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TITLE
COMPACT MICROWAVE OVEN
BACKGROUND

[0001] The present disclosure relates to food heating and in particular to the
microwaving of food.

[0002] For many reasons, it is desirable to have a way to rcheat food using a
microwave oven. First, it can be expensive to go out to eat, especially on a regular basis.
Second, food prepared at home is often prepared with care and is worth saving for a later
meal. Third, food prepared in a microwave can be done quickly and at a time that is
convenient for the user.

[0003] There are a number of drawbacks to current microwaves, especially
microwaves used at an office or other workplace. The microwaves are often located in a
kitchen or other centralized workplace location, so that the user has to transport unheated
food to the microwave, wait while the food is heated, and carry the food back to the user’s
office or other area to eat. The person may have to wait in line for the microwave to become
open for use. After the food is heated in the microwave, the person may have to transport the
heated food through the office or workplace, which may be uncomfortable or even frowned
upon.

[0004] It is believed that a microwave that can be easily stored and used in a person’s
office or personal workspace would be welcome. The current size of microwaves makes
such use impractical. Current microwaves are typically too large to be stored out of sight, for
example, behind a drawer or cabinet. The current size and weight of microwaves also makes
the transportation of the microwave to the office difficult.

[0005] A need for an improved microwave is needed accordingly.

SUMMARY

[0006] An improved microwave oven is provided. The microwave oven is relatively
small and lightweight. The microwave oven can be readily transported to the user’s office or
on travel, e.g., in a backpack, briefcase, suitcase or other bag. The microwave is small and
lightweight enough to be removed from an out of the way storage place, used and returned to

the storage place. The microwave is sized and weighted such that it can be readily stored in a



WO 2013/112464 PCT/US2013/022531

person’s office or cubicle. It is well suited to bring on trips, ¢.g., on vacation or camping. In
one embodiment the microwave is about the size of a shoebox.

[0007] One issue making the current size of microwaves too large for individualized
or compact use is that they need to be sized to handle different containers. Certain frozen
meals are flat and consume a relatively large area in a horizontal or x-y plane but relatively
little area in the vertical or z-direction. Other microwaveable meals, such as soups or food
stored in plastic containers extend further in the z-direction. The microwave has to be able to
accommodate these different food storage arrangements, meaning that microwave space is
often unnecessarily large in a certain direction based upon the food container used.

[0008] The present microwave oven is structured and arranged such that it can be
stably positioned for use in multiple orientations. In one orientation, the microwave oven is
positioned to receive a flat, horizontally disposed food item, such as a frozen food tray. In
this orientation, the door to the microwave can open from the top of the oven for example.
The food item is loaded into the top of the microwave, after which the door closes, e.g.,
hinges closed, over the top of the food item.

[0009] In another orientation, the microwave is constructed to receive a food item that
is more vertically positioned, so as to be able to receive a cup, bowl or plastic food storage
container that is mainly vertically oriented. In this second orientation, the microwave door
can open from a side of the microwave for example. Here, the food item is loaded into the
side of the microwave, after which the door closes, ¢.g., hinges across the side of the food
item.

[0010] The top-loading and side-loading orientations enable the microwaveable space
to be used efficiently regardless of the type of food item (x-y horizontal or z-direction vertical
as described above) loaded into the microwave oven. Also, the dual loading potential allows
the food item to be placed inside the microwave in its most appropriate or recommended
orientation. For example, the x-y horizontal food item may contain a tray having different
compartments each carrying a different food item, e.g., a main course, a side dish and a
dessert. Loading that tray vertically into a microwave oven instead of horizontally allows the
food items to potentially flow out of their respective compartments. The present microwave
oven allows for efficient microwave space usage and for the food items to be loaded in their
intended orientations.

[0011] The present microwave oven includes a number of features that enable and/or

enhance the dual orientation operation of the oven. It should be appreciated that the below
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listed features can be provided in any combination and do not have to be provided with the
dual orientation operation feature. First, one corner of the microwave oven will be a lower
corner of the microwave (corner that contacts a table or other item upon which the
microwave sits) regardless of which orientation that the oven is placed. It is contemplated to
locate the heaviest components of the microwave oven at or near that corner. For example,
the transformer and other heavy electronics can be located in the common corner.

[0012] Second, feet, such as four frictional, impact-absorbing, ¢.g., rubber, feet can be
placed on both bottom surfaces of the microwave including the x-y horizontal bottom and the
z-direction bottom. The frictional, impact-absorbing, e.g., rubber, feet help prevent the
microwave from sliding, which is more likely given the light weight of the microwave. The
feet help to prevent damage to the microwave in the event that the oven tips over onto the
surface having the feet. The feet also serve as visual cues to the user indicating the different
orientations in which the microwave can be positioned.

[0013] Third, in the event that the microwave has a side that is prone to causing the
microwave to tip if pushed, it is contemplated to place the user interface, which can include a
touch screen and/or membrane switches and a display, on a different side. For example, if
the microwave has three dimensions a, b and ¢, where a and b are relatively long compared to
¢, it is contemplated to place the user interface in on a surface of the microwave oven formed
by the a-c or b-c dimensions, but not the a-b dimension. Touching a button placed on the a-b
surface may cause the microwave to tip because the depth ¢ extending back for the a-b
surface is relatively small. Conversely, touching a button on the a-c or b-c surface will be
resisted by the longer depth b or a, respectively. In this manner, button pressing, assuming a
normal button press force, will not cause the microwave oven to tip.

[0014] Fourth, the user interface in one embodiment is set at a forty-five degree angle
in both the x-y horizontal and z-direction orientations. In this manner, the user never has to
look at letters and numbers that are at ninety-degrees to the user’s normal line of sight. The
letters and numbers are always somewhat right-side-up. The user interface can include a
digital display, e.g., countdown timer display, such as a liquid crystal display (“LCD”), light
emitting diode (“LED”) display, electroluminescent display (“ELD”), or plasma display. The
buttons of the user interface for operating the microwave oven can be easily cleanable and
wipeable membrane switches.

[0015] In another user interface embodiment, the user interface rotates in response to

the orientation in which the microwave oven is placed, so that numbers displayed, e.g., digits
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for cooking time entry, are oriented right-side-up regardless. The user interface may have a
digital display, which can be of any of the types listed above, and electromechanical operator
buttons, such as membrane switches. The display is operated upon by electronics and/or
software programming to display characters right-side-up regardless of which orientation that
the oven is positioned. The electromechanical buttons in one embodiment are positioned so
as to display indicia to be readily recognizable in any orientation of use.

[0016] The user interface may alternatively have a video monitor operable with a
touch screen overlay. The buttons to operate the microwave oven are accordingly touch
screen or virtual buttons. The countdown timer display and the touch screen buttons are
repositioned and re-oriented depending upon which orientation that the microwave is placed
for use. Thus the positioning of the buttons, e.g., the “time entry”, “start” and “stop” buttons,
relative to the display can be maintained for example from left to right beneath the
countdown timer display. Or, the user interface can be reconfigured to optimize the overall
footprint up switching orientations. In either situation, each button is presented right-side-up
regardless of the orientation that the microwave is used.

[0017] In one implementation, a mercury or other type of gravity switch is used to
sense the orientation of use that has been selected. The output of the switch is used to control
the orientation of the display. In another implementation, the display orientation is controlled
by a contact closure, which is physically closed by the weight of the microwave oven when
placed into a particular orientation for use. For example, one of the impact-absorbing
functional, e.g., rubber feet can include a spring-loaded contact switch that is compressed
closed when the weight of the microwave is applied, and wherein the spring is biased such
that the contact is forced open when weight is removed from the foot. The microwave can
include one or more of the contact closure feet on one or both of the potential base surfaces of
the microwave oven.

[0018] Logic control of the orientation of the user interface in the contact switch
implementation depends upon how many contact closure feet are provided. For example, the
user interface could be displayed in a default position, e.g., right-side-up, for the x-y
horizontal orientation. A single contact closure foot is provided on the base surface for the
other, z-direction orientation. When that contact is closed, the control clectronics and/or
programming cause the orientation of the display to change so as to be right-side-up for the z-
direction orientation of the microwave oven. When the microwave is lifted so that the single

contact is no longer compressed, the spring forces the contact to open, and the control
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electronics and/or programming causes the display to revert back to the default orientation.
Multiple contact closure feet can be provided on the base surface of the z-direction
orientation for signal redundancy and/or in case one of the switches becomes inoperable.

[0019] If one or more contact closure foot is provided one both base surfaces, then the
control electronics and/or programming orients the display based upon which surface has a
contact closure. As discussed in more detail below, it is contemplated to run the microwave
on rechargeable battery power. Here especially, but in any implementation, it is
contemplated to only display the user interface display, and to only allow the microwave
oven to be operated when at least one contact closure is made via one of the base feet.

[0020] The spring-loaded contacts do not have to be provided as part of an impact-
absorbing, frictional foot. That is, even if the feet are not provided, the spring loaded
contacts can still be implemented as moveable tabs or members in one or both of the base
surfaces. In yet another alternative embodiment, a tray defining the microwaveable area is
allowed to float slightly to close one or more electrical contact in any of the manners just
described to indicate which base surface has been selected. In still a further alternative
embodiment, a button or other type of input device is provided that allows the user to select
the orientation that the user interface is displayed.

[0021] Fifth, the microwave oven can be configured to run on alternating current
(“AC”) power alone or to run alternatively on AC power or direct current (“DC”’) power via a
rechargeable battery that is recharged via AC power. In either case, an AC socket or plug is
provided. It is contemplated to provide the AC socket or plug on a surface of the
microwavable that is not one of the x-y horizontal or z-directional base surfaces. The socket
can be provided on a side or surface that opposes the user interface side or surface for
example. In this manner, the microwave oven can be reoriented even while a power cord is
plugged into the socket or the plug of the microwave is plugged into an external source.

[0022] The microwave oven includes a control unit having an AC detection circuit
that is modified in one embodiment to use AC power as long as the microwave is connected
to an external source of AC power. If no external AC power is detected then the control unit
automatically switches to the use of battery power if available. The control unit is further
configured to automatically recharge the battery in one embodiment, if recharging is needed,
and if the microwave is connected to the source of external AC power. The AC detection

circuit can also detect whether the input voltage is 110/120 VAC (United States) or 230/240
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VAC (Europe) and regulate the voltage as needed so as to be able to use either voltage
automatically.

