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HEATING ELEMENT FOR A COOKING APPLIANCE

CROSS-REFERENCE TO RELATED APPLICATIONS
[0001] This application is being filed on January 5, 2018, and claims the benefit of
priority to U.S. Provisional Patent Application 62/443,548 filed January 6, 2017, and
U.S. Provisional Patent Application 62/524,583 filed June 25, 2017, the disclosures of

which are incorporated herein by reference in their entirety.

BACKGROUND
[0002] Various appliances are available for heating and cooking food. An oven, for
example, is often used for cooking food at lower to moderate temperatures for fairly
long periods of time. A microwave oven, on the other hand, utilizes microwave energy
and can heat and cook food more rapidly, but the quality of food cooked in a
microwave 1s often undesirable. Toasters and toaster ovens similarly suffer from
certain drawbacks, such as slow cooking times and/or poor cooked food quality.
Therefore, there is a need for improved cooking appliances that overcome the

drawbacks of the prior art.

SUMMARY

[0003] In general terms, this disclosure is directed to a heating element for a
cooking appliance. In some embodiments, and by non-limiting example, the heating
element includes a plurality of conductive strips that generate infrared radiation. The
infrared radiation provides faster cooking times and results in improved cooked food
quality.

[0004] In one aspect, the disclosed technology relates to a heating element for a
cooking appliance, the heating element comprising: first and second terminals; and one
or more heating element segments extending between the first and second terminals,
each heating element segment having a plurality of cutouts arranged in a repeating
pattern, each cutout having an elliptical shape. The first and second terminals and the
one or more heating element segments are a continuous single sheet of material.

[0005] In one example, the heating element includes one or more buses arranged
between the first and second terminals, the one or more buses connecting the one or

more heating element segments in a zig-zag configuration. In another example, the

1



WO 2018/129416 PCT/US2018/012711

heating element includes a first set of heating element segments having a first length, a
second set of heating element segments having a second length, and a third set of
heating element segments having a third length. In some examples, the third set of
heating element segments are arranged between the first and second sets of heating
element segments, and the first length is less than the second length, and the second
length is less than the third length. In some examples, the length of the first set of
heating elements is about 70 % to about 90 % the length of the third set of heating
elements, and the length of the second set of heating elements is about 80 % to about 99
% the length of the third set of heating elements. In some examples, the first length,
second length, and third length define an optimized heating surface area that reduces
energy waste.

[0006] In one aspect, the one or more heating element segments are connected in
series and are arranged parallel to each other. In another aspect, the heating element has
a total width greater than a sum of widths of the one or more heating element segments.
In some examples, the total width of the heating element is about 35% to about 45%
greater than the sum of widths of the one or more heating element segments.

[0007] In some examples, each cutout is defined by first and second walls that are
curved and that flare out in opposing directions along a vertical axis. In some examples,
each cutout is adjacent to an opposing first or second wall of an adjacent cutout.

[0008] In one aspect, the heating element generates infrared radiation when a
voltage i1s applied across the heating element. In one aspect, the heating element is
included in a toaster.

[0009] In another aspect, the disclosed technology relates to a cooking appliance
comprising: a housing defining at least one cooking cavity for receiving food therein;
an electrical power cable including electrical conductors, configured for connection to a
mains power source; and a heating assembly arranged to provide infrared radiation into
the cooking cavity, the heating assembly being directly electrically connected to the
electrical conductors of the electrical power cable, the heating assembly including at
least one heating element that includes: first and second terminals; and one or more
heating element segments extending between the first and second terminals, each
heating element segment includes a plurality of cutouts linked together, each cutout
having an elliptical shape; wherein the first and second terminals and the one or more

heating element segments are a continuous single sheet of material.
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[0010] In some examples, the at least one heating element further includes one or
more buses arranged between the first and second terminals, the one or more buses
connecting the one or more heating element segments in a zig-zag configuration. In one
aspect, the at least one heating element includes a first set of heating elements having a
first length, a second set of heating element segments having a second length, and a
third set of heating element segments having a third length; the third set of heating
element segments are arranged between the first and second sets of heating element
segments, and wherein first length is less than the second length, and the second length
is less than the third length. In some examples, the first length, second length, and third
length define an optimized heating surface area that reduces energy waste by limiting
heat from being applied to spaces in the at least one cooking cavity that are not
proximate to food.

