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DRYING APPARATUS AND METHODS AND ACCESSORIES FOR USE
THEREWITH

RELATED APPLICATIONS
The teachings of PCT Patent Applications Nos PCT/IL2007/000864 filed July 10,

- 2007, PCT/IL2007/000235 filed February 21, 2007 and PCT/IL2007/000236 filed

February 21, 2007, ate incorporated herein by reference

 The teachings of U.S. Provisional Patent Applications Nos. 60/924,555 filed May
21 2007, 60/806,860 filed July 10, 2006, 60/775 231 filed February 21, 2006, and
60/935,788, filed August 30, 2007 are also mcorporated herem by reference.

The teachmgs of U.S. Provxswnal Patent ‘Application titled: "DYNAMIC
IMPEDANCE MATCHING IN RF RESONATOR CAVITY" filed August 30, 2007 and
having serial number 60/935,787, are incorporated herein by reference. -

This apphcauon claims the benefit under 119(e) of 60/924,555 and 60/93 5,788 and

. claims priority of PCT applications PCT/IL.2007/000236 and PCT/IL2007/000864.

The present application is c_:oncernéd generally with drying a target, optionally

using RF energy. In many embodiments of the invention, the target includes clothing.

BACKGROUND OF THE INVENTION _
Conventional dryers, especially clothes dryer, typically work by drawing in

| ambient air and heating the ambient air before passing it through a tumbler. During its

passage through the tumbler, the hot air evaporates water and increases in humidity).
Conventional dryers include, but are not limited to, vented forced aix dryers, spin dryers,
condensation dryers, heat pump dryers, and mechanical steam compression dryers.
Vented to}‘ced air dryers

Vented forced air dryers use a fan or pump to direct heated air through a tumbling
drum. The heated air heats clothing in the drum to a sufficient degree that a vapor pressure
of water in/on the fabric increases and a relative humidity of air in the drum increase. A

vent releases humidified air from the drum to dry the fabric.

RECTIFIED SHEET (RULE 91)
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Spin dryers

Spin dryers are often used in commercial laundries to "pre-dry" fabric. Spin dryers
employ centrifugal force, as opposed to heat, to extract water from fabric. Although
spinning alone does not completely dry fabric, this additional step can reduce total energy
consumption.

Condensation dryers

Condensation dryers pass heated air through the tumbler and employ a passive heat
exchanger, or condenser, to cool the air and condense the water vapor into either a drain
pipe or a collection tank. Dehumidified air can then be recycled through the tumbler.
Typically, condensation conventional condensation dryers use more energy and take longer
to dry fabric than vented dryers.

Heat pump dryers

These dryers are similar to condensation dryers except that they use a heat pump
instead of a passive heat exchanger. Heat pump dryers are typically more energy efficient
than condensation or vented forced air dryers.

Mechanical steam compression dryers

Mechanical steam compression dryers are a relatively recent improvement. Steam
compression dryers heat the tumbler and its contents to 100 °C. This releases steam which
purges the system of air and becomes the sole atmosphere in the system.

The steam is then released from the tumbler and mechanically compressed to extract water
vapor and transfer the heat of vaporization to remaining gaseous steam. This produces
pressurized gaseous steam which is allowed to expand and is superheated before being
injected back into the tumbler where its heat causes more water to vaporize from the
clothing, creating more wet steam and restarting the cycle.

Typically, dryers of this type are similar in energy efficiency to heat pump dryers although
they can sometimes achieve shorter drying times.

The microwave oven is a ubiquitous feature in modern society. However, its
limitations are well known. These include, for example uneven heating and slow
absorption of heat, especially for defrosting. In fact, ordinary microwave ovens, when used
for defrosting and even heating, result in foods in which the outside is generally warm or
even partly cooked before the interior is defrosted.

A number of papers have been published in which a theoretical analysis of the

problem of warming of a cryogenic sample has been carried out. Because of the difficulties
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of such analysis, such analysis has only been carried out on regular shapes, such as
spherical, and ellipsoidal shapes. Experimental attempts have apparently been made on
kidney sized specimens, but results of these experiments do not indicate that a viable
solution for defrosting kidneys is available.