[0023] Sixth, in one embodiment, the door or lid to the microwave oven is hinged to
open and close. The hinge is provided in one implementation along a surface or side of the
oven that opposes the surface or side upon which the user interface is disposed. This
configuration allows the user to view the user interface in either orientation, to swing the lid
up and open for food item loading and removal when the oven is in the x-y horizontal
orientation, and to swing the lid sideways out and open when the microwave is in the z-
direction orientation for food item loading and removal. The user interface will thus appear
to the right or left side of the microwaveable space when the microwave is in the z-direction
orientation and below the microwaveable space when the microwave is in the x-y landscape
orientation.

[0024] Seventh, it is contemplated that the microwave will operate efficiently and that
the major electronic components, such as the transformer and magnetron, may be downsized
due to the compact size of the oven. Less heat will be generated accordingly, such that a
cooling fan may not be needed, although one could be provided if needed. To this end, and
because one primary use for the microwave is to heat precooked food and to not need
excessive run times, it is contemplated to limit an overall use or duty cycle, e.g., to X minutes
running per hour or X percent of a certain duration. Alternatively or additionally, the
microwave oven can have a limited cooking time, e.g., five minutes, to prevent the user from
mistakenly entering and executing a large cooking time, e.g., fifty minutes. Generating less
heat also makes the microwave safer, e.g., less prone to starting a fire. This may be
especially important for a workplace environment.

[0025] The overall duty cycle can be limited by a present time (minutes per hour or
percentage of time) as discussed above or be limited by an allowable amount of heat that is
generated by the microwave oven of the present disclosure. Certain components, such as the
magnetron, produce heat and can be damaged by excessive heat. It is accordingly
contemplated to place one or more temperature sensor (e.g., a thermistor or thermocouple) on
or near one or more of the heat generating components of the microwave oven. For example,
a single temperature sensor could be placed on the magnetron, multiple temperature sensors
could be placed on the magnetron (for redundancy and/or in case one of the sensors
malfunctions), a first sensor could be placed on the magnetron while a second sensor is

located in the air or on a wall adjacent the magnetron, or multiple sensors could be located
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adjacent to the magnetron (air or wall, for redundancy and/or in case one of the sensors
malfunctions).

[0026] The temperature sensor(s) outputs to a control unit of the microwave oven that
can include one or more processor and memory. The control unit compares the temperature
sensor output signal (or the average or some other mathematical combination of multiple
temperature output signals) to a threshold temperature level that is set for the component,
e.g., magnetron, or for the microwave oven overall. As long as the measured signal or
combination of measured signals is below (or at or below) the threshold temperature, the
microwave may be operated. If the measured signal or combination of measured signals
reaches (or exceeds) the threshold temperature, the control unit prevents the microwave oven
from heating or cooling food. The control unit can send a message to the user interface
display, e.g., “oven overheated, please wait”. Then when the measured temperature signal or
combination of measured signals fall(s) below the threshold, or a certain number of degrees
or percentage below the threshold, or for a certain amount of time below the threshold
temperature level, the control unit can send an appropriate follow-up message to the display,
e.g., “oven ready”, after which the microwave oven can be operated to heat and/or cook food
items. In this manner, the microwave can be used until an excessive temperature level (for a
component and/or for the microwave generally) is drawing near.

[0027] The temperature threshold can be a set temperature. Alternatively, the
temperature threshold is a threshold change in temperature. For example, the microwave
oven could be shut down if a sensed temperature(s) change exceed(s) AX degrees F or AY
degrees C. Such a threshold allows the sensor(s) to not have to sense the exact temperature,
e.g., to be out of calibration, and still operate with precision assuming that a sensor out of
calibration still measures temperature changes efficiently. In many cases, the microwave
oven is used indoors where the temperature is regulated, e.g., to 70 degrees F (21 degrees C).
The threshold temperature change can then be determined by assuming that the beginning
microwave temperature is such a temperature or within a range of such temperature.
Especially in the case in which the microwave oven is used outdoors, and possibly battery
operated, the microwave oven may be cooled or heated significantly by the ambient
temperatures. It is accordingly contemplated to employ a hybrid algorithm in which (i) the
temperature change or delta threshold is used if the sensed temperature is within a “standard
indoor” range, and (ii) the absolute or set temperature threshold is used if the sensed

temperature is outside the “standard indoor” range.

7



WO 2013/112464 PCT/US2013/022531

[0028] Eighth, it is also contemplated that a food item turntable is not needed or
provided, further reducing weight, heat and cost. A turntable could alternatively be provided
however.

[0029] Ninth, certain microwave ovens run a fan blade in front of the magnetron to
fragment the outputted microwaves to improve cooking evenness. It is believed that this fan
will also not be needed. To increase efficiency, it is contemplated to provide obstructions
between the magnetron and the microwaveable space, e.g., within a faraday cage, to improve
cooking evenness. The obstructions can be metallic, metal coated or made of or coated with
a microwave reflective material. The obstructions, e.g., flat members or rods, solid or
perforated, act as static microwave mixers or fragmenters to help evenly distribute the
microwaves into the microwaveable space and eliminate or reduce cool spots. The
obstructions can be replaced with a perforated sheet, e.g., a perforated metal sheet, a
perforated reflective material sheet, or a perforated sheet coated with metal or reflective
material. If helpful, the inside of an enclosure defining the microwavable area, if different
from the faraday cage, can be made of or coated with a microwave reflective material.
Orienting the broad side of the food item towards the magnetron, as is done in both the x-y
horizontal and z-direction orientations, also helps to evenly heat the food item.

[0030] Tenth (and again none of these features has to, but can be, provided with any
of the other features), a food item carrying, microwaveable, odor-absorbing pouch is
provided. The pouch in one embodiment is sized to just fit within the microwaveable space
and can include, e.g., a living-hinged lid that is releasably closed via hook and pile
connection. The pouch can include a nylon exterior and be filled with an odor-absorbing
material, such as an activated carbon powder, carbon-filled sponge or carbon-filled fiber.
The pouch absorbs odors generated by the heated or cooked food, which may be especially
desirable in a workplace environment. Alternatively or additionally, the pouch exterior can
be laminated with a perforated microwave reflective film to help to evenly heat or cook food
within the pouch. Or, the pouch exterior can hold a perforated microwave reflective material
to help to evenly heat or cook food within the pouch.

[0031] It is accordingly one advantage of the present disclosure to provide an
improved microwave oven.

[0032] It is another advantage of the present disclosure to provide a relatively

compact microwave oven.
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[0033] It is a further advantage of the present disclosure to provide a relatively
portable microwave oven.

[0034] It is still another advantage of the present disclosure to provide a relatively
light weight microwave oven.

[0035] It is still a further advantage of the present disclosure to provide a microwave
oven that generates relatively little heat.

[0036] It is yet another advantage of the present disclosure to provide a microwave
oven that can be placed in different orientations to receive food items of varying sizes and
shapes while allowing the microwave to remain relatively compact.

[0037] Moreover, it is an advantage of the present disclosure to provide a microwave
oven that allows for efficient microwave space usage and for the food items to be loaded in
their intended orientations.

[0038] It is yet a further advantage of the present disclosure to provide a microwave
oven that can display text right-side-up regardless of which orientation of multiple
orientations that the microwave is placed.

[0039] Yet another advantage of the present disclosure is to provide a microwave
oven that can statically mix or fragment the generated microwaves to help to evenly heat food
items.

[0040] Additional features and advantages are described herein, and will be apparent

from the following Detailed Description and the figures.

BRIEF DESCRIPTION OF THE FIGURES

[0041] Fig. 1 is a schematic block diagram of one embodiment of a control unit for
use with any of the microwave ovens of the present disclosure.

[0042] Fig. 2 is a first perspective view of a first housing configuration for a compact
microwave oven of the present disclosure.

[0043] Fig. 3 is a second perspective view of the first housing configuration for a
compact microwave oven of the present disclosure.

[0044] Fig. 4 is a third perspective view of the first housing configuration for a
compact microwave oven of the present disclosure.

[0045] Fig. 5 is a first perspective view of a second housing configuration for a

compact microwave oven of the present disclosure.
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[0046] Fig. 6 is a second perspective view of the second housing configuration for a
compact microwave oven of the present disclosure.

[0047] Fig. 7 is a sectioned elevation view illustrating one possibility for locating
components within the first housing configuration illustrated in Figs. 2 to 4.

[0048] Fig. 8 is a sectioned elevation view illustrating one possibility for locating
components within the second housing configuration illustrated in Figs. 5 and 6.

[0049] Figs. 9 and 10 are elevation views of one embodiment of a rotatable user
interface for use with any of the microwave ovens of the present disclosure.

[0050] Fig. 11 is an elevation view of another embodiment of a rotatable user
interface for use with any of the microwave ovens of the present disclosure.

[0051] Fig. 12 is a schematic flow diagram illustrating one embodiment for limiting
an overall duty cycle for any of the microwave ovens of the present disclosure.

[0052] Fig. 13 is a is a schematic flow diagram illustrating another embodiment for
limiting an overall duty cycle for any of the microwave ovens of the present disclosure.

[0053] Fig. 14 is a perspective view of one embodiment of a food item carrying,

microwaveable, odor-absorbing pouch of the present disclosure.

DETAILED DESCRIPTION

Control Unit

[0054] Referring now to the drawings and in particular to Fig. 1, a schematic
representation of microwave ovens 10 and 110 is illustrated. Microwave ovens 10 and 110
are each provided with a control unit, such as control unit 100. Control unit 100 in one
embodiment includes at least one processor 102 and at least one memory device 104.
Processor 102 and memory device 104 can be implemented using coded instructions (e.g.,
computer readable instructions), wherein memory device 104 can be any one or more
tangible computer readable medium, such as a flash memory, a read only memory (“ROM?”),
a random access memory (“RAM”), a cache, and/or or other storage media in which
information is stored for any duration (e.g., for extended time periods, permanently, brief
instances, for temporarily buffering, and/or for caching of the information). Alternatively,
some or all of the example processes of the present disclosure may be implemented using any
combination(s) of application specific integrated circuit(s) (“ASIC(s)”), programmable logic
device(s) (“PLD(s)”), field programmable logic device(s) (“FPLD(s)”), discrete logic,

hardware, firmware, etc. Also, some or all of the example processes of the present disclosure
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may be implemented manually or as any combination of any of the foregoing techniques, for
example, any combination of firmware, software, discrete logic and/or hardware. Further,
although the example processes of the present disclosure, ¢.g., those illustrated in Figs 12 and
13, can be described with reference to the flow diagrams, other methods of implementing the
processes may be employed. For example, the order of execution of the blocks may be
changed, and/or some of the blocks described may be changed, eliminated, sub-divided, or
combined. Additionally, any or all of the example processes of the present disclosure may be
performed sequentially and/or in parallel by, for example, separate processing threads,
processors, devices, discrete logic, circuits, and the like.

