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Description
FIELD

[0001] The present disclosure relates to food thermometers and methods of using thereof. More particularly, the
present disclosure relates to a food thermometer that wirelessly transmits data.

BACKGROUND

[0002] Food thermometers such as meat thermometers have been used to help provide more consistent cooking
results. The use of a meat thermometer, for example, can provide a visual indication on whether the meat is still under-
cooked or if the meat is in danger of being overcooked. However, these conventional types of food thermometers provide
a passive indication of temperature and generally rely on the cook to remember to check the temperature.

[0003] More recently wireless food thermometers have been introduced to provide a more convenient display of the
temperature. However, such wireless food thermometers generally provide only a passive display of the temperature
and may not provide sufficiently accurate information during cooking, such as a completion time, when to adjust a
temperature, when to start or finish a particular cooking stage such as searing, or how long to let the food rest after
removing it from heat. In addition, such wireless food thermometers have a limited range for transmitting information,
especially in light of the challenges to conserve space, provide a waterproof enclosure, and withstand high temperatures.
[0004] From the European patent application publication EP 1624724 A1 a food thermometer according to the pre-
characterizing part of claim 1 is known, comprising an antenna that is electrically connected to temperature sensor.
From the United States patent application publication US 2008/259995 A1 a food thermometer is known including a
temperature sensor that is electrically connected with an antenna via an inner conductor that is coaxially encompassed
in the outer conductor. A coaxial connecting cable connecting to a temperature sensor is also known from the German
Utility Model publication DE 20 2010 016860 U1. Other food thermometers including internal conductors and an antenna
are known from the United States patent application publication US 2010/012645 A1 and the International patent appli-
cation publication WO 2010/023237 A1. Further, from the German patent application publication DE 10 2009 019613
A1 a food thermometer is known that includes also an ambient temperature sensor at its distal end.

[0005] Itis an object of the invention toincrease the range for transmitting information while at the same time conserving
space, providing waterproof enclosure and withstanding high temperature.

[0006] This and other objects are achieved by the features as claimed in claim 1. Advantageous further embodiments
are claimed in the dependent claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] The features and advantages of the embodiments of the present disclosure will become more apparent from
the detailed description set forth below when taken in conjunction with the drawings. The drawings and the associated
descriptions are provided to illustrate embodiments of the disclosure and not to limit the scope of what is claimed.

FIG. 1 illustrates a schematic diagram of a food thermometer according to an embodiment.

FIG. 7 is a view of the food thermometer of FIG. 6 showing internal components according to an embodiment.
FIG. 8 illustrates various components of a food thermometer according to an embodiment.

FIG. 9A shows a charging apparatus for charging a battery of a food thermometer according to an embodiment.
FIG. 9B shows the thermometer of FIG. 9A removed from the charging apparatus.

FIG. 10A shows an exterior view of a food thermometer according to an embodiment.

FIG. 10B shows internal components of the food thermometer of FIG. 10A according to an embodiment.

FIG. 10C further shows internal components of the food thermometer of FIG. 10B.

FIG. 10D is an internal side view of internal components of the food thermometer of FIG. 10B.

FIG. 11A shows a food thermometer including an ambient thermal sensor according to an embodiment.

FIG. 11B shows a food thermometer including an ambient thermal sensor in a different location than in the food
thermometer of FIG. 11A according to an embodiment.

FIG. 11C shows a food thermometer including an ambient thermal sensor that is also used as an antenna according
to an embodiment.

FIG. 11D, shows a food thermometer including a charging contact according to an embodiment.

FIG. 11E shows a food thermometer including an inner shell according to an embodiment.
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DETAILED DESCRIPTION

[0008] In the following detailed description, numerous specific details are set forth to provide a full understanding of
the present disclosure. 1t will be apparent, however, to one of ordinary skill in the art that the various embodiments
disclosed may be practiced without some of these specific details. In other instances, well-known structures and tech-
nigues have not been shown in detail to avoid unnecessarily obscuring the various embodiments.

[0009] This disclosure is directed to a smart food thermometer that can be positioned inside a heat chamber (e.g.,
grill, oven, etc.) or on a heat source.

[0010] One of the features is positioning electronic components that are sensitive to heat in a portion of the food
thermometer that is inserted into the meat. The meat protects the sensitive electronic components from heat. The entire
food thermometer can be positioned in the heat chamber, which advantageously eliminates the need for a wired con-
nection to a device located on the exterior. The food thermometer includes a wireless thermal sensor and an antenna.
The antenna communicates the sensed temperature data to a portable electronic device.

[0011] FIG. 1illustrates a schematic diagram of a food thermometer 100 according to an embodiment. The thermometer
100 includes a first portion 106 having electronic components that are sensitive to heat. As shown in FIG. 1, the first
portion is configured to be positioned in the food 108. A second portion 104 is connected to the first portion 106. In some
implementations, the first portion 106 can include all of or part of a thermal sensor for detecting the temperature of the
food 108. In other implementations, the thermal sensor for detecting the temperature of the food 108 can be located
entirely or partially in a part of the second portion 104 that is inserted into the food 108.

[0012] A third portion 102 is connected to the second portion 104 and includes an antenna for wirelessly transmitting
data based on the detected temperature of the food 108. In addition, some implementations may also include an ambient
thermal sensor in the third portion 102 to detect an ambient temperature in the cooking vessel (e.g., oven or BBQ) that
is close to the exterior surface of the food 108. In some examples, the food 108 is meat, but one of ordinary skill will
appreciate that the thermometer 100 can be used with other types of food.

[0013] FIG. 2A shows the food thermometer 100 being inserted in the direction denoted by the arrow into the food
108. FIG. 2B shows the food thermometer 100 after insertion into the food 108. As shown in FIG. 2B, the third portion
102 remains outside of the food 108, but most of the second portion 104, and all of the first portion 106, are inside the
food 108. In some implementations, the first portion 106 and the second portion 104 may not be separated from each
other so that the first portion 106 and the second portion 104 correspond to portions of a continuous outer shell.
[0014] The lengths of the first portion 106 and the middle portion 104 can be chosen so that the thermally sensitive
electronics are fully inserted into a wide variety of types of food. In one example, the first portion 106 and the second
portion 104 each take up about half the length of the thermometer 100 before reaching the third portion 102. The relative
lengths of the first portion 106 and the second portion 104 can vary in other implementations to accommodate different
food thicknesses or food types. In one example, the second portion 104 is arranged so that a thermal sensor in the
second portion 104 is positioned to measure temperature across an area inside the food 108. In other examples, a
thermal sensor for measuring a food temperature can be located in the first portion 106. In addition, the cross section
of the thermometer 100 can be chosen to have a relatively small cross sectional area so as not to significantly disrupt
the composure of the food 108.

[0015] As discussed in more detail below, including the thermally sensitive electronics in the first portion 106 ordinarily
allows for protection of the thermally sensitive electronics by using the food 108 to insulate the thermally sensitive
electronics from the full heat of the cooking vessel. Other less thermally sensitive electronics may be included in the
second portion 104 or the first portion 106.

[0016] For example, the thermally sensitive electronics can include a solid-state battery such as a thin film lithium
battery or other battery type that may begin to degrade in performance at temperatures greater than a temperature of
food being cooked (e.g., over 100°C for meat). The ambient temperature inside a cooking vessel, such as an oven or
a BBQ, can often reach temperatures in excess of 230°C. However, even when the ambient temperature inside the
cooking vessel is 230°C, the temperature inside of a food such as a steak may only reach 77°C for a well-done steak
due to the thermal mass of the food.