Moreover, there does not appear to be a solution for defrosting other organs or
foods of more arbitrary shapes.

Prior art publications include:

S. Evans, Electromagnetic Rewarming: The effect of CPA concentration and radio
source frequency on uniformity and efficiency of heating, Cryobiology 40 (2000) 126—138.

S. Evans, et al., Design of a UHF applicator for rewarming of cryopreserved
biomaterials, IEEE Trans. Biomed. Eng. 39 (1992) 217-225.

M.P. Robinson, et al., Rapid electromagnetic warming of cells and tissues, IEEE
Trans. Biomed. Eng. 46 (1999) 1413-1425.

M.P. Robinson, et al., Electromagnetic re-warming of cryopreserved tissues: effect
of choice of cryoprotectant and sample shape on uniformity of heating, Phys. Med. Biol.
47 (2002) 2311-2325.

M.C. Wusteman, Martin et al., Vitrification of large tissues with dielectric
warming: biological problems and some approaches to their solution, Cryobiology 48
(2004) 179-189.

A paper entitled “Control of Thermal Runaway and Uniformity of Heating in the
Electromagnetic Warming of a Cryopreserved Kidney Phantom” by J. D. J. Penfold, et al.,
in Cryobiology 30, 493-508 (1993) describes a theoretical analysis and experimental
results. While some experiments were apparently made with a kidney sized phantom, the
main reported results are with a uniform spherical object.

As reported a cavity was fed with electromagnetic energy at 434 MHz from three
orthogonal directions (X, y, z). The x and y feeds were provided from a same generator and
a phase change was introduced so that the field was circularly polarized. The frequency
was varied in steps of 32 kHz (apparently up to about 350 kHz maximum) to match the
input impedance as it changed with increasing temperature.

US Patent 6,249,710 describes using a zip code to estimate elevation and modify
microwave oven operation.

All of the above articles and publications are incorporated herein by reference.



10

15

20

25

30

WO 2008/102360 PCT/IL2008/000231

SUMMARY OF THE INVENTION

A broad aspect of some embodiments of the invention relates to use of RF energy

to dry a target. In an exemplary embodiment of the invention, the target includes at least
one item of clothing. Optionally, the at least one item of clothing is dried without heating
fabric thereof to a significant degree and/or for a significant amount of time. In an
exemplary embodiment of the invention, drying without significant heating of fabric
contributes to an increased garment life. Optionally, water heated by RF energy may heat
the fabric indirectly. In an exemplary embodiment of the invention, correct selection of RF
frequencies insures heating of substantially only water. In an exemplary embodiment of the
invention, heating only water contributes to a reduction in total drying energy. Optionally,
heat transferred indirectly to fabric can return to water as the water leaves the fabric (e.g.
as vapor).

In an exemplary embodiment of the invention, a drying method as follows is used.
RF radiation deposits energy in water molecules, possibly heating the molecules and
making them more likely to evaporate. Optionally, evaporation is enhanced by air flow
provision. Additionally or alternatively, air pressure is manipulated to affect evaporation.
Additionally or alternatively, air temperature and/or humidity are manipulated to affect
evaporation. Optionally, evaporation is below boiling point at the given pressure, so the
phase change latent heat doesn’t come directly from RF, but rather from the fabric, which
cools as its energy is transferred to evaporating molecules.

In an exemplary embodiment of the invention, various fabric heating temperatures
can be achieved. In one example, the heating is to temperatures near room temperature, for
example, 20, 30, 40, 50 degrees Celsius. Optionally, at least one high temperature, such as
70, 80, 90, 100, 110, or 120 degrees Celsius is reached for at least a short time period, such
as 3, 10, 30, 60, 120, 240 seconds. Such high temperatures can be used for sterilization or
Pasteurization. Optionally, additional water is provided as steam (e.g., by RF evaporation)
during sterilization, to support steam-based sterilization.