[0055] Control unit 100 can be implemented using discrete electrical components
and/or an integrated circuit (“IC”) chip, each of which can be soldered, e.g., wave or reflow
soldered, to one or more printed circuit board (“PCB”), which can be a rigid or flexible PCB.
Thus along with processor 102 and memory device 104, the one or more PCB can provide,
via one or more IC chip and/or discrete electrical component, any one or more of (i) an
alternating current (“AC”) detection circuit 106, (ii) a video controller or control circuitry 108
and (ii1) input/output circuitry 112.

[0056] It is contemplated to allow either one or both of microwave ovens 10 and 110
to be powered alternatively by AC power or by rechargeable battery direct current (“DC”)
power. AC detection circuit 106 is in electrical and/or operable communication with an AC
input device 60, such as a socket that receives a plug and cord connected to mains or line AC
power. AC input device 60 is alternatively a cord having a distal plug for plugging into a
wall socket for receiving mains or line AC power.

[0057] AC detection circuit 106 is also in electrical and/or operable communication
with a rechargeable battery 62. Rechargeable battery 62 is removable in one embodiment for
replacement, if needed, or if the user decides to lessen the weight of microwave oven 10
and/or 110. In an embodiment, AC detection circuit 106 is configured and programmed to
receive and cause microwave oven 10, 110 to use AC power if possible. When AC power is
received, AC detection circuit 106 is also configured and programmed to charge, e.g., from
fully empty or to top off, rechargeable battery 62 automatically. In this manner, microwave
oven 10, 110 when powered under normal operating conditions using AC power should
typically have a full supply of backup power via rechargeable battery 62.

[0058] As discussed in more detail below in Figs. 2 to 8, microwave electronics 50

include a transformer 52 that produces the voltage needed for magnetron 54, which produces
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the microwaves for cooking or heating food items. Very generally, in one embodiment high-
voltage transformer 52 steps up AC line voltage to a higher AC voltage, which is then
changed to an even higher DC voltage. This high voltage DC power is then converted by
magnetron 54 to the radio frequency (“RF”) energy that heats or cooks the food item. When
the user decides to use DC power, rechargeable battery 62 in an embodiment provides the DC
power at the voltage used by magnetron 54. In this case, AC detection circuit 106 operates
with processor 102, memory device 104 and input/output control circuitry 112 to bypass
high-voltage transformer 52 or to use transformer 52 in a particular configuration. Or, if the
rechargeable battery 62 provides the DC power at a voltage less than that needed by
magnetron 54, AC detection circuit 106 here operates with processor 102, memory device
104 and input/output control circuitry 112 to use a separate DC in/DC out transformer or to
use transformer 52 in a particular configuration.

[0059] In an embodiment, transformer 52 (and any other electrical component of
ovens 10, 110) can accept and operate with either 110/120 VAC power (typical in the United
States) or 230/240 VAC power (typical in Europe). Alternatively, AC detection circuit 106 is
further configured to detect whether the input voltage is 110/120 VAC or 230/240 VAC and
regulate the voltage as needed, so as to be able to accept either voltage automatically. For
example, the microwave oven 10, 110 can be configured to run on 110/120 VAC. If AC
detection circuit 106 detects 230/240 VAC, the circuitry converts the voltage to 110/120
VAC, which is then used downstream by the remainder of microwave oven 10, 110.

[0060] Video controller or control circuitry 108 commands display device 82 of user
interface 80 to display information generated by processor 102 and memory device 104. For
example, microwave oven 10, 110 as described below can be programmed to have an overall
duty cycle that is limited by run time or sensed temperature. If the duty cycle cutoff is
reached, processor 102 and memory device 104 command video control circuitry 108 to
display a suitable message on display device 82, such as, “oven overused, please wait” or
“oven overheated, please wait”. When the oven can be used again, processor 102 and
memory device 104 command control circuitry 108 to display a suitable response message on
display device 82, such as, “oven ready”.

[0061] Touch screen and/or electromechanical switches (e.g., membrane switches) 84
of user interface 80 operate with input/output control circuitry 112 to enable the user to enter
information, which is then manipulated by processor 102 and memory device 104. As

discussed in more detail below, the user can enter commands via touch screen and/or
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electromechanical switches 84, such as start time entry, start clock set, cancel, clear, oven
start and oven stop. The user can also enter the time for heating/cooking and clock time via
touch screen and/or electromechanical switches 84 via a virtual or hard key numeric keypad.

[0062] As further illustrated in Fig. 1, input/output control circuitry 112 also outputs
to microwave electronics 50, which can include transformer 52 and magnetron 54. If needed,
microwave electronics 50 can also include one or more fan, such as a fan (not illustrated) for
cooling magnetron 54 and/or for scattering its outputted microwaves. As discussed in more
detail below, in an attempt to eliminate the need for a cooling fan, it is contemplated to limit
the overall duty cycle of microwave oven 10, 110. One way to do so is to sense the
temperature of a component, ¢.g., magnetron 54, that is prone to overheating and/or to sense
an area of microwave oven 10, 110 located close to such component. To this end, one or
more temperature sensor 70, such as a thermistor or thermocouple, can be provided, which
outputs to processing 102 and memory 104 via input/output control circuitry 112.

[0063] As mentioned above, in one embodiment user interface 80 operates with a
touch screen 84. Especially in this case (but a touch screen is not required), one or more
gravity or contact switch 72 (both discussed in detail below) may be provided to detect the
orientation in which microwave oven 10, 110 has been placed. Gravity or contact switch(es)
72 likewise outputs to processing 102 and memory 104 via input/output control circuitry 112.
Processing 102, memory 104 and video controller 108 orient user interface 80 accordingly, as
discussed in detail below.

Microwave Oven Operational Orientations

[0064] Referring now to Figs. 2 to 4, one embodiment of a compact microwave oven
of the present disclosure is illustrated by oven 10. To illustrate many of the features of oven
10 an x-y-z coordinate system is provided and is consistent for each of Figs. 2 to 4. As
illustrated, the z-axis is the vertical axis, while the x- and y-axes form a horizontal plane
orthogonal to the z-axis. Microwave oven 10 has dimensions a x b x ¢, where dimension c¢ is
smaller than dimensions a or b. Thus it should be appreciated that in one embodiment
microwave oven 10 is generally rectangular in shape having two surfaces defined by the
dimensions a and b, two surfaces defined by the dimensions a and ¢, and two surfaces defined
by the dimensions b and c.

[0065] In Fig. 2, microwave oven 10 is placed in an x-y horizontal orientation, while
in Figs. 3 and 4, microwave oven 10 is placed in a z-direction vertical orientation. The

orientations are each labeled based upon the shape of the food item (container) for which the
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orientation is best able to receive. That is, food item 42 when oriented in its proper position
for heating or cooking lies generally in an x-y horizontal plane. Food item 42 could for
example be a frozen meal containing multiple compartments filled separately with different
types of foods. The x-y horizontal plane is the best plane to receive food item 42 so that the
different foods do not run together when heated or melted. Microwave oven 10 is therefore
placed in the x-y horizontal orientation of Fig. 2 to heat or cook food item 42, allowing food
item 42 to lie in its proper heating or cooking position.

[0066] On the other hand, food item 44 when oriented in its proper position for
heating or cooking extends furthest in the z-direction. Food item 44 could for example be a
cardboard or plastic upright container having a removable lid or openable top. Here, the z-
direction plane is the best to receive food item 44, so that the lid or top does not have to be
laid on its side, potentially opening, while food item 44 is heated or melted. Microwave oven
10 is therefore placed in the z-direction vertical orientation of Figs. 3 and 4 to heat or cook
food item 42.

[0067] It should be appreciated that a microwavable space 40 of oven 10 adapts to the
proper orientation of the food item as opposed to having a single orientation that has to be
large enough to accept both food items 42 and 44. This allows microwavable space 40 to be
smaller while still accommodating a large array of differently shaped food items. And
because a larger percentage of the microwavable space 40 is filled on average, usage
efficiency is increased.

[0068] In the x-y horizontal orientation of Fig. 1, a first surface defined by
dimensions a-b serves as the bottom surface, or surface of oven 10 that rests upon a support,
such as a desk, drawer, countertop, shelf, credenza, table or the like. In the z-direction
orientation of Figs. 3 and 4, a second surface defined by dimensions b-c serves as the bottom
surface or surface of oven 10. Microwave oven 10 can be flipped such that either surface a-b
or b-c serves as the bottom surface. Oven 10 functions equally well in either orientation.

[0069] The front of microwave oven 10 is the same for both the x-y horizontal and z-
direction orientations and resides on one of the a-c surfaces in one embodiment.
Accordingly, the back of microwave oven 10 is the same for both the x-y horizontal and z-
direction orientations and resides on the other of the a-c surfaces. User interface &0,
including display device 82, is placed on the front a-c surface and therefore faces the user in

cither orientation. In this manner, the user can easily program and view the status of
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microwave oven 10 regardless of the orientation (Fig. 2 v. Figs. 3 and 4) in which oven 10 is
placed.

[0070] Microwave oven 10 includes a housing 12 and a door or lid 14, which is
hinged to housing 14 via hinge 16 (or multiple hinges 16). In the illustrated embodiment of
Figs. 2 to 4, hinge 16 is located on the back a-c surface in either orientation in one
embodiment. In this manner, door or lid 14 always opens up to the user. In Fig. 2, door or
lid 14 pops open from the top of oven 10, creating an opening directly in front of the user
through which the user can readily insert food item 42 into microwaveable space 40. In Figs.
3 and 4, door or lid 14 pops open from the side of oven 10, again creating an opening directly
in front of the user through which the user can readily insert food item 44 into microwaveable
space 40. In the illustrated embodiment, hinge 16 is accordingly always on the backside of
oven 10, out of the way and generally hidden.