[0011] In some examples, each cutout in the at least one heating element is defined
by first and second walls that are curved and that flare out in opposing directions along
a vertical axis.

[0012] In one aspect, the cooking appliance is a toaster having parallel cooking
cavities; and wherein heating elements are mounted adjacent to opposing sides in each
cooking cavity.

[0013] In another aspect, the disclosed technology relates to a method of making a
heating element, the method comprising: obtaining a single sheet of conductive
material, and forming a pattern into the sheet of conductive material; wherein the
pattern defines one or more heating element segments connected together in series and
extending between first and second terminals, each heating element segment includes a
plurality of cutouts linked together, each cutout having an elliptical shape; and wherein
each heating element segment includes a plurality of elliptically shaped cutouts spaced
apart from one another in a chained or linked pattern.

[0014] In some examples, the step of forming a pattern comprises etching the
pattern into the conductive sheet using photolithography.

[0015] A variety of additional aspects will be set forth in the description that
follows. The aspects can relate to individual features and to combination of features. It
is to be understood that both the foregoing general description and the following
detailed description are exemplary and explanatory only and are not restrictive of the

broad inventive concepts upon which the embodiments disclosed herein are based.
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BRIEF DESCRIPTION OF THE DRAWINGS
[0016] FIG. 1 is an isometric view of an example cooking appliance.
[0017] FIG. 2 is a schematic block diagram of the example cooking appliance.
[0018] FIG. 3 is a schematic diagram illustrating an example heating assembly.
[0019] FIG. 4 is a schematic diagram illustrating another example heating
assembly.
[0020] FIG. 5 is a schematic diagram illustrating an example of a heating element.
[0021] FIG. 6 is a front plan view of another example heating element.
[0022] FIG. 7 is an isometric view of the example heating element shown in FIG. 5.
[0023] FIG. 8 is a front plan view of a reflector positioned behind the example
heating element shown in FIG. 5.
[0024] FIG. 9 is a side sectional view of a cooking appliance that includes the
example heating element shown in FIG. 5.
[0025] FIG. 10 is a front sectional view of a cooking appliance that includes the
example heating element shown in FIG. 5.
[0026] FIG. 11 is an enlarged view of the example heating element shown in FIG.
5.
[0027] FIG. 12 is another enlarged view of the example heating element shown in

FIG. 5.

DETAILED DESCRIPTION

[0028] Various embodiments will be described in detail with reference to the
drawings, wherein like reference numerals represent like parts and assemblies
throughout the several views. Reference to various embodiments does not limit the
scope of the claims attached hereto. Additionally, any examples set forth in this
specification are not intended to be limiting and merely set forth some of the many
possible embodiments for the appended claims.

[0029] FIG. 1 is an isometric view of an example cooking appliance 100. The
cooking appliance 100 includes a housing 102 that defines one or more cooking
cavities 104. In use, food is placed within one of the cooking cavities 104 where it is
heated by the cooking appliance 100. The cooking appliance 100 operates to supply

energy to food arranged within the one or more cooking cavities 104. The cooking
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appliance 100 can take a variety of forms, such as a toaster, a toaster oven (including,
for example, a pizza oven), a microwave oven, an electric grill, a contact cooker
(including, for example, a contact grill or griddle), or a slow cooker.

[0030] FIG. 2 is a schematic block diagram of the cooking appliance 100 that
includes a housing 102, a cooking cavity 104, a heating assembly 106 including at least
one heating element 108, an electrical control and coupling 110, and a power cable 112.
In certain examples, the electrical coupling and control 110 includes electrical
conductors 114 (including conductors 114A and 114B) and a coupler 116. In some
examples, the power cable 112 includes electrical conductors 112A and 112B and a
plug 118. The cooking appliance 100 is powered by a power source, for example, by
connecting the power cable 112 to a mains power source 90.

[0031] The cooking appliance 100 includes a heating assembly 106, which includes
one or more heating elements 108. The heating elements 108 are electrically coupled
to the power cable 112, such as through an electrical control and coupling 110, and can
be electrically connected to a power source such as the mains power source 90.
Examples of the heating assembly 106 are illustrated and described in further detail
with reference to FIGS. 3 and 4.

[0032] In at least some examples, each heating element 108 is formed of a plurality
of conductive strips. When powered, electricity flows through the heating element 108
generating heat. As the temperature of the heating element rises, the heating element
108 begins to generate infrared radiation. The heating element 108 continues to
generate infrared radiation until the heating assembly is disconnected from the power
source. The infrared radiation is directed to the cooking cavity 104 where it operates to
heat food in the cooking cavity. Examples of the heating element 108 are illustrated and
described in further detail with reference to FIGS. 3-5.