In an exemplary embodiment of the invention, various desired temperature profiles
can be achieved. In an exemplary embodiment of the invention, by use of RF energy
optionally combined with forced air, various temperature profile properties can be
achieved, for example, high and low temperatures, high and low temperature change rates
and/or different desired temperatures in different parts of the heated object(s). In an

exemplary embodiment of the invention, the high and/or low desired temperatures are not
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determined by physical properties of the water. For example, a high temperature can be set
and reached and maintained for a desired time, without the temperature being related to the
boiling point of water. In an exemplary embodiment of the invention, high rates of
temperature change can be achieved by heating all the water directly and/or by cooling
large volumes by evaporation using forced air.

In an exemplary embodiment of the invention, a drying profile is used which
changes in time and/or space. Optionally or alternatively, a spatial profile is used which
may be preset or match an object being dried. Optionally or alternatively, a temporal
profile is used, which may change and reverse during a drying process.

In an exemplary embodiment of the invention, the temperatures reached are
controlled so that fabric damaging temperatures are not reached on the fabric. Optionally,
this allows multiple fabric types to be dried together, possibly using the lowest common
denominator to decide on drying settings. This may allow drying fabric types that are very
gentle and should not be heated above a given low temperature (e.g. room temperature) if
damage is to be reduced or avoided. Optionally, different fabric portions are heated to
different temperatures and/or different amounts of RF energy deposited thereon, for
example, using spectral imaging techniques as described herein.

In an exemplary embodiment of the invention, RF energy is deposited in a manner
which avoids one or more of sensitive portions (e.g., buttons), metal portions (e.g., zippers)
and/or rubber soles, buckles, fasteners or decorations. Optionally, these metal portions are
not heated directly.

In an exemplary embodiment of the invention, the heating and/or deposition of RF
energy is made substantially uniform or non-uniform in accordance with desired spatial
profile. For example, only outer portions of a fabric lump may be heated to a higher
temperature than inner portions or vice versa.

Optionally, energy is directed and/or deposited in greater amounts at wetter
portions of the fabric lump.

In an exemplary embodiment of the invention, the drying process is controlled
using feedback. Optionally, control is based on estimated energy application needs. In an
exemplary embodiment of the invention, feedback is provided by RF measurements of the
drying object, for example, using spectral imaging techniques as described herein.
Optionally, other sensors are used, for example, temperature and/or humidity sensors, for

example, in contact with the drying object and/or in air volumes associated with the object.
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For example, a humidity sensor or an RF sensor or any other sensor may be used at any
step of drying to obtain information on the object being dried and the drying rate. This may
enable, for example, and estimation of the amount of energy and time needed for drying
and on the rate of drying per energy application.

in an exemplary embodiment of the invention, drying rate is controlled. Optionally,
the rate is controlled by selecting appropriate air flow rates and/or energy deposition rates.
In an exemplary embodiment of the invention, a desired drying profile is provided and
followed. Optionally, the desired drying profile includes a humidity level to stop at. It is
noted that various humidity levels can be achieved. Optionally, energy is saved by not
over-drying which means not drying beyond a desired humidity level (e.g. room humidity))
the object. Optionally, the drying rate is changes at least 1, 2, 3, 4, 5 or more times during
the drying process. Optionally, a humidity adding step is provided as well. Optionally, the
desired drying profile includes a limit on the drying duration and drying is accomplished
with a minimal amount of energy consumption for drying within the given timeframe.
Optionally, the desired drying profile includes a limit on the total amount of energy to be
used (being at least equal to the amount of RF energy that is needed for heating the object
by 1°C) and drying is accomplished in a minimal duration for the allotted energy.

In an exemplary embodiment of the invention, various tradeoffs can be achieved
between two or more of temperature, energy, drying rate, drying time, final drying level
and/or various profiles.

In an exemplary embodiment of the invention, energy efficiency is maximized by
one or more of minimal heating of water, fabric and/or air, high RF absorption ratios, using
forced air for evaporation and/or energy recycling.

In an exemplary embodiment of the invention, energy efficiency is maximized by
not boiling the water (i.e. heating the water without investing a latent heat).