[0071] In an embodiment, the oven’s power components are also located on the back
a-c surface in either orientation. For example, AC input 60 (socket or plug) and rechargeable
battery 62 are located on the back a-c surface of oven 10. Rechargeable battery 62 is in one
embodiment also removable and replaceable into the back surface of oven 10 regardless of
the orientation of oven 10. Placing AC input 60 in the back of oven 10 allows the microwave
to be turned to either orientation without rerouting the power cord or causing the cord to bind
or bow. In the illustrated implementation, AC input 60 remains on the lower half of oven 10
regardless of its orientation, such that the user will likely not even see or feel the cord move,
assuming the cord is not overly tensioned to begin with.

[0072] As illustrated, it is also contemplated in one embodiment to configure and
arrange the heavier microwave electronics 50 (e.g., transformer 52 and magnetron 54), such
that the heavier items sit at the bottom of oven 10 regardless of its operational orientation.
Placing the heavier items at the bottom of oven 10 helps its stability and reluctance to slide or
tip. Regarding tipping, it is also expressly contemplated that if dimensions a and b are each
larger than c, as is the case with oven 10 in Figs. 2 to 4, that user interface 80 is not placed on
cither of the a-b surfaces and is instead placed on an a-c or b-c surface. In the x-y horizontal
orientation of Fig. 2, it is difficult to tip oven 10. In the z-direction vertical orientation of
Figs. 3 and 4, however, tipping becomes more problematic. The problem is reduced by not
allowing the short dimension (e.g., the ¢ dimension) to be the oven’s depth dimension. In the

illustrated embodiment, the longer b dimension is the depth dimension.
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[0073] In the illustrated embodiment (best seen in Figs. 2 and 4), both the a-b (Fig. 2)
and b-c (Figs. 3 and 4) bottom surfaces are provided with frictional, impact-absorbing, ¢.g.,
rubber, feet 18. Each surface includes four feet 18, however, more or less feet may be
provided per surface as desired. Feet 18 provide a cushioned, dampened interface between
housing 12 and the structure upon which microwave oven 10 rests. In the z-direction vertical
orientation of Figs. 3 and 4, feet 18 also serve to lift door or lid 14 off of the supporting
structure to allow the door or lid 14 to swing open and closed freely. Alternatively, if no feet
18 are provided, lid 14 can be sized somewhat smaller than housing 12 to likewise allow the
door or lid 14 to swing open and closed freely. Feet 18 also serve to buffer housing 12
should oven 10 tip over. Further, the provision of feet 18 on two surfaces of housing 12
provides a visual queue to a new user that microwave oven 10 can be placed and operated in
multiple orientations.

[0074] Referring now to Figs. 5 and 6, a second embodiment of a compact microwave
oven of the present disclosure is illustrated by oven 110. An x-y-z coordinate system is
illustrated again and is again consistent for each of Figs. 5 and 6. Microwave oven 110 has
roughly the same shape as oven 10 and again includes dimensions a x b x ¢, where dimension
c is smaller than dimensions a or b. It should be appreciated that either or both of microwave
ovens 10 or 110 can be longer, squatter, and/or have non-flat or curved surfaces.

[0075] Microwave oven 110, like oven 10, has dual operating orientations to accept
x-y horizontal food item 42 and z-direction vertical food item 44 as described above.
Microwave oven 110, like oven 10, includes an AC input 60, a rechargeable battery 62, a user
interface 80 including a display device 82, microwave electronics 50, each operating with a
control unit 100. Either one or both of bottom surfaces a-b (Fig. 5) and b-c (Fig. 6) can again
be provided with frictional, impact-absorbing, ¢.g., rubber, feet 18.

[0076] Microwave oven 110 has a differently configured housing 112 and door 114,
which is again hinged to housing 112 via one or more hinge 116 in the illustrated
embodiment. The differences in configurations between housings 12 and 112 will be
discussed. It should be appreciated however that microwave oven 110 and housing 112 are
constructed so as to share each of the advantages discussed above for oven 10 and housing
12, such as, the advantageous location of user interface 80, the advantageous operation of
door or lid 114, the advantageous location of heavier components 50, the advantageous
location of power components 60 and 62, the prevention of sliding/tipping, and the benefits

of feet 18.
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[0077] The primary difference between oven 10 and oven 110 is the configuration of
microwaveable space 140 of oven 110 versus the microwaveable space 40 of oven 10. With
oven 10, microwaveable space 40 extends all the way along dimensions a and b and only
partway, e¢.g., approximately halfway, along dimension ¢. With oven 110, microwaveable
space 140 extends instead all the way along dimension b and ¢ and only part way along
dimension a. The different configurations of microwaveable spaces 40 and 140 may, but
does not have to, lead to different locations and orientations for one or more of the
microwave components 50, such as magnetron 54.

[0078] With oven 110, user interface 80 including display device 82 resides towards
the bottom of the microwave in the z-direction orientation of Fig. 6. With oven 10, user
interface 80 is located instead near the top of housing 12 in the z-direction orientation of Figs.
3 and 4. The components selected for the microwave electronics 50, controller 100 and the
user interface 80 may lend themselves towards one of the configurations of housing 12 or 112
of respective microwave ovens 10 and 110. In either case, however, ovens 10 and 110
remain compact and accept food items 42 and 44 in their proper and desired positions for
efficient microwave heating or cooking.

Microwave Oven Component Layout

[0079] Referring now to Figs. 7 and 8, embodiments for the component layout of
microwave ovens 10 and 110 are illustrated respectively. Fig. 7 illustrates an embodiment of
microwave oven 10 from the front of the oven. Microwave oven 10 includes housing 12,
which is connected to door or lid 14 via hinge or hinges 16 (not viewable in Fig. 7 because
they are located at the back of housing 12). Housing 12 and door 14 are provided with a
spring-loaded latch and mating aperture that are activated by a spring-loaded button (not
illustrated) in one embodiment to enable the user to open door or lid 14. Door 14 then latches
to housing 12 when pressed closed by the user.

[0080] Heavier microwave ¢lectronics 50, such as a transformer 52, are located at the
bottom and right side of housing 12 in the illustrated embodiment. Magnetron 54, which
receives operating power from transformer 52, is located above transformer 52 in the
approximate middle of dimension a, which is the approximate z-direction middle of
microwaveable space 40. Magnetron 54 can also be located at the middle, or approximate
middle, of dimension b such that magnetron 54 is centered, or approximately centered, in the
x-y horizontal orientation plane. In the illustrated embodiment, control unit 100 and user

interface 80 are located away from transformer 52 and can be electrically isolated from
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transformer 52 and/or magnetron 54 if need be. That is, lower voltage level components can
be electrically isolated from the larger voltages of transformer 52 and/or magnetron 54 if
need be to prevent arcing and/or signal disruption.

[0081] Housing 12 houses a gravity switch or mercury switch 72 in the illustrated
embodiment. Gravity switch is used to detect the orientation of housing 12 and microwave
oven 10. The detected orientation can then be used to orient the display of display device 82
as discussed below in connection with Figs. 9 and 10. In the illustrated embodiment, mercury
switch 72 includes three contacts 72a to 72¢ and enough mercury (or other conductive fluid)
to make electrical contact with contacts 72a and 72b if oven 10 is in the z-direction vertical
orientation shown in Fig. 7 or with contacts 72b and 72¢ if microwave 10 is in the x-y
horizontal orientation of Fig. 2. The different contact closures enable different paths of
input/output circuitry 112 to flow electrical current, allowing the orientation of oven 10 to be
electrically sensed and a signal indicative of the sensed orientation to be sent via processing
102 and memory 104 to video controller 108 to control user interface 80 and display device
82 accordingly.

[0082] In the place of, or in addition to gravity switch 72, one or more spring-loaded
contact switch 72 can be provided, for example, with one or more frictional, impact-
absorbing, ¢.g., rubber, feet 18. In the illustrated embodiment one foot 18 on each of the a-b
bottom surface 12a and the b-c bottom surface 12b of microwave oven 10 is provided with a
spring-loaded switch 72. In each case, foot 18 is split and a spring is inserted between the
foot portions. When oven 10 is oriented so that the contact foot 18 becomes compressed
between the microwave and the supporting structure, the spring compresses and a contact
closure is made. When oven 10 is lifted from that orientation, the spring bias opens the
spring and breaks the contact closure of switch 72.

[0083] There can be one or more contact foot on one or both of the a-b bottom surface
12a and b-c bottom surface 12b illustrated in Fig. 7. In one example, control unit 10 is
programmed to default to a user interface display for the x-y horizontal orientation (Fig. 2)
when no input is sensed. Here, the a-b bottom surface 12a therefore needs no spring-loaded
contact switch 72. The b-c bottom surface 12b can be provided with a single contact foot 18,
which if closed signals via control unit 100 that oven 10 is instead oriented in the z-direction
vertical orientation of Fig. 7 and that the display of information for user interface 80 should

be switched accordingly. In the default example, multiple contact feet 18 can be provided on

18



WO 2013/112464 PCT/US2013/022531

the b-c bottom surface 12b for redundancy and/or in case one of the spring-loaded contact
switches 72 fails.

[0084] Alternatively, each of the a-b and b-c¢ bottom surfaces 12a, 12b includes a
spring-loaded contact switch 72 provided in conjunction with a foot 18. Here, control unit is
programmed such that the user interface 80 and its display device 82 are inactive unless a
switch 72 is closed on one of the a-b and b-c bottom surfaces 12a, 12b. If a switch 72 closes
on the a-b bottom surface 12a, a particular path of input/output circuitry 112 is allowed to
flow electrical current, allowing the x-y horizontal orientation to be electrically sensed and a
signal indicative of the present orientation to be sent via processing 102 and memory 104 to
video controller 108 to control user interface 80 and display device 82 appropriately for the
x-y horizontal orientation of Fig. 2. If instead a switch 72 closes on the b-c bottom surface
12b, a different path of input/output circuitry 112 is allowed to flow electrical current,
allowing the z-direction vertical orientation to be electrically sensed and a signal indicative of
the present orientation to be sent via processing 102 and memory 104 to video controller 108
to control user interface 80 and display device 82 appropriately for the z-direction vertical
orientation of Figs. 3, 4 and 7. Again, either or both of the a-b and b-c bottom surfaces 12a,
12b can include multiple contact feet 18 for redundancy and/or in case one of the spring-
loaded contact switches 72 fails.

