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HOT SURFACE IGNITERS FOR COOKTOPS

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims the benefit of US Provisional Patent Application No.
62/648,574, filed March 27, 2018 and US Provisional Patent Application No. 62/781,588,
filed on December 18, 2018, the entirety of each of which is hereby incorporated by
reference.

FIELD
[0002] This disclosure relates to gas cooktops with burners that include hot surface

igniter assemblies.

BACKGROUND

[0003] Gas cooktops include a set of burners, each of which receives and ignites
cooking gas. The burner typically includes an orifice holder, which holds the orifice
through which gas enters the burner, a crown, and a crown cap. The crown typically
includes a plurality of flutes (orifices) arranged around its circumference through which
combusting gas is directed in a radially outward direction. Gas enters the crown axially
via the orifice, and a crown cap sits atop the orifice to redirect gas flowing upward
through the flutes in a radially outward direction.

[0004] Typical burners also include a spark igniter to ignite the cooking gas. Certain
spark igniters consist of a small, spring loaded hammer which hits a piezoelectric crystal
when activated. The contact between the hammer and crystal causes a deformation and a
large potential difference. The potential difference creates an electric discharge and a
spark that ignites the gas. More recently, a small transformer is provided in the ignition
circuit and steps up the 120V input voltage up to 10 orders of magnitude or greater to
create the large potential difference that generates the electric discharge.

[0005]  Spark igniters each typically spark with a potential difference of 10,000-12,000
volts. All of the igniters for each burner on a cooktop ignite simultaneously, regardless
of which burner gas is being directed to. As a result, each spark ignition event involves a

collective potential difference pulse equal to the number of burners times the 10-12 kV
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potential per igniter. This large potential difference pulse generates an electromotive
force that can cause damage electronic components and lead to control board failures. In
addition, customers often complain that the audible clicking sound of spark igniters is
annoying.

[0006] Hot surface igniters are a possible alternative to spark igniters. Hot surface
igniters are used to ignite combustion gases in a variety of appliances, including furnaces
and clothing dryers. Some hot surface igniters, such as silicon carbide igniters, include a
semi-conductive ceramic body with terminal ends across which a potential difference is
applied. Current flowing through the ceramic body causes the body to heat up and
increase in temperature, providing a source of ignition for the combustion gases.

[0007]  Other types of hot surface igniters, such as silicon nitride igniters, include a
ceramic body with an embedded circuit across which a potential difference is applied.
Current flowing in the embedded circuit causes the ceramic body to heat up and increase
in temperature, providing a source of ignition for combustion gases. However, using hot
surface igniters in cooktop applications presents certain challenges. The required ignition
times for lighting cooktop burners are typically shorter than those for applications such as
furnaces, boilers, etc. In addition, the envelope in which the igniter must function
imposes constraints on the length, width, and thickness of the igniter. Because of these
requirements, many existing hot surface igniters lack the combination of structural
strength and low ignition times that are required in many cooktop applications.

[0008] In cooktop applications, it is also desirable to have a method for re-igniting the
cooking gas in the event of loss of flame, and in some cases, to automatically detect the
loss of flame. Existing control strategies and systems are not configured to re-ignite the
cooking gas or to do so in an acceptable amount of time. It is further desirable to
coordinate the supply of cooking gas and the energization of the hot surface igniter and to
provide a user control that provides such coordination during ignition, cooking, and re-
ignition.

[0009] Modern cooktops are typically configured such that ignition only occurs when
the gas flow is on one of its highest settings. The igniter is typically in fluid
communication with the gas source via an igniter orifice in the crown. At lower gas flow

rates to the burner, the gas pressure may be insufficient to allow a combustible mixture of
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gas and air to form proximate the igniter. Igniting only at high gas flows ensures that an
explosive mixture will form at the igniter and provides more reliable ignition. However,
it wastes gas,, can create an unanticipated gas ignition plume or can fill a room with
unignited gas thus create an undesirable indoor environment. Thus, it would also be
desirable to provide a burner system that comprises a hot surface igniter and which
ignites or re-ignites on a lower gas flow rate to the burner.

[0010] Certain countries or geographical regions have industry standards that dictate
ignition times and re-ignition times that igniters must meet. In the US and Canada, the
ANSI (American National Standards Institute) Z21.1-2016 and CSA (Canadian Standards
Association) 1.1-2016 standard governs household cooking gas appliances. In Chile
Standard Nch1397 governs household appliances for cooking using gaseous fuels, and in
Mexico Official Mexican Standard NOM-1010-SESH-2012 governs domestic appliances
for cooking foods that use LP gas or natural gas. In some cases, these standards set
minimum ignition times, minimum re-ignition times (following flame extinction) and
minimum times for re-energizing the igniter. For example, ANSI Z211.1-2016 requires
that ignition and re-ignition after extinction occur within four (4) seconds after gas is first
available at the burner ports (to prevent uncombusted cooking gas from filling the area
around the cooktop) and that if the igniter is de-energized following ignition, that it must
be re-energized in not more than 0.8 second following the flame outage. The Official
Mexican Standard NOM-1010-SESH-2012 has similar requirements, whereas the
Chilean Nch1397 Standard allows for a five (5) second ignition time. The ANSI standard
also specifies low and high cooking gas supply pressure scenarios under which the
various minimum ignition times must be satisfied. Igniting or re-igniting on a lower gas
flow rate can impact the ability of a burner system to satisfy such standards. Thus, it
would be desirable to provide a burner system comprising a hot surface igniter that can
ignite on lower gas flow rates while also satisfying one or more of the foregoing

standards.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0011] FIG. 11is a cooktop system diagram in accordance with an embodiment of the
present disclosure;

[0012] FIG. 2A is a side elevational view taken from a first side of a burner system
including a portion of the cooking gas supply system;

[0013] FIG. 2B is a side elevational view of the burner system of FIG. 2A taken from
the opposite side of the view of FIG. 2A;

[0014] FIG. 2C is an exploded view of a first exemplary burner assembly comprising

a hot surface igniter, an insulator and a crown recess for housing a hot surface igniter;
[0015] FIG. 2D is an exploded view of a second exemplary burner assembly
comprising a hot surface igniter, an insulator and a protective enclosure extending
therefrom for protecting the distal end of the hot surface igniter;

[0016] FIG. 2E is a perspective view of the insulator of FIG. 2C;

[0017] FIG. 2F is a perspective view of the insulator and distal protective enclosure of
FIG. 2D;

[0018] FIG. 2Gis a side elevational view of the burner crown of FIGS. 2C and 2D;
[0019] FIG. 3A is a side view of an exemplary hot surface igniter for use in the burner
assemblies described herein;

[0020] FIG. 3B is a modified example of the hot surface igniter of FIG. 3A in which the
ceramic tiles have different thicknesses;

[0021] FIG. 3C is a top plan view of a cross-section of a “thin nitride, long” (TNL) hot
surface igniter in accordance with the present disclosure as viewed along the igniter
thickness axis 7 in which the distal ends of the conductive ink heating zone leg connectors
are flat;

[0022] FIG. 3D is a top plan view of the distal end of the hot surface igniter conductive
ink pattern of FIG. 3C;

[0023] FIG. 3E is a top plan view of a conductive ink pattern for use in a TNL hot
surface igniter in which the distal ends of the heating zone leg connectors are curved along
the width direction of the igniter;

[0024] FIG. 3F is a top plan view of the distal end of the conductive ink pattern of FIG.
4
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3E;
[0025] FIG. 3G is atop plan view of a conductive ink pattern for use in a “thin nitride,
short” (TNS) hot surface igniter in which the distal ends of the heating zone leg connectors
are curved along the width axis of the igniter;

[0026] FIGS. 3H is a top plan view of the distal end of the conductive ink pattern of
FIGS. 3G;

[0027] FIG. 4 is process flow diagram illustrating a method of making a hot surface
igniter in accordance with the present disclosure;

[0028] FIG. 5A is a first example of a hot surface igniter circuit in accordance with the
present disclosure;

[0029] FIG. 5B is a second example of a hot surface igniter circuit in accordance with
the present disclosure;

[0030] FIG. 5C is a third example of a hot surface igniter circuit in accordance with the
present disclosure;

[0031] FIG. 6A is a graph depicting the voltage supplied to a hot surface igniter of the
present disclosure during an ignition operation using the ignition circuit of FIG. 5A;
[0032] FIG. 6B is a graph depicting the voltage supplied to a hot surface igniter of the
present disclosure during a cooking operation using the cooking circuit of 5A;

[0033] FIG. 6C is a graph depicting the voltage supplied to a hot surface igniter of the
present disclosure during a cooking operation using the cooking circuit of FIG. 5B;

[0034] FIG. 7A is a plot of power and ignition time versus hot surface igniter thickness
for four (4) hot surface igniters having the same conductive ink composition, pattern, and
dimensions at 80 and 102 Volts AC;

[0035] FIG. 7B is a plot of the insulator temperature of two hot surface igniters of
different thicknesses and having the same igniter ceramic body surface temperature; and
[0036] FIG. 8 is a plot of on/off cycles versus igniter type depicting the shortest and

average cycle life of eighteen (18) samples of each of four hot surface igniters showing the
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effect of the conductive ink ytterbium oxide content on igniter life.

DESCRIPTION

[0037] Described below are examples of cooktop burner systems that comprise hot
surface igniters for igniting cooking gas. The hot surface igniter comprises a ceramic
body having an embedded conductive ink circuit. A portion of the conductive ink circuit
comprises a resistive heat generating section that generates heat when connected to a
power source.

[0038] In certain examples, the burner systems of the present disclosure comprise a
hot surface igniter having a ceramic body with a length defining a length axis, a width
defining a width axis, and a thickness defining a thickness axis. The igniter comprises
first and second ceramic tiles having respective outer surfaces. A conductive ink pattern
is disposed between the first and second ceramic tiles. The igniter has a thickness along
the thickness axis of less than 0.04 inches, and when subjected to a potential difference of
120V AC rms, the igniter reaches a temperature of at least 1400°F in no more than four
seconds. Unless otherwise specified herein, all AC voltages are rms voltages.

[0039] The hot surface igniters described herein are generally in the shape of a
rectangular cube and include two major facets, two minor facets, a top and a bottom. The
major facets are defined by the first (length) and second (width) longest dimensions of
the ceramic igniter body. The minor facets are defined by the first (length) and third
(thickness) longest dimensions of the igniter body. The igniter bodies also include a top
surface and a bottom surface which are defined by the second (width) and third
(thickness) longest dimensions of the igniter body.

[0040] The igniter tiles are ceramic and preferably comprise silicon nitride. The
conductive ink circuit is disposed between the tiles and generates heat when energized.
The ceramic tiles are electrically insulating but sufficiently thermally conductive to reach
the outer surface temperature necessary to ignite cooking gas such as natural gas,
propane, butane, and butane 1400 (a butane and air mixture with a heating value of 1400

Btu/ft’) within the desired period of time.
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[0041] In certain examples, the ceramic tiles comprise silicon nitride, ytterbium
oxide, and molybdenum disilicide. In the same or other examples, the conductive ink
circuit comprises tungsten carbide, and in certain specific implementations, the
conductive ink additionally comprises ytterbium oxide, silicon nitride, and silicon
carbide. However, in a preferred implementation, the conductive ink comprises no more
than 0.00 percent ytterbium oxide by weight of the conductive ink, and in a more
preferred implementation the conductive ink comprises no more than 0.00 percent rare
earth oxides by weight. It has been found that substantially or completely eliminating
ytterbium oxide concentrations below this level adds significantly to the cycle life of the
hot surface igniter. In certain examples, hot surface igniters herein which comprise a
conductive ink that includes silicon nitride and tungsten carbide--but less than 0.00
percent by weight of ytterbium oxide--achieve a cycle life of at least about 90,000 cycles,
preferably at least about 100,000 cycles, and more preferably, at least about 120,000
cycles at 120V AC. As used herein, the term “cycle life” refers to a test wherein a hot
surface igniter is successively energized for 30 seconds and de-energized for 30 seconds
until failure. Thus, each cycle lasts 60 seconds long. An igniter’s “on time” is the total
amount of time the igniter is energized in order to ignite over its cycle life. In many
cooktop applications, the igniter on time is 20,000 seconds. However, in certain
examples, hot surface igniters herein which comprise a conductive ink that includes
silicon nitride and tungsten carbide--but less than 0.00 percent by weight of ytterbium
oxide--achieve an igniter on time of at least 2.7 million seconds, preferably 3.0 million
seconds, and more preferably, 3.6 million seconds. Thus, the substantial or complete
elimination of ytterbium oxide is believed to yield an improvement in igniter on time of
two orders of magnitude. In the same or other examples, the amount of silicon nitride in
the conductive ink is from about 25 percent to about 40 percent, preferably from about 28
percent to about 37 percent, and more preferably from about 30 to about 33 percent by
weight of the ink. In the same or other examples, the amount of tungsten carbide present
in the conductive ink by weight of the conductive ink is preferably from about 60 percent
to about 80 percent by weight, more preferably from about 65 percent to about 75 percent

by weight, and still more preferably from about 67 percent to about 70 percent by weight.
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[0042] In certain examples of cooktop applications, when subjected to a potential
difference of 120V AC, the hot surface igniters described herein reach a surface
temperature of at least 1400°F, preferably no less than 1800°F, more preferably no less
than 2100°F, and even more preferably no less than 2130°F in no more than four seconds
after the potential difference is applied. These temperatures are preferably reached in no
more than three seconds, more preferably reached in no more than two seconds, and still
more preferably, reached in no more than one second.

