represent the magnitude of amplifica-
tion provided by the amplifiers 42, 48. The subtracter 46
and error amplifier 48 define a differential amplifier. The
error signal E; is input to a pulse width modulator 50.
The pulse width modulator includes a triangle wave sig-
nal generator and a comparator. As shown in Figs. 10
and 11, when the amplitude of a point on the triangle
wave is less than the amplitude of the error signal E,, the
pulse width modulator 50 provides an enable signal to
the zero crossing driver 32. When the amplitude of a
point on the triangle wave is greater than the amplitude
of the error signal E;, the pulse width modulator 50 pro-
vides an inhibit signal to the zero crossing driver 32.
Thus, the zero crossing driver 32 is disabled when the
error signal is negative, indicating that the sensed tem-
perature is too high. The zero crossing driver is enabled
intermittently for regulating the temperature within a
desired range when the error signal is a small positive
value, indicating the temperature is in a desired range
immediately below the desired temperature. The zero
crossing driver is enabled continuously when the error
signal is a large positive value, indicating that the
sensed temperature is too low. The enabling control
input signal can be pulse width modulated, as
described, or a single pulse that acts as an enabling or
disabling signal. The range for regulating the tempera-
ture can be varied in width and location with respect to
the desired temperature. Other analog control schemes
can also be used. Equivalent means for controlling the
triac switches 30 include a microprocessor or other dig-
ital control.

[0030] Referring to Fig. 12, six heating panels 10 are
arranged to form a heating cavity 24 of an oven 26, such
as a domestic range used for cooking food. Four heat-
ing panels define sides of the generally parallelepipedic
heating cavity, one heating panel defines the back wall,
and one is pivotably mounted to define a door of the
oven 26. The inner insulating layers 16 of the heating
panels face inwardly toward the heating cavity 24. Fig.
12 is not to scale and the heating panels 10 are sub-
stantially thinner than they appear. The heating panels
10 can be mounted on an existing oven structure or inte-
grally manufactured with the oven structure. The panels
10 shown have three electrodes so that each panel can
be separately connected to a multiphase power source,
including the neutral. The heating panels can be sepa-
rately controlled, as described above with reference to
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Figs. 2 or 5. The neutral connection can also be elimi-
nated. Since the number of panels is divisible by two
and three, the panels can be provided with only two
electrodes 20 and connected in a two phase or three
phase system in pairs or triads, respectively, as
described above with reference to Figs. 3 or 6.

[0031] The present disclosure describes several
embodiments of the invention, however, the invention is
not limited to these embodiments. Other variations are
contemplated to be within the spirit and scope of the
invention and appended claims.

Claims
1. A heating panel and control system comprising:

a control input;

a substrate;

a heating layer of electrically resistive sheet
material disposed on a face or a surface of the
substrate;

at least first and second electrodes attached to
the heating layer;

at least first and second switches each con-
nected to the respective electrodes and
adapted for being electrically connected to dif-
ferent phases of a multiphase power source to
control power to the electrodes; and

at least one zero crossing driver connected to
the control input, connected to sense voltage in
one of the phases, and connected to operate at
least one of the switches, wherein the at least
one zero crossing driver is enabled by the con-
trol input to operate the at least one switch at a
zero crossing of the voltage in the one phase to
which the zero crossing driver is connected.

2. Aheating panel and control system comprising:

at least first and second heating panels, each
panel comprising a substrate; a heating layer of
electrically resistive sheet material disposed on
the substrate; and first and second electrodes
attached to the heating layer, the second elec-
trodes being adapted for being electrically con-
nected to a neutral of the power source;

at least first and second switches each con-
nected to the respective first electrodes and
adapted for being electrically connected to dif-
ferent phases of a multiphase power source to
control power to the electrodes;

a control input; and

at least one zero crossing driver connected to
the control input, connected to sense voltage in
one of the phases, and connected to operate at
least one of the switches, wherein the zero
crossing driver is enabled by the control input
to operate the at least one switch at a zero
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crossing of the voltage in the one phase to
which the zero crossing driver is connected.

A heating panel according to claim 1 or 2, further
comprising an insulating layer disposed between
the substrate and the heating layer.

A heating panel according to claim 3, wherein the
substrate is an electrically conductive sheet mate-
rial.

A heating panel according to claim 1, 2 or 3,
wherein the substrate is glass ceramic.

A heating panel and control system according to at
least one of the claims 1 to 5, further comprising at
least one further electrode in addition to the at least
first and second electrodes attached to the heating
layer and adapted for being electrically connected
to a neutral of the power source.

A heating panel and control system according to at
least one of the claims 1 to 6, wherein the heating
layer is adapted for converting electrical current
therethrough to heat energy transferred therefrom.

A heating panel and control system according to at
least one of the claims 1 to 7, wherein the substrate
is connected to or adapted for being electrically
connected to ground.

A heating panel and control system according to at
least one of the claims 1 to 8, comprising at least
two zero crossing drivers, wherein the first zero
crossing driver is connected to sense voltage in the
first phase and the second zero crossing driver is
connected to sense voltage in the second phase.

An oven comprising a cooking cavity having walls, a
heating panel according to claim 1 disposed on at
least one of the walls.

An oven comprising:

an enclosure defining a generally parallelepi-
pedic cooking cavity having five walls closed by
a door;

a heating panel disposed on at least one of
walls and the door, the heating panel compris-
ing:

a heating layer of electrically resistive sheet
material;

a substrate of electrically conductive sheet
material; an electrically insulating material sub-
stantially enclosing the substrate to define
inner and outer insulating layers, said outer
insulating layer being disposed between the
heating layer and the substrate and said inner
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insulating layer facing the cavity;

a first electrode attached along an edge of the
heating layer and adapted for being electrically
connected to one phase of a multiphase power
source;

a second electrode attached along an edge of
the heating layer opposite from the first elec-
trode and adapted for being electrically con-
nected to a second phase of the multiphase
power source;

a control input;

first and second switches each connected to
the respective electrodes and adapted for
being electrically connected to different phases
of a multiphase power source to control power
to the electrodes;

and a zero crossing driver connected to the
control input, connected to sense voltage in
one of the phases, and connected to operate at
least one of the switches,

wherein the zero crossing driver is enabled by
the control input to operate the switch at a zero
crossing of the voltage in the one phase.

12. An oven according to claim 11, further comprising a

third electrode attached to the heating layer
between the first an second electrodes and
adapted for being electrically connected to a neutral
of the multiphase power source.
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