[0085] Fig. 7 also illustrates temperature sensors 70, such as thermistors or
thermocouples, which are placed on a desired microwave component 50, on a wall near the
desired component 50, or in the air adjacent to the desired component 50, to measure one or
more pertinent temperature. In the illustrated embodiment, temperature sensors 70 are placed
on or about transformer 52 and magnetron 54. Temperature signals from temperature sensors
70 can be analyzed individually and/or collectively to arrive at a determination of whether it
is safe to allow oven 10 to begin or continue heating or cooking a food item. Sensors 70
output to input/output circuitry 112 of control unit 100 as illustrated in Fig. 1. Input/output
circuitry 112 communicates with processing 102 and memory 104, which are programmed to
analyze the signals. Processing 102 and memory 104 output commands to accordingly allow
or disallow the running of the microwave electronics 50 and to have appropriate messages
displayed on display device 82.

[0086] As further illustrated in Fig. 7, magnetron 54 emits microwaves into a sealed
metal faraday cage 20, which is made up of metal (or metal coated plastic) walls 20a, 20b,

20c, 20d and 20e. In an embodiment, walls 20b, 20c, 20d and 20e can be stamped from a
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single sheet of metal, or be two or more separate walls, and be welded, press-fitted and/or
bolted together if needed. Cage wall 20a is the inner wall of door or lid 14 in one
embodiment, which is pressed against walls 20b and 20e when door 14 is closed to form a
metal enclosure. The metal enclosure is then fitted to the output of magnetron 54, forming
faraday cage 20. A splash, e.g., plastic, wall 30 is press-fitted, bolted and/or adhered to the
faraday cage as illustrated to form microwaveable space 40 along with cage walls 20a, 20b
and 20e.

[0087] Splash wall 30 also forms a space with cage walls 20c and 20d, which resides
just outside of the output of magnetron 54. A plurality of static microwave obstructions 32
are located inside the space defined by splash wall 30 and cage walls 20c and 20d.
Obstructions 32 can extend outside of cage walls 20c and 20d if desired. Microwave
obstructions 32 can be metal and/or of or coated with a microwave reflective material. The
reflective coating can be a metal foil, sputtered layer, or metallic paint layer. Obstructions 32
can be in cross-section round, rectangular, polygonal, jagged, smooth, and/or have another
shape or shape attribute that is adept at reflecting microwaves. Longitudinally, obstructions
32 can be continuous and/or segmented, straight, bent and/or curved. Obstructions 32 are
sized and fixed far enough away from any of the metal walls of faraday cage so that arching
is prevented.

[0088] It is also contemplated to use a reflective or even semi-reflective material for
obstructions 32 that will not arch with the faraday cage walls 20c and 20d even if spaced
closely to the walls. For example, the material for obstructions 32 can be a conductive
particle filled polymer or rubber. The material can alternatively be a conductive mesh or
fabric. The conductive components of these materials reflect microwaves outputted from
magnetron 54 but are in one embodiment not collectively conductive enough to promote
arching with faraday cage walls 20c and 20d.

[0089] In any case, obstructions 32 as illustrated in Fig. 7 disrupt the microwave
pattern emanating from magnetron 54. The disrupted wave pattern is less prone to producing
“cold spots”, common to known microwave ovens that lead to unevenly heated food. It
should also be appreciated from Fig. 7 that both the x-y horizontal food item 42 and the z-
direction food item 44 are placed so that their broadest surfaces face the output of magnetron
54. Such placement maximizes the surface area of the food, which is orthogonal to the

direction of the output of magnetron 54, further improving heating or cooking efficiency.
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[0090] Referring now to Fig. 8, an embodiment of alternative microwave oven 110 is
illustrated. Microwave oven 110 includes housing 112 that is connected to door or lid 114
via a hinge or hinges 116 (not viewable in Fig. 8 because the hinges are located at the back of
housing 112). Housing 112 and door 114 are also provided with a spring-loaded button and
latch and mating aperture as described above for oven 10.

[0091] Heavier microwave ¢lectronics 50, such as a transformer 52, are located at the
bottom and left side of housing 112 in the illustrated embodiment. Magnetron 54, which
receives operating power from transformer 52, is located in front of or behind transformer 52
and in the approximate middle of dimension b, or the approximate middle of microwaveable
space 140 along dimension b. In the illustrated embodiment, control unit 100 and user
interface 80 are located away from transformer 52 and magnetron 54 and can again be
electrically isolated from same if need be.

[0092] As illustrated in Fig. 8, microwave oven 110 can also include a gravity switch
or mercury switch 72 and/or one or more spring-loaded contact switch 72 (e.g., integrated
into feet 18), which operate with control unit 100 to detect whether housing 112 of
microwave oven 110 has been placed on its a-b surface 112a or its b-¢ surface 112b for
operation. As discussed above, control unit 100 orients the display device 82 and possibly
the inputs and controls of user interface 80 appropriately in response to the sensed orientation
via the gravity and/or contact switches. Fig. 8 further illustrates that housing 112 can include
one or more temperature sensor 70, placed in any of the configurations discussed above for
oven 10, which can be used to detect when one or more component of microwave oven 110
has exceeded or is close to exceeding a safe operating limit. One embodiment for using
temperature sensor 70 to control oven duty cycle for ovens 10 and 110 is discussed below in
connection with Fig. 13. Any and all embodiments and alternatives discussed above for the
structure and use of gravity switches 72, contact switches 72 and temperature sensors 70 are
equally applicable to oven 110.

[0093] Fig. 8 also illustrates that magnetron 54 emits microwaves into a sealed metal
faraday cage 120, which is made up of metal (or metal coated plastic) walls 120a, 120b, 120c
and 120d. Walls 120b to 120d can be welded, press-fitted and/or bolted together to form a
metal enclosure. The metal enclosure is then fitted to the output of magnetron 54, forming
faraday cage 120. Cage wall 120a is the inner wall of door or lid 114 in one embodiment. A
splash, e.g., plastic, wall 130 is press-fitted, bolted and/or adhered to the faraday cage as

illustrated to form microwaveable space 140 along with cage walls 120a, 120b and 120d.
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[0094] As with oven 10, splash wall 130 of oven 110 forms a space with cage wall
120c, which resides just outside of the output of magnetron 54. A plurality of static
microwave obstructions 32, including any of the embodiments and alternatives for
obstructions 32 discussed above, could be located inside the space defined by splash wall 30
and cage wall 120c. Oven 110 illustrates an alternative embodiment, however, in which a
perforated or porous microwave signal blocking wall or layer 132 is provided instead. Signal
blocking wall or layer 132 can be made of any of the materials discussed above for
obstructions 32, for example, of metal or of a conductively impregnated polymer or a
conductive fabric. Signal blocking wall or layer 132 can alternatively be a conductive paint
or ink that is stencil painted, e.g., sprayed over a stencil onto, splash wall 130. Signal
blocking wall or coating 132 can further alternatively be a conductive paste that is printed,
e.g., screen printed, onto splash wall 130. Thus, signal blocking wall 132 does not have to be
its own free-standing wall and can instead be a conductive or semi-conductive layer or
coating applied to and supported by splash wall 130. The overall conductivity of signal
blocking wall or layer 132 is set so that arching with conductive walls 120b, 120c and 120d
will not occur. To this end, while signal blocking wall or coating 132 is shown extending all
the way along splash wall 130, signal blocking wall or coating 132 could instead be located
only in the center of splash wall 130 or otherwise not extend all the way to the edges of
splash wall 130, so that a suitable distance between the signal blocking wall or coating and
conductive walls 120b and 120d is provided.

[0095] Signal blocking wall or layer 132 can be formed to have apertures or openings
134 for allowing microwaves to exit into microwaveable space 140. While multiple small
openings 134 are illustrated, openings 134 could instead be a lesser number of larger
openings. Signal blocking wall or layer 132 disrupts the microwave pattern emanating from
magnetron 54 and forces the disrupted microwaves through apertures or openings 134. The
disrupted wave pattern is again less prone to producing “cold spots”, common to known
microwave ovens, which lead to unevenly heated food. It should again be appreciated from
Fig. 8 that both the x-y horizontal food item 42 and the z-direction food item 44 are placed so
that their broadest surfaces face the output of magnetron 54. Such placement maximizes the
surface area of the food that is orthogonal to the direction of the microwaves through
apertures 134, further improving heating or cooking efficiency.

[0096] In the illustrated embodiment of Fig. 8, magnetron 54 is oriented differently

than with oven 10 of Fig. 7. Here, magnetron 54 outputs microwaves tangentially to food
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items 42 and 44, signal blocking wall 132 and openings 154, into a plenum formed by splash
wall 130, signal blocking wall or layer 132 and conductive wall 120c. The microwaves exit
through openings 134 that are, in general, disposed perpendicularly with respect to the
direction in which the outlet of magnetron 54 is disposed. The tangential microwave
emission of oven 110 of Fig. 8 can be used also with oven 10 of Fig. 7, including obstructions
32 and splash wall 30 of oven 10. Likewise, the microwave emission directly towards the
food items 42 and 44 of oven 10 of Fig. 7 can be used also with oven 110 of Fig. 8, including
its splash wall 130 and signal blocking wall or layer 132. Still further, obstructions 32 can be
used in place of signal blocking wall or layer 132 with oven 110 of Fig. 8. Likewise, signal
blocking wall or layer 132 can be used in place of obstructions 32 with oven 10 of Fig. 7.

User Interfaces

[0097] Referring now to Figs. 9 and 10, one embodiment of user interface 80 is
illustrated. As discussed above, user interface 80 including display device 82 is controlled by
control unit 100, including processing 102, memory 104 and video controller 108. user
interface 80 in Figs. 9 and 10 employs a touch screen 84 that is oriented depending upon a
signal from gravity and/or contact switches 72, the structure and operation of which have
been described in detail above. Thus each of the digits “0” to “9” of the keypad of user
interface 80, the “Cancel” button, the “Start” button, the “Time” button, the “Clock” button,
and the “Stop” button are touch screen inputs. Touch screen 84 allows the display of any
one or more of display device 82, the digits “0” to “9”, the “Cancel” button, the “Start”
button, the “Time” button, the “Clock™ button, and the “Stop” button to be moved and/or
rotated as desired with respect to the boundaries 86 and 88 of user interface §0.

[0098] Fig. 9 illustrates user interface 80 as it is displayed for the x-y orientation of
oven 10 in Fig. 2 and oven 110 in Fig. 5. Display device 82, the “Cancel” button, the “Start”
button, the “Time” button, the “Clock™ button, and the “Stop” button are located on the left
side of user interface 80, while the keypad and its digits “0” to “9” (except “4”) are located
on the right side of user interface 80. Fig. 10 illustrates user interface as it is displayed
alternatively for the z-direction orientation of oven 10 in Figs. 3 and 4 and oven 110 in Fig. 6.
Display device 82 here has been moved to be located above the keypad, while the “Cancel”
button, the “Start” button, the “Time” button, the “Clock™ button, and the “Stop” button are
located in general below the keypad.