[0033] Certain examples include an electrical control and coupling 110 which
includes conductors 114 and coupling 116. In some examples, the coupling 116
includes a switch or other control device for selectively coupling the heating assembly
106 to the power source 90 to turn on and off the heating assembly 106. In some
examples, when the electrical control and coupling 110 has selectively coupled the
heating assembly 106 to the power source 90, the heating assembly 106 is directly
coupled to the power source through the conductors 114A and 114B and the conductors

112A and 112B of the power cable 112. In such examples, the cooking appliance 100
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does not require a separate power supply including a voltage transformer or other
power regulation electronics to supply the electricity from the mains power source 90
to the heating assembly—instead the electricity can be supplied directly through the
conductors.

[0034] FIGS. 3 and 4 are schematic diagrams illustrating examples of the heating
assembly 106. In the example shown in FIG. 3, the example heating assembly 106
includes three heating elements 108A, 108B, and 108C. The heating assembly 106 is
selectively coupled to a power source, such as by a switch. The switch can be manually
controlled by a user (e.g., by pressing down on a toaster, or by depressing a power
button), or can be controlled by an electronic control system such as in a microwave
oven. When coupled to the power source, the heating assembly 106 is energized.
When directly coupled to a mains power source, the heating assembly 106 is energized
by an alternating current signal. In North America, the alternating current signal
typically has a voltage of +/- 120 V and a frequency of 60 hertz. In other parts of the
world, other signals (such as having different voltages) are used and the heating
assembly 106 can be designed to work with any appropriate mains power source, or
even a DC power source such as from a battery or utilizing a power inverter. In the
example discussed herein, a voltage of +/- 120 V is discussed for illustrative purposes.
[0035] In this example, the heating assembly 106 includes three heating elements
108A, 108B, and 108C arranged in series. The heating element 108A is connected at
one end to the AC line of the mains power source, and is connected at the other end to
an end of the heating element 108B. The ends of the heating element 108B are
connected to ends of the heating elements 108A and 108C. One end of the heating
element 108C is connected to the end of the heating element 108B and the other end of
the heating element 108C is connected to the neutral line of the mains power source.
[0036] In this configuration, the heating elements 108A, 108B, and 108C act as a
voltage divider to divide the +/- 120 V signal across the three elements. In other words,
each heating element sees a voltage across it of VAC / 3 elements = VAC/3 or about 40
V.

[0037] In order to obtain a desired power output from each element 108, the heating
elements 108 can be designed to have a desired resistance. For example, to obtain a
power output of 500 watts from each element (1500W total from three elements), the

desired resistance is calculated by P =1 * V, or 500W =1 * 40 V. Therefore, the
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desired current is I = 500 W / 40 V = 12.5 Amps. The resistance is then computed
using V=1*R, orR=V /=40 V/12.5 Amps = 3.2 Ohms. The calculations can be
adjusted to obtain other power outputs. These values can be used in the design of the
heating elements as discussed in further detail herein.

[0038] In the example shown in FIG. 4, the example heating assembly 106 includes
four heating elements 108A, 108B, 108C, and 108D. As in the example shown in FIG.
3, the heating elements 108 are arranged in series. Because there are now four heating
elements, the mains voltage is now divided across four elements, resulting in a lower
voltage across each element, e.g., 30 V. Therefore, in this example it may be desirable
to adjust the particular configuration of the heating element in view of the decreased
voltage.

[0039] The heating assembly 106 can have one or more heating elements, including
for example, 2, 3, 4, 5, 6, 7, 8,9, 10, or more. One benefit of having multiple heating
elements is that the heating elements may be positioned in different locations within the
cooking appliance 100. For example, in a toaster there may be one heating element
positioned on each side of the cooking cavities so as to heat a slice of bread on each
side. In a multi-slice toaster, additional heating elements can be used for each cooking
cavity. As another example, a toaster oven or microwave can have heating elements
arranged on the top and bottom of the cooking cavity such that radiative heating may be
combined with one or more additional mechanisms such as free/forced convection and
microwave. Other embodiments are also possible having various numbers of heating
elements arranged in various possible configurations.