[0043] In the same or additional examples, the surface temperature of the hot surface
igniters herein does not exceed 2600°F, preferably does not exceed 2550°F, more
preferably does not exceed 2500°F, and still more preferably 2450°F at any time after the
full wave 120V AC potential difference is applied, including after a steady-state
temperature is reached.

[0044] In the same or other examples of hot surface igniters in accordance with the
present disclosure, when subjected to a potential difference of 102V AC, the hot surface
igniters described herein reach a surface temperature of at least 1400°F, preferably at
least 1800°F, and still more preferably at least 2100°F in no more than five seconds after
the 102V AC potential difference is first applied. These temperatures are preferably
reached in no more than four seconds, and more preferably reached in no more than three
seconds.

[0045] In the same or additional examples, the thickness of the igniter body is not
more than about 0.040 inches, preferably not more than about 0.035 inches, and still more
preferably not more than about 0.030 inches. In the same or other examples, the
thickness of the igniter body is at least about 0.02 inches, preferably at least about 0.024
inches, and more preferably at least about 0.026 inches.

[0046] In the same or additional examples, the thickness of the conductive ink circuit
of the hot surface igniter (taken along the thickness axis) is not more than about 0.002
inches, preferably not more than about 0.0015 inches, and more preferably, not more than
about 0.0009 inches. In the same or additional examples, the thickness of the conductive
ink circuit (taken along the thickness axis) is not less than about 0.00035 inches,
preferably not less than about 0.0003 inches, and more preferably, no less than about

0.0004 inches.
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[0047] In the same or other examples, the conductive ink comprises silicon nitride
and tungsten carbide. In preferred examples, the conductive ink comprises no more than
0.00 percent ytterbium oxide (Yb203) by weight of the conductive ink. In the same or
other preferred examples, the conductive ink comprises no more than 0.00 percent rare
earth oxides.

[0048] The hot surface igniters of the present disclosure also preferably have a green
body density of at least 50 percent of theoretical density, more preferably, at least 55
percent, and still more preferably at least 60 percent of theoretical density.

[0049] Referring to FIG. 1, a cooktop system 100 comprising a plurality of burners
110 is depicted. Controller 104 is operationally coupled to user controls, for example,
knobs corresponding to each burner 110 which is depressible and rotatable. Controller
104 is operatively coupled to actuators 108 which are independently and selectively
operable to open and shut gas valves 102 to each of three burners 110. Cooking gas
supply source 106 supplies cooking gas to each burner 110 at a source pressure (indicated
with a “P” in a circle) and total mass flow rate that is based on the positions of the user
knobs (not shown). Downstream of the pressure indicator shown in FIG. 1, a pressure
regulator is preferably provided to provide high pressure protection to the burners 110.
In the case of an excessive supply pressure, the regulator provides additional pressure
drop to avoid over pressuring the burners 110. The pressure regulator is preferably set
based on the type of cooking gas used, and in certain cases, burner design standards exist
which are based on specified regulator pressures, as illustrated in Table 3 below.

[0050] Each burner 110 includes a respective hot surface igniter 112. Although not
depicted in FIG. 1, in preferred examples described below, each hot surface igniter is
located in a recess in the burner crown to protect the igniter from user damage and to aid
in pooling combustion gas to create a combustible mixture for ignition.

[0051] Each hot surface igniter 112 is selectively energizable to heat its respective
outer surface to a temperature above the auto-ignition temperature of the cooking gas and
cause ignition when the percentage of oxygen and cooking gas proximate the igniter 112
is between the lower explosive limit (LEL) and upper explosive limit (UEL). Controller
104 is operable to selectively energize each igniter 112 based on the position of the knob

corresponding to that igniter 112 and its burner 110. The knobs are preferably
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manipulable in at least two dimensions to both adjust a state of energization of the
respective igniter 112 and a flow rate of cooking gas to the respective burner 110. In one
example, each knob can depressed along a central axis and rotated about the central axis
to define three energization states for the knob’s respective igniter 112 and a variety of
gas flow rates to the corresponding burner 110. In one example, during ignition or
cooking, the rotation of the knob opens and closes its respective cooking gas valve 102.
Controller 104 may include or be operatively connected to igniter energization circuits
such as those shown in FIGS. SA-5C (discussed below) to adjust the position of switches
that dictate the igniter 112 energization state, as explained further below. In certain
examples, a control valve downstream of cooking gas supply 106 but before the pressure
indicator may be used to shut of the gas flow to all three burners 110 if a current sensor
or flame detector indicates that one or more of the igniters 112 has failed to ignite. One
of the benefits of using hot surface igniters as compared to spark igniters is the lack of the
audible “click” generated during spark ignition. However, some users may be
accustomed to the clicking sound. Thus, in certain examples, controller 104 may be
operatively connected to a sound generator and may cause the generator to emit an
audible indication that the igniter 112 has been energized.

[0052] Referring to FIGS. 2A-2C, a close-up view of one of the burners 110 from
FIG. 1 is shown. FIG. 2A is a view of burner 110 from the side of the burner on which
the hot surface igniter 112 is located. The gas line 124 downstream of the burner valve
102 is also shown.

[0053] As shown more specifically in FIG. 2G, burner 110 includes a crown 113
which is a disk shaped, rigid structure having a flange 114 extending along the burner’s
central axis. The flange 114 comprises an outer surface 115a and an inner surface 115b
(not visible). A plurality of flutes 117 are arranged around the perimeter of the flange
114. The flutes are orifices extending from the inner surface 115b of the flange radially
to the outer surface 115a. Central opening 131 receives cooking gas from a source of
cooking gas, and burner lid 122 directs the gas through flutes 117. Axially downward-
extending flange 122 is provided and includes an opening (not shown) that is in fluid
communication with central opening 131. As shown in FIGS. 2B, gas from supply line

124 enters gas inlet port 135 and exits gas orifice 116. A connecting tube (not shown)
10
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connects orifice 116 with orifice holder central opening 138, which in turn allows
cooking gas to flow into the burner crown 113 via central opening 131.

[0054] Orifice holder 120 connects burner crown 113 to a source of cooking gas and
holds the crown in place within the cooktop. Orifice holder 120 includes an igniter
holder 132, a gas inlet port 135, and an axially-upward extending flange 137 that defines
a central opening 138. The axially-downward extending flange 122 of burner crown 113
cooperatively engages the axially-upward extending flange 122 of burner crown 113 so
that the central opening 131 of the burner crown is co-axial with and in fluid
communication with the orifice holder central opening 138. Cooking gas supply line 124
(FIG. 2B) connects to the orifice holder gas inlet port 135.

[0055] Referring to FIGS. 2C and 2D, a ceramic insulator 118 houses a portion of the
length of hot surface igniter 112, such that a distal section of igniter 112 projects away
from insulator 118 along the length axis of the insulator 118. Insulator 118 is generally
cylindrical and is open at the top with a collar 119 circumscribing the top opening 133.
In the example of FIGS. 2C and 2E, the distal section of igniter 112 simply projects away
from collar 119 along the insulator’s length axis without any further structure or
enclosure. Orifice holder 120 includes an igniter holder 132 which has an insulator bore
149 into which ceramic insulator 118 is inserted. The entirety of the hot surface igniter’s
resistive heat circuit and heating zone (described below) preferably projects away from
the insulator 118. In FIGS. 2C and 2E, the positioning of the insulator 118 and igniter
112 within crown recess 126 protects the igniter 112 from damage by users during
cleaning or other activities. Insulator 118 may also include flats 121 (a corresponding
flat on the other side of the insulator 118 is not shown) which engage a retaining clip in
the igniter holder 132.

[0056] In some cases, it may be desirable to further enclose and protect the distal
portion of igniter 112 that projects axially away from the insulator 118. As shown in
FIG. 2F, a protective enclosure 123 is provided and is attached to the distal end of
insulator 118 at collar 119. Protective enclosure 123 may be formed integrally with
insulator 118 or may be formed separately and attached to insulator 118. Protective
enclosure 123 preferably extends beyond the distal most end of igniter 112 and includes

open areas 129a and 129b around the distal end of the igniter 112 which allow cooking
11
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gas to pass through to the surface of igniter 112. The protective enclosure of FIG. 2F
comprises two partially cylindrical posts 127a and 127b which are in facing opposition to
one another and which define openings 129a and 129b which are also in facing
opposition to one another. When insulator 118 is installed in orifice holder 132, one of
the openings 129a, 129b is preferably positioned so that igniter port 130 has a direct line
of sight to a surface of igniter 112. In certain examples, one surface of igniter 112
(preferably a major surface) faces igniter port 130 so that a line perpendicular to the
igniter 112 surface intersects igniter port 130 without being blocked by an portion of the
insulator 118 or protective enclosure 123. The protective enclosure 123 is also preferably
an insulating material such as a ceramic. A variety of insulator and protective enclosure
structures suitable for use with burners 110 are shown in FIGS. 1A-7E of US Provisional
Patent Application No. 62/648,574, which is incorporated by reference herein. In
addition to protecting igniter 112 from damage, both crown recess 126 and protective
enclosure 123 have the effect of “pooling” combustion gas to allow the area proximate
the surface of the distal portion of igniter 112 which helps in more quickly creating a
combustible mixture of air and gas (i.e., a mixture having a composition that falls
between the lower and upper explosive limits) proximate the surface of igniter 112.
Thus, both collar 119 and protective enclosure 123 achieve the unexpected benefit of
facilitating and/or expediting combustion.

[0057] The portion of the cooking gas supply line 124 shown in FIG. 2A is
downstream of cooking gas valve 102 in FIG. 1. Cooking gas flows through supply line
124, into gas orifice holder 120 and out of gas orifice 116. The burner 110 of FIGS. 2A-
2G is a “bottom breather” in that it draws ambient air in from the bottom of the crown
113. As mentioned previously, a connecting tube (not shown) connects the gas orifice
116 to the interior of the crown 113 via axially-downward extending flange 119 (FIG.
2@G). The connecting tube is narrow in the middle and wide at the ends. Air holes are
present in the connecting tube downstream of the narrow section, and as the pressure
drops due to the flow of gas through the narrowed section, the internal pressure drop
sucks in atmospheric air to provide the required air/gas mixture for combustion. In
addition to bottom breathing burners 110, top breathing burners may be used. In a top

breathing burner, ambient air does not enter the bottom of the crown with the cooking
12
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gas. Instead, the combustible air gas mixture is formed immediately outside of the flutes
117. In both top and bottom breathing burners, combustion occurs immediately outside
the flutes 117.

[0058] Hot surface igniter 112 projects into an igniter recess 126 within crown 113.
Leads (not shown) electrically connect the igniter 112 to an igniter circuit operatively
connected to controller 104. Igniter gas port 130 (FIG. 2G) places the igniter 112 in fluid
communication with the interior of the crown 113 so that cooking gas from supply line
124 can be provided to igniter 112. When igniter 112 is energized to an ignition voltage,
its outer surface reaches a temperature greater than the auto-ignition temperature of the
cooking gas. When a combustible mixture of air and cooking gas reaches the hot surface
igniter 112 while the igniter surface is at or above the auto-ignition temperature, the
cooking gas will ignite, causing the cooking gas outside of the igniter flutes 117 to ignite

and to remain ignited. The auto-ignition temperatures of various cooking gases are as

follows:
Table I
Cooking Gas Auto-ignition Temp (°C) Auto-ignition Temp (°F)
Methane (natural gas) 580 1076
n-Butane 405 761
Propane 480 842

[0059] In order for ignition to occur, the mixture of air and cooking gas proximate
hot surface igniter 112 must be between the lower explosive limit/lower flammable limit
(LEL/LFL) and upper explosive limit/upper flammable limit (UEL/UFL) for the cooking
gas. Provided in Table 2 are the LEL and UEL values as percent by volume of air:

Cooking Gas LEL/LFL (% by vol of air) | UEL/UFL (% by vol of air)
n-Butane 1.86 8.41
iso-Butane 1.80 8.44
Methane (natural gas) 44 16.4
Propane 2.1 10.1

13




WO 2019/191272 PCT/US2019/024344

[0060] As mentioned previously, in certain cases, it may be desirable to provide a
burner system in which the burner gas flow during ignition or re-ignition is not the
highest gas flow setting, which is often the case, but rather, a lower gas flow setting such
as “simmer.” Known cooktops ignite at a relatively high gas flow rate to ensure that a
combustible mixture of air and cooking gas is present at the spark igniter during ignition.
However, it wastes gas, can create an unanticipated gas ignition plume or can fill a room
with unignited gas, and thus, create an undesirable indoor environment. When cooking
at a low gas flow rate, as the flow rate decreases at the burners 110, the gas valves 102
(FIG. 1) will throttle back and reduce the total gas flow in the crown gas supply lines
124. The gas entering the crowns 113 will have two competing flow paths out of the
crowns 113: out of the crown flutes 117 or out of the igniter recess orifice 130 (FIG. 2G).
Because of their number and area relative to the area of igniter recess orifice 130, flutes
117 will receive more total cooking gas flow than the igniter orifice 130. As the supply
pressure P drops (FIG. 1) upstream of the gas valves 102, eventually the flow rate of
cooking gas to the igniter 112 will be insufficient to reach the LEL/LFL. Moreover,
ANSI Z211.1-2016 requires satisfying the four second ignition requirement described
previously at three cooking gas supply pressures: reduced, normally, and increased.
However, if the burner flow rate is to be maintained at a low level (such as in a simmer
mode), the gas valves 102 must be throttled, which increases their respective pressure
drops and ultimately may provide insufficient pressure to supply the igniter 112 with
enough cooking gas to keep the region proximate the igniter above the LEL/LFL. Table
3 lists the cooking gas supply pressures P from ANSI Z211.1-2016 at which the four

second ignition requirement must be satisfied for a variety of cooking gases.