[0099] In Figs. 9 and 10, user interface 80 is displayed right-side-up to the user

regardless of the orientation of ovens 10 and 110. That is, the digits “0” to “9” and the words
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“Cancel”, “Start”, “Time”, “Clock” and “Stop” are displayed right-side-up to the user
regardless of the orientation of ovens 10 and 110. The user interfaces of Figs. 9 and 10 also
share certain features, such as keeping display device 82 towards the top of user interface 80.
The “Time” button, the “Clock™ button, and the “Stop” button are located on the bottom of
user interface 80 in both Figs. 9 and 10. The “Cancel” button and the “Start” button are
located at or towards the vertical center of user interface 80 in both Figs. 9 and 10. Such
consistency helps the user to work easily with the display changes between Figs. 9 and 10.

[00100] A further alternative user interface 80 is illustrated in Fig. 11. For
reference, dimensions a and ¢ of housing 12 of oven 10 are illustrated. It should be
appreciated however that the user interface of Fig. 11 works equally well with ovens 10 and
110. User interface 80 of Fig. 11 does not in the illustrated embodiment use or need a touch
screen 84. Touch screen 84 could alternatively be provided, however, in the illustrated
embodiment digits 84 and buttons 84 are cach electromechanical pushbuttons, such as
membrane switches. Membrane switches are desirable because the electrical contacts are
sealed from both human touch and cleaning liquids. Membrane switches are also devoid of
creases or grooves that can be difficult to clean.

[00101] Boundaries 86 and 88 in the illustrated embodiment form a roughly
square user interface 80. The digits “0” to “9”, the “Time” button, the “Clock™ button, the
“Start” button and the “Clear/Stop” button are cach displayed as triangularly shaped buttons
that are disposed at forty-five degrees relative to the user’s horizontal site plain, but which are
casy to read and discern. Display device 82 of user interface 80 is likewise rotated to forty-
five degrees. An arca beneath display device 82 but within boundaries 86 and 88 is left
available to display and illuminate a logo or other information if desired.

[00102] Fig. 11 illustrates user interface 80 as it would appear in the z-direction
orientation of microwave oven 10 in Figs. 3 and 4, in which dimension ¢ extends along the
top of oven 10 and dimension a extends along the vertical side of the oven. If oven 10 is
rotated or flipped to so that dimension a extends instead along the bottom of oven 10, while
dimension ¢ extends instead along the vertical side of oven 10, as is the case in Fig. 1, then
the digits “0” to “9”, the “Time” button, the “Clock™ button, the “Start” button and the
“Clear/Stop” button will be rotated ninety degrees. If the page showing Fig. 11 is rotated
ninety-degrees clockwise to simulate this flipping of oven 10, it is seen that the numbers and
buttons are still somewhat right-side-up to the user and are still easily read and discernible.

Neither orientation of oven 10 and user interface 80 therefore requires the user to read or
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view information that is vertical or upside down relative to the horizontal viewing plane of
the user.

[00103] The user interface of Fig. 11 is easy to use in any orientation and does
not require a touch screen, switches 72 or the associated electronics and programming. For
oven 110, it should be appreciated that the user interface 80 of Fig. 11 could be translated or
slid into the lower-left corner of oven 110 in the z-direction orientation as shown in Fig. 6,
namely, where dimension ¢ of Fig. 6 is now located directly below user interface 80 as
opposed to being on the of the user interface in Fig. 11. Dimension a of Fig. 6 would then be
the vertical dimension in Fig. 11. If oven 110 is then rotated to the x-y horizontal orientation
of Fig. 5, in which the a-dimension is now the bottom dimension, the digits “0” to “9”, the
“Time” button, the “Clock” button, the “Start” button and the “Clear/Stop” button will again
be rotated ninety degrees. If the page showing Fig. 11 is rotated ninety-degrees clockwise to
simulate the flipping of oven 110 from the orientation of Fig. 6 to that of Fig. 5, it is again
seen that the numbers and buttons are still somewhat right-side-up to the user and are still
casily read and discernible. Thus user interface 80 of Fig. 11 is applicable to both ovens 10
and 110.

Duty Cycles

[00104] One theme of the present disclosure is to have an oven that is compact,
well built and cost effective. Eliminating a moving or motorized part reduces cost, size and
climinates a part that is more susceptible to needing repair or replacement. Microwave ovens
are often provided with cooling fans to cool the magnetron. It is contemplated to eliminate
such fan and to combat the overheating of magnetron 54 and other microwave components 50
by reducing the size of the components to generate less heat in the first place. Second, it is
contemplated to limit the duty cycle of ovens 10 and 110, so that the ovens cannot be used in
one session or in succession to the extent that a component, such as magnetron 54, can
overheat or even come close to overheating.

[00105] One primary use for the ovens 10 and 110 is individual use. For
example, ovens 10 and 110 are perfectly suited for an office or work environment. It is not
expected that the microwave will be needed for long cooking durations, such as to cook raw
rice or a large meat item, which can be the case at home. Ovens 10 and 110 are definitely
contemplated for the home, however, ¢.g., as a basement or secondary microwave, or as a

primary microwave in certain environments, such as a college room or apartment
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environment. Thus it is expected that the user in the vast majority of uses will not encounter
or detect a limitation to duty cycle.

[00106] Referring now to Figs. 12 and 13, two different methods 210 and 310
for limiting duty cycle are illustrated. Methods 210 and 310 are operated via processing 102
and memory 104 of control unit via input/output circuitry 112 and temperature sensors 70
(method 310 in Fig. 13 only) to control microwave electronics 50. Method 210 begins at oval
212. At diamond 214, method 210 determines whether the user has selected to start
microwave oven 10, 110 (e.g., via pressing the “Start” button in Figs. 9 to 11). If not, method
210 resets itself back to the beginning of diamond 214. The diamond 214 loop is continued
until a start microwave oven request is received.

[00107] When a start microwave oven request is finally received, method 210
determines whether oven 10, 110 is currently over an allowed duty time or whether the
current request, if allowed to proceed, would send the microwave over the prescribed duty
time. Thus, method 210 ideally prevents microwave oven 10, 110 from even beginning a
session that would exceed the allowed duty time, but is also capable of handling a situation in
which microwave oven 10, 110 has exceeded the allowed duty time.

[00108] Allowed duty time can be based upon a percentage of time. For
example, method 210 can limit microwave oven 10, 110 to running a percentage of an hour,
¢.g., to only running between sixty to eighty percent of an hour. Allowed duty time can
alternatively or additionally prevent any one session from running past a particular duration.
For example, method 210 can prevent the entry of more than, e.g., ten or fifteen minutes, into
user interface 80. The single entry prevention may be performed in combination with the
percentage limitation, so that the ten or fifteen minute entry for example is not allowed even
if the entry would still fall within the allowed percentage level.

[00109] As illustrated at diamond 16 and block 218, if the start microwave
request would exceed the allowed duty time (exceed percentage and/or exceed single session
entry), or if microwave oven 10, 110 has somehow actually exceeded the allowed duty time,
then method 210 either prevents microwave oven 10, 110 from beginning operation (request
would exceed) or shuts down microwave oven 10, 110 (limit exceeded). At block 218,
method 210 also causes microwave 10, 110 to display at display device 82 an overuse
message, such as, “duty limit would be exceeded ... try again later” or “duty limit exceeded

... resume in X minutes”, or some combination of these messages.
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[00110] The loop created by the decision diamond 216, the prevention or
shutdown block 218 and the start microwave request 214 is repeated (assuming the user
attempts to use the microwave oven again at diamond 214) until the request would not exceed
the allowed duty time or if an actual overlimit has timed out. Although not illustrated in Fig.
12, method 210 can cause the microwave to display a “microwave ready” message whenever
microwave 10, 110 is capable of being used, or perhaps only after the user has been
precluded from using the microwave. When the microwave is ready to be run as determined
at diamond 216, the user can run the microwave as illustrated at block 220. As discussed
above, method 210 should prevent an allowed duty time overlimit from ever occurring. If an
overlimit should occur during a period in which microwave 10, 110 is running, however,
method returns to diamond 216 and shuts the microwave down until the overlimit is cleared,
as illustrated by the arrow extending from run block 220 back to the allowed duty time
decision diamond 216. If no overlimit occurs during the operation of microwave oven 10,
110 at block 220, the microwave runs for its prescribed time. At oval 222, method 210 ends.

[00111] Method 210 operates on a time basis. Method 310 operates instead on
a sensed temperature basis using control unit 100 and temperature sensors 70. Method 310
begins at oval 312. At diamond 314, method 310 determines whether the user has selected to
start microwave oven 10, 110 (e.g., via pressing the “Start” button in Figs. 9 to 11). If not,
method 310 resets itself back to the beginning of diamond 314. The diamond 314 loop is
continued until a start microwave oven request is received.

[00112] When a start microwave oven request is finally received, method 310
determines at diamond 316 whether one or more sensed temperature meets or exceeds a
temperature limit or threshold.  The temperature threshold is based upon an absolute
temperature in one embodiment. That is, the limit can be a set temperature (e.g., 100 degrees
F (38 degrees C)), for which method 310 trips if the actual temperature meets or exceeds the
limit. The actual temperature limit can be based upon a reading from one temperature sensor
70 or upon an aggregate or average from multiple temperature sensors 70. An overall
temperature limit can be set for the entire oven 10, 110. Or, multiple limits can be set for
different components, ¢.g., a first limit for one or more temperature sensor 70 dedicated to
transformer 52 and a second limit (same or different threshold temperature) for one or more
temperature sensor 70 dedicated to magnetron 54. Tripping either limit causes the

microwave to shut down in one embodiment.
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[00113] Alternatively, the temperature threshold is a threshold change in
temperature or delta temperature. For example, the limit could be tripped if a sensed
temperature change (or aggregate or average of multiple sensed temperatures changes)
exceed(s) AX degrees F or AY degrees C. A temperature delta threshold allows sensor 70 to
not have to sense the exact temperature, e.g., to be out of calibration, and still operate with
precision under the assumption that a sensor out of calibration still measures temperature
changes efficiently. In many cases, microwave oven 10, 110 is used indoors where the
temperature is regulated, e.g., to about 70 degrees F (21 degrees C). The threshold
temperature change can then be set assuming that the beginning microwave temperature is a
regulated temperature or within a range of such temperature. Thus if it is desired to shut
microwave 10, 110 down when a component reaches for example 100 degrees F (38 degrees
()), and ambient temperature is assumed to be regulated at about 70 degrees F (21 degrees
(), the temperature delta limit can be set to be 30 degrees F (17 degrees C).