[0040] FIG. 5 is a schematic diagram illustrating an example of a heating element
108. In this example diagram, the heating element 108 includes terminals 130
(including 130A and 130B), heating element segments 134 (including 134A, 134B,
134C, and 134D), and buses 136 (including 136A, 136B, and 136C). In accordance
with the present disclosure, the heating element 108 can include one or more heating
element segments 134, and typically includes at least a plurality of heating element
segments 134. The example shown in FIG. 5 illustrates four heating element segments
134, but also includes an ellipsis representing the fact that embodiments can have more
or fewer heating element segments 134.

[0041] The heating element 108 includes terminals 130A and 130B arranged at

each end. The terminals 130 are electrically conductive contact points to which the
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heating element 108 can be connected to a power source or other heating elements 108
(such as shown and described with reference to FIGS. 3 and 4). In this example the
terminals 130A and 130B are also each connected to at least one heating element
segment 134 of the heating element 108. For example, terminal 130A is connected at
one end of heating element segment 134A and terminal 130B is connected at one end
of heating element segment 134D.

[0042] The heating element segments 134 are the parts of the heating element 108
that heat up and generate infrared radiation when electricity is passed through them. In
some embodiments the heating element segments 134 are formed of a conductive
material. In one example, the conductive material is an alloy of at least nickel and
chromium, also known as Nichrome.

[0043] The buses 136 are arranged to connect the heating element segments 134 in
series. The buses 136 are electrically conductive strips that are connected at ends of
adjacent heating element segments 134 and act to mechanically support the heating
element segments 134, and also to conduct electricity between the adjacent heating
element segments 134. In this example, bus 136A is connected to ends of heating
element segments 134A and 134B; bus 136B is connected to ends of heating element
segments 134B and 134C; and bus 136C is connected to ends of heating element
segments 134C and 134D. In some embodiments as shown in FIG. 5, the heating
element 108 has a zig-zag shape in which the heating element segments 134 and buses
form a zig-zag shape that follows one heating element segment 134A to a bus 136A,
which is then connected to another heating element segment 134B and a bus 136B, etc.
[0044] When energized, a voltage is applied across the terminals 130A and 130B,
such as shown in FIGS. 3 and 4. When the heating element segments 134 are arranged
in series as shown in FIG. 5, the heating element segments 134 act as a voltage divider
to divide the total voltage applied across the heating element 108. When the heating
element segments 134 have the same size and electrical characteristics, the voltage is
evenly divided across each element. Therefore, if 40 V is applied to terminals 130A
and 130B, and there are a total of four heating element segments 134, each heating
element segment 134 has a voltage applied across it of the 10 V. If additional heating
element segments 134 are present, the voltage is further divided.

[0045] With a given voltage being applied across a heating element segment, and a

selected conductive strip material, the heating element segments can be designed to
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have a desired level of power output by adjusting the length L to width W ratio of the
heating element. In order to decrease the power output (by decreasing the current
flow), the ratio is increased so that the strip is longer and/or narrower. In order to
increase the power output (by increasing the current flow), the ratio is decreased so that
the strip is shorter and/or wider.

[0046] An advantage of some examples is that the heating assembly 106 can
operate directly from the power supplied by the mains power source 90 (FIG. 2),
without requiring complex and costly electronics to modify the power. For example, in
some embodiments the heating assembly does not require a transformer or other
voltage rectifier or inverter electronic circuitry in order to transform the power from an
original form into another form suitable for the heating assembly 106. Instead, the
heating assembly 106 can, in some embodiments, operate directly from the power
supplied by the mains power source 90.

[0047] Referring now to FIGS. 6 and 7, an example heating element 150 includes
terminals 130 (including terminals 130A and 130B), heating element segments 134
(including segments 134A-F), and buses 136 (including buses 136A-E). In the example
depicted in FIGS. 6 and 7, the heating element 150 includes six heating element
segments 134A-134F connected together by five buses 136A-136E, but in other
examples the heating element 150 may include more or fewer heating element
segments 134. Other examples may include a quantity of heating element segments 134
that range from about 1 to about 20, or from about 2 to about 12. Some examples may
have an even number of heating element segments 134 such as 2, 4, 6, 8, 10, or 12 etc.
[0048] The heating element 150 has a total width W2 and each heating element
segment 134 has a width W1. The total width W2 is greater than the sum of the widths
W1 of each heating element segment 134 in the heating element 150. In certain
examples, the total width W2 of the heating element is about 35% to about 45% greater
than the sum of the widths W1 of the one or more heating element segments. In certain
examples, the total width W2 of the heating element 150 is in a range from about 2
inches to about 18 inches, or in a range from about 3 inches to about 12 inches, or in a
range from about 4 inches to about 6 inches.