Table 3
Cooking Gas Reduced Pressure | Normal Pressure Increased Pressure
(in. H2O/kPa) (in. H2O/kPa) (in. H2O/kPa)
Methane (Natural 3.5(0.87) 7.0 (1.74) 10.5(2.61)
Gas)
n-Butane 8.0 (1.99) 11.0 (2.74) 13.0 (3.23)
Propane HD-5 8.0(1.99) 11.0(2.74) 13.0(3.23)

14




WO 2019/191272 PCT/US2019/024344

Butane 1400 3.5(0.87) 7.0(1.74) 10.5(2.61)
(Butane/Air)

[0061] In accordance with certain embodiments, the number and opening area of
burner flutes 117 and the area of igniter orifice 130 for each burner 110 are sized such
that when the supply pressure P (FIG. 1) is at 8.0 inches of water, and methane or butane
1400 is used as the cooking gas, the total gas flow rate to each burner 110 through each
supply line 124 is no more than 1.8 L/min, preferably not more than 1.0 L/min, and even
more preferably no more than 0.2 L/min. At the same time, the gas flow rate to the
corresponding igniter 112 (through igniter orifice 130) is at least 9.9 x 107 L/min,
preferably at least 0.05 L/min, and more preferably at least 0.09 L/min to reliably ensure
ignition by hot surface igniters 112. In the same or other embodiments, the number and
opening area of burner flutes 117 and the area of igniter orifice 130 for each burner 110
are sized such that when the supply pressure P (FIG. 1) is at 8.0 inches of water, and n-
Butane or Propane HD-5 is used as the cooking gas, the total gas flow rate to each burner
110 through each supply line 124 is no more than 2.7 L/min, preferably no more than 1.5
L/min, and even more preferably no more than 0.32 L/min. At the same time, the gas
flow rate to the corresponding igniter 112 (through igniter orifice 130) is at least 0.016
L/min, preferably at least 0.08 L/min, and more preferably at least 0.14 L/min to reliably
ensure ignition by hot surface igniters 112. In preferred examples of burner systems
herein, at the foregoing conditions a combustible mixture (i.e., one between the upper and
lower explosive limits) is provided at the igniter 112, and igniter 112 can ignite the
mixture of air and cooking gas in no more than four seconds.

[0062] In certain examples, a flame sensor is provided which detects when the
cooking gas within the crown 113 has ignited, and the flame sensor provides a signal to
controller 104 indicating the presence or absence of a flame. In one example, if a flame
is sensed, controller 104 sends a signal to the igniter’s igniter circuit, and the hot surface
igniter 112 is de-energized. In another example, if the igniter remains energized for more
than a desired period without a flame being sensed, controller 104 sends a signal to the
actuator 108 to shut gas valve 102, and the gas flow to the burner 110 is discontinued. In

a further example, if a flame is sensed, the power supplied to the igniter 112 is reduced to
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lower the surface temperature of the igniter relative to its surface temperature during
ignition while still maintaining it above the auto-ignition temperature of the cooking gas.
Discussed below with respect to FIGS. SA-5C are igniter circuits which keep the igniter
112 energized following ignition at a power level that is less than the ignition power level
yet sufficient to maintain the igniter surface at a temperature above the auto-ignition
temperature for the particular cooking gas.

[0063] In another example, flame sensors are not used. Instead, the user control (e.g.,
a knob) is manipulable to indicate that ignition is desired (e.g., pushed inward along the
knob’s central axis), and when the manipulation is discontinued (e.g., the knob is
released), the hot surface igniter is de-energized or energized at a power level lower than
the initial ignition power level. “Initial” ignition occurs when ignition is initiated after
the cooking gas valve 102 is shut, and in certain embodiments, initial ignition occurs at a
higher power level than “re-ignition” which occurs when there is a flame out causing an
interruption in the supply of cooking gas to the igniter despite the cooking gas valve 102
being open.

[0064] Referring to FIGS. 3A-H examples of hot surface igniter 112 are depicted. As
shown in FIGS. 3A and 3C, hot surface igniter 112 comprises a ceramic body 139 having
a proximal end 144 and a distal end 146 spaced apart along an igniter length axis /.
Ceramic body 139 also has a width axis w and a thickness axis . The length / axis
corresponds to the longest dimension of the ceramic body 139. The width w axis
corresponds to the second longest dimension of ceramic body 139, and the thickness 7
axis corresponds to the third longest (or shortest) dimension of ceramic body 139. Igniter
112 length is at least 1.7 inches, preferably at least 1.8 inches, and more preferably at
least 1.9 inches. At the same time, igniter 112 length is no more than 2.2 inches,
preferably no more than 2.1 inches, and still more preferably no more than 2.0 inches.
Igniter 112 width along the width axis is from 0.160 to 0.210 inches, preferably from
0.170 to 0.200 inches, and more preferably from 0.180 to 0.190 inches.

[0065] Ceramic body 139 comprises two ceramic tiles 140 and 142 with an
embedded conductive ink circuit 147 of the type described previously. The ceramic tiles
140, 142 preferably comprise silicon nitride, and more preferably comprise silicon

nitride, ytterbium oxide, and molybdenum disilicide. The igniter 112 also includes
16



WO 2019/191272 PCT/US2019/024344

connectors 148a and 148b which project away from distal end 146 in the proximal
direction along the igniter length axis /. External leads 134 and 136 (not shown) are
attached to ceramic body 139 and are connected to the connectors 148a and 148b,
respectively.

[0066] In certain examples of cooktop burner systems, in order to meet the igniter’s
time to temperature requirement, the igniter body 139 must be thinner than many
conventional igniters along the thickness axis 7. Igniter 112 preferably has a thickness
along the thickness axis 7 of less than 0.04 inches, preferably less than 0.035 inches, and
more preferably less than 0.030 inches. In the same or other examples, the thickness of
the igniter body along the thickness axis 7 is at least about 0.02 inches, preferably at least
about 0.024 inches, and more preferably at least about 0.026 inches.

[0067] In the same or additional examples, the thickness of the conductive ink circuit
147 of the hot surface igniter 112 along the thickness axis 7 is not more than about 0.002
inches, preferably not more than about 0.0015 inches, and more preferably, not more than
about 0.0009 inches. In the same or additional examples, the thickness of the conductive
ink circuit 147 along the thickness axis 7 is not less than about 0.0006 inches, preferably
not less than about 0.0005 inches, and more preferably, no less than about 0.0004 inches.
[0068] Hot surface igniter 112 has the required structural integrity to survive the
burner environment while having the foregoing thickness. A useful test of structural
integrity is the flexural strength. Flexural strength is the stress at fracture during a
bending test. It is also called bend strength or modulus of rupture. It represents the
maximum tensile stress that can be applied to deform or fracture an element. Ceramic
materials are generally weak in tension, so tensile stress is one of the major indicators for
mechanical strength. The higher the flexural strength, the more “difficult” to bend or
break the material. Hot surface igniter 112 has a flexural strength of at least 400 MPa,
preferably at least 425 MPa, and more preferably at least 450 MPa when tested in
accordance with ASTM C-1161. At the same time, the igniter 112 has a flexural strength
of no more than 600 MPa, preferably no more than 575 MPa, and still more preferably no
more than 550 MPa when tested in accordance with ASTM C-1161. Without wishing to
be bound by any theory, it is believed that forming the green igniter tiles with a green

body density of at least about 45 percent of theoretical density, preferably at least about
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55 percent of theoretical density, and more preferably of at least about 60 percent of
theoretical density allows the igniter 112 to have the foregoing combination of flexural
strength and thinness, the latter of which facilitates significant improvements in time to
temperature values.
[0069] Post-sintering, the tiles 140 and 142 (not including conductive ink circuit 147)
have a room temperature resistivity that is no less than 10'?> Q-cm, preferably no less than
10 Q-cm, and more preferably, no less than 10** Q-cm. In the same or other examples,
the tiles 140 and 142 have a thermal shock value in accordance with ASTM C-1525 of no
less than 900°F, preferably no less than 950°F, and more preferably, no less than 1000°F.
[0070] The conductive ink comprising conductive ink circuit 147 has a (post-
sintering) room temperature resistivity of from about 3.0 x 10* Q-cm to 1.2 x 107 Q-cm,
preferably from about 3.5x10” Q-cm to about 1.0 x 107 Q-cm, and more preferably from
about 4.3x10™* Q-cm to about 8.7x10* Q-cm. In the case of a material with a constant
cross-sectional area along its length, resistivity p at a given temperature 7'is related to
resistance R at the same temperature 7 in accordance with the well-known formula:
(1) R(T)=p(T) (I/A), where

p= resistivity of conductive circuit material (Q-cm) at temperature 7;

R = Resistance in ohms (Q) at temperature 7,

7= Temperature (°F or °C);

A= cross-sectional area (cm?) of conductive ink circuit perpendicular to

the direction of current flow; and

/= total length (cm) of the conductive ink circuit along the direction of

current flow.

[0071] In the case of a cross-sectional area that varies along the length of the

conductive circuit, the resistance may be represented as:

@ R=p(T)Jy 5

where, L= total length of circuit along direction of current flow, and the
remaining variables are as defined for equation (1).
[0072] Conductive ink circuit 147 is preferably printed onto the face of one of

ceramic tiles 140, 142 to yield a (post-sintering) room temperature resistance (RTR) of
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from about 50Q to about 150Q, preferably from about 60Q to about 120Q, and more
preferably from about 70Q to about 110Q. The conductive ink comprising conductive
ink circuit 147 preferably comprises silicon nitride, and more preferably comprises
silicon nitride and tungsten carbide. In the same or other examples, the conductive ink
preferably comprises no more than 0.00 percent by weight ytterbium oxide (Yb203) and
more preferably comprises no more than about 0.00 percent by weight of rare earth
oxides. Inthe same or other examples, the amount of silicon nitride in the conductive ink
is from about 25 percent to about 40 percent, preferably from about 28 percent to about
37 percent, and more preferably from about 30 to about 33 percent. In the same or other
examples, the amount of tungsten carbide present in the conductive ink by weight of the
conductive ink is preferably from about 60 percent to about 80 percent by weight, more
preferably from about 65 percent to about 75 percent by weight, and still more preferably
from about 67 percent to about 70 percent by weight. The igniter 112 of FIGS. 3A, 3C,
and 3D has a cycle of at least about 90,000 cycles, preferably at least about 100,000
cycles, and more preferably at least about 120,000 cycles at 120 V AC. The igniter 112 of
FIGS. 3A, 3C, and 3D also has an on time of at least 2.7 million seconds, preferably 3.0
million seconds, and more preferably 3.6 million seconds. As mentioned previously,
without wishing to be bound by any theory, it is believed that the elimination of
ytterbium oxide and other rare earth oxides is believed to result in significant
improvements in cycle life and igniter on time.

[0073] When subjected to a potential difference of 120V AC, the outer surface 141 of
hot surface igniter 112 reaches a surface temperature of at least 1400°F, preferably no
less than 1800°F, more preferably no less than 2100°F, and even more preferably no less
than 2130°F in no more than four seconds after the potential difference is applied. Each
of these temperatures is preferably reached in no more than three seconds, more
preferably reached in no more than two seconds, and still more preferably, reached in no
more than one second after the potential difference is first applied.

[0074] In the same or additional examples, when subjected to a potential difference
of 120V AC, the temperature of the outer surface 141 of hot surface igniter 112 does not

exceed 2600°F, preferably does not exceed 2550°F, more preferably does not exceed
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2500°F, and still more preferably does not exceed 2450°F at any time after the 120V AC
potential difference is applied, including after a steady-state temperature is reached.
[0075] In the same or other examples of hot surface igniters in accordance with the
present disclosure, when subjected to a potential difference of 102V AC, the hot surface
igniters described herein reach a surface 141 temperature of at least 1400°F, preferably at
least 1800°F, and still more preferably at least 2100°F no less than 2050°F, preferably no
less than 2080°F, and more preferably no less than 2130°F in no more than five seconds
after the 102V AC potential difference is applied. Each of these temperatures is
preferably reached in no more than four seconds, and more preferably reached in no more
than three seconds.

[0076] For convenience, the hot surface igniter 112 of FIGS. 3A, and 3C-D will be
referred to as a “thin nitride, long” or “TNL” igniter.