In an exemplary embodiment of the invention, a dryer includes circuitry including a
memory storing thereon settings which are optimal for various considerations, such as
fabric treatment, fabric life, drying time and energy efficiency. Optionally, the dryer can
download via a network or read off a clothing item, what are best instructions for various
uses. Optionally, a user can select among a plurality of at least 2, 3, 4, 5 or more drying
modes and/or behaviors. Optionally the dryer may update these settings based on various

dynamics' measurements. For example, initial settings may indicate a specific energy
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deposition rate, but if the measured humidity extraction rate is lower than some pre-defined
value, the energy deposition rate may be increased.

In an exemplary embodiment of the invention, the dryer selects which manner to
use energy according to what will provide desired results, such as energy usage, fabric
damage and drying time. For example, RF energy may be directed to the outside of a lump
of clothing the enhance evaporation therefrom, to an inside to enhance water circulation
and/or preheating of water, to agitation, to a forced air source and/or to an ambient air
heating source. Optionally, a table and/or set of rules and/or neural network and/or other
decision logic is provided for generating an allowable (e.g., within user specifications)
and/or optimal drying plan and/or indicating if such a plan is not possible. Optionally, a
weight sensor is used to estimate the weight of water. Optionally or alternatively, spectral
imaging is used to estimate volume of water and required drying amount. Optionally, RF
spectral image is used to detect a fabric type and/or weight which may indicate (e.g., using
a stored table) care instructions, heat limits and/or expected drying level.

In an exemplary embodiment of the invention, faster drying than possible using
conventional systems, at least for same amounts of energy and damage prevention are
provided. For example, for a same amount of energy provided to a dryer, an improvement
of a factor of 2, 3, 4, 5 or more over a conventional RF dryer is achieved, in drying time.
Optionally, for a same drying time and/or drying load, saving of at least 30%, 50%, 60%,
80%, 90% or better in energy is provided. Drying of 5-20 pounds of water per KWh (i.e.
Kilo-Watt-hour) is expected in some embodiments of the invention.

In an exemplary embodiment of the invention, agitation of clothes is reduced to
what is needed to ensure aeration of the fabric so that water evaporates better. Optionally,
agitation is replaced by forcing air through the fabrics and/or laying the fabric flat and/or
hanging it within the cavity. In some embodiments, fabric damage is reduced by reducing
agitation. For example, less then 1 round per minute is used compared to typical 6
revolutions per minute in conventional clothes dryers. Optionally different agitation rates
may be used during different phases of the drying process. For example, when the
humidity is high, high levels of agitation may be desirable to increase the drying rate, but
when humidity is low, lower agitation may be desirable to cause less wrinkling.

An aspect of some embodiments of the invention relates to a controller that controls
one or more characteristics of RF energy emanating from a feed to heat a liquid within

and/or on fibers of a fabric item.
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In an exemplary embodiment of the invention, the RF energy is deposited in the at
least one item of clothing within £30% over at least 80% of the volume of the at least one
item of clothing. In an exemplary embodiment of the invention, RF energy is provided at
wavelengths which heat primarily those portions of the at least one item of clothing which
are wet or damp.

In an exemplary embodiment of the invention, non-fabric objects associated with
the fabric and/or fabric near these objects are not heated significantly above fabric
temperature. Significantly above fabric temperature can indicate a temperature differential
of less than 70, 60, 50, 40, 35, 30, 25, 20, 15, 10, 5 or 1 degree centigrade or intermediate
temperatures. Optionally, reducing the temperature differential contributes to an increase
of fabric life. Optionally, reducing the temperature differential contributes to safety (e.g.
the user or any person or object in the vicinity of the device), for example by reducing the
risks of burns and inflaming.

An aspect of some embodiments of the invention relates to enforcing a maximum
temperature over at least 50, 60, 70, or 80% (or intermediate or greater percentages) of
material being dried. Optionally, the material being dried includes at least one item of
clothing. In an exemplary embodiment of the invention, the maximum temperature is 100,
80, 70, 60, 40, 35, 30, 25 or 20 degrees Celsius (or intermediate temperatures).