[0049] The heating element 150 includes terminals 130A and 130B arranged at
opposite ends of the heating element 150. The terminals 130 are electrically conductive

contact points that connect the heating element 150 to a power source or other heating
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elements (such as shown and described with reference to FIGS. 3 and 4). In this
example, the terminals 130A and 130B are also each connected to at least one heating
element segment 134 of the heating element 150. For example, terminal 130A is
connected at one end of heating element segment 134A and terminal 130B is connected
at one end of heating element segment 134F.

[0050] The heating element segments 134 may be connected in series so that the
current path between the terminals 130A, 130B is increased as compared to a surface
area having only a single heating element segment 134. For example, the current path
is at least six times the length L1 of the first heating element segment 134A. By
increasing the current path between the terminals 130A, 130B, higher voltages may be
employed by the power source (e.g., 110V that may be the same as the voltage source
to which the appliance is plugged into) and/or lower current, which may be helpful in
avoiding use of a power converter or otherwise reduce the cost of components of an
appliance that includes the heating element 150.

[0051] In the example shown in FIGS. 6 and 7, the heating element 150 has a total
length LO and a first set of outermost heating element segments (e.g., segments 134A
and 134F) have a first length L1, a second set of inner heating element segments (e.g.,
segments 134B and 134E) have a second length L2, and a third set of innermost heating
element segments (e.g., segments 134C and 134D) have a third length L3. In the
example depicted in FIGS. 6 and 7, three sets of heating element segments are depicted,
and each set includes two heating element segments. In other examples, a set of heating
element segments may include a single heating element segment or may include more
than two heating element segments, and the heating element 150 may include more
than or fewer than three sets of heating element segments.

[0052] The length of each heating element segment 134 (e.g., L1, L2, or L3) is
greater than the width W2 of each heating element segment 134. The ratio of the
lengths L1, L2, L3 to the width W2 can be selected in order to obtain a desired power
output, current flow, and resistance. In some examples, the heating element segments
134 each have a width W2 in a range from about 0.1 inches to about 6 inches, or in a
range from about %4 inch to about 1 inch. In some examples, the width W2 is about 2
inch. In some examples, the lengths L1-L.3 of the heating element segments 134 may
range from about 2 inches to about 12 inches, or may range from about 3 inches to

about 8 inches. In certain examples, the length L1 of the first set of heating elements is
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about 70% to about 90% the length L3 of the third set of heating elements. In certain
examples, the length L2 of the second set of heating elements is about 80% to about
99% the length L3 of the third set of heating elements.

[0053] In the example heating element 150 depicted in FIGS. 6 and 7, the bus 136A
which connects heating element segments 134A and 134B has an elbow or bent shape
for accommodating the different lengths L1, L2 between these heating element
segments. The bus 136E which connects heating element segments 134E and 134F also
has an elbow or bent shape for accommodating the different lengths L1, L2 between
these heating element segments. Buses 136B, 136C, and 136D each have a straight or
linear shape for connecting adjacent heating element segments (e.g., heating element
segments 134B and 134C, heating element segments 134C and 134D, and heating
element segments 134D and 134E). In certain examples, the shapes of the terminals
130 (e.g., terminals 130A-B) and the buses 136 (e.g., buses 136A-E) may vary.

[0054] The buses 136A-E and the terminals 130A, 130B each include one or more
apertures 144 to provide mechanical contact points. In certain examples, electrically
insulated mechanical supports are fastened to the apertures 144 to hold the terminals
130 and buses 136 in a desired position with respect to a cooking cavity of an appliance
such as the cooking appliance 100. In some examples, the mechanical supports may
include springs to support the heating element 150, which allows the heating element to
expand and contract as it heats up and cools down.

[0055] During operation, electricity is supplied to the heating element 150 by
electrically connecting the terminals 130A and 130B to the power source. As
electricity flows through the heating element 150, the material of the heating element
segments 134 begins to heat up and glow. Typically the glowing begins at
temperatures between about 500 and 550 degrees C (about 1,000 degrees F). When the
heating element segments 134 glow, they generate and radiate infrared radiation. In
some embodiments the heating element segments 134 have a temperature in a range
from about 800 to about 900° C during operation, or about 850° C.