[0017] In this regard, the thermally sensitive electronics in the first portion 106 may include a thermal sensor for
detecting the temperature of the food 108. As discussed in more detail below, the third portion 102 or an end of the
second portion 104 opposite the first portion 106 can include an ambient thermal sensor that can withstand or better
detect higher temperatures than the thermal sensor used to detect the temperature of the food 108. The thermal sensor
used to detect the temperature of the food 108 in the first portion 106 and/or the second portion 104 can be a different
type of sensor than the ambient thermal sensor used to detect the ambient temperature near the food 108. In another
implementation, the ambient thermal sensor may include an infrared sensor located in the first portion 106 or the second
portion 104 that receives infrared light radiated from a component in the third portion 102, such as the antenna or the
handle, to indirectly measure an ambient temperature. A light guide may also be used to direct the infrared light from
the third portion 102 to the infrared sensor.
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[0018] The location of the third portion 102 allows for the antenna to be unaffected by attenuation or interference that
may be caused by the food 108. In implementations where the third portion 102 includes an ambient thermal sensor,
locating the ambient thermal sensor in the third portion 102 ordinarily allows for the detection of the ambient temperature
inside the cooking vessel that is adjacent the exterior surface of the food 108. Although conventional ovens and BBQs
typically provide an indication of a temperature inside the cooking vessel, the actual temperature near the food 108 can
differ from the temperature at other locations in the cooking vessel. As discussed in more detail below, detecting the
ambient temperature near an exterior surface of the food 108 (e.g., within two or three inches) can provide an improved
temperature measurement. This improved temperature measurement near the exterior surface of the food 108 can be
used to determine a thermal mass of the food 108, a more accurate completion time, a more accurate resting temperature
rise, and/or better instructions for cooking the food 108 to achieve a desired result.

[0019] FIG. 3A shows wireless communications between the thermometer 100 and a portable electronic device 110.
A unique advantage of the present invention is that the food 108 and thermometer 100 can be positioned inside a heating
vessel (such as an oven), and the thermometer 100 can wirelessly communicate with a portable electronic device 110,
without any wired connections and without any additional hardware that serves as a connection bridge between the
thermometer 100 and the portable electronic device 110.

[0020] “Portable electronic device" as used herein refers to an electronic device having at least a processor, a memory,
a display, and an antenna for enabling wireless communication. In one embodiment, the portable electronic device is a
smartphone (such as an iPhone®) or a tablet computer (such as an iPad®). in other embodiments, the portable electronic
device may be a smart watch or other types of smart devices with a processor and an antenna for communicating directly
or indirectly with the thermometer.

[0021] FIG. 3Bisasystemdiagramshowing wireless connections between the thermometer 100 and portable electronic
devices 110 (e.g., 110a and 110b). In one implementation, there may be a direct connection to a smart portable electronic
device 110a (e.g., a tablet, smartphone, laptop, etc.) using for example, a short range point to point communication
protocol, such as a Bluetooth connection. If only short range communication is utilized, then other users may be out of
the wireless range, or have limited access when the user of the electronic device 110a is connected with the thermometer
100. In some implementations, the portable electronic device 110a can be used as a connection bridge to connect to
more remote clients/smart portable electronic devices 110b via a wireless network 111 (e.g., a Wi-Fi connection).
[0022] Utilizing the smart portable electronic device 110a as a bridge is particularly advantageous in this application
in which the thermometer 100 is positioned in a cooking vessel such as a BBQ or oven in part because such cooking
vessels can reduce wireless network range. The smart portable electronic device 110a shares information received from
the thermometer 100 with other smart devices (e.g. 110b) via the wireless network 111 (e.g., an Internet Protocol network
such as Wi-Fi), thereby allowing other users/devices at a greater distance to monitor the cooking process. The connection
between the thermometer 100 and the wireless network 111 is shown as dashed to indicate that there is a virtual
connection between them. In such an implementation, the actual connection is between the thermometer 100 and the
bridge device (e.g., smart portable electronic device 110a) via interface 119, and also between the bridge device and
wireless network 111 viainterface 117. For example, the bridging technology may be based on Bluetooth 4.0 or Bluetooth
4.2, which allows intemet Protocol connectivity (e.g., IPv6) via Bluetooth 4.2 capable bridge devices to the local area
network and the internet. The foregoing described connectivity is provided as an example. The bridge technology can
enable other types of wireless connections based on design concerns and parameters.

[0023] Although in FIG. 3B, the bridge device is shown as a smart portable electronic device 110, the bridge device
can alternatively be a physical bridge device such as the charging apparatus 700 discussed below with respect to FIGS.
7A and 7B. In such an implementation, the charging apparatus 700 can serve a dual purpose as a wireless connection
bridge between the thermometer 100 and the wireless netwark 111 (similar to the bridge connectivity set forth above as
to the smart portable electronic device 110a), and as a charging device when the user seeks to charge the thermometer
100.

[0024] 1t can be appreciated that the wireless network 111 may be a local area network and/or a wide area network
such as the internet. In one implementation, the system utilizes a connection to the internet and a cloud-based service.
The information transmitted by the thermometer 100 can optionally be shared via cloud service 113 instead of a more
direct connection between two or more smart devices.

[0025] As shown in FIG. 3B, the electronic device 110a includes a processor 114 configured to execute application
10 for processing data provided by the thermometer 100 and presenting information to the user based on the processed
data. Application 10 can include computer-executable instructions stored in a memory 115 of the electronic device 110a
and accessed as needed by processor 114. Thermometer 100 sends data such as temperature measurements to an
interface 119 of the electronic device 110a. The processor 114 processes the received data in accordance with execution
of the application 10, and provides information using a user interface of the application 10 on one or more cutput devices
(e.g., display and/or speaker) of the electronic device 110a. The processor 114 may also optionally send the processed
data or data generated by executing the application 10 to the wireless network 111 via an interface 117.

[0026] The user interface of the electronic device 110a can, for example, display a current temperature of the food, a
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completion time prediction, or recommendations on how to cock the food 108 to achieve a result specified by the user
such as a final doneness of the food 108 (e.g., medium or well-done). The cooking instructions can include, for example,
adjustments to temperature, when to flip a piece of meat, when to sear the food, when to remove the food from heat, or
how long to let the food rest after removing it from heat. Devices known in the art have not been able to accurately
predict completion times, predict a resting temperature rise after removing the food from the cooking vessel, or provide
accurate instructions on when to adjust the cooking temperature or perform ancther cooking action.

[0027] As noted above, more accurate predictions on completion time and resting temperature rise can ordinarily be
made by utilizing dual-sensor technology. Using an ambient or external thermal sensor in or near the third portion 102
can enhance estimation of heat input at the location of the food 108, which can vary when the food 108 is moved, turned,
or when changes in cooking environment occur, such as opening the hood of a BBQ, adjusting heat on a gas grill, or
charcoal fuel losing heat. The heat input at the location of the food 108 can be estimated more accurately using an
ambient or external thermal sensor adjacent an exterior surface of the food 108 and measuring the ambient temperature
over a period of time.

[0028] In addition, the processor 114 can use application 10 to generate a heat response of the food 108 using a
detected internal temperature in the second portion 104 over a period of time. The processor 114 can also use application
10 to determine a thermal mass of the food 108 using the measured internal temperature and the measured ambient
temperature over time. In other implementations, the heat response and/or the thermal mass of the food 108 can be
determined by the cloud service 113, the remote electronic device 110b, electronics of the thermometer 100, or combi-
nations thereof.

[0029] In addition, the location of the ambient thermal sensor near the exterior surface of the food 108 ordinarily allows
for an accurate determination of a thermal mass for the food 108. The thermal mass or heat capacity of the food 108
represents the ability of the food 108 to store heat and can affect how quickly the food 108 heats up or cools off. By
using actual measurements (i.e., the internal temperature and the external temperature of the food 108), as opposed to
a previously stored value for a given food, variations in composition from a typical compaosition (e.g., higher fat content,
lower density) are accounted for in the thermal mass determined from the temperature measurements. As discussed in
more detail below, a thermal mass determined from empirical data for the actual food being cooked ordinarily provides
a more accurate determination of useful information such as a completion time, a resting temperature rise, or specific
instructions on cooking the food 108, such as temperature adjustments during the cooking process.

[0030] Unlike conventional methods for estimating a completion time based only on an internal temperature or an
external temperature, processor 114 executing application 10 can more accurately estimate a completion time based
on a thermal mass of the food 108 by using the current internal temperature of the food 108, the ambient temperature
adjacent the food 108, and time data. in other implementations, the estimation of a completion time can be performed
by the cloud service 113, the remote electronic device 110b, electronics of the thermometer 100, or combinations thereof.
Completion time estimates can be further refined by user input indicating, for example, a type of food being cooked, a
weight of the food, or the type of preparation desired. In some implementations, the user input can be used to provide
an initial estimate of the thermal mass and the completion time, which can be adjusted based on data received from
thermometer 100 as the food 108 is being cooked.