[0077] Referring to FIGS. 3A and 3B two alternate sintered hot surface igniter
profiles are provided. In the symmetrical example of FIG. 3A, two ceramic tiles 140 and
142 are of equal thickness, and a conductive ink circuit is screen printed on one of the
two facing surfaces of the tiles 140 and 142.

[0078] In the asymmetric example of FIG. 3B, ceramic tiles 143 and 145 are of
different thicknesses. The thicker tile 145 provides greater structural integrity to the
igniter 112. The thinner tile 143 provides a shorter path for heat conduction for the
exposed major facet of ceramic body 139 and provides the “hot” surface that would
preferably face the gas port 130 when the igniter is installed in a burner. In both cases
(FIGS. 3A and 3B) the ceramic bodies preferably comprise silicon nitride and a rare earth
oxide sintering aid, wherein the rare earth element is one or more of ytterbium, yttrium,
scandium, and lanthanum. The sintering aids may be provided as co-dopants selected
from the foregoing rare earth oxides and one or more of silica, alumina, and magnesia. A
sintering aid protective agent is also preferably included which also enhances
densification. A preferred sintering aid protective agent is molybdenum disilicide. The
rare earth oxide sintering aid (with or without the co-dopant) is preferably present in an
amount ranging from about 2 to about 15 percent by weight of the ceramic body, more
preferably from about 8 to about 14 percent by weight, and still more preferably from

about 12 to about 14 percent by weight. Molybdenum disilicide is preferably present in
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an amount ranging from about 3 to about 7 percent, more preferably from about 4 to
about 7 percent, and still more preferably from about 5.5 to about 6.5 percent by weight
of the ceramic body. The balance is silicon nitride.

[0079] In the case of the asymmetric example of FIG. 3B, the thinner tile 143
preferably has a thickness of no more than about 0.01 inches, more preferably no more
than about 0.012 inches, and still more preferably no more than about 0.015 inches. In
the same or additional examples, the thickness of the thicker tile 146 is preferably no
more than about 0.04 inches, more preferably no more than about 0.02 inches, and still
more preferably no more than about 0.018 inches.

[0080] Referring to FIG. 3C an example of a printed ink circuit 147 for use with the
hot surface igniters described herein is depicted. The ink is preferably applied by screen
printing to a major facet of one of the ceramic tiles 140, 142 before sintering. The
conductive ink circuit comprises connectors 148a and 148b which are connected to
external leads. Leads 152a and 152b are connected to the connectors 148a and 148b,
respectively. The leads 152a and 152b are in turn connected to the resistive heating
circuit 153 which comprises a conductive ink pattern configured to yield resistive heating
when a potential difference is applied across connectors 148a and 148db. The resistive
heating circuit is defined as beginning in where the proximal most end of legs 158a and
158b reach a substantially constant width along the width axis, just distal of the concave
transitions 150a and 150b along the igniter length axis.

[0081] The resistive heating circuit 153 is shown in more detail in FIG. 3D. As
shown in the figure, the resistive heating circuit comprises legs 158a, 158b, 162a and
162b which each have lengths along the igniter length axis / and widths along the igniter
width axis w. The legs 158a, 158b, 162a and 162b are spaced apart along the igniter
width axis w. The entire resistive heating circuit 153 preferably has a substantially
constant thickness along the igniter thickness axis 7.

[0082] The legs are connected by connections (or “connectors”) 160a, 160b, and 156.
At the connections 160a, 160b, and 156 the ink pattern changes direction from running
parallel to the igniter length axis / to running parallel to the igniter width axis w. In
certain cooktop applications, it has been found that utilizing a conductive ink width in the

connections 160a, 160b, and 156 that is wider (along the length axis /) than the width of
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the conductive ink pattern in the legs 158a, 158b, 162a and 162b (along the width axis w)
beneficially reduces the resistance in the connections 160a, 160b, and 156 and lowers the
temperature in legs 162a and 162b, which in turn reduces the propensity for thermal
degradation of the resistive heating circuit 153. In preferred examples, the connections
160a, 160b, and 156 include ink widths along the igniter length axis / that are double the
width in the legs 158a, 1548b, 162a and 162b along the igniter width axis w.

[0083] Compared to many conventional conductive ink patterns, the leads 152a and
152b make a more abrupt transition to the resistive heating circuit 153. Referring to FIG.
3C, transition regions 154a and 154b are regions of diminishing ink width along the
igniter width w axis when transitioning from leads 152a and 152b to legs 158a and 158b.
In the example of FIG. 3C, the width of the igniter leads 152a and 152b along the igniter
length width w varies along not more than 10 percent of the length of the leads 152a and
152b along the length axis /, starting with the end of terminal transition sections 150a and
150b, which are concave regions.

[0084] In addition to the ink width increase in the connections 160a, 160b, and 156,
the connections preferably include corners 161a and 161b that are substantially right
angles. In many conventional ink patterns, the ink pattern is rounded when transitioning
from the legs 158a and 158b to their respective connections 160a and 160b. However, in
certain preferred examples, and as illustrated in FIG. 3D, the transition is sharp and
defined by right angles in the outer contour of the ink pattern at corners 161a and 161b.
[0085] Referring to FIG. 3D, the “heating zone” of conductive ink circuit 147, which
is the area where the most heat is generated when a potential difference is applied across
conductive ink circuit 147. The heating zone has a length along the igniter length axis /
that is represented as /». The heating zone length /x: is defined as the distance from the
proximal edge 159 of third or middle connector 156 to the distal edges 165a and 165b of
first connector 160a and second connector 160b. In the example of FIGS. 3C and D, the
distal edges 165a and 165b of connectors 160a and 160b are substantially straight, and
preferably, are straight. The proximal edges 167a and 167b of first and second
connectors 160a and 160b are preferably curved and are more preferably concave relative
to their corresponding distal edges 165a and 165b. In FIG. 3D, the distal edge 157 of

third connector 156 is preferably straight, and the proximal edge 159 of third connector
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156 is preferably curved, and is more preferably convex relative to distal edge 157 and
legs 162a and 162b. As a percentage of the overall conductive ink circuit 147 length, the
heating zone length /i is from 10 to 40 percent, preferably from 15 to 35 percent, and
more preferably from 19 to 31 percent.

[0086] As mentioned earlier, FIGS. 3A, 3C, and 3D are referred to as a “TNL”
embodiment, and in particular, a “TNL Flat Top” embodiment, with “flat top” referring
to the straight distal-most edges 165a and 165b across the width of the igniter’s
conductive ink circuit 147. In the TNL embodiment, the igniter length along the length
axis is generally from about 1.7 inches to about 2.3 inches, preferably from about 1.8
inches to about 2.2 inches, and more preferably from about 1.90 inches to about 2.0
inches. The overall length of conductive ink circuit 147 along the length axis / is
preferably from about 1.6 inches to about 1.11 inches, preferably from about 1.7 inches to
about 1.10 inches, and more preferably, from about 1.8 inches to about 1.9 inches. The
resistive heating circuit 153 length along the length axis / is preferably from about 0.40
inches to about 0.44 inches, preferably from about 0.41 inches to about 0.43 inches, and
more preferably from about 0.415 inches to about 0.425 inches.

[0087] The heating zone length /n, 1s preferably from about 0.15 inches to about 0.5
inches, preferably form about 0.17 inches to about 0.45 inches, and more preferably from
about 0.19 inches to about 0.4 inches. The widths of legs 158a, 158b, 162a, and 162b
along the width axis w are from about 0.008 inches to about 0.012 inches, preferably
from about 0.009 inches to about 0.011 inches, and more preferably from about 0.0095
inches to about .00105 inches. The interleg spacing between legs 158a and 162a, as well
as between legs 158b and 162b and legs 162a and 162b is from about 0.023 inches to
about 0.027 inches, preferably from about 0.024 inches to about 0.026 inches, and more
preferably from about 0.0245 inches to about 0.0255 inches.

[0088] FIGS. 3E and 3F depict a “TNL Round Top” embodiment of a conductive ink
circuit for the igniters 112 described herein. In one preferred example, the TNL round
top conductive ink circuit is sandwiched between the same ceramic tiles described abovce
for the TNL flat top igniter. The igniter 112 length along the length axis and the
conductive circuit 147 length along the length axis are the same as for the TNL Flat Top

embodiment of FIGS. 3C and 3D. “Round top” refers to the fact that the distal-most
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edges 365a and 365b of conductive ink circuit 347 are curved along the igniter width axis
w. In particular, the distal-most edges 365a and 365b are convex relative to legs 358a,
358b, 362a, and 362b. Distal-most edges 365a and 365b preferably have a constant
radius of curvature. The parts in FIGS. 3E and 3F correspond to those in FIGS. 3A and
3C except that the number in the hundreds position is a “3” instead of a “1.” For
example, leg 358a corresponds to leg 158a of FIG. 3C.

[0089] Proximal end connectors 348a and 348b are connectable to external leads used
to power the conductive ink circuit 347. Concave transitions 350a and 350b connect
respective connectors 348a and 348b to a respective one of leads 352a and 352b. Sloped
transition regions 354a and 354b connect a respective lead 352a and 352b to a respective
one of the resistive heating circuit legs 358a and 358b which are spaced apart from one
another along the igniter width w axis. The length /i of heating zone is the same as for
the conductive ink pattern 147 of FIG. 3C. Similarly, the widths of legs 358a, 358b, 362a,
362b, and the interleg width axis spacings between adjacent pairs of the legs 358a, 358b,
362a, and 362b are from 0.016 to 0.020 inches, preferably from 0.017 to 0.019 inches,
and more preferably from .0175 inches to 0.0185 inches.

[0090] Unlike FIGS. 3C and 3D, the distal-most edges 365a and 365b of connectors
360a and 360b are curved along the igniter width axis w. Preferably, the distal-most
edges have a substantially constant radius of curvature defined by the spacing between
the outermost (along the width axis) edges of legs 358a and 358b. In certain examples,
the radius of curvature of distal-most edges 365a and 365b is from about 0.017 inches to
about 0.021 inches, preferably from about 0.018 inches to about 0.020 inches, and more
preferably from about 0.0185 inches to about 0.0195 inches. The proximal edges 367a
and 367b are also curved along the width axis and preferably have a substantially
constant radius of curvature defined by the inter-leg spacing. The radius of curvature of
the proximal edges 367a and 367b is from about 0.007 inches to about 0.011 inches,
preferably from about 0.008 inches to about 0.010 inches, and more preferably from
about 0.0085 inches to about 0.0095 inches. Correspondingly, the radius of curvature of
distal edge 359 of third connector 356 is the same as the radius of curvature of the

proximal edges 367a and 367b, and the radius of curvature of proximal edge 357 of
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connector 356 is the same as the radius of curvature of distal edges 365a and 365b of
connectors 360a and 360b.

[0091] Preferred igniters using the TNL round top conductive ink circuit of FIGS.
3E-3F achieve the same thermal characteristics as those of FIGS. 3A, and 3C-3D. Thus,
when subjected to a potential difference of 120V AC, the outer surface reaches a surface
temperature of at least 1400°F, preferably no less than 1800°F, more preferably no less
than 2100°F, and even more preferably no less than 2130°F in no more than four seconds
after the potential difference is applied. Each of these temperatures is preferably reached
in no more than three seconds, more preferably reached in no more than two seconds, and
still more preferably, reached in no more than one second after the potential difference is
first applied.

[0092] In the same or additional examples, when subjected to a potential difference
of 120V AC, igniters using the TNL round top conductive ink circuit 347 of FIGS. 3E-3F
reach an outer surface temperature that does not exceed 2600°F, preferably does not
exceed 2550°F, more preferably does not exceed 2500°F, and still more preferably does
not exceed 2450°F at any time after the 120V AC potential difference is applied,
including after a steady-state temperature is reached.

[0093] In the same or other examples of hot surface igniters in accordance with the
present disclosure, when subjected to a potential difference of 102V AC, the hot surface
igniters using the TNL round top conductive ink circuit of FIGS. 3E-F reach a surface
temperature of at least 1400°F, preferably at least 1800°F, and still more preferably at
least 2100°F no less than 2050°F, preferably no less than 2080°F, and more preferably no
less than 2130°F in no more than five seconds after the 102V AC potential difference is
applied. Each of these temperatures is preferably reached in no more than four seconds,
and more preferably reached in no more than three seconds.