[0056] Referring now to FIGS. 8-10, a reflector 146 may be positioned adjacent the
heating element 150 when the heating element 150 is mounted inside a cooking
appliance. In certain examples, rivets may be fastened through the apertures 144 for
attaching the heating element 150 to the reflector 146 proximate to a cooking cavity

104 of the cooking appliance 100.
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[0057] In the example depicted in FIG. 9, the cooking appliance 100 is a toaster
having a slice of bread partially inserted in a cooking cavity 104 (e.g., bread slot). FIG.
10 depicts a front cross-sectional view of the cooking appliance 100 as having two
cooking cavities 104 (e.g., bread slots), and a reflector 146 and heating element 150 are
positioned on opposing sides in each cooking cavity 104. Accordingly, in the example
of FIGS. 9 and 10, the cooking appliance 100 includes four reflectors 146 and four
heating elements 150. Although the cooking appliance 100 in FIGS. 9 and 10 is
depicted as a toaster having two cooking cavities 104 (e.g., bread slots), it is
contemplated that the heating element 150 may be used in different types of cooking
appliances including toaster ovens, pizza ovens, microwave ovens, electric grills,
contact cookers (including, for example, contact grills or griddles), or slow cookers.
Also, it is contemplated that the heating element 150 may be used in toasters having
more than or fewer than two bread slots.

[0058] During operation of the heating element 150, the heating element segments
134 radiate infrared radiation in all directions. The reflector 146 reflects the heat
generated by the heating element segments 134 back toward the heating element 150
and a cooking cavity 104 of the appliance 100 (such as a bread slot in a toaster cooking
appliance). The reflected infrared radiation further helps to heat the heating element
segments 134 allowing them to heat up more quickly and to generate additional
infrared radiation. Additionally, the reflector 146 provides both thermal and electrical
insulation in the cooking appliance 100 such that the heat and current of the heating
element 150 does not transmit to the housing 102 of the cooking appliance 100.

[0059] The reflector 146 may include several tabs 148 along the top, bottom, and
sides that anchor the reflector 146 inside the chassis of the cooking appliance 100.
Additionally, each tab 148 may include an aperture 152 that can receive a fastener for
securing the reflector 146 to the housing 102 of the cooking appliance 100. In FIG. 8,
the reflector 146 is depicted as having a length L4 and a width W4. In certain examples,
the length L4 may be about 5.5 to about 6.5 inches, and the width W4 may be about 4.5
to about 5.5 inches. The reflector 146 can be made from a sheet of dielectric material
such as Phlogopite high temperature mica or similar materials. In certain examples, the
reflector 146 may have a thickness of about 0.015 to about 0.045 inches.

[0060] Referring now to FIGS. 8- 10, the arrangement of the heating element

segments 134A-134F provides an optimized heating surface area HSa adjacent the
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reflector 146. The optimized heating surface area HSa is defined by the lengths L1-L3
of the heating element segments 134A-134F. In certain examples, the optimized
heating surface area HSa may match the shape of a typical piece of toast having a
square or rectangular bottom and a rounded top. When used in a toaster cooking
appliance, heating elements 150 may be positioned on each side of a cooking cavity
104 for toasting the sides of a slice of toast. The optimized heating surface area HSa of
the heating element 150 reduces energy waste by limiting heat from being applied to
spaces in the cooking cavity 104 that are not proximate to a food item such as a slice of
toast.

[0061] Referring now to FIG. 11, an enlarged view of the heating element 150 is
depicted showing the heating element segment 134B extending between the bus 136A
and the bus 136B. Each heating element segment 134A-F has a repeating pattern 154
formed from a plurality of cutouts 140. The cutouts 140 are spaced apart from one
another in the repeating pattern 154, and are surround by rounded corners. In some
examples, the repeating pattern 154 is formed of two columns of cutouts 140 and a
nested third column of cutouts 140 that overlaps and/or is arranged between the first
two columns of cutouts 140. The repeating pattern 154 may allow the heating element
150 to provide a uniform radiant heating.