An aspect of some embodiments of the invention relates to controlling RF energy
so that at least 50, 60, 70, or 80% (or intermediate or greater percentages) of material in the
dryer receives the RF energy at a level which does not exceed a desired maximum energy
deposition density. Optionally, the material in the dryer includes fabric. In an exemplary
embodiment of the invention, the desired maximum energy deposition density does not
cause fabric damage.

An aspect of some embodiments of the invention relates to a controller for an RF
dryer adapted to control applied RF energy so as to maintain a temperature of items placed
in the cavity to within 100, 90, 80, 70 ,60, 50, 40, 30, 20 or 10 degrees Celsius (or
intermediate temperatures) of a defined temperature. In an exemplary embodiment of the
invention, the controller automatically shuts off RF feeds when the items are dry or have
reached a predefined humidity level.

An aspect of some embodiments of the invention relates to a dryer including a
passive element. This passive element may be a passive source (i.e. an object that reflects

RF energy, said reflection characteristics being a function of the RF frequency and the
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object's surroundings) or a passive heater (i.e. an object that heats by absorbing RF energy
and as a consequence may heat other object that are in contact therewith). In an exemplary
embodiment of the invention, the passive element is placed on or otherwise in contact with
the fabric and RF energy is transmitted with frequencies that match the passive element
frequency characteristics. Optionally, the fabric in the proximity of the passive element is
heated. At times, an intermediate dielectric material may be placed near a passive source
thereby creating a passive heater. In an exemplary embodiment of the invention, an RF
controller of the dryer selects RF frequencies from among a first set of frequencies which
are coupled to the passive source (or passive heater) and a second set of frequencies which
are not coupled to the passive source (or passive heater).

An aspect of some embodiments of the invention relates to use of a spectral
imaging module which provides a spectral image of items in the dryer. Optionally, the
spectral imaging module is provided as part of a feedback loop. In an exemplary
embodiment of the invention, the spectral imaging module is integrated into an RF feed.
Optionally, a single RF antenna is used for both spectral imaging and heating. In an
exemplary embodiment of the invention, the spectral imaging module produces a spectral
image within about 100, 50, 40, 20, 10, 5 or 1 milliseconds or even 100 or 10 micro
seconds (or intermediate times). Optionally, a controller adjusts RF energy in response to
the spectral image. Optionally, the adjustment includes changing a heating policy.
Optionally, the heating policy is defined in terms of one or more of transmitted
frequencies, matching powers for matching times, reducing an amount of energy directed
to problem areas (e.g. metal pieces or surface currents represented as relatively narrow
peaks in the spectral image ) in the spectral image.

An aspect of some embodiments of the invention relates to machine-readable
drying instructions for an item of clothing. In an exemplary embodiment of the invention, a
dryer includes a label reader adapted to read and implement the instructions. In an
exemplary embodiment of the invention, an item of clothing including a machine readable
drying label is provided. Optionally, the machine readable instructions include one or more
of fabric type, garment weight, suitable RF wavelengths and maximum recommended
drying temperature.

In an exemplary embodiment of the invention, different items with different drying

instructions are placed in the dryer together. Optionally, the dryer provides a signal when
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individual items are dry and the user removes dry items while leaving other items to
continue drying.

An aspect of some embodiments of the invention relates to receiving feedback
pertaining to drying in an RF dryer and automatically changing a heating policy in
response to the feedback. Optionally, automatically changing includes directing RF energy
to an amount of water so that at least a portion of the amount is vaporized and/or directing
RE energy to a chemical agent (e.g., detergent, softener or perfume) so that at least a
portion of the chemical agent becomes chemical vapors and/or increasing a uniformity of
heating and/or reducing a uniformity of heating.

An aspect of some embodiments of the invention relates to automatically
modifying the heating policy responsive to acquired data. In an exemplary embodiment of
the invention, the data comprises spectral image data of at least one item of clothing.

An aspect of some embodiments of the invention relates to enforcing a desired
temperature profile on two or more different materials in an RF dryer. Optionally, each of
the materials is subject to a different temperature profile.