[0094] In accordance with certain examples, a “thin nitride, short” or “TNS” igniter is
also provided. The ceramic tile and conductive ink compositions are the same as those
described for the TNL igniters. However, the igniter length along the length axis is from
about 1.0 to about 1.5 inches, preferably from about 1.1 inches to about 1.4 inches, and
more preferably from about 1.15 to about 1.35 inches. The ignite width along the width

axis is from 0.16 to 0.21 inches, preferably from 0.17 to 0.20 inches, and more preferably
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from 0.18 to 0.19 inches. An exemplary conductive ink circuit 447 is shown in FIG. 3G
for a TNS igniter. The components of the conductive ink circuit 447 correspond to those
of conductive ink circuits 147 and 347, described previously, except that the digit in the
hundreds position is “4”. Thus, connectors 448a and 448b are connectable to external
leads and are connected to conductor leads 452a and 452b by respective concave
transitions 450a and 450b. Each lead 452a and 452b is connected to a respective sloped
transition 454a and 454b, which are in turn connected to a respective one of resistive
heating zone legs 458a and 458b. Resistive heating zone 453 comprises four legs 458a,
460a, 458b, and 460b having lengths along the length axis and being spaced apart from
one another along the igniter width axis. Connector 460a connects leg 458a to leg 462a,
and connector 460b connects leg 458b to leg 462b. The conductive ink circuit of FIGS.
3G and 3H is a “round top” circuit like that of FIGS. 3E and 3F. Thus, connectors 460a
and 460b have distal edges 465a and 465b that are curved along the igniter width axis,
and respective proximal edges 467a and 467b that are curved along the igniter width axis.
Similarly, connector 456 that connects legs 462a and 462b has a curved distal edge 457
and a curved proximal edge 459. The dimensions of the resistive heating circuit 453, the
heating zone length /n;, the widths of legs 458a, 458b, 460a, 460b, the radii of curvature
of distal connector edges 465a, 465b, 457, and radii of curvature of proximal connector
edges 467a, 467b, and 459 are preferably the same as for the corresponding parts and
dimensions of conductive ink circuit 347 of FIGS. 3E and 3F. Thus, the TNL round top
and TNS round top embodiments of FIGS. 3E-F and 3G-H will have substantially
identical heating characteristics. However, owing to its shorter length, the TNS round top
igniter embodiment will fit it into a smaller envelope than the TNL round top
embodiment.

[0095] The conductive ink compositions and thicknesses along the igniter thickness
axis 7 of the conductive ink circuits 347 and 447 are preferably the same as for conductive
ink circuit 147. The conductive ink circuits 347 and 447 are preferably sandwiched
between ceramic tiles of the same composition as those of FIGS. 3A, and 3C-3D, and
thus, the resulting igniters preferably have the same flexural strength.

[0096] Referring to FIG. 4, an exemplary method 1002 of making the hot surface

igniters 112 will now be described. In a first powder processing step 1004, ceramic
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powders comprising the compounds used to form the ceramic tiles 140, 142 and distilled
or de-ionized water are weighed out in accordance with their desired weight percentages
and added to a jar mill with alumina grinding media. The jar mill is sealed and, and the
powders are rolled to create a homogenous mixture. The mixture is then screened
through a fine mesh screen to remove any large, hard agglomerate. Binder emulsions are
further added to form the final slurry or slip. The slip is then formed into a green igniter
tape using tape casting. In tape casting, the slip is passed between a doctor blade and a
Mylar® sheet to form a continuous thickened tape. Roll compaction may be used to
further increase the green density of the tape.

[0097] Alternatively, high shear compaction may be used in step 1008, which
eliminates the need for forming a slurry. High shear compaction is a proprietary process
of Ragan Technologies, Inc. of Winchendon, Massachusetts. In high shear compaction
ceramic powders and binder are mixed and dispersed using high shear forces. The
material is maintained at a very high viscosity and subjected to very high shear forces.
The particles cannot settle, preventing non-uniform particle size distribution along the z-
axis (thickness axis). The resulting tapes are isotropic, and the process provides a fine
degree of thickness control. Tiles are then cut into small squares and laser marked to
facilitate alignment for screen printing and dicing.

[0098] In step 1006 the ink components are mixed with a binder, and in step 1010 the
ink is screen printed onto the tiles and allowed to dry. The screen printed tiles are then
laminated with a blank cover tile (i.e., a ceramic tile 140 or 142 in FIG. 3A without the
screen printed circuit) in preparation for binder burnout. (Step 1012). The tiles 140 and
142 are referred to as “green” (unsintered) tiles at this point.

[0099] In step 1014 the green tiles are burned out in air at a prescribed temperature
based on the organic powder used in the powder preparation process. Approximately 60-
85 % of the binder is removed. The remaining binder is necessary to provide handling
strength.

[0100] Hot pressing is then performed in step 1016. During this step, the tiles are
loaded into a hot press die, which is loaded into a controlled atmosphere furnace. The air
in the furnace is evacuated and replaced with nitrogen to provide an inert environment

free of oxygen. The furnace is typically vacuumed down and back filled with nitrogen
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three times. The furnace is left under vacuum, and power is applied to the furnace. A
continuous vacuum is pulled on the furnace until the temperature reaches 1100°C to aid
in removal of the remaining organics. At this time the furnace is back filled with
nitrogen and pressure is applied to the parts via a hydraulic ram. The pressure is slowly
increased over time until the desired pressure is reached. Pressure is held until the
completion of the sintering soak carried out at 1780°C for 80 minutes. The temperature
is controlled until a prescribed temperature at which point the pressure on the ram is
released and the power to the furnace is removed. When the parts are cooled they are
removed from the furnace and cleaned up in preparation for a dicing operation. Step
1018. During dicing, the individual elements are diced out of tile using a diamond dicing
saw. Laser marks from lamination process are used to define were the dicing saw cuts
should be made.

[0101] Electrical terminals are brazed onto the elements using a Ti-Cu-Ag braze
paste to form the external leads (not shown). The brazed igniter elements are assembled
into ceramic insulator 118 formed from a suitable ceramic such as alumina, steatite, or
cordierite. The elements are connected to the insulator using a ceramic potting cement.
[0102] In accordance with another aspect of the present disclosure, the burner
assemblies herein may be used with an ignition control scheme that avoids prolonged
energization of the igniter 112. In accordance with this aspect, a burner 110 of the type
described previously is provided. The igniter 112 is selectively connected to a source of
power to heat the igniter 112 when desired. A user control (e.g., a cooktop knob) is
provided, and when the user is performing an ignition actuation operation on the user
control, the hot surface igniter 112 is energized, and when the user is not performing the
ignition actuation operation control, the hot surface igniter 112 is de-energized. In
certain examples, the user control is operatively connected to a switch that selectively
places the hot surface igniter 112 in electrical communication with the power source
during the ignition actuation operation. The ignition actuation operation may involve
turning the cooktop knob to a “light” setting or pushing the knob in and holding it. In
certain examples, the user control is operable both to ignite the igniter 112 and to supply

cooking gas to the burner 110.
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[0103] In accordance with another aspect of the present disclosure, the burner
assemblies described herein may be used with a simmer control scheme. In such
examples, the cooking gas supplied to the burner 110 is pulse-width-modulated. For
example, cooking gas may be supplied to the burner for a first time period and then
ceased for another time period in an alternating sequence. In such examples, the igniter
112 is preferably energized during the first time period only.

[0104] Another benefit of a hot surface igniter is that the resistivity of the conductive
ink circuits is temperature dependent. This temperature dependence may be used to
determine whether a flame is present. In the absence of a flame, the temperature of the
igniter will drop to an extent indicated by the resistance of the conductive ink circuit. For
example, a separate conductive ink circuit comprising a resistive heating portion may be
provided on igniter 112 and used to determine if a flame is present by measuring the
resistance and/or a change in the resistance of the circuit. Alternatively, a separate igniter
body may be provided in the same insulator or an adjacent one and used to sense the
presence of a flame. In certain examples, a control system may be provided which shuts
off the flow of cooking gas when no flame is detected.

[0105] In accordance with other examples, igniter 112 operates in a full power mode
during initial ignition and in a reduced power mode during cooking (second mode). The
average of 120 V rms AC power (per cycle) received by the hot surface igniter 112 in the
reduced power or “cooking” (second) mode is preferably no more than 90 percent of the
power received by the igniter 112 during the initial ignition mode, more preferably, no
more than 80 percent of the power received by the igniter 112 during the initial ignition
mode, and still more preferably, no more than 70 percent of the power received by the
ignite 112 during initial ignition mode.

[0106] In certain examples, during an initial ignition operation the igniter 112
receives a full-wave alternating current from an alternating current source during a first
(ignition) mode of operation and a half-wave, rectified alternating current from the
alternating current source during a second (cooking) mode of operation. Preferably, the
igniter 112 has a surface temperature that remains above the auto-ignition temperature of

the cooking gas during the second mode of operation.
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[0107] Referring to FIGS. SA-5C, a variety of igniter circuits are depicted. The
igniter circuits comprise an ignition circuit and a cooking circuit (or “re-ignition circuit”
because it keeps the igniter supplied with sufficient power to ignite cooking gas in the
event of a flame out). The igniter circuits 200, 210, and 230 all comprise a source of
alternating current 201, which in the United States would preferably 120 V (rms)
alternating current on a 60Hz cycle. The power source would be tailored to the region of
the world. For example, in Europe the source of alternating current would be 240 V
(rms) at 50 Hz.

[0108] Igniter circuit 200 of FIG. SA comprises an alternating current source 201, hot
surface igniter 112, diode 202, switch 204, and current sensor 207. Igniter 112 is in
series with alternating current source 201. Switch poles 206 and 208 are also part of
igniter circuit 200. When switch 204 is open (not contacting poles 206 or 208), igniter
112 is de-energized, such as when the corresponding burner 110 is off.

[0109] During an initial ignition (as opposed to re-ignition) operation, switch 204
contacts pole 206, leaving pole 208 open. Thus, the alternating current flows through an
ignition circuit from terminal 203 to switch pole 206, to node 209, and through hot
surface igniter 112 to terminal 205 during one-half cycle and then in the opposite
direction during the second half cycle. The resulting voltage signal as seen by hot
surface igniter 112 is the full wave signal shown in FIG. 6A.

[0110] Following initial ignition, during a cooking operation, switch 204 contacts
pole 208, leaving pole 206 open. Thus, no current flows through the circuit branch from
pole 206 to node 209. Current flows through a cooking circuit (or “re-ignition circuit”
because the igniter 112 is ready to reignite gas in case of a flame out) from the power
source 201, through pole 208, through diode 202, and through hot surface igniter 112
during one half cycle. Because diodes only conduct in one direction, during the other
half-cycle of the alternating current diode 202 does not conduct, and no current flows
through the hot surface igniter 112. The resulting voltage signal as seen by the hot
surface igniter is a half-wave rectified signal of the type shown in FIG. 6B. As a result,
the igniter is supplied with half of the average power during a full-voltage cycle as when
in the ignition mode with switch 204 connected to pole 206. In preferred examples, in

the cooking mode with switch 204 connected to pole 206, the hot surface igniter 112
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reaches a steady-state surface temperature (at steady state) that is above the auto-ignition
temperature of the cooking gas. In the same or other examples, in the cooking mode at
120 V AC (rms), the surface of the hot surface igniter 112 reaches a steady-state surface
temperature of at least 1700°F, preferably at least 1800°F, and more preferably at least
1900°F. In preferred examples, when gas valve 102 is closed, switch 204 returns to the
open position shown in FIG. SA to de-energize the igniter 112.

[0111] A current sensor 207 (not shown) may be provided between igniter 112 and
node 209. Current sensor 207 detects whether current is flowing to hot surface igniter
112 and can be used to detect an igniter failure when switch 204 is connected to poles
206 or 208. In the event of a failure, current sensor 207 will generate a signal indicative
of failure. The signal may be used by controller 104 to close the corresponding gas valve
102, thereby preventing uncombusted gas from filling the room in which the cooktop is
present.

[0112] Referring to FIG. 5B, another example of an igniter circuit 210 is shown.
Circuit 210 comprises a power source 201 with positive terminal 203 and negative
terminal 205. It also comprises igniter 112, triac 216, triac gate 213, and triac gate
resistor 214. Igniter 112 is in series with alternating current source 201.

[0113] In an initial ignition mode, switch 211 contacts pole 220. Thus, full wave
cycles of alternating current flow through an ignition circuit from power source 201 to
switch pole 220, node 215, and igniter 112, bypassing the triac 216 and gate resistor 214.
However, when switch 211 contacts pole 218, gate resistor 214 will cause triac gate 213
to see a voltage lower than the voltage of source 201. Until the voltage at triac gate 213
exceeds the triac’s threshold gate voltage Vg, triac 216 will not conduct. Once the voltage
at triac gate 213 exceeds the triac’s threshold gate voltage, it will conduct, and current
will flow through a cooking circuit from power source 201 to switch pole 218, through
triac 216, node 215, and igniter 112. Unlike a diode, triac 216 conducts bidirectionally as
long as the gate is triggered. The voltage signal at igniter 112 is as shown in FIG. 6C.
Until the source voltage is high enough that the triac gate exceeds the triac’s threshold
gate voltage Vg, no current will flow through the triac 216, and the igniter 112 will
effectively see a zero or very low voltage. Once the source voltage causes the triac gate

to see a voltage above Vg, the triac 216 will conduct. The resulting average power
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received by the igniter 112 during a cooking mode is less than that during the ignition
mode. The resistance value of gate resistor 214 may be selected to provide the desired
average power per cycle to igniter 112, and hence, to dictate the steady-state surface
temperature of igniter 112 during the cooking mode. In preferred examples, when
cooking gas valve 102 is closed, switch 211 returns to the open position shown in FIG.
SB.