[0062] Referring now to FIG. 12, the cutouts 140 have an elliptical shape such that
they are substantially oval or circular. For example, each cutout 140 includes first and
second walls 140a, 140b that are curved and that flare out in opposing directions along
a vertical axis A-A. In this manner, each cutout 140 is separated along the vertical axis
A-A from another cutout 140. Additionally, each cutout 140 is linked to an opposing
wall 140a, 140b of an adjacent cutout 140. Each cutout 140 is symmetrical about both
the vertical axis A-A and the horizontal axis B-B.

[0063] The curved shape of the cutouts 140 increases the current path between the
terminals 130A, 130B of the heating element 150 so that higher voltages may be
employed and/or a lower current may be used to heat the heating element 150.
Additionally, the shape of the cutouts 140 provides a complex resistance path that may
help reduce hot spots in the heating element 150.

[0064] As depicted in FIG. 12, the cutouts 140 may each have an individual width
W5 and an individual length LS. In certain examples, the width W5 may range from
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about 0.20 inches to about 0.35 inches, and the length L5 may range from about 0.06
inches to about 0.16 inches.

[0065] In certain examples, the heating element 150 is a single sheet of material
such that the terminals 130 (including terminals 130A and 130B), heating element
segments 134 (including segments 134A-F), and buses 136 (including buses 136A-E)
are all continuous with one another. Accordingly, separate elements or pieces are not
used for connecting the terminals 130, heating element segments 134, and buses 136
since they are all part of the same continuous sheet of material. In certain examples, the
heating element 150 is a single sheet of Iron-Chrome-Aluminum alloy or similar alloy
material. In other examples, the heating element 150 is a single sheet of an alloy of at
least nickel and chromium, known as Nichrome.

[0066] To form the terminals 130, heating element segments 134, and buses 136 as
a single piece of material, a blank sheet is cut from a roll of material and is then
processed. In certain examples, the blank sheet is processed using photolithography to
remove unwanted portions of the sheet through an etching process, leaving only the
desired features of the heating element 150. In certain examples, the photolithography
process includes the steps of applying a photoresist material onto a surface of the blank
sheet, aligning a photomask having an inverse pattern to that of the desired heating
element 150 with the sheet and the photoresist, exposing the photoresist to ultraviolet
light through the photomask, and removing the portions of the photoresist exposed to
ultraviolet light. Etching is then performed to remove those portions of the sheet of
material that are not protected by the remaining photoresist. The remaining photoresist
is then removed leaving the heating element 150 shown in FIGS. 6 and 7. In certain
examples, the sheet of conductive material is etched from both sides simultaneously
due to the sheet of material not being attached to a substrate during the
photolithography process.

[0067] The photolithography process optimizes the structure of the heating element
150 by imparting a continuous and smooth transition between the terminals 130,
heating element segments 134, and buses 136 which are all part of the same continuous
sheet of material. This improves the current flow through the heating element 150, and
accordingly, improves the performance of the heating element 150 so that the infrared

radiation generated by heating element 150 reaches higher temperatures in less time.
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[0068] In another possible example, other techniques such as machining and/or
punching are done to process the blank sheet of material to form the terminals 130,
heating element segments 134, and buses 136 as a continuous single sheet of material.
For example, machining or cutting can be performed by a computer numerical control
(CNC) router or similar machine.

[0069] By forming the terminals 130, heating element segments 134, and buses 136
all from a single sheet of material, the heating element 150 does not have any joints
where two separate pieces of metal need to be fastened together. This is advantageous
for several reasons. One benefit is that joints in a heating element are a potential source
of failure because the joint can oxidize over time with the exposure to electricity and
oxygen. Oxidation reduces the conductivity at that point, reducing the amount of
current that can flow and creating a cold spot. Eliminating the joints therefore
improves the operation and reduces the chance of undesirable oxidation occurring in
the heating element 150. Another benefit is that the components (terminals, heating
element segments, and buses) are all connected together to begin with, and therefore no
manufacturing steps are required in order to connect these components together.

[0070] After the blank sheet of conductive material has been processed, the finished
heating element 150 may have a thickness T1 (depicted in FIG. 7). The thickness T1
can be selected for the heating element 150 to have a desired power output, current
flow, and resistance. In certain examples, the thickness T1 is in a range from about 1/8
mm to about 3/8 mm, or about ¥4 mm. In certain examples, the dimensions and
material of the finished heating element 150 enable the heating element 150 to receive
about 55V and to produce about 350W +/- 10% of energy.