[0031] The application 10 according to some implementations can advantageously estimate a resting temperature
rise that can be accounted for in the completion time estimate orin cooking instructions provided to the user. Conventional
cooking devices have not been able to account for a resting temperature rise of food in the cooking process. This can
be due in part to a failure to accurately determine or consider a thermal mass of the food that is actually being cooked,
rather than using a preset value for a certain food type.

[0032] Resting is the process during which the food is removed from the heat source and allowed to "rest" under
normal ambient temperatures such as room temperature. During this resting period, the food temperature stabilizes and
distributes more evenly within the food due to heat flowing from the warmer exterior of the food to its cooler interior. The
resting temperature rise can be, for example, several degrees and can make the difference between a medium-rare or
medium doneness in a steak. For most meats, the resting period also helps fluids redistribute more evenly within the
meat. Resting temperature rise is a dynamic parameter that can depend upon several factors such as the thickness of
the food, the thermal mass of the food, and the cooking temperature towards the end of the cooking cycle. Usually, the
cooking temperature from the start of cooking has already had time to equalize, but the cooking temperature near the
end of the cocking cycle will usually have more of an effect on the resting temperature rise.

[0033] FIG. 4 is a flowchart for an example completion time estimate process that can be partly or wholly performed
by the processor 114 of a portable electronic device, a charging device in wireless communication with the food ther-
mometer, or by the food thermometer itself. To enhance accurate prediction, the process of FIG. 4 considers both an
ambient temperature and the temperature of the food. In some implementations, the process of FIG. 4 may alsc estimate
a resting temperature or resting temperature rise to allow cooking to end at a lower temperature. This advantageously
allows the resting temperature to rise to finish the cooking process throughout the food to a target temperature. In
addition, the estimated resting temperature or resting temperature rise can take into account the thermal mass of the
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food in substantially real time.

[0034] The current heat being applied is determined by current or recent measurements of an ambient thermal sensor
in the thermometer. In one implementation, only or primarily recently applied heat is taken into account as it has not yet
progressed to internal parts of the meat. In this regard, the time parameters for the estimation can depend on the thermal
mass of the food 108 being cooked. For example, the last three to five minutes of ambient heat can be averaged and
used as input heat for a resting temperature rise prediction. The resting temperature rise prediction and/or an adjusted
target temperature can be displayed to the user of the portable electronic device 110a to allow the user to end cooking.
[0035] AsshowninFIG. 4,anindication of an ambienttemperature near the food is received in block 402. The indication
of the ambient temperature can be received by a remote device via a wireless signal transmitted from the thermometer.
In another implementation, a processor in the electronics of the thermometer may receive the indication of the ambient
temperature from an ambient sensor of the thermometer. The location of the ambient temperature measurement can
be near to an exterior of the food, such as within three inches of the exterior of the food to provide a more accurate
indication of the heating of the food.

[0036] In block 404, an indication is received of the food temperature at an interior portion of the food. With reference
to the example of thermometer 100 discussed above, this indication can come from one or more thermal sensors located
in the first portion 106 and/or the second portion 104. As with the indication of the ambient temperature, the indication
of the food temperature may be received by a processor of the thermometer or by a remote device.

[0037] Inblock 406, the rate at which the indication of the food temperature changes is determined. In one implemen-
tation, this can include determining a temperature rise value based on an indication of the ambient temperature received
in block 402. For example, an ambient temperature range can be used to select the temperature rise value, X. This can
ordinarily allow for the ambient temperatures near the food 108 to be accounted for in determining the temperature rise
value X.

[0038] In one implementation, the temperature rise value X is selected from different temperature rise values corre-
sponding to different ambient temperature ranges and/or types of foad. In such an example, a table of temperature rise
values can be stored in memory 115 of device 110 for access by the processor 114. A user of the portable electronic
device 110a, for example, may select a food type for the food from a plurality of food types (e.g., ribeye steak, sirlon
steak, chicken), with the different food types being associated with different temperature rise values for the same ambient
temperature value or range of ambient temperature values. The selection of a food type can ordinarily further customize
the estimation of a completion time and/or a resting temperature rise.

[0039] In block 408, a completion time is estimated based on at least the indication of the ambient temperature and
the rate at which the indication of the food temperature changes. In this regard, a thermal mass or thermal conductivity
of the food is considered by using the rate at which the indication of the food temperature changes, and the heat applied
to the food is also considered through the indication of the ambient temperature.

[0040] In one implementation, an amount of time is measured for the indication of the food temperature to increase
by a temperature rise value X as discussed above with reference to block 406. This measurement may be performed
by a processor of the thermometer monitoring a signal from the thermal sensor. In otherimplementations, the thermometer
may transmit values for the temperature signal to a remote device that measures the time for the indication of the
temperature to increase by the temperature rise value.

[0041] The completion time may include estimating a resting temperature rise for an amount of temperature rise in
the food after the food will be removed from heat. As discussed in more detail below, a thermal value of the food can
be determined based on at least the temperature rise value and at least one of a food type of the food and an initial
amount of time for the indication of the food temperature to increase by the temperature rise value during an initial period
of cooking. The thermal value for the food is then used to estimate the resting temperature rise. In such an example,
the thermal value represents a thermal conductivity or thermal mass of the food. This allows for the ability of the food
to heat up to be considered when estimating a completion time or a resting temperature rise.

[0042] For example, a time {1 can be measured from the beginning of cooking until the temperature of the food 108
rises by a temperature rise value X during an initial portion of the cooking process. A second time {2 can be measured
for the temperature of the food 108 to rise by the value X during a middle or more steady-state portion of the cooking
process that follows the initial portion of the cooking process. A thermal value kcan be calculated based on the temperature
rise during the middle portion of cooking using Equation 1 below.

k=X /tz Equation 1

The resting temperature rise can be calculated using Equation 2 below.
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ATyt = k(t1 —t2) Equation 2

[0043] As an example, if it takes ten minutes for the temperature of food 108 to rise by 10° during the initial portion of
cooking, and it takes five minutes for the temperature of food 108 to rise by 10° during the middle portion of cooking,
the thermal value is 2°/min using Equation 1 above. The resting temperature rise is then calculated as 10° using Equation
2 (i.e., 2 X (10 min - 5 min)). Other implementations may use a different calculation to account for the thermal mass or
conductivity of the food 108 in predicting a resting temperature rise.

[0044] In situations where thermometer 100 includes an ambient thermal sensor, the ambient thermal sensor may be
used to more accurately detect a cooking start time by detecting when the ambient temperature rises faster than a
threshold value, such as a temperature increase of 5°C. This detection can be used in the example above to trigger the
measurement for t1. In other implementations, the detection of the beginning of cooking can begin with a relatively small
(e.g., 1°C), but sudden temperature change indicating the insertion of the thermometer into the food 108. In another
implementation, the beginning of cooking can be detected by the first temperature rise of the food 108 that is measured
by the thermometer 100. In yet another implementation, a user may indicate the start of cooking using a portable device,
such as with a user interface executed by device 110a in FIG. 3B.

[0045] Insomeimplementations, device 110a oranotherdevice calculating a resting temperature rise may use readings
from the ambient sensor to consider changes in the cooking temperature during the cooking process. In one such
implementation, an average of recent ambient temperatures is used to calculate an adjusted resting temperature rise
as shown below in Equation 3.

T, .
ATrestadj = ATrest amb/Tambstart Equatlon 3

[0046] A completion time can be estimated using the thermal value of the food. In one implementation, a remaining
temperature rise is calculated by subtracting a current temperature for the food and the adjusted resting temperature
rise from a target temperature as shown below in Equation 4.

ATremaining = Ttarget - (Tcurrent + ATrestadj) Equation 4

[0047] The estimated completion time can then be estimated by dividing a recent thermal value by the remaining
temperature rise calculated from Equation 4 above. This implementation for calculating the estimated completion time
or estimated remaining time is expressed below in Equation 5.

Lremaining = krecent/ Equation 5

remaining

The recent thermal value k,,..,; can be calculated in a similar manner as the thermal value k discussed above.

[0048] The blocksdiscussed above may be repeated at various times throughout a cooking process to provide updated
estimates on the completion time.