[0114] Referring to FIG. 5C, a third example of an igniter circuit 230 is shown. In
accordance with the example, alternating current source 201 is provided and includes
positive terminal 203 and negative terminal 205. Igniter 112 is in series with alternating
current source 201. Igniter circuit 230 comprises power source 201, switch 242 with
poles 231 and 240, triac 232, diac 234, diac resistor 238, and capacitor 236. During the
initial ignition mode, switch 242 is in contact with pole 240, and alternating current flows
through an ignition circuit from power source 201, through switch pole 240, nodes 237
and 233, and through igniter 112. Thus, the igniter 112 sees the full-wave source voltage
as with the circuits of FIGS. SA-5B.

[0115] During the cooking mode, switch 242 is in contact with pole 244. As the
source voltage increases from zero, capacitor 236 charges until it reaches saturation. As
the source voltage falls below the saturation voltage of capacitor 236, the voltage at diac
234 eventually reaches the diac break-over voltage (due to the stored energy of capacitor
236), allowing current to flow into gate 235 to trigger the gate. Triac 232 then conducts,
causing current to flow through a cooking circuit from power source 201 to switch pole
244, through triac 232, to node 237, node 233, and through igniter 112. Many triacs 232
do not fire symmetrically, and diac 234 makes the firing point of the triac 232 more even
in both directions. The resistance value of resistor 238 affects when the diac 234 reaches
its break over voltage in a given alternating current cycle. Thus, the resistance value of
resistor 238 may be selected to achieve a desired steady-state surface temperature for hot
surface igniter 112 during a cooking mode. In preferred examples, when cooking gas
valve 102 is closed, switch 242 returns to the open position shown in FIG. 5C.

[0116] In certain examples, the igniter circuits of FIGS. SA-5C are operatively
connected to controller 104 (FIG. 1), which receives a flame sensing signal indicative of

whether the burner 110 is lit. In accordance with such examples, if the burner 110 is lit,
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the controller 104 adjusts the position of the corresponding switch 204, 211, 242 to place
the circuit in a cooking mode wherein the corresponding igniter 112 receives less than
full AC power so that the hot surface igniter 112 remains energized with a steady-state
surface temperature exceeding the autoignition temperature of the cooking as, as
described previously. In addition, a current sensor may be used with any of the FIG. SA-
5C circuits (in series with igniter 112) to determine whether current is flowing to the hot
surface igniter 112. If no current is flowing, the current sensor would generate a signal
received by controller 104, which would then shut the corresponding gas valve 102 to
prevent uncombusted gas from filling the kitchen. Table 4 illustrates exemplary modes of
operation for burner 110. User controls and controller 104 may be configured to provide

the desired modes of operation:

Table 4
Switch Position Igniter Mode
OFF IGNITION COOKING
0 Gas Flow OFF
AC OFF
1 Gas Flow on
Ignition Flow
Ignition Circuit
2 Any Gas Flow
Cooking Circuit

[0117] The “switch position” column refers to the switches 204, 211, and 242 in
FIGS. 5A-5C.

[0118] In accordance with Table 4, in the first switch position (position 0), gas valve
102 is closed, and no alternating current (AC) is supplied to igniter 112. In the igniter
circuits of FIGS. SA-5C, switches 204, 211, and 242 would be open.

[0119] When switches 204, 211, and 242 are in their ignition position (position 1),
the igniter circuit’s ignition circuit is activated, and preferably, the gas valve 102 is open

to provide the desired gas flow rate to the igniter 112. In certain examples, the gas valve
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102 is not manipulable to change the gas rate from the ignition gas flow rate while the
igniter circuit’s ignition circuit is activated.

[0120] When switches 204, 211, and 242 are in their cooking position (position 2),
the igniter circuit’s cooking circuit is activated, and the gas valve 102 is manipulable
through the full range of gas flow rates. When the cooking circuit is activated, re-ignition
may occur if the cooking gas flow rate is sufficient to provide an air/gas mixture at the
igniter 112 that is between the LEL/LFL and UEL/UFL of the igniter 112. Thus, the
burner crown 113 is preferably designed to ensure that even at the lowest cooking gas
flow rate to the burner, a sufficient cooking gas flow rate is provided to the igniter 112 to
cause ignition,

[0121] Cooktop system 100 preferably includes a plurality of user controls for
adjusting the flow of cooking gas from valves 102 to their respective burners 110 and for
energizing the igniters 112. The user controls are operable to adjust the position of an
igniter circuit switch (e.g., switches 204, 211, 242) to selectively energize an ignition
circuit or a cooking circuit (or de-energize the igniter 112), as well as to open and close a
corresponding gas valve 102.

[0122] In certain examples, the user controls are operable to place each burner 110 in
an ignition mode, a cooking mode, and an off mode. In the ignition mode, igniter 112 is
operatively connected to an ignition circuit (for example, as described with respect to
FIGS. 5A-5C) and preferably receives full power from the power source 201 in
whichever ignition circuit is in use. In cooking mode, the igniter 112 is operatively
connected to a cooking circuit (for example, as described with respect to FIGS. 5A-5C)
and receives reduced average power from the power source 201, albeit sufficient power
to maintain a steady-state igniter surface temperature above the cooking gas autoignition
temperature. Preferably, the burner 110 is designed such that when the flow rate of
cooking gas to the burner 110 is at a minimum (such as when the burner is set for
“simmer”’), and the igniter 112 is at its steady-state temperature, the flow rate of gas and
air to the igniter 112 is sufficient to cause ignition in no more than six seconds, preferably
no more than five seconds, and still more preferably, no more than four seconds from the
resumption of gas flow to the burner 110. In the same or other examples, at steady state

the igniter surface temperature is preferably at least 1700°F, more preferably, at least
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1800°F, and even more preferably, at least 1900°F. In the same or other examples,
during ignition of methane or butane 1400, the total gas flow rate to the burner 110 (via
supply line 124) is no more than 1.8 L/min, preferably no more than 1.0 L/min, and still
more preferably no more than 0.2 L/min, and during the ignition of n-butane or propane
HD-5, the total gas flow rate to the burner 110 (via supply line 124 is no more than 2.7
L/min, preferably no more than 1.5 L/min, and more preferably, no more than 0.32
L/min. At the same time, the ratio of the volumetric gas flow rate to the igniter 112
through igniter orifice 130 relative to the volumetric gas flow rate to the flutes 117 in
simmer mode (or another low burner gas flow rate mode) is at least 0.0055, preferably at
least 0.05, and more preferably at least 0.45.

[0123] In the same or other examples, the user controls are operable to place the
power supply in electrical communication with the hot surface igniter 112 and to place
the supply of cooking gas 106 in selective fluid communication with the hot surface
igniter 112. In the same or other examples, the user controls are manipulable in a first
dimension to supply power to the hot surface igniter 112 or to select one or the other of
the ignition circuit and the cooking circuit, as well as in a second dimension to supply
and adjust the flow rate of cooking gas to the hot surface igniter by opening valve 102.
In preferred examples, when the user control is in a position such that the igniter 112 is
de-energized, the user control is not manipulable to open gas valve 102, which prevents
the user from filling the room with uncombusted cooking gas.

[0124] In one implementation, the user control is a knob that is manipulable in two
dimensions such as by rotation around an axis of rotation and displacement along the axis
of rotation. In one example, no flame sensor is provided, and the knob is not rotatable
until it is pushed in. When the knob is pushed in, the igniter circuit’s ignition circuit is
energized, and the knob becomes rotatable (e.g., by using a detent that is pushed in) to an
ignition gas position. The knob is then rotated to an ignition position to open the gas
valve, while still keeping the knob pushed in. A detent or similar mechanism keeps the
knob from further rotating while it is pushed in. Once the knob is released, it can be
turned to vary the gas flow. The release of the knob causes the igniter circuit to switch
from the ignition circuit to the cooking circuit. When the knob is rotated to the “off”

position, the igniter circuit is switched to the “off” mode, and the gas valve 102 is closed.
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In certain preferred examples, the gas flow rate during an ignition operation is less than
the maximum gas flow rate and is a “medium” or “low” flame setting gas rate.
Exemplary total gas flow rates to each burner 110 supply line 124 during ignition are no
more than 2.7 L/min, preferably no more than 1.0 L/min, and more preferably no more
than 0.2 L/min.

[0125] If a flame sensor is provided, in one example, the user does not need to keep
pushing the user control during an ignition operation. Instead, pushing it in once will
activate the igniter circuit’s ignition circuit, and the ignition circuit will remain active
until the flame sensor detects a flame or the user control is returned to the “oft” position.
While the ignition circuit is active, if the flame sensor detects a flame, the controller 104
may activate the igniter circuit’s cooking circuit to place the burner 110 in a cooking
mode. The burner 110 will remain in the cooking mode until it is turned to the “Off”
position. The use of a reduced power re-ignition/cooking mode provides the safety of a
re-ignition system in the case of a flame out while significantly increasing the igniter 112
cycle life as compared to keeping the igniter 112 energized at full power after ignition is

complete.

EXAMPLE 1
[0126] Four (4) hot surface igniters are formed by hot pressing and sintering green
body silicon nitride igniters in accordance with the method of FIG. 4. The post-sintered
igniters have respective thicknesses of 0.02 inches, 0.025 inches, 0.037 inches, and 0.054
inches. Each of the igniters has the same room temperature resistance (50 + 2Q), the
same ceramic body length, width, and composition, and the same ink composition. As
shown in FIG. 7A, the thinner igniters have a somewhat smaller power draw, which is
desirable from an energy consumption standpoint. However, the time to temperature for
both voltages is a strong function of igniter body thickness. With the 0.02 inch igniter
reaching the target temperatures in about 2.5 seconds at each voltage, and the 0.054 inch
igniter reaching the target temperatures in about 11 seconds at each voltage. The data
demonstrate the desirability, from a thermal standpoint, of making hot surface igniters

thinner to achieve faster times to temperature.
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EXAMPLE 2
[0127] This example concerns the thermal management of hot surface igniters
having different thicknesses along the thickness axis. Certain components of the hot
surface igniter are unheated. For example, the insulators 118 of FIGS. 2E and 2F are
unheated. During long term operation of the hot surface igniter 112, the insulators 118,
their igniter electrical terminal brazing, and their filler materials may become very hot,
which may lead to igniter failure. As the igniter becomes thinner along the thickness axis
at a constant length and width along the length and width axes, the insulator’s 118
insulating effect is greater, resulting in a lower insulator 118 surface temperature. Two
hot surface igniters formed from silicon nitride ceramic bodies with an embedded
conductive ink circuit of the type described previously are prepared. The ink
compositions are identical, and the conductive ink patterns are the same and have the
same dimensions. However, the first igniter has a thickness of 0.054 inches along the
thickness axis, and the second igniter has a thickness of 0.020 inches along the thickness
axis. The igniters are disposed in identical insulators with identical amounts and types of
filler. The igniters are subjected to a voltage of 120 V AC and the temperature of the
insulator 118 outer surface is measured for about 70 minutes. The results are shown in
FIG. 7B. The 0.054 inch igniter has an outer surface temperature of about 118°C over
the 70 minute period. However, the 0.020 inch igniter has an outer surface temperature
of about 72°C to 75°C over the entire period. Thus, the thinner igniter is less likely to
degrade the igniter’s electrical terminal brazing, the insulator and/or its filler which

beneficially prolongs the igniter’s life.

EXAMPLE 3

[0128] Four types of igniters are prepared each comprising two ceramic tiles having a
conductive ink composition therebetween. The ceramic tiles comprise 82 percent silicon
nitride, thirteen (13) percent ytterbium oxide, and five (5) percent molybdenum disilicide
(each percentage by weight of the igniter) body. Two of the igniters (TNS round top)

have an overall (sintered) igniter thickness of 0.025 inches, a conductive ink thickness of

0.0005 inches, an igniter length of 1.19 inches, and a conductive circuit length of 1.106
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inches. The other two igniters (TNL round top) have an overall igniter thickness of 0.055
inches, a conductive ink thickness of 0.0005 inches, a conductive circuit length of 1.816
inches, and an igniter length of 1.9 inches.

[0129] Two igniters of each type (TNL and TNS) are provided with one of two
conductive ink circuits: an ytterbrium oxide-containing circuit and an ytterbium oxide-
free circuit. The ytterbium oxide-containing circuit comprises 75 percent tungsten
carbide, twenty (20) percent silicon nitride, three (3) percent ytterbium oxide, and two (2)
percent silicon carbide (each percentage by weight of the conductive ink). The ytterbium
free conductive ink comprises 75 weight percent tungsten carbide, 23 weight percent
silicon nitride, and two (2) weight percent silicon carbide. The ink pattern for the TNL-
round top igniters is as shown in FIGS. 3E and 3F. The ink pattern for the TNS igniter is
as shown in FIGS. 3G and 3H. The two TNL igniters are identical in every respect
except that one has the ytterbium-free conductive ink composition and the other has the
ytterbium-oxide containing conductive ink composition. The two TNS igniters are
identical in every way except for the same compositional difference.