[0071] The wvarious embodiments described above are provided by way of
illustration only and should not be construed to limit the claims attached hereto. Those
skilled in the art will readily recognize various modifications and changes that may be
made without following the example embodiments and applications illustrated and
described herein, and without departing from the true spirit and scope of the following

claims.
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WHAT IS CLAIMED IS:

1. A heating element for a cooking appliance, the heating element comprising:

first and second terminals; and

one or more heating element segments extending between the first and second
terminals, each heating element segment having a plurality of cutouts arranged in a
repeating pattern, each cutout having an elliptical shape;

wherein the first and second terminals and the one or more heating element

segments are a continuous single sheet of material.

2. The heating element of claim 1, further comprising one or more buses arranged
between the first and second terminals, the one or more buses connecting the one or

more heating element segments in a zig-zag configuration.

3. The heating element of claim 1, further comprising a first set of heating element
segments having a first length, a second set of heating element segments having a
second length, and a third set of heating element segments having a third length;
wherein the third set of heating element segments are arranged between the first
and second sets of heating element segments, and wherein the first length is less than

the second length, and the second length is less than the third length.

4. The heating element of claim 3, wherein the length of the first set of heating
elements is about 70 % to about 90 % the length of the third set of heating elements,
and

wherein the length of the second set of heating elements is about 80 % to about

99 % the length of the third set of heating elements.

5. The heating element of claim 3, wherein the first length, second length, and

third length define an optimized heating surface area that reduces energy waste.

6. The heating element of claim 3, wherein the one or more heating element

segments are connected in series and are arranged parallel to each other.
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7. The heating element of claim 1, wherein the heating element has a total width

greater than a sum of widths of the one or more heating element segments.

8. The heating element of claim 7, wherein the total width of the heating element
is about 35% to about 45% greater than the sum of widths of the one or more heating

element segments.

0. The heating element of claim 1, wherein each cutout is defined by first and
second walls that are curved and that flare out in opposing directions along a vertical

axis.

10.  The heating element of claim 9, wherein each cutout is adjacent to an opposing

first or second wall of an adjacent cutout.

11. The heating element of claim 1, wherein the heating element generates infrared

radiation when a voltage is applied across the heating element.

12. A toaster comprising the heating element of claim 1.

13. A cooking appliance comprising:

a housing defining at least one cooking cavity for receiving food therein;

an electrical power cable including electrical conductors, configured for
connection to a mains power source; and

a heating assembly arranged to provide infrared radiation into the cooking
cavity, the heating assembly being directly electrically connected to the electrical
conductors of the electrical power cable, the heating assembly including at least one
heating element that includes:

first and second terminals; and

one or more heating element segments extending between the first and second
terminals, each heating element segment includes a plurality of cutouts linked together,
each cutout having an elliptical shape;

wherein the first and second terminals and the one or more heating element

segments are a continuous single sheet of material.
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14.  The cooking appliance of claim 13, wherein the at least one heating element
further includes one or more buses arranged between the first and second terminals, the
one or more buses connecting the one or more heating element segments in a zig-zag

configuration.

15.  The cooking appliance of claim 13, wherein the at least one heating element
further includes a first set of heating elements having a first length, a second set of
heating element segments having a second length, and a third set of heating element
segments having a third length;

wherein the third set of heating element segments are arranged between the first
and second sets of heating element segments, and wherein first length is less than the

second length, and the second length is less than the third length.

16.  The cooking appliance of claim 15, wherein the first length, second length, and
third length define an optimized heating surface area that reduces energy waste by
limiting heat from being applied to spaces in the at least one cooking cavity that are not

proximate to food.

17.  The cooking appliance of claim 13, wherein each cutout in the at least one
heating element is defined by first and second walls that are curved and that flare out in

opposing directions along a vertical axis.

18.  The cooking appliance of claim 13, wherein the cooking appliance is a toaster
having parallel cooking cavities; and
wherein heating elements are mounted adjacent to opposing sides in each

cooking cavity.

19. A method of making a heating element, the method comprising:
obtaining a single sheet of conductive material; and
forming a pattern into the sheet of conductive material;
wherein the pattern defines one or more heating element segments connected

together in series and extending between first and second terminals, each heating
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element segment includes a plurality of cutouts linked together, each cutout having an
elliptical shape; and
wherein each heating element segment includes a plurality of elliptically shaped

cutouts spaced apart from one another in a chained or linked pattern.

20. The method of claim 19, wherein the step of forming a pattern comprises

etching the pattern into the conductive sheet using photolithography.
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