An aspect of some embodiments of the invention relates to using RF energy to heat
one or more items while ensuring that at least 50% of at least one item belonging to the one
or more items remains within 10 degrees centigrade of a threshold temperature. Optionally,
threshold temperature is defined in terms of a maximum allowed temperature and/or a
desired evaporation rate. Optionally, a quantity of desiccant can be placed in proximity to
the items. In an exemplary embodiment of the invention, the desiccant is dried using RF
energy. In an exemplary embodiment of the invention, the one or more items are heated
while insuring that at least 80% of said at least one item remains within 10 degrees
centigrade of the threshold temperature.

An aspect of some embodiments of the invention relates to an insert adapted to hold
at least one item of clothing for drying in an RF dryer. Optionally, the insert includes one
or more passive source(s) configured to receive at least one item of clothing in proximity
to the at least one passive source. In an exemplary embodiment of the invention, the items
of clothing in the proximity of said passive source increase in temperature when the RF
heater applies RF energy thereto. Optionally, the passive source is constructed of resistive
material, optionally non-metallic. Optionally, the passive source itself is heated and passes

the heat the clothing items in its proximity. Optionally, the insert includes a water reservoir
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and/or a chemical reservoir. In an exemplary embodiment of the invention, the RF heater is
configured to vaporize water and/or chemicals placed in the reservoirs.

An aspect of some embodiments of the invention relates to an RF dryer responsive
to spectral imaging data. Optionally, the dryer includes analytic circuitry adapted to
calculate a drying time. According to various embodiments of the invention, the dryer is
configured as clothes dryer or a waste dryer.

An aspect of some embodiments of the invention relates to alternately heating
clothing by means of RF energy and agitating the clothing to facilitate evaporation.

An aspect of some embodiments of the invention relates to using heat harvested
heat from an RF source to aid drying. In an exemplary embodiment of the invention, heat
is harvested by directing an air flow across the RF source to create heated air and routing
the heater air into a dryer cavity.

An aspect of some embodiments of the invention relates to withdrawing air from a
sealed dryer cavity. In an exemplary embodiment of the invention, RF energy is used to
heat water in or on clothing in the cavity. Optionally, the cavity is periodically vented to
release water vapor.

In an exemplary embodiment of the invention, there is provided a clothes dryer,
comprising:

a cavity adapted to receive at least one item of clothing;

at least one RF feed which feeds RF energy into the cavity; and

a controller that controls one or more characteristics of the RF energy to heat a
liquid within and/or on fibers of the at least one item of clothing.

Optionally, the controller is configured to operate the at least one RF feed so that the RF
energy is deposited in the at least one item of clothing within +30% over at least 80% of
the volume of the at least one item of clothing.

Optionally, the controller is configured to operate the at least one RF feed so that
no object associated with said at least one item of clothing is heated to a temperature
exceeding an average temperature of the at least one item of clothing by more than 70°C.

Optionally, the controller is configured to operate the at least one RF feed so that
RF energy is not concentrated on non-fabric objects associated with said at least one item
of clothing.

In an exemplary embodiment of the invention, there is provided a clothes dryer,

comprising:
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a cavity adapted to receive at least one item of clothing;

at least one feed which feeds RF energy into the cavity; and

a controller that that enforces a maximum temperature over at least 50% of the at
least one item of clothing.

Optionally, the controller enforces the maximum temperature over at least 80% of
the at least one item of clothing.

Optionally, the maximum temperature is 40 degrees centigrade.

Optionally, the maximum temperature is 30 degrees centigrade.

In an exemplary embodiment of the invention, there is provided a clothes dryer,
comprising:

a cavity adapted to receive at least one item of clothing;

at least one feed which feeds RF energy into the cavity; and

a controller that controls the RF energy so that at least 80% of the at least one item
of clothing receives the RF energy at a level which does_ not exceed a desired maximum
energy deposition density.
Optionally, the desired maximum energy deposition density does not heat the at least one
item of clothing to a degree which causes fabric damage.