[00114] However, and especially in the case in which microwave oven 10, 110
is used outdoors, and possibly battery operated, microwave oven 10, 110 may be cooled or
heated significantly by outside ambient temperatures. It is accordingly contemplated that
method 310 employed by processing 102 and memory 104 use a hybrid algorithm in which
(1) the temperature change or delta threshold is used if the initially sensed temperature (single
or averaged) is within a “standard indoor” range, and (ii) the absolute temperature threshold
is used if the initially sensed temperature (single or averaged) is outside the “standard indoor”
range.

[00115] If any one or more sensed temperature (or average of multiple sensed
temperatures) meets or exceeds the temperature threshold (which can be of any one of the
types discussed previously), method 310 at diamond 316 prevents microwave oven 10, 110
from either beginning operation or continuing operation as the case may be, as indicated by
block 318. At block 318, method 310 operated by control unit 100 can also send a suitable
message to user interface display 82, e.g., “oven overheated, please wait”. When instead the
measured temperature signal or combination of measured signals is or falls (i) below the
threshold, (ii) a certain number of degrees or percentage below the threshold, or (iii) for a
certain amount of time below the threshold temperature level, method 310 at diamond 316
allows microwave 10, 110 to be operated as indicated at block 320. Although not illustrated
in Fig. 13, if an overheat limit is cleared at diamond 316, method 310 can send an appropriate

follow-up message at block 320 to display 82, e.g., “oven ready”.
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[00116] Method 310 accordingly allows microwave oven 10, 110 to be used
until an excessive temperature level (for a component, for any of a multitude of individually
sensed components and/or for the microwave generally) is drawing near. The temperature
threshold or temperature delta in any of the embodiments discussed above is accordingly set
below a temperature at which (i) any damage could actually occur to a component of
microwave 10, 110 or to the microwave generally or (ii) any type of smoke or fire causing
temperature can be reached.

[00117] At block 320, if a temperature overlimit should occur while microwave
10, 110 is running, method 310 returns to diamond 316 and shuts the microwave down until
the temperature overlimit is cleared, as illustrated by the arrow extending from run block 320
back to temperature comparison at diamond 316. If no temperature overlimit occurs during
the operation of microwave oven 10, 110 at block 320, microwave oven 10, 110 runs for its
prescribed time. At oval 322, method 310 ends.

Heating Pouch

[00118] Referring now to Fig. 14, one embodiment of a food item carrying,
microwaveable, odor-absorbing pouch 150 is provided. Pouch 150 includes a base section
152 and a cover 154 that covers an opening provided by base section 152. Base section 152
has five walls in the illustrated embodiment, which are connected together so as to be able to
accept a food item, such as food item 42 or 44. Cover 154, which can be hinged to base
section 152, e.g., via a living hinge, encloses pouch 150. Pouch 150 can then be releasably
sealed closed, e.g., via hook and loop fasteners 156 and 158. Pouch 150 in one embodiment
is sized to just fit within the microwaveable space 40, 140.

[00119] The walls of base section 152 and cover 154 are in one embodiment
flexible and made of a tough material, such as nylon or other rugged, microwaveable
polymer. The walls of base section 152 and cover 154 are filled in the illustrated
embodiment with an odor-absorbing material, such as an activated carbon powder, activated
charcoal, carbon-filled sponge, carbon-filled fiber or other non-carbon, highly absorbent
material, e.g., an absorbent polymer. The odor-absorbing walls absorb odors generated by
the heated or cooked food, which may be especially desirable in a workplace environment.

[00120] Alternatively or additionally, any one or more of the walls of base
section 152 and cover 154 can be laminated, painted or printed with a perforated microwave
reflective film, paint, ink or paste 162 to help to evenly heat or cook food items 42 and 44

placed within pouch 150. Microwave reflective film, paint, ink or paste 162 may be of any of
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the types and be applied in any of the manners (e.g., via stencil painting or screen printing)
discussed above. Alternatively, the insides of the walls of pouch 150 can hold or secure a
perforated microwave reflective material to help to evenly heat or cook food within the
pouch.

Additional Aspects of the Present Disclosure

[00121] Aspects of the subject matter described herein may be useful alone or
in combination one or more other aspect described herein. Without limiting the foregoing
description, in a first aspect of the present disclosure a microwave oven includes (i) a housing
including two surfaces upon which the microwave oven can be set for operation; (ii) a
magnetron located inside the housing; (iii) a door hinged along a hinged surface of the
housing; and (iv) a user interface located on a surface of the housing opposing the hinged
surface.

[00122] In accordance with a second aspect of the present disclosure, which
may be used in combination with any one or more other aspect listed herein, the microwave
oven includes an x-y horizontal position caused by setting the microwave on a first one of the
surfaces and a z-direction position caused by setting the microwave on second one of the
surfaces.

[00123] In accordance with a third aspect of the present disclosure, which may
be used in combination with any one or more other aspect listed herein, at least one of (i) the
hinged surface of the housing is different than the two surfaces upon which the microwave
oven can be set for operation or (ii) the user interface surface of the housing is different than
the two surfaces upon which the microwave oven can be set for operation.

[00124] In accordance with a fourth aspect of the present disclosure, which
may be used in combination with any one or more other aspect listed herein, the user
interface includes at least one button or display oriented forty-five degrees relative to the two
surfaces.

[00125] In accordance with a fifth aspect of the present disclosure, which may
be used in combination with any one or more other aspect listed herein, a microwave oven
includes (i) a housing including two surfaces upon which the microwave oven can be set for
operation; (i1) electronic components located inside the housing; and (iii) wherein at least one
relatively heavy electronic component is positioned such that the component rests near a
bottom of the housing regardless of which of the two surfaces the microwave oven is set for

operation.
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[00126] In accordance with a sixth aspect of the present disclosure, which may
be used in combination with any one or more other aspect listed herein including the fifth
aspect, the at least one relatively heavy electronic component includes a transformer.

[00127] In accordance with a seventh aspect of the present disclosure, which
may be used in combination with any one or more other aspect listed herein including the
fifth aspect, the at least one relatively heavy electronic component includes a magnetron.

[00128] In accordance with an eighth aspect of the present disclosure, which
may be used in combination with any one or more other aspect listed herein, a microwave
oven includes (i) a housing; (ii) a magnetron located inside the housing; (iii) a microwavable
space located inside the housing; and (iv) at least one microwave reflecting obstruction
placed between the magnetron and the microwavable space to more evenly heat a food item
placed in the microwavable space.

[00129] In accordance with a ninth aspect of the present disclosure, which may
be used in combination with any one or more other aspect listed herein including the eighth
aspect, the housing includes two surfaces upon which the microwave oven can be set for
operation.

[00130] In accordance with a tenth aspect of the present disclosure, which may
be used in combination with any one or more other aspect listed herein including the eighth
aspect, the microwave oven includes a faraday cage surrounding the microwavable space and
at least part of the at least one microwave reflecting obstruction.

[00131] In accordance with an eleventh aspect of the present disclosure, which
may be used in combination with any one or more other aspect listed herein including the
eighth aspect, the microwave reflecting obstruction includes a reflecting rod or a perforated
wall or layer.

[00132] In accordance with a twelfth aspect of the present disclosure, which
may be used in combination with any one or more other aspect listed herein, a microwave
oven includes (i) a housing including two surfaces upon which the microwave oven can be
set for operation; (ii) a magnetron located inside the housing; and (iii) a user interface
positioned along a surface of the housing, at least a portion of the user interface rotatable to
display information right-side-up regardless of which of the two surfaces the microwave oven

is set for operation.
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[00133] In accordance with a thirteenth aspect of the present disclosure, which
may be used in combination with any one or more other aspect listed herein including the
twelfth aspect, the information includes a countdown of remaining time for heating.

[00134] In accordance with a fourteenth aspect of the present disclosure, which
may be used in combination with any one or more other aspect listed herein including the
twelfth aspect, the user interface includes a display device, the information displayed by the
display device, and at least one electromechanical button for entering a value displayed by
the display device.

[00135] In accordance with a fifteenth aspect of the present disclosure, which
may be used in combination with any one or more other aspect listed herein including the
twelfth aspect, the user interface includes a touch screen, the information provided in a time
entry display area of the touch screen and on at least one touch screen button.

[00136] In accordance with a sixteenth aspect of the present disclosure, which
may be used in combination with any one or more other aspect listed herein including the
twelfth aspect, the information is rotated in response to an output of a gravity switch.

[00137] In accordance with a seventeenth aspect of the present disclosure,
which may be used in combination with any one or more other aspect listed herein including
the twelfth aspect, the information is rotated in response to at least one output of at least one
electrical contact switch associated with at least one of the two surfaces upon which the
microwave oven can be set for operation.

[00138] In accordance with an eighteenth aspect of the present disclosure,
which may be used in combination with any one or more other aspect listed herein including
the seventeenth aspect, the at least one electrical contact switch is provided with at least one
foot along at least one of the two surfaces.

[00139] In accordance with a nineteenth aspect of the present disclosure, which
may be used in combination with any one or more other aspect listed herein, a microwave
oven includes (i) a housing; (ii) a heat generating microwave component located inside the
housing; (iii) a temperature sensor associated with the heat generating microwave
component; and (iv) a control unit located inside the housing, the control unit receiving an
output from the temperature sensor and configured to use the output to determine whether the
heat generating microwave component can be currently operated.

[00140] In accordance with a twentieth aspect of the present disclosure, which

may be used in combination with any one or more other aspect listed herein including the
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nineteenth aspect, the housing includes two surfaces upon which the microwave oven can be
set for operation.

[00141] In accordance with a twenty-first aspect of the present disclosure,
which may be used in combination with any one or more other aspect listed herein including
the nineteenth aspect, the heat generating microwave component is a magnetron.

[00142] In accordance with a twenty-second aspect of the present disclosure,
which may be used in combination with any one or more other aspect listed herein including
the nineteenth aspect, the output is used by the control unit to be compared to a threshold
temperature or to a threshold change in temperature.