[0049] Some implementations can advantageously take into account the cooking process and make real time recom-
mendations as to cooking completion time and temperature. A cooking process for meat often includes separate stages
such as sear, cook, and rest. During the searing stage, high heat is applied to the meat to achieve surface crust texture,
color, and flavor. During the cooking stage, the heat is applied to the meat until internal temperature reaches desired
doneness or internal temperature. During the resting stage, the meat is removed from heat and the internal temperature
rises as heat between the surface of the meat and its internal parts equalizes.

[0050] With reference to block 410 of FIG. 4, at least one recommendation is provided via a user interface based on
at least one of the indication of the ambient temperature and the estimated completion time. For example, recommen-
dations may be provided to a user in real time regarding what time and temperature to move to the next stage of cooking.
The cooking process can include a traditional progression of sear, cook, and rest, or a reverse sear progression (i.e.,
cook, sear, rest), or a progression of cook, rest, and sear. The estimates for time and temperature, can be based on the
same thermal mass and heat application considerations discussed above. According to the foregoing aspects, separate
temperature and time estimates can be provided for different stages of cooking to allow for separate estimates during
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each stage.

[0051] In addition, the stage of cooking during a cooking process of the food can be determined by using the ambient
temperature detected by an ambient thermal sensor in the thermometer. For example, a relatively low ambient temper-
ature can correspond to a resting stage, a relatively higher range of ambient temperature can correspond to a cooking
stage, and an even higher ambient temperature range can correspond to a searing stage. Using the ambient thermal
sensor, cooking stages can be automatically detected by the thermometer or a portable electronic device without addi-
tional user input. Alternatively, other implementations can allow for user input to indicate a particular cooking stage.
[0052] FIG. 5 is a flowchart for an example resting temperature rise estimation process that can be partly or whally
performed by the processor 114 of a portable electronic device, a charging device in wireless communication with the
food thermometer, or by the food thermometer itself. The resting temperature rise estimation process of FIG. 5 can be
performed as a sub-process of a completion time estimation process as in FIG. 4 or as part of its own process or another
process.

[0053] The description for blocks 502 and 504 can be understood with reference to the description above for blocks
404 and 406 of FIG. 4, so a description for these blocks is not repeated here. In block 506, a resting temperature rise
is estimated based on the rate at which the indication of the food temperature changes. In addition, block 506 considers
at least one of a food type and an initial amount of time for the indication of the food temperature to increase by a
temperature rise value during an initial period of cooking. In one example, a food type (e.g., ribeye steak, chicken, brisket)
may be selected by a user via a user interface. The food type can then indicate a thermal mass of the food that can be
used with the rate determined in block 504 to estimate a resting temperature rise for the food.

[0054] Other implementations may consider an initial amount of time for the indication of the food temperature to
increase by a temperature rise value. The initial amount of time can be used with a thermal value as discussed above
with reference to Equation 2 to calculate a resting temperature rise.

[0055] In block 508, an adjusted resting temperature rise can be calculated based on one or more indications of an
ambient temperature within a predetermined time period. In one example, an average of recent ambient temperature
values can increase or decrease the resting temperature rise estimated in block 506. In yet another example, a current
ambient temperature value can increase or decrease the resting temperature rise estimated in block 506. For example,
the current ambient temperature value may be compared to a reference ambient temperature value, such as an ambient
temperature value at the start of cooking. This comparison can provide an estimate of the heat applied to the food, which
can be used to adjust the resting temperature rise.

[0056] FIG. 6 shows an isometric view of the thermometer 100 according to an embodiment. The third portion 102
includes an ambient thermal sensor and an antenna. The handle 116 can be held by a user to insert or remove the
thermometer 100 into or out of the food 108. The handle or hilt 116 can include a material for heat resistance and safer
handling of the thermometer after heating. In some implementations, the hilt 116 can include an electrically insulating
material that can withstand the high temperatures of a cooking environment. For example, the material of the hilt 116
can include alumina, zirconia, ceramic porcelain, glass, or a high temperature plastic for relatively lower cooking tem-
perature applications.

[0057] The first portion 106 includes electronics that are sensitive to heat. The heat sensitive electronics of the first
portion 106 are positioned close to a tip portion 112 of the thermometer to ordinarily allow for the greatest amount of
insulation from the food 108 in protecting the heat sensitive electronics from high temperatures. The probe shaft 144
may include an exterior blade 118 made of stainless steel or another stainless material to allow for easier insertion of
the thermometer 100 into the food 108.

[0058] As discussed above, the third portion 102 can include an ambient thermal sensor to measure the ambient
temperature near the food 108. The third portion 102 can also include an antenna for establishing wireless communication
with a portable electronic device such as electronic device 110 in FIG. 3A.

[0059] FIG. 7 is an internal view of the thermometer 100 showing internal components encompassed by the probe
shaft 144. Box 121 is shown for illustration purposes to roughly delineate parts of the thermometer 100 that are usually
positioned inside the food 108. As shown in FIG. 7, box 121 includes the printed circuit board (PCB) 120a, battery 120b,
and other electronic components 120c that are sensitive to heat. In this regard, battery 120b and electronic components
120c are located closer to the tip portion 112 than electronics on PCB 120a that are less sensitive to heat so that the
battery 120b and the electronic components 120c¢ are better insulated by the food 108. In other implementations, all of
the electronics of thermometer 100 may be located in the first portion 106.

[0060] FIG. 8furtherillustrates an example arrangement of various components in the food thermometer 100 according
to an embodiment. A person of ordinary skill in the art will appreciate that the relative proportions shown in FIG. 8 and
example materials discussed below can differ in different implementations.

[0061] As shown in FIG. 8, the thermometer 100 includes a thermal sensor 136 inside the second portion 104 of the
thermometer 100 that is in electrical communication with the electronics 120a. The thermal sensor 136 is located within
the thermometer 100 to detect a temperature of the food 108. In the example of FIG. 8, the thermal sensor 136 includes
a thermocouple wire that extends along a length of a portion of the thermometer 100 to provide a temperature meas-
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urement across a portion of the food 108. In other implementations, the thermal sensor 136 can include other types of
thermal sensors such as a Resistance Temperature Detector (RTD), one or more thermistors, or an infrared sensor.
[0062] A ground spring 128 serves to help ground the electronics 120a to the exterior or blade of the thermometer
100. in some implementations, the exterior or blade 118 of the thermometer 100 can include a ferritic stainless steel.
The tip 112 can similarly be made of a ferritic stainless steel. The electronics 120a are attached to the tip 112 and the
antenna 126 with a push fit at each of locations 134 and 135, respectively.

[0063] The antenna 126 is positioned in the third portion 102 and can include a metal material such as stainless steel,
a copper material, or a copper alloy with nickel that is in electronic communication with the electronics 120a. In the
implementation shown in FIG. 8, the antenna 126 is a quarter wave monopole antenna. In other implementations, the
antenna 126 can be a half wave dipole. The dimensions and shape of the antenna 126 can vary based on the RF
technology being used. In the case where the antenna 126 is a quarter wave monopole, an effective length of the antenna
126 is approximately a quarter of the wavelength used at a particular frequency. For example, when using a frequency
of 2.4 GHz, the effective length of the antenna would be 27 mm. The effective length of the antenna 126 may take into
consideration a folding of the antenna to decrease the space consumed by the antenna 126 in the thermometer 100.
The length of the middle portion of the thermometer 100 is sized to be at least twice the length of the antenna 126 when
using a quarter length monopole.

[0064] In the example of FIG. 8, the tip 112 can be welded to the blade 118 and a silicon based flexible glue can be
used to affix the electronics 120a and the antenna 126 to the exterior structure of the thermometer 100 near the hilt 116.
[0065] Inotherimplementations, an interference fit attaches the electronics 120a and/or the antenna 126 to the exterior
structure of the thermometer 100. The interference fit may include, for example, using a tight fitting metal gasket or an
arrangement where an internal surface of the exterior structure fits over a surface of the electronics 120a or a surface
of the antenna 126. Using an interference fit generally shortens an assembly time since there is no need for a glue to
cure and can provide improved waterproofing and high temperature durability as compared to most adhesives. The use
of an interference fit can also eliminate perceived food safety concerns associated with the adhesive escaping from the
interior of the thermometer 100.