[0130] 18 parts of each of the four igniter types are prepared and are subjected to life
cycle testing in which a 132V voltage is applied to each part for consecutive 30 second
cycles (i.e. the voltage is ON for 30 seconds and OFF for 30 seconds in each cycle). The
number of cycles at which the first failure (i.e., the igniter fails to ignite or fails to reach
the desired temperature, which may be due to a breakdown in the conductive ink circuit
and/or the igniter body material) for each igniter type is determined as is the average
number of cycles at which failure occurs over the sample size of 18 parts. The results are
shown in FIG. 8. FIG. 8 demonstrates the unexpected result that the igniters which have
an ytterbium-oxide free conductive ink circuit have an increased average cycle life that is
at least six fold that of the same igniter body with the ytterbium-oxide containing circuit.
The life time of the first part to fail shows similar results across each of the four igniter
types. Without wishing to be bound by any theory, it is believed that the exclusion of
ytterbium-oxide and other rare earth oxide sintering aids from the conductive ink is
responsible for the significant increase in igniter life time. It is further believed that the
exclusion of rare earth oxide sintering aids eliminates a glassy phase from the ink which,

if present, might start re-softening or undergo other glass transitions from the eutectic
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reaction when the igniter is in use. The plastic flow of the glassy phase could lead to a

short circuit that eventually causes the igniter to fail.

EXAMPLE 4
[0131] This example demonstrates the effects of the ink pattern at the transitions
between axial legs (e.g., connectors 160a, 160b, 360a, 360b, 460a, 460b) in the heating
zone. Two types of TNL igniters having the conductive ink pattern of FIGS. 3C-3D on
the one hand and FIGS. 3E-3F on the other hand are prepared. The ink compositions
used in each igniter are the ytterbium-oxide free compositions described in Example 3.
The ceramic tiles have the composition described in Example 3, and the total thickness of
each type of igniter is 0.055 inches. The conductive ink patterns are identical in each
igniter, except that the first igniter uses the TNL flat top pattern of FIGS. 3C-3D, and the
second igniter uses the TNL round top pattern of FIGS. 3E-3F. The dimensions of the
various sections of the ink patterns are as described previously for the patterns of FIGS.
3C-3D and FIGS. 3E-3F. Legs 158a, 158b, 162a, 162b and 358a, 358b, 362a, 362b, each
have a width along the width axis of 0.010 inches. The interleg spacing along the width
axis of legs 158a and 162a is 0.025 inches, as is the case for the spacing along the width
axis between legs 158b and 162b and between 162a and 162b. Referring to FIG. 3D, the
distal edges 165a and 165b of connectors 160 and 160b of the first igniter are straight and
have a width along the igniter width axis of 0.045 inches. The heating zone length /- of
the TNL flat top igniter is 0.350 inches, and the heating zone length /; of the TNL round
top igniter is 0.344 inches. The proximal edges 167a and 167b are curved and have a
radius of curvature of 0.025 inches. The distal edge 156 of third connector 156 has a
width along the width axis of about 0.025 inches. The radius of curvature of proximal
edge 159 of connector 156 is about 0.045 inches. With respect to the TNL round top
igniter, the width of the legs 358a, 358b, 362a, 362b in the resistive heating section is
0.010 inches, and the interleg spacing is 0.018 inches. The radius of curvature of the
distal edges 365a and 365b is 0.019 inches, and the radius of curvature of the proximal
edges 367a and 367b 1s 0.009 inches. The distal edge 359 of third connector 356 has a
radius of curvature of 0.009 inches, and the proximal edge 357 has a radius of curvature

of 0.019 inches.
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[0132] Ten TNL flat top and Ten TNL round top igniters are prepared. Each igniter
is subjected to a 132V AC voltage that is cycled on for 30 seconds and off for 30 seconds
until igniter failure is detected. For each type of igniter, the number of voltage cycles at
the earliest failure is recorded as is the average number of life cycles for all tested parts of
each type of igniter.

[0133] The results are shown in Table 5:

30s on-off Life Cycle Test TNL round-top TNL flat-top
in O Ve Yi-free
Uhickness 0.055" 0.055"
Cycles at Earliest Failure 6,125 5,676
Average Life Cycles at
132VAC 65,059 28,189

[0134] The round top igniters demonstrated an unexpected improvement in both the
number of cycles before the earliest failure and the average cycle life of all tested parts as
compared to the flat top igniters. Without wishing to be bound by any theory, it is
believed that the difference in cycle life is attributable to the fact that larger thermal
stresses develop in the flat top igniters because of the sharp transition from legs 158a and
158b to connectors 160a and 160b. It is believed that the thermal mismatch during
heating and cooling between the ceramic body and the conductive ink circuit is more
pronounced in the case of the flat top design. Thus, in certain examples wherein the hot
surface igniters described herein are used to ignite cooktops, a round top design is
preferred as compared to a flat top design.

[0135] Accordingly, it is to be understood that the embodiments of the invention
herein described are merely illustrative of the application of the principles of the
invention. Reference herein to details of the illustrated embodiments is not intended to
limit the scope of the claims, which themselves recite those features regarded as essential

to the invention.
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WHAT IS CLAIMED IS:

1. A hot surface igniter having a ceramic body with a length defining a length axis, a
width defining a width axis, and a thickness defining a thickness axis, the hot surface

igniter comprising:
first and second ceramic tiles having respective outer surfaces;

a conductive ink pattern disposed between the first and second ceramic tiles,
wherein the igniter has a thickness along the thickness axis of less than 0.04 inches and
when subjected to a potential difference of 120 V AC rms, at least one of the respective

igniter outer surfaces reaches a temperature of at least 1400°F in no more than 4 seconds.

2. The hot surface igniter of claim 1, wherein when subjected to a potential
difference of 120 V AC rms, the hot surface igniter reaches a temperature of at least

1400°F in no more than 2 seconds.

3. A hot surface igniter in accordance with claim 1 or claim 2, wherein the igniter

has a thickness along the thickness axis of not more than 0.03 inches.

4. A hot surface igniter in accordance with any of the preceding claims wherein the

igniter has a thickness along the thickness axis of not less than 0.02 inches.

5. A hot surface igniter in accordance with any of the preceding claims wherein the
conductive ink pattern has a thickness along the thickness axis of not more than 0.002

inches.

6. A hot surface igniter in accordance with any of the preceding claims, wherein the

ceramic tiles comprise silicon nitride.

7. A hot surface igniter in accordance with any of the preceding claims wherein the

ceramic tiles comprise a rare earth oxide sintering aid.

8. A hot surface igniter in accordance with any of the preceding claims wherein the

ceramic tiles comprise molybdenum disilicide.
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0. A hot surface igniter in accordance with any of the preceding claims where the

ceramic tiles have a room temperature resistivity of no less than 10'? Q-cm.

10. A hot surface igniter in accordance with any of the preceding claims wherein the
ceramic tiles have a thermal shock resistance in accordance with ASTM C-1525 of no

less than 900°F.

11. A hot surface igniter in accordance with any of the preceding claims, wherein
when subjected to a potential difference of 102 V AC rms, the hot surface igniter reaches

a temperature of at least 1400°F in no more than 5 seconds.

12. A hot surface igniter in accordance with any of the foregoing claims wherein the

hot surface igniter has a green body density of at least 60 percent of theoretical density.

13. A hot surface igniter in accordance with any of the foregoing claims, wherein the

igniter has a length along the length axis of from about one inch to about 1.5 inches.

14. A hot surface igniter in accordance with any of the foregoing claims wherein the
conductive ink comprising the conductive ink pattern comprises silicon nitride and

tungsten carbide.

15. A hot surface igniter in accordance with any of the foregoing claims, wherein the
conductive ink comprising the conductive ink pattern is substantially free of any sintering

aids.

16. A hot surface igniter in accordance with any of the foregoing claims, wherein the
conductive ink comprising the conductive ink pattern is substantially free of any rare

earth oxides.

17. A hot surface igniter in accordance with any of the foregoing claims wherein the
conductive ink comprising the conductive ink pattern does not include more than 0.00

percent Yb203 by weight of the conductive ink.
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18. A hot surface igniter in accordance with any of the foregoing claims, wherein the
igniter has a life time of at least 80,000 consecutive cycles of 30 seconds each at 120 V

AC rms.

19. A hot surface igniter in accordance with any of the foregoing claims, wherein the
igniter has a life time of at least 100,000 consecutive cycles of 30 seconds each at 120 V

AC rms.

20. A hot surface igniter in accordance with any of the foregoing claims wherein the

igniter has a flexural strength in accordance with ASTM 1161 of not less than 400 MPa.

21. A hot surface igniter in accordance with any of the foregoing claims wherein the

conductive ink pattern has a room temperature resistance of from 50Q to 150Q.

22. A hot surface igniter in accordance with any of the foregoing claims wherein
conductive ink comprising the conductive ink pattern has a room temperature resistivity

of from3.0x 10* Q-cmto 1.2 x 107 Q-cm.

23. A hot surface igniter in accordance with any of the foregoing claims wherein the
igniter has an outer surface and when subjected to a potential difference of 120 V AC

rms, the outer surface temperature does not exceed 2600°F.

24. A hot surface igniter in accordance with any of the foregoing claims, wherein the
conductive ink pattern has a length along the length axis, a pair of terminals, a pair of
leads, and a resistive heating section, the resistive heating section comprises four legs
spaced apart along the width axis and each having lengths along the length axis, and the

resistive heating section has a length of from about 0.19 inches to about 0.40 inches.

25. The hot surface igniter of claim 24, where the four adjacent legs comprise a first
leg, a second leg, a third leg, and a fourth leg, the four legs are spaced apart from one
another along the width axis, the first leg and the second leg are spaced apart from one
another along the width axis and are connected at a distal end along the length axis of the
conductive ink pattern by a first connecting section, the third leg and the fourth leg are

spaced apart from one another and are connected at a distal end along the length axis of
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the conductive ink pattern by a second connecting section, and the second leg and the
third leg are connected by a third connecting section spaced apart proximally from the

first connecting section and the second connection section along the length axis.

26.  The hot surface igniter of claim 25, wherein the first and second connecting

sections have a distal edge that is curved along the width axis.

27.  The hot surface igniter of claim 25, wherein the first and second connection

sections have a distal edge that is straight across the width axis.

28. A hot surface igniter in accordance with either of claims 26 or 27, wherein the
first and second connecting sections have a proximal edge that is curved along the width

axis.

29. A hot surface igniter in accordance with any of claims 25-28, wherein the third

connecting section has a distal edge that is curved along the width axis.

30. A hot surface igniter in accordance with any of claims 25-28, wherein the third

connecting section has a distal edge that is straight across the width axis.

31. A hot surface igniter in accordance with any of claims 24-30, wherein the four

legs have widths along the width axis of from about 0.08 inches to about 0.12 inches

32. A hot surface igniter in accordance with any of claims 24-31 wherein each leg in
the four legs is spaced apart from at least one adjacent leg from among the four legs by a

distance of from 0.016 to 0.020 inches along the width axis.
33. A method of making a hot surface igniter, comprising:

preparing an unsintered igniter comprising first and second ceramic tiles with a
conductive ink pattern between the first and second ceramic tiles, wherein the first and
second ceramic tiles comprise silicon nitride, the unsintered igniter has a green body

density of at least 60 percent of theoretical density and a thickness along a thickness axis
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of less than 0.04 inches, and the conductive ink comprising the conductive ink pattern

comprises silicon nitride and tungsten carbide; and
hot press sintering the unsintered igniter.

34. A method of making a hot surface igniter in accordance with claim 32, wherein
the step of preparing an unsintered igniter comprising first and second tiles comprises
preparing a green igniter tape having a green body density of at least 60 percent of

theoretical density.

35. A method of making a hot surface igniter in accordance with claim 32 or claim
34, wherein the step of preparing a green igniter tape having a green body density of at

least 60 percent of theoretical density comprises:
forming a slip comprised of silicon nitride, tungsten carbide, and a binder; and

forming the slip into the green igniter tape using a forming process selected from

roll compaction and tape casting.

36. A method in accordance with any of claims 32-35, further comprising separating
the first and second ceramic tiles from the green igniter tape, printing the conductive ink
pattern on a face of one of the first and second tiles, and laminating another of the first

and second tiles on the face of the one of the first and second tiles.

37. A method in accordance with any of claims 32-36, wherein the step of hot press
sintering the unsintered igniter comprises applying a specified mechanical pressure to the
unsintered igniter under a nitrogen atmosphere at a temperature of from about 1700°C to

about 1900°C for a period of from about one to about three hours.
38. A hot surface igniter system, comprising:

a hot surface igniter having a ceramic body with an embedded conductive ink

circuit;
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an ignition circuit comprising a source of alternating current and the hot surface
igniter, wherein hot surface igniter system is selectively switchable between three modes
of operation, such that in the first mode of operation, the hot surface igniter receives a
first alternating current defined by a first wave form from the source of alternating
current, in the second mode of operation, the hot surface igniter receives a second
alternating current defined by a second wave form from the source of alternating current,

and in the third mode of operation, the hot surface igniter is not energized.

39.  The hot surface igniter system of claim 38, the ignition circuit further comprising
a diode, wherein in the first mode of operation, the diode is in electrical communication
with the source of alternating current, and the hot surface igniter is in electrical
communication with the diode, in the second mode of operation, the hot surface igniter is
in electrical communication with the source of alternating current, and the diode is not in
electrical communication with the source of alternating current, and in the third mode of
operation, neither the hot surface igniter nor the diode is in electrical communication with

the source of alternating current.