[00143] In accordance with a twenty-third aspect of the present disclosure,
which may be used in combination with any one or more other aspect listed herein including
the nineteenth aspect, the temperature sensor is placed on or near the heat generating
microwave component.

[00144] In accordance with a twenty-fourth aspect of the present disclosure,
which may be used in combination with any one or more other aspect listed herein including
the nineteenth aspect, microwave oven includes a plurality of temperature sensors producing
a combined output used by the control unit.

[00145] In accordance with a twenty-fifth aspect of the present disclosure,
which may be used in combination with any one or more other aspect listed herein including
the twenty-fourth aspect, the combined output is formed by the control unit.

[00146] In accordance with a twenty-sixth aspect of the present disclosure,
which may be used in combination with any one or more other aspect listed herein, a
microwave oven includes (i) a housing including dimensions a x b x ¢, wherein a and b are
larger than ¢, and wherein the housing can be set for operation on a surface in which one of
the dimensions is c; and (ii) a user interface including at least one pressable button, the user
interface located on a surface of the housing defined by the dimensions ax cor b x c.

[00147] In accordance with a twenty-seventh aspect of the present disclosure,
which may be used in combination with any one or more other aspect listed herein including
the twenty-sixth aspect, the surface is a first surface upon which the housing can be set for
operation, and which includes a second surface upon which the housing can be set for

operation.
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[00148] In accordance with a twenty-ecighth aspect of the present disclosure,
which may be used in combination with any one or more other aspect listed herein including
the twenty-seventh aspect, the second surface includes dimensions a x b.

[00149] In accordance with a twenty-ninth aspect of the present disclosure,
which may be used in combination with any one or more other aspect listed herein, a
microwave oven includes (i) a housing; (ii) an electrically operated microwave component
located inside the housing; (iii) an alternating current (“AC”) power input supported by the
input; (iv) a battery rechargeable via the AC power input; and (v) a control unit located inside
the housing and configured to selectively power the electrically operated microwave
component via the AC power input or the battery.

[00150] In accordance with a thirtieth aspect of the present disclosure, which
may be used in combination with any one or more other aspect listed herein including the
twenty-ninth aspect, the AC power input is a plug or a socket.

[00151] In accordance with a thirty-first aspect of the present disclosure, which
may be used in combination with any one or more other aspect listed herein including the
twenty-ninth aspect, the control unit is configured to power the electrically operated
microwave component via the AC power input if connected to an external AC source or via
the battery if the AC power input is not connected to the external AC source.

[00152] In accordance with a thirty-second aspect of the present disclosure,
which may be used in combination with any one or more other aspect listed herein including
the twenty-ninth aspect, the control unit is configured to automatically recharge the
rechargeable battery if needed and if the AC power input is connected to an external AC
source.

[00153] In accordance with a thirty-third aspect of the present disclosure,
which may be used in combination with any one or more other aspect listed herein including
the twenty-ninth aspect, the microwave oven includes a user interface, and wherein the AC
power input is located on a surface of the housing that opposes a surface on which the user
interface is located.

[00154] In accordance with a thirty-fourth aspect of the present disclosure,
which may be used in combination with any one or more other aspect listed herein including
the twenty-ninth aspect, the housing includes two surfaces upon which the microwave oven

can be set for operation, and wherein the AC power input is located on a surface of the
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housing different from the two surfaces upon which the microwave oven can be set for
operation.

[00155] In accordance with a thirty-fifth aspect of the present disclosure, which
may be used in combination with any one or more other aspect listed herein, a microwave
oven includes (i) a housing including two surfaces upon which the microwave oven can be
set for operation; (ii) a magnetron located inside the housing; (iii) a first plurality of impact-
absorbing feet placed on a first of the two surfaces; and (iv) a second plurality of impact-
absorbing feet placed on a second of the two surfaces.

[00156] In accordance with a thirty-sixth aspect of the present disclosure,
which may be used in combination with any one or more other aspect listed herein including
the thirty-fifth aspect, the impact-absorbing feet are rubber feet.

[00157] In accordance with a thirty-seventh aspect of the present disclosure,
any of the structure and functionality illustrated in and discussed in connection with Figs. 1 to
14 may be used in combination with any one or more other aspect listed herein.

[00158] It should be understood that various changes and modifications to the
presently preferred embodiments described herein will be apparent to those skilled in the art.
Such changes and modifications can be made without departing from the spirit and scope of
the present subject matter and without diminishing its intended advantages. It is therefore

intended that such changes and modifications be covered by the appended claims.
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CLAIMS

The invention is claimed as follows:

1. A microwave oven comprising:

a housing including two surfaces upon which the microwave oven can be set for
operation;

a magnetron located inside the housing;

a door hinged along a hinged surface of the housing; and

a user interface located on a surface of the housing opposing the hinged surface.

2. The microwave oven of Claim 1, which includes an x-y horizontal position caused by
setting the microwave on a first one of the surfaces and a z-direction position caused by

setting the microwave on second one of the surfaces.

3. The microwave oven of Claim 1, wherein at least one of (1) the hinged surface of the
housing is different than the two surfaces upon which the microwave oven can be set for
operation or (ii) the user interface surface of the housing is different than the two surfaces

upon which the microwave oven can be set for operation.

4, The microwave oven of Claim 1, wherein the user interface includes at least one

button or display oriented forty-five degrees relative to the two surfaces.

5. A microwave oven comprising:

a housing including two surfaces upon which the microwave oven can be set for
operation;

electronic components located inside the housing; and

wherein at least one relatively heavy electronic component is positioned such that the
component rests near a bottom of the housing regardless of which of the two surfaces the

microwave oven is set for operation.

6. The microwave oven of Claim 5, wherein the at least one relatively heavy electronic

component includes a transformer.
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7. The microwave oven of Claim 5, wherein the at least one relatively heavy electronic

component includes a magnetron.

8. A microwave oven comprising:
a housing;
a magnetron located inside the housing;
a microwavable space located inside the housing; and
at least one microwave reflecting obstruction placed between the magnetron and the

microwavable space to more evenly heat a food item placed in the microwavable space.

9. The microwave oven of Claim 8, wherein the housing includes two surfaces upon

which the microwave oven can be set for operation.

10.  The microwave oven of Claim 8, which includes a faraday cage surrounding the

microwavable space and at least part of the at least one microwave reflecting obstruction.

11.  The microwave oven of Claim 8, wherein the microwave reflecting obstruction

includes a reflecting rod or a perforated wall or layer.

12. A microwave oven comprising:

a housing including two surfaces upon which the microwave oven can be set for
operation;

a magnetron located inside the housing; and

a user interface positioned along a surface of the housing, at least a portion of the user
interface rotatable to display information right-side-up regardless of which of the two

surfaces the microwave oven is set for operation.

13. The microwave oven of Claim 12, wherein the information includes a countdown of

remaining time for heating.

37



WO 2013/112464 PCT/US2013/022531

14.  The microwave oven of Claim 12, wherein the user interface includes a display
device, the information displayed by the display device, and at least one electromechanical

button for entering a value displayed by the display device.

15. The microwave oven of Claim 12, wherein the user interface includes a touch screen,
the information provided in a time entry display area of the touch screen and on at least one

touch screen button.

16.  The microwave oven of Claim 12, wherein the information is rotated in response to an

output of a gravity switch.

17.  The microwave oven of Claim 12, wherein the information is rotated in response to at
least one output of at least one electrical contact switch associated with at least one of the two

surfaces upon which the microwave oven can be set for operation.

18. The microwave oven of Claim 17, wherein the at least one electrical contact switch is

provided with at least one foot along at least one of the two surfaces.

19. A microwave oven comprising:

a housing;

a heat generating microwave component located inside the housing;

a temperature sensor associated with the heat generating microwave component; and

a control unit located inside the housing, the control unit receiving an output from the
temperature sensor and configured to use the output to determine whether the heat generating

microwave component can be currently operated.

20.  The microwave oven of Claim 19, wherein the housing includes two surfaces upon

which the microwave oven can be set for operation.

21. The microwave oven of Claim 19, wherein the heat generating microwave component

1S a magnetron.
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22.  The microwave oven of Claim 19, wherein the output is used by the control unit to be

compared to a threshold temperature or to a threshold change in temperature.

23.  The microwave oven of Claim 19, wherein the temperature sensor is placed on or near

the heat generating microwave component.

24. The microwave oven of Claim 19, which includes a plurality of temperature sensors

producing a combined output used by the control unit.

25.  The microwave oven of Claim 24, wherein the combined output is formed by the

control unit.

26. A microwave oven comprising:

a housing including dimensions a x b x ¢, wherein a and b are larger than c, and
wherein the housing can be set for operation on a surface in which one of the dimensions is c;
and

a user interface including at least one pressable button, the user interface located on a

surface of the housing defined by the dimensionsax corbx c.

27.  The microwave oven of Claim 26, wherein the surface is a first surface upon which
the housing can be set for operation, and which includes a second surface upon which the

housing can be set for operation.

28. The microwave oven of Claim 27, wherein the second surface includes dimensions a
x b.
29. A microwave oven comprising:

a housing;

an electrically operated microwave component located inside the housing;

an alternating current (“AC”) power input supported by the input;

a battery rechargeable via the AC power input; and

a control unit located inside the housing and configured to selectively power the

electrically operated microwave component via the AC power input or the battery.
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30.  The microwave oven of Claim 29, wherein the AC power input is a plug or a socket.

31. The microwave oven of Claim 29, wherein the control unit is configured to power the
electrically operated microwave component via the AC power input if connected to an
external AC source or via the battery if the AC power input is not connected to the external

AC source.

32. The microwave oven of Claim 29, wherein the control unit is configured to
automatically recharge the rechargeable battery if needed and if the AC power input is

connected to an external AC source.

33. The microwave oven of Claim 29, which includes a user interface, and wherein the
AC power input is located on a surface of the housing that opposes a surface on which the

user interface 1s located.

34.  The microwave oven of Claim 29, wherein the housing includes two surfaces upon
which the microwave oven can be set for operation, and wherein the AC power input is
located on a surface of the housing different from the two surfaces upon which the

microwave oven can be set for operation.

35. A microwave oven comprising:

a housing including two surfaces upon which the microwave oven can be set for
operation;

a magnetron located inside the housing;

a first plurality of impact-absorbing feet placed on a first of the two surfaces; and

a second plurality of impact-absorbing feet placed on a second of the two surfaces.

36.  The microwave oven of Claim 35, wherein the impact-absorbing feet are rubber feet.
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