[0066] FIG. 9A shows a charging apparatus 700 for charging the battery 120b of the thermometer 100 according to
an embodiment. FIG. 9B shows the thermometer 100 removed from the charging apparatus 700. In this state, the
thermometer 100 is automatically set to an ON state.

[0067] In some implementations, the thermometer 100 is automatically set to an off state or low power state when
positioned in the receptacle of the charging apparatus 700 to conserve power when the thermometer 100 is not in use.
During the off state or the low power state, certain portions of the electronics 120a may be powered off that do not relate
to charging the battery 120b or detecting a charging state of the thermometer 100.

[0068] Similarly, the thermometer 100 can be automatically activated or turned on when the thermometer is no longer
in contact with the charging apparatus 700. When activated, the thermometer 100 may attempt to pair with a portable
device such as portable device 110a or otherwise attempt to wirelessly communicate. In addition, circuitry for measuring
the temperature of the thermal sensor 136 and an ambient temperature may also be powered. Thermometer 100 may
detect that it is no longer in contact with the charging apparatus 700 via a contact of the thermometer 100 being no
longer in contact with charging apparatus 700 or when charging of the thermometer 100 stops. In this regard, some
implementations may include charging of the thermometer 100 through a direct contact with the charging apparatus
700, while other implementations may charge using inductive charging.

[0069] The automatic activation of the thermometer 100 using a voltage supplied by the charging apparatus 700 can
ordinarily reduce the need for additional components such as an external button or switch to activate or wake the
thermometer 100 from the low power or deactivated mode. Such an external button or switch on the thermometer 100
can complicate the manufacture and increase the cost of the thermometer due to waterproofing, sealing, or high heat
design specifications.

[0070] In the example of FIGS. 8A and 8B, a Bluetooth button 122 is provided for allowing the charging apparatus
700 to wirelessly communicate with a portable electronic device to indicate a status of charging. The charging status
indicator 124 (e.g., an LED) is also provided to indicate the charging status. If the thermometer 100 has less than a
certain threshold of power (e.g., 95% state of charge), the charging apparatus 700 will automatically charge it to full power.
[0071] As noted above, the charging apparatus 700 may also serve as a wireless connection bridge between the
thermometer 100 and a wireless network (e.g., wireless network 111 in FIG. 3A). The charging apparatus 700 may also
include an interface for connecting to the wireless network.

[0072] In addition, other embodiments may include a display on the charging apparatus 700 to provide temperature
information received from the thermometer 100 when it is in use. In this regard, the charging apparatus can include an
interface for communicating with the thermometer 100. In some embodiments, the charging apparatus 700 can include
the processor 114 and the memory 115 discussed above for electronic device 110a in FIG. 3B. In such embodiments,
the charging device 700 can execute the application 10 to process temperature data received from thermometer 100
and generate information based on the received temperature data, such as the thermal mass of the food 108, the
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completion time, the resting temperature rise, or specific cooking instructions. Anindication of some or all of this generated
information may be output on an output device of the charging apparatus 700, such as a display or on a speaker.
[0073] FIG. 10A shows an exterior view of another embodiment of a thermometer 200. The like numbers in the 200°s
range refer to similar components discussed above in the 100’s range for the thermometer 100. The thermometer 200
includes a cylindrical pipe portion 230 located between a tip portion 212 and a handle 216 in an antenna region 202
corresponding to the third portion 102 of the thermometer 100 discussed above. Atthe distal end, a cap 228 is connected
to the handle 216. Certain differences in shape between the thermometer 200 and the thermometer 100 such as the
cylindrical shape of the pipe 230 or the shape of the cap 228 can be related to design considerations, such as aesthetics,
lower manufacturing costs, durability or ease of use.

[0074] FIG. 10B shows a transparent view of the thermometer 200. A battery 220b is shown positioned around the
PCB 220a contacts. Spring 228 provides an electrical ground contact for the electronics of the thermometer 200. As
shown in FIG. 10B, the PCB 220a extends from the tip portion 212 through the pipe portion 230 and to the antenna
region 202. However, the electronics that are sensitive to heat are located on the PCB 220a closer to the tip portion 212
than to the antenna region 202. Other electronics that are not as sensitive to heat can be located closer toward the
antennaregion 202. The temperature pair 240 provides ambient temperature measurement near an exterior of the food.
FIG. 10C shows the PCB 220a, the temp pair 240, and grounding spring 228 in isolation to illustrate their exemplary
structures. FIG. 10D is an internal side view of the thermometer 200.

[0075] As shown in FIG. 10D, the battery 232 is positioned near the tip portion 212 to allow the food to insulate the
battery 232 from high temperatures. One of the advantages of this arrangement is utilizing the battery structure and
positioning itin a manner to allow the battery to operate despite high temperatures in a cooking vessel that may otherwise
degrade performance. Traditional electrolyte batteries for thermometers as known in the art may fail to operate under
high temperature conditions due to a lack of high temperature tolerance and/or high temperature insulation. Due to the
insulation provided by the food 108, the battery 232 can ordinarily have a lower operating temperature limit corresponding
to a maximum food cooking temperature plus a factor of safety (e.g., 100°C for meat).

[0076] In addition, the battery 232 in some implementations can include a solid-state battery that tolerates a relatively
higher temperature, such as a thin film lithium battery that can tolerate up to 170°C before performance degrades. In
such an implementation, the battery 232 would also not include volatile solvents or liquid state chemicals that may further
eliminate potential food safety concerns.

[0077] As set forth above, the thermometer 200 also advantageously utilizes ambient thermal sensing. Temperature
measurement of a cooking vessel or ambient heat can be taken near the food being cooked to enhance the accuracy
of temperature measurement since heat can vary from one location to another within a cooking vessel, such as a BBQ.
For an RF-based thermometer such as the thermometer 100, the antenna can be located in the same portion of the
thermometer as an ambient sensor, which is just outside the food 108. Such an embodiment advantageously combines
the antenna and the thermal sensor as the portion 102 discussed above with respect to FIG. 1. One challenge is that
the portion 102 may often need to withstand high temperatures within the cooking vessel that can reach up to 400°C.
[0078] Referringto FIG. 11A, one embodiment for sensing ambient temperature is shown. An ambient thermal sensor
940 may include an RTD, or other passive high temperature sensor such as a thermistor. The ambient thermal sensor
940 is positioned at an end of the thermometer 900A, away from the food for better accuracy when the thermometer
900A is inserted into the food 908. The antenna 926 is also located in an end portion of the thermometer 900A in antenna
region 902, to avoid reduction of RF performance since the food 908 may otherwise attenuate RF signals.

[0079] The thermal sensor wire or wires 942 electrically connect the ambient thermal sensor 940 with a PCB in the
thermometer 900A. In order to reduce interference to antenna functionality due to inductive and capacitive coupling
between the antenna 926 and the sensor wire(s) 942, some implementations can advantageously increase a high
frequency impedance between the thermal sensor wire(s) 942 and the ground plane (shell) 944. Filter components 946
can also be added to mitigate the deterioration of RF performance. The filter components 946 may include ferrite beads,
inductors, capacitors, resistors, and/or other electronic components configured to mitigate the effect.

[0080] In other implementations, the PCB of the thermometer 900A can include an infrared sensor to measure a
temperature of the antenna region 902 instead of using the ambient thermal sensor 940 in the antenna region 902. The
temperature of the antenna region would then indirectly indicate the ambient temperature near the exterior of the food
908. In such implementations, infrared light radiated from a component in the antenna region 902, such as the antenna
926 or the handle, is detected by the infrared sensor to measure a temperature in the antenna region 902. A light guide
may also be used to direct the infrared light from the antenna region 902 to the infrared sensor.

[0081] Referring to FIG. 11B, an alternative arrangement of the thermometer 900B for sensing ambient temperature
is shown. The ambient thermal sensor 940 may be an RTD, or other passive high temperature sensor. The location of
the thermal sensor 940 can ordinarily reduce interference that might otherwise be caused by the thermal sensor 940.
The antenna 926 is located at the distal end of the thermometer 900B, outside of the food 908 to avoid reduction of RF
performance caused by the food 108 attenuating RF signals.