40. A hot surface igniter system in accordance with claim 38 or 39, wherein the
source of alternating current has a rms voltage of 120 V AC, and when switched from the
third mode of operation to the second mode of operation, the hot surface igniter reaches a

temperature of at least 1400°F in no more than 4 seconds.

41. The hot surface igniter system of claim 40, wherein when switched from the third
mode of operation to the second mode of operation, the hot surface igniter reaches a

temperature of at least 1400°F in no more than 2 seconds.

42. A hot surface igniter system in accordance with any of claims 38-41, wherein in
the second mode of operation a surface of the hot surface igniter has a steady state

temperature of not more than about 2600°F.

43, A hot surface igniter system in accordance with any of claims 38-42, wherein in
the first mode of operation a surface of the hot surface igniter has a steady state

temperature of at least about 1700°F.
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44, A hot surface igniter system in accordance with any of claims 38, and 40-43, the
ignition circuit further comprising a triac having a gate, a triac gate resistor, and a first
node, wherein in the first mode of operation, the hot surface igniter is in electrical
communication with the source of alternating current and the first node, the triac gate
resistor is in electrical communication with the gate and the first node, and the triac is in

electrical communication with the first node and the source of alternating current.

45. A hot surface igniter system in accordance with any of claims 38, and 40-43, the
ignition circuit further comprising a diac, a triac having a gate, a triac gate resistor, a
capacitor, a first node, a second node, a third node, and a fourth node, wherein in the first
mode of operation, the hot surface igniter is in electrical communication with the source
of alternating current and the first node, the triac gate resistor is in electrical
communication with the first node and the second node, the diac is in electrical
communication with the triac gate and the second node, the triac is in electrical
communication with the second node and the third node, the capacitor is in electrical
communication with the fourth node and the second node, and the fourth node is in

electrical communication with the third node and the source of alternating current.
46. A burner system, comprising:
the hot surface igniter system of claim 38;

a burner crown having a perimeter and comprising a plurality of burner ports

arranged around the perimeter and an igniter port;

a source of cooking gas selectively fluidly coupled to the plurality of burner ports

and the igniter port;

a user control operable to switch the hot surface igniter system to each of the three
modes of operation of the hot surface igniter system, wherein when the user control is in
a first position and is manipulated in a first manner to a second position, the hot surface

igniter system is switched from the third mode of operation to the second mode of
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operation, a first volumetric flow rate of cooking gas is supplied to the plurality of burner

ports and, a first volumetric flow rate of ignition gas is supplied to the igniter port.

47.  The burner system of claim 46, wherein the cooking gas comprises one selected

from propane, natural gas, and butane.

48. A burner system in accordance with any of claims 46-47, wherein when the user
control is manipulated in a second manner from the second position to a third position,
the hot surface igniter system is switched from the first mode of operation to the second

mode of operation.

49.  The burner system of claim 46, wherein the burner crown has a recess, the igniter
port is located in the recess, and at least a distal section of the igniter is located in the

recess and in fluid communication with the igniter port.

50.  The burner system of claim 49, wherein the hot surface igniter system comprises a
hot surface igniter assembly, the hot surface igniter assembly comprises the hot surface
igniter and an insulator assembly, the insulator assembly encloses the hot surface igniter
along a portion of the hot surface igniter’s length, encloses a first portion of a perimeter
of the distal section of the igniter, and includes an opening at a second portion of the
perimeter of the distal section of the igniter such that an axis perpendicular to a surface
of the hot surface igniter extends through the opening in the insulator assembly and

intersects the igniter port.
51. A cooktop burner system, comprising:

a burner comprising a crown having a plurality of burner ports, and a selectively

energizable hot surface igniter in electrical communication with a power source;

a supply of cooking gas in selective fluid communication with the burner ports

and the hot surface igniter;

a user control operable to selectively energize the hot surface igniter and

selectively supply cooking gas to the hot surface igniter, such that while a user is
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performing an ignition actuation operation with the user control, cooking gas is supplied
to the hot surface igniter, and the hot surface igniter is energized at a first average power
level, when the user is performing a cooking operation with the user control, cooking gas
is supplied to the hot surface igniter, the hot surface igniter is energized at a second
average power level, the second power level is not more than 90 percent of the first
average power level, at the first power level the hot surface igniter reaches a surface
temperature exceeding an autoignition temperature of the cooking gas within no more
than 4 seconds of being energized, and at the second average power level, the hot surface
igniter reaches a steady state surface temperature that exceeds the autoignition

temperature of the cooking gas.

52. The cook top burner system of claim 51, wherein when energized at the first
average power level, the igniter reaches a surface temperature of at least 1400°F within

no more than 3 seconds of being energized.

53. A cook top burner system in accordance with claim 51 or claim 52, wherein at the
first average power level, the hot surface igniter reaches a steady state surface

temperature of not more than about 2600°F.

54. A cook top burner system in accordance with any of claims 51-53, wherein at the
second average power level, the hot surface igniter reaches a steady state surface

temperature of at least about 1700°F.

55. A cook top burner system in accordance with any of claims 51-54, wherein during
the ignition actuation operation, the hot surface igniter ignites cooking gas within no
more than 6 seconds after the cooking gas supply is placed in fluid communication with

the hot surface igniter.

56. A cook top burner system in accordance with any of claim 51-55, wherein the
user control is operatively connected to a switch that selectively places the hot surface
igniter in electrical communication with the power source during the ignition actuation

operation.
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57. A cook top burner system in accordance with any of claims 51-56, wherein the
user control is manipulable in a first dimension to supply power to the hot surface igniter
and in a second dimension to supply the cooking gas to the hot surface igniter, and when
the position of the user control with respect to the first dimension is such that the hot
surface igniter is not energized, the user control is not manipulable with respect to the

second dimension to supply cooking gas to the hot surface igniter.

58. The cook top burner system of claim 57, wherein when the user control is again
manipulated with respect to the first dimension to supply power to the hot surface igniter
and with respect to the second dimension to supply cooking to the hot surface igniter and
is then released with respect to the first dimension, cooking gas is supplied to the hot

surface igniter, and the hot surface igniter is energized at the second power level.

59. A cook top burner system in accordance with any of claims 54-58, further
comprising a flame sensor, wherein following an ignition actuation operation with the
user control, the hot surface igniter is energized at the first average power level until the
flame sensor senses the presence of a flame at the burner, and the hot surface igniter is
energized at the second average power level once the flame sensor senses the flame at the

burner.

60. A cook top burner system in accordance with any of claims 51-59, wherein when
the user control is in a position with respect to the second dimension at which cooking
gas is supplied to the hot surface igniter, the hot surface igniter is energized to the second
average power level, and the user control is manipulated to a position with respect to the
second dimension at which no cooking gas is supplied to the hot surface igniter, the hot

surface igniter is de-energized.

61. A cook top burner system in accordance with any of claims 51-60, further

comprising:

a cooking gas valve that is openable and closable to selectively place the supply

of cooking gas in fluid communication with the hot surface igniter; and
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an ignition circuit having a power supply and an ignition switch that is operable to
place the power supply in electrical communication with the hot surface igniter, wherein

the user control is operatively connected to the gas valve and the ignition switch.

62. A cook top burner system in accordance with an of claims 51-56, wherein if a
burner flame is extinguished while the user control is in a position at which cooking gas
is supplied to the hot surface igniter, and the hot surface igniter is energized at the second
average power level, the hot surface igniter re-ignites the cooking gas in no more than 6

seconds.

63. A method of operating a cooktop burner comprising a crown having a plurality of

flutes, the method comprising:
energizing a hot surface igniter at a first average power;
supplying cooking gas to the hot surface igniter, such that the cooking gas ignites;

energizing the hot surface igniter at a second average power while supplying
cooking gas to the hot surface igniter, wherein the second average power is not more than
90 percent of the first average power, and when operated at either the first average power
or second average power, a surface temperature of the hot surface igniter exceeds the

cooking gas autoignition temperature.

64. The method of claim 63, determining that a flame is present with a flame sensor
after the step of supplying cooking gas to the hot surface igniter and before the step of

energizing the hot surface igniter at the second average power.

65. A method according to claim 63 or claim 64, wherein during the step of
energizing a hot surface igniter at a first average power, a surface temperature of the hot

surface igniter reaches a temperature of at least 1400°F in no more than six seconds.

60. The method of claim 65, wherein during the step of energizing the hot surface
igniter at a second average power, the surface temperature of the hot surface igniter

reaches a steady state temperature of at least 1700°F.
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67.  The method of operating the cook top burner of claim 64, wherein the hot surface
igniter comprises first and second ceramic tiles with an embedded resistive heating
circuit, the flame sensor comprises a resistive temperature sensing circuit, and the step of
sensing whether a flame is present comprises determining one selected from a resistance
of the resistive temperature sensing circuit and a change in resistance of the resistive

temperature sensing circuit.

68. The method of claim 67, wherein the hot surface igniter further comprises the

temperature sensing circuit.

69. The method of claim 67, further comprising ceasing a flow of cooking gas to the
cooktop burner when a cooking gas flame is determined by the flame sensor not to be

present for a predetermined time period.

70. A method in accordance with any of claims 63-69, wherein the step of energizing
a hot surface igniter at a first average power further comprises generating an audible

indication that the hot surface igniter has been energized.
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Continued from Box No. |ll Observations where unity of invention is lacking

This application contains the following inventions or groups of inventions which are not so linked as to form a single general inventive
concept under PCT Rule 13.1. In order for all inventions to be examined, the appropriate additional examination fees must be paid.

Group |, claims 1-3 and 33-36, are drawn to a hot surface igniter having a ceramic body with a length defining a length axis, a width
defining a width axis, and a thickness defining a thickness axis, the hot surface igniter comprising: first and second ceramic tiles having
respective outer surfaces

Group |1, claims 38-41 and 46-50, are drawn to a hot surface igniter system, comprising: a hot surface igniter having a ceramic body with
an embedded conductive ink circuit; an ignition circuit comprising a source of alternating current and the hot surface igniter.

Group |ll, claims 51-53 and 63-69, are drawn to a cooktop burner system, comprising: a burner comprising a crown having a plurality of
burner ports, and a selectively energizable hot surface igniter in electrical communication with a power source.

The inventions listed as Groups |, Il and Ill do not relate to a single general inventive concept under PCT Rule 13.1 because, under PCT
Rule 13.2, they lack the same or corresponding special technical features for the following reasons: the special technical feature of the
Group | invention: the hot surface igniter comprising: first and second ceramic tiles having respective outer surfaces; a conductive ink
pattern disposed between the first and second ceramic tiles, wherein the igniter has a thickness along the thickness axis of less than
0.04 inches and when subjected to a potential difference of 120 V AC rms, at least one of the respective igniter outer surfaces reaches a
temperature of at least | 400°F in no more than 4 seconds as claimed therein is not present in the invention of Groups tl and Iil. The
special technical feature of the Group i invention: an ignition circuit comprising a source of alternating current and the hot surface
igniter, wherein hot surface igniter system is selectively switchable between three modes of operation, such that in the first mode of
operation, the hot surface igniter receives a first alternating current defined by a first wave form from the source of alternating current, in
the second mode of operation, the hot surface igniter receives a second alternating current defined by a second wave form from the
source of alternating current, and in the third mode of operation, the hot surface igniter is not energized as claimed therein is not present
in the invention of Groups | or lll. The special technical feature of the Group Ill invention: a burner comprising a crown having a plurality
of burner ports, and a selectively energizable hot surface igniter in electrical communication with a power source; a supply of cooking
gas in selective fluid communication with the burner ports and the hot surface igniter; a user control operable to selectively energize the
hot surface igniter and selectively supply cooking gas to the hot surface igniter, such that while a user is performing an ignition actuation
operation with the user control, cooking gas is supplied to the hot surface igniter, and the hot surface igniter is energized at a first
average power level, when the user is performing a cooking operation with the user control, cooking gas is supplied to the hot surface
igniter, the hot surface igniter is energized at a second average power level, the second power level! is not more than 90 percent of the
first average power level, at the first power level the hot surface igniter reaches a surface temperature exceeding an autoignition
temperature of the cooking gas within no more than 4 seconds of being energized, and at the second average power level, the hot
surface igniter reaches a steady state surface temperature that exceeds the autoignition temperature of the cooking gas as claimed
therein is not present in the invention of Groups | or Ii.

Groups |, Il and Ill lack unity of invention because even though the inventions of these groups require the technical feature of a hot
surface igniter having a ceramic body, this technical feature is not a special technical feature as it does not make a contribution over the
prior art.

Specifically, US 2016/0109125 to Specialized Component Parts Limited, Inc. teaches a hot surface igniter having a ceramic body
(Paras. [0070-0071]).

Since none of the special technical features of the Group |, ll or lll inventions are found in more than one of the inventions, unity of
invention is lacking.

It is noted that claims 34-37 cite their dependency from claim 32. However, claim 32 is lacking antecedent basis for “the method of
making a hot surface igniter” recited therein. For the purpose of the international opinion, claims 34-37 are interpreted as depending from
claim 33, which provides proper antecedent basis for “the method of making a hot surface igniter”.
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