[0082] The ambient thermal sensor 940 is positioned outside of the antenna region 902 toward a center portion of the
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thermometer 900B and detects the ambient temperature via the antenna 926. In more detail, the ambient thermal sensor
940 is located inside the second portion 904 and is not directly exposed to the ambient space outside of the thermometer
900B. The ambient thermal sensor 940 is in thermal contact with the antenna 926 and indirectly detects the ambient
temperature near an exterior portion of the food 908 via thermal conduction through the antenna 926, which may or may
not be exposed to the ambient space near the exterior of the food 908.

[0083] One challenge associated with this arrangement is that the thermal sensor 940 is not directly detecting ambient
temperature, but rather, the thermal sensor 940 is detecting the ambient temperature via mechanical couplings. Although
thermometer 900B in FIG. 11B may have a better RF performance as compared to thermometer 900A in FIG. 11A, the
thermal response for the thermal sensor 940 of thermometer 900B is typically slower and there can be some loss of
thermal measurement resolution due to the indirect measurement through antenna 926.

[0084] Referring to FIG. 11C, an alternative arrangement for sensing ambient temperature is shown. In thermometer
900C, the thermal sensor 940 and the thermal sensor wire or wires 942 are used as at least part of an antenna. As
shown in FIG. 11C, the thermal sensor wiring 942 extends from the electronics of 920a in the first portion 906, and
through the second portion 904 to reach the ambient thermal sensor 940 in the third portion 902. Mixer 948 combines
RF signals to the thermal sensor wire(s) 942. Thermal sensor wire(s) 942 then work as antenna(s) after separating from
ground reference 941. For ground referenced antennas, a dipole antenna could also be used but it may require a larger
size for similar performance. The arrangement of thermometer 900C advantageously enhances RF performance and
increases time and accuracy of the thermal sensor 940.

[0085] In order for the thermometer 900C to be re-chargeable, it can receive power from an external power source to
recharge. This can be challenging when having to confine charging to an end of the thermometer (e.g., region 902 that
houses the antenna 926) which is external to food 908. Antenna region 902 may have to endure relatively high ambient
temperatures up to 400°C and maintain sealing to prevent water or other contaminants from entering the thermometer
900C.

[0086] Referring to FIG. 11D, an external electric contact 950 is provided for charging the battery of the food ther-
mometer 900D. The discrete external electric contact 950 is configured to allow the thermometer 200D to receive power
from an external source, such as charging device 700 discussed above for recharging the battery.

[0087] In the example of FIG. 11D, the external electric contact 950 is connected with the antenna 926, thereby
combining antenna and charging to relate to the same electrical signal. RF signals are separated from charging using
a separator filter 948. This feature advantageously allows co-locating both types of signals in antenna region 902 without
interference.

[0088] In an alternative arrangement, inductive charging can be applied to charge the thermometer 900D. However,
inductive charging may require a relatively large inductive component. As such, some implementations can use a discrete
charging contact instead of inductive charging due to advantages related to size, simplicity, and efficiency of the elec-
tronics.

[0089] In some implementations, the thermometer 900D can save power by turning off radio communications when
charging via charging contact 950. This can ordinarily reduce the size of the battery needed for the thermometer 900D.
In one implementation, a charging device such as charging device 700 can be used to communicate with electronics of
the thermometer 900D via the charging contact 950. Wireless products may need user control for operations such as
the Bluetooth pairing process. The user may need to be able to send simple messages to the thermometer 900D by
physical means before being able to establish RF communication. In conventional devices, such messages are usually
given via mechanical means such as a push button or switch. In the example of thermometer 900D such messages by
be sent by pressing a button on the charging device 700 and using the charging contact to send the message via a
physical connection through antenna 926, thermal sensor 940, and thermal sensor wiring 942 to reach the separator
filter 948, which can include RF / control signal filter components to separate received control signals from RF signals
for transmission via antenna 926. In this regard, the filter components 948 can be utilized to separate control signals
from RF signals. Control signals can be sent using low frequency signals, thereby making it easier to separate them
from RF signals with frequency filters of the filter components 948.

[0090] The thermometer 900D may also need to sustain high temperatures and maintain sealing from external con-
taminants. Mechanical simplicity may then be desirable and can be obtained by avoiding additional mechanical switches
or buttons on the thermometer 900D. The thermometer 900D can advantageously use the recharging contact 950 to
send signals to the portable electronic device, thereby enhancing mechanical simplicity.

[0091] FIG. 11E illustrates an arrangement of the thermometer 900E where an inner shell 952 is used as at least part
of an antenna in an antenna portion 926 of the inner shell 952, and also used as part of a coaxial wave guide with the
outer shell 944 in a coaxial transmission portion 958 of the inner shell 952. As shown in FIG. 11E, the charging contact
950, thermal sensor 940, the thermal sensor wiring 942, and the antenna portion 926 of the inner shell 952 comprise
an antenna. The antenna portion 926 is located within the hilt 916, which can include a ceramic material.

[0092] The inner shell 952 can be made of a conductive material such as copper, which can transmit a signal from
the PCB 920a or other electronics in the first or second portions of the thermometer 900E to the antenna in the third
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portion 902 for transmission to a remote portable device or a charging device. The coaxial transmission portion 958 of
the inner shell 952 is located within the metallic outer shell 944, which can include a stainless steel material. The metal
outer shell 944 works with the coaxial transmission portion 958 of the inner shell 952 to serve as a waveguide so that
an antenna RF signal is generally confined between the outer shell 944 and the inner shell 952 in the second portion.
[0093] The thermal sensor wiring 942 and the ambient thermal sensor 940 are located inside the inner shell 952, which
generally shields them from the antenna RF signal between the inner shell 952 and the outer shell 944. As a result,
interference is reduced in both the temperature signal conducted in the sensor wiring 942 and the antenna RF signal
conducted in the coaxial transmission waveguide. In other words, placing the sensor wiring 942 inside the inner shell
952 can ordinarily avoid RF influence on the antenna signal and interference in the temperature signal carried in the
sensorwiring 942. In this regard, some implementations may use air or another dielectric material as an insulator between
the sensor wiring 942 and the inner shell 952 to further reduce interference between the temperature signal and the
antenna signal.

[0094] In the example of FIG. 11E, the ambient thermal sensor 940 indirectly measures the ambient temperature
through the charging contact 950. This can allow for the measurement of the ambient temperature at a preferred location
on the end of the thermometer 900E. In some implementations, the ambient thermal sensor 940 can include a thermo-
couple.

[0095] The combination of the charging contact 950 and the inner shell 952 serves as a charging path for charging
the battery 920b in the first portion 906 of the thermometer 900E. The PCB 920a located in the second portion 904 and
includes grounded terminals 951 at both the terminal 951a connecting the battery 920b and at the terminal 951b con-
necting the sensor wiring 942. The terminals 951 are grounded on the outer metal shell 944, and the contacts for the
thermal sensor wiring 942 on the PCB 920a are inside the inner shell 952 to further reduce possible RF interference.
The PCB 920a can include a microstrip line for carrying an antenna signal and a transformer to convert the antenna
signal from the microstrip line to the coaxial transmission portion of the inner shell 952.

[0096] The thermal sensor 936 in mounted on the PCB 920a and detects a temperature of the outer shell 944 for
measuring a temperature of the interior of the food. Since sensor 936 is behind the coaxial transmission portion of the
inner shell 952, there is no interference with the RF antenna signal transmitted to the antenna portion 902.

[0097] Insummary,theinnershell 952 is configured to provide one or more of four different functions in the thermometer
900E. The first function can be as at least part of an antenna in the antenna portion 902 of the inner shell 952. The
second function can be as a coaxial transmission line inside the outer shell 944 to carry a signal between the antenna
portion 902 and electronics, such as those located on the PCB 920a. The third function can be as a conductor for charging
the battery 920b via the charging contact 950. The fourth function can be for communicating an activation or deactivation
of the thermometer 900E depending on whether the thermometer 900E is charging via the charging contact 950. As
noted above, activation can include enabling a pairing mode via the antenna.

[0098] By serving multiple functions with the inner shell 952, it is ordinarily possible to condense the size of thermometer
900E, while improving its performance in terms of the RF signal of the antenna and the accuracy of ambient temperature
measurement.

[0099] The foregoing description of the disclosed example embodiments is provided to enable any person of ordinary
skill inthe art to make or use the embodimentsin the present disclosure. The described embodiments are to be considered
in all respects only as illustrative and not restrictive.

Claims

1. Afood thermometer (100, 200, 900A, 9008, 900C, 900D, 900E) for measuring a temperature of a food exposed to
heat, the food thermometer comprising:

a first portion (106, 906) including electronic components (120a, 120b, 120c, 220a, 220b, 920a, 920b) that are
sensitive to heat, the first portion configured to be positioned in the food;

a second portion (104, 904) connected to the first portion, wherein at least the first portion or the second portion
includes a thermal sensor (136, 936) for detecting the temperature of the food;

a third portion (102, 902) connected to the second portion, the third portion including an antenna (126, 926) for
wirelessly transmitting data based on the detected temperature of the food; and an outer shell (944) extending
from the second portion to the third portion;

characterized by

an inner shell (952) inside the outer shell and extending from the second portion into the third portion, wherein
the inner shell with the outer shell in the second portion serve as a coaxial transmission waveguide for an
antenna Radio Frequency (RF) signal, and wherein the inner shell in the third portion serves as at least part of
the antenna.
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The food thermometer of Claim 1, further comprising an ambient thermal sensor (940) located in the third portion
and configured to detect an ambient temperature near an exterior of the food.

The food thermometer of Claim 2, further comprising thermal sensor wiring (942) extending through the second
portion and electrically connecting electronics in the first portion or the second portion to the ambient sensor in the
third portion, wherein the thermal sensor wiring and the ambient thermal sensor are configured to serve as at least
part of the antenna in the third portion.

The food thermometer of Claim 1, further comprising an ambient thermal sensor (940) positioned inside the second
portion and in thermal contact with the antenna, wherein the ambient thermal sensor is configured to indirectly detect
an ambient temperature near the exterior of the food through thermal conduction via the antenna.

The food thermometer of Claim 1, further comprising:

an ambient thermal sensor (940) located in the third portion; and
sensor wiring (942) inside the inner shell connecting the ambient thermal sensor to electronics in the first portion
or the second portion.

The food thermometer of Claim 1, further comprising a charging contact (950) for charging the food thermometer,
wherein the charging contact is in electrical communication with the inner shell, and wherein the inner shell is
configured to carry a charging signal from the charging contact to electronics in the first portion orin the second portion.

The food thermometer of Claim 1, further comprising:

a charging contact (950) located in the third portion for charging the food thermometer, wherein the charging
contact is in electrical communication with the antenna so that the antenna is configured to carry a charging
signal from the charging contact; and

filter components (948) configured to separate the charging signal from the antenna Radio Frequency (RF) signal.

The food thermometer of Claim 1, further comprising:

a charging contact (950) located in the third portion for charging the food thermometer, wherein the charging
contact is in electrical communication with the antenna so that the antenna is configured to carry a message
signal received at the charging contact through contact with an external device; and

filter components (948) configured to separate the message signal from the antenna Radio Frequency (RF)
signal.

The food thermometer of Claim 1, further comprising an ambient thermal sensor (940) located in at least the third
portion or the second portion and configured to detect an ambient temperature near an exterior of the food, wherein
the ambient temperature detected by the ambient thermal sensor is used to determine a stage of cooking during a
cooking process of the food.

The food thermometer of Claim 1, wherein the food thermometer is wirelessly connected to a remotely located
computer-based portable electronic device (110, 110a, 110b), and
wherein the electronic components include a processor configured to:

receive a temperature threshold from the remotely located computer-based portable electronic device;
determine that the detected temperature of the food has reached or exceeds the temperature threshold; and
transmit, using the antenna, the antenna Radio Frequency (RF) signal to the remotely located computer-based
portable electronic device for indicating that the food has reached or exceeds the temperature threshold.

The food thermometer of Claim 10, wherein at least one of the food thermometer or the remotely located computer-

based portable electronic device is configured to estimate at least one of a completion time for cooking the food
and a resting temperature rise that will follow the removal of the food from heat.
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Patentanspriiche

1. Ein Nahrungsmittelthermometer (100, 200, 900A, 900B, 900C, 900D, 900E) zum Messen einer Temperatur von
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erwarmten Nahrungsmitteln, wobei der Nahrungsmittelthermometer versehen ist mit:

einem ersten Teil (106, 906), welcher warmesensitive elektronische Bauteile (120a, 120b, 120c, 220a, 220b,
920a, 920b) aufweist, wobei der erste Teil dazu ausgebildet ist, innerhalb des Nahrungsmittels platziert zu
werden;

einem zweiten Teil (104, 904), welcher mit dem ersten Teil verbunden ist, wobei wenigstens der erste oder der
zweite Teil einen Temperatursensor (136, 936) zum Erfassen der Temperatur des Nahrungsmittels aufweist;
einem dritten Teil (102, 902), welcher mit dem zweiten Teil verbunden ist, wobei der dritte Teil eine Antenne
(126, 926) zum drahtlosen Ubermitteln von Daten aufweist, welche auf der erfassten Temperatur des Nah-
rungsmittels basieren; und

einer AuBenhllle {944), welches sich von dem zweiten Teil zu dem dritten Teil erstreckt;

gekennzeichnet durch

eine Innenhdiille (952), welche sich innerhalb der AuRenhille erstreckt und von dem zweiten Teil in den dritten
Teil hinein erstreckt, wobei die Innenhille zusammen mit der AuRenhille in dem zweiten Teil als ein koaxialer
Hohlleiter zum Senden eines Radiofrequenzsignalsignals (RF) dient, und wobei die Innenhille in dem dritten
Teil zumindest als ein Teil der Antenne dient.

Der Nahrungsmittelthermometer nach Anspruch 1, weiter versehen mit einem in dem dritten Teil angeordneten
Umgebungstemperatursensor (940), welcher dazu konfiguriert ist, eine Umgebungstemperatur auRerhalb des Nah-
rungsmittels in dessen Nahe und zu erfassen.

Der Nahrungsmittelthermometer nach Anspruch 2, weiter versehen mit einer Temperatursensor-Verkabelung (942),
welches sich durch den zweiten Teil erstreckt und die in dem ersten Teil oder dem zweiten Teil befindliche Elektronik
mit dem Umgebungstemperatursensor in dem dritten Teil elektrisch verbindet, wobei die Temperatursensor-Ver-
kabelung und der Umgebungstemperatursensor derart konfiguriert sind, dass diese als zumindest ein Teil der
Antenne in dem dritten Teil dient.

Der Nahrungsmittelthermometer nach Anspruch 1, weiter versehen mit einem in dem zweiten Teil angeordneten
Umgebungstemperatursensor (940), welcher in warmeleitenden Kontakt mit der Antenne steht, wobei der Umge-
bungstemperatursensor derart konfiguriert ist, dass dieser die Umgebungstemperatur indirekt auerhalb des Nah-
rungsmittels in dessen Nahe durch Warmeleitung mittels der Antenne erfasst.

Der Nahrungsmittelthermometer nach Anspruch 1, weiter versehen mit:

einem in dem dritten Teil angeordneten Umgebungstemperatursensor (940); und
einer Temperatursensor-Verkabelung (942), welche innerhalb der Innenhtille angeordnet ist und den Umge-
bungstemperatursensor mit in dem ersten Teil oder den zweiten Teil befindlicher Elektronik verbindet.

Der Nahrungsmittelthermometer nach Anspruch 1, weiter versehen mit einem Aufladekontakt (950) zum Aufladen
des Nahrungsmittelthermometers, wobei der Aufladekontakt in elektrischer Verbindung mit der Innenhille steht,
und wabei die Innenhille dazu konfiguriert ist, ein Aufladesignal von dem Aufladekontakt zu der in dem ersten Teil
oder den zweiten Teil befindlichen Elektronik zu leiten.

Der Nahrungsmittelthermometer nach Anspruch 1, weiter versehen mit:
einem in dem dritten Teil angeordneten Aufladekontakt (950) zum Aufladen des Nahrungsmittelthermometers,
wobei der Aufladekontakt in elektrischer Verbindung mitder Antenne steht, so dass die Antenne dazu konfiguriert
ist, ein Aufladesignal von dem Aufladekontakt zu tragen; und
Filterelementen (948), welche dazu konfiguriert sind, das Aufladesignal von dem Radiofrequenzsignalsignals
(RF) der Antenne zu trennen.

Der Nahrungsmittelthermometer nach Anspruch 1, weiter versehen mit:

einem in dem dritten Teil angeordneten Aufladekontakt (950) zum Aufladen des Nahrungsmittelthermometers,
wobei der Aufladekontakt in elektrischer Verbindung mit der Antenne steht, so dass die Antenne dazu konfiguriert
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ist, ein durch Kontakt mit einer externen Einrichtung von dem Aufladekontakt empfangenes Nachrichtensignal
zu tragen; und

Filterelementen (948), welche dazu konfiguriert sind, das Nachrichtensignal von dem Radiofrequenzsignalsig-
nals (RF) der Antenne zu trennen.

Der Nahrungsmittelthermometer nach Anspruch 1, weiter versehen mit einem in dem dritten und/oder zweiten Teil
angeordneten Umgebungstemperatursensor (940), welcher dazu konfiguriert ist, eine Umgebungstemperatur au-
Rerhalb des Nahrungsmittels in dessen Nahe und zu erfassen, wobei die von dem Umgebungstemperatursensor
erfasste Umgebungstemperatur dazu verwendet wird, den Garzustand wahrend eines Kochprozesses eines Nah-
rungsmittels zu bestimmen.

Der Nahrungsmittelthermometer nach Anspruch 1, wobei der Nahrungsmittelthermometer drahtlos mit einer entfernt
angeordneten, computergestitzten portablen elektronischen Einrichtung (110, 110a, 110b) verbunden ist, und
wobei sich unter den elektronischen Bauteile ein Prozessor befindet, welcher dazu konfiguriert ist:

einen Temperaturschwellwert von der entfernt angeordneten, computergestiitzten portablen elektronischen
Einrichtung zu empfangen;

zu bestimmen, ob die erfasste Temperatur des Nahrungsmittels den Temperaturschwellwert erreicht oder tiber-
schritten hat; und

unter Verwendung der Antenne das Radiofrequenzsignal (RF) zu der entfernt angeordneten, computergestiitz-
ten portablen elektronischen Einrichtung zu Ubertragen, um anzuzeigen, dass das Nahrungsmittel den Tem-
peraturschwellwert erreicht oder Uberschritten hat.

Der Nahrungsmittelthermometer nach Anspruch 10, wobei der Nahrungsmittelthermometer oder die entfernt ange-
ordnete, computergestutzte portable elektronische Einrichtung dazu konfiguriert sind, den Kochvorgang-Abschluss-
zeitpunkt fur das Nahrungsmittel und/oder eine Ruhetemperatur anzuzeigen, welche auf das Trennen des Nah-
rungsmittels von der Kochtemperatur folgt.

Revendications

1.

Thermomeétre pour aliments (100, 200, 900A, 9008, 900C, 900D, 900E) pour mesurer la température d’un aliment
exposé a de la chaleur, le thermomeétre pour aliments comprenant :

une premiére partie (106, 906) comprenant des composants électroniques (120a, 120b, 120c, 220a, 220b,
920a, 920b) qui sont sensibles a la chaleur, la premiére partie étant configurée pour étre positionnée dans
'aliment ;

une deuxiéme partie (104, 904) connectée a la premiére partie, dans lequel au moins la premiére partie ou la
deuxiéme partie comprend un capteur thermique (136, 936) pour détecter la température de laliment ;

une troisiéme partie (102, 902) connectée a la deuxiéme partie, la troisiéme partie comprenant une antenne
(126, 926) pour transmettre sans fil des données sur la base de la température détectée de l'aliment ; et une
enveloppe externe (944) s’étendant de la deuxiéme partie a la troisiéme partie ;

caractérisé par

une enveloppe interne (952) a l'intérieur de I'enveloppe externe et s’étendant de la deuxiéme partie dans la
troisiéeme partie, dans lequel I'enveloppe interne avec I'enveloppe externe dans la deuxiéme partie servant de
guide d’onde de transmission coaxiale pour une antenne radiofréquence (RF), et dans lequel 'enveloppe interne
de la troisieme partie sert au moins de partie de 'antenne.

Thermomeétre pour aliments selon la revendication 1, comprenant en outre un capteur thermique ambiant (940)
situé dans la troisiéme partie et configuré pour détecter une température ambiante prés d’un extérieur de I'aliment.

Thermomeétre pour aliments selon la revendication 2, comprenant en outre un cablage de capteur thermique (942)
s’étendant a travers la deuxiéme partie et connectant électriguement de I'électronique dans la premiére partie ou
la deuxiéme partie au capteur ambiant dans la troisiéme partie, dans lequel le céblage de capteur thermique et le
capteur thermique ambiant sont configurés pour servir au moins de partie de I'antenne dans la troisiéme partie.

Thermométre pour aliments selon la revendication 1, comprenant en outre un capteur thermique ambiant (940)
positionné a 'intérieur de la deuxiéme partie et en contactthermique avec 'antenne, dans lequelle capteurthermique
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ambiant est configuré pour détecter indirectement une température ambiante prés de I'extérieur de l'aliment par
conduction thermique via I'antenne.

Thermomeétre pour aliments selon la revendication 1, comprenant en outre :

un capteur thermique ambiant (940) situé dans la troisiéme partie ; et
un céblage de capteur (942) a l'intérieur de I'enveloppe interne reliant le capteur thermique ambiant & de
I'électronique dans la premiére partie ou la deuxieme partie.

Thermométre pour aliments selon la revendication 1, comprenant en outre un contact de charge (950) pour charger
le thermomeétre pour aliments, dans lequel le contact de charge est en communication électrique avec I'enveloppe
interne, et dans lequel 'enveloppe interne est configurée pour transporter un signal de charge du contact de charge
a I'électronique dans la premiére partie ou dans la deuxiéme partie.

Thermomeétre pour aliments selon la revendication 1, comprenant en outre :

un contact de charge (950) situé dans la troisiéme partie pour charger le thermomeétre pour aliments, dans
lequel le contact de charge est en communication électrique avec 'antenne de telle sorte que I'antenne est
configurée pour transporter un signal de charge provenant du contact de charge ; et

des composants de filtre (948) configurés pour séparer le signal de charge du signal radiofréquence (RF)
d'antenne.

Thermométre pour aliments selon la revendication 1, comprenant en outre :

un contact de charge (950) situé dans la troisiéme partie pour charger le thermométre pour aliments, dans
lequel le contact de charge est en communication électrique avec 'antenne de telle sorte que I'antenne est
configurée pour transporter un signal de message regu au niveau du contact de charge par contact avec un
dispositif externe ; et

des composants de filtre (948) configurés pour séparer le signal de message du signal radiofréquence (RF)
d'antenne.

Thermomeétre pour aliments selon la revendication 1, comprenant en outre un capteur thermique ambiant (940)
situé dans au moins la troisiéme partie ou la deuxiéme partie et configuré pour détecter une température ambiante
prés d’un extérieur de l'aliment, dans lequel la température ambiante détectée par le capteur thermique ambiant
est utilisée pour déterminer une étape de cuisson pendant un processus de cuisson de l'aliment.

Thermométre pour aliments selon la revendication 1, dans lequel le thermométre pour aliments est connecté sans
fil 2 un dispositif électronique portable distant (110, 110a, 110b), et
dans lequel les composants électroniques comprennent un processeur configuré pour :

recevoir un seuil de température a partir du dispositif électronique portable distant ;

déterminer que la température détectée de I'aliment a atteint ou dépasse le seuil de température ; et
transmettre, en utilisant 'antenne, le signal radiofréquence (RF) d’antenne au dispositif électronique portable
distant pour indiquer que l'aliment a atteint ou dépasse le seuil de température.

Thermomeétre pour aliments selon la revendication 10, dans lequel au moins I'un du thermométre pour aliments ou

du dispositif électronique portable distant basé sur un ordinateur est configuré pour estimer au moins I'un d’'un temps
de fin de cuisson de I'aliment et d’'une augmentation de température de repos qui suivra laliment retiré de la chaleur.
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