In an exemplary embodiment of the invention, there is provided a clothes dryer, the
dryer comprising:

at least one feed which feeds RF energy into a cavity; and

a controller adapted to control said feed so as to maintain a temperature of an item
of clothing placed in the cavity to within 50 degrees Celsius of a defined temperature.

Optionally, the temperature of an item of clothing placed in the cavity to within 10
degrees Celsius of a defined temperature.

Optionally, the controller is adapted to shut off the feed when the at least one item
of clothing is dry.

In an exemplary embodiment of the invention, there is provided a clothes dryer,
comprising:

a cavity comprising at least one passive source and adapted to receive at least one
item of clothing in proximity to the at least one passive source;

at least one feed which feeds RF energy into the cavity; and
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a controller that controls the RF energy so that the passive element is irradiated and
as a result causes heating of at least a portion of the at least one item of clothing in
proximity thereto.

Optionally, the controller selects RF frequencies from among a first set of
frequencies which couple to the passive source and a second set of frequencies which do
not couple to the passive source.

Optionally, the dryer comprises a spectral imaging module adapted to provide a
spectral image of the at least one item of clothing.

Optionally, the spectral imaging module is adapted to produce the spectral image
within about 100, optionally 20, optionally 10, optionally 5, optionally 1 milliseconds.

Optionally, the controller adjusts the RF energy responsive to the spectral image.

Optionally, the controller responds by reducing an amount of energy directed to
problem areas in the spectral image.

Optionally, the dryer comprises _a positive pressure source adapted increase
pressure in the cavity producing a flow into the water vapor vent from the cavity.

Optionally, the dryer comprises a negative pressure source adapted to cause a flow
into the water vapor vent from the cavity.

Optionally, the dryer comprises at least one vent sensor adapted to monitor a
condition in the water vapor vent.

Optionally, the condition in the water vapor vent is selected from the group
consisting of temperature and relative humidity.

Optionally, the dryer comprises at least one clothing sensor adapted to monitor a
condition of the at least one item of clothing.

Optionally, the dryer comprises at least one cavity sensor adapted to monitor a
condition within the cavity.

Optionally, the condition of the at least one item of clothing is selected from the
group consisting of fabric temperature and a degree of dampness.

Optionally, the dryer comprises an agitator adapted to move the at least one item of
clothing within the cavity.

Optionally, the dryer comprises a label reader adapted to read machine-readable

drying instructions and set the controller according to the instructions.
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In an exemplary embodiment of the invention, there is provided an item of clothing, the
item comprising a label bearing machine-readable drying instructions for implementation
in a clothes drier according to claim 31.

In an exemplary embodiment of the invention, there is provided a method of
controlling an RF clothes dryer, comprising:

drying at least one item of clothing in a RF clothes dryer; ’

receiving feedback on the drying by the clothes dryer; and

automatically changing heating of the clothes dryer in response to said feedback.
Optionally, the automatically changing comprises directing RF energy to an amount of
water so that at least a portion of the amount becomes steam which contacts the at least one
item of clothing.

Optionally, the automatically changing comprises directing RF energy to a chemical agent
so that at least a portion of the chemical agent becomes chemical vapors which contacts the
at least one item of clothing.

Optionally, the changing comprises increasing a uniformity of said heating.

Optionally, the changing comprises reducing a uniformity of said heating.

In an exemplary embodiment of the invention, there is provided a method of drying
clothing, comprising:

placing at least one item of clothing into a cavity;

directing RF energy into the cavity for a first period of time under specified
conditions;

acquiring data during a second period of time and producing a drying output; and

employing a controller to modify the specified conditions of the RF energy
responsive to the drying output.

Optionally, the acquiring data comprises acquiring a spectral image of the at least one item
of clothing; and/or the drying output comprises a spectral image of the at least one item of
clothing.

Optionally, the controller is adapted to respond by adjusting an amount of RF
energy directed to a specific area of the at least one item of clothing delimited in the
spectral image.

Optionally, the acquiring data comprises ascertaining whether a portion of the at

least one item of clothing is above a desired maximum temperature.
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Optionally, the acquiring data comprises ascertaining whether a portion of the at
least one item of clothing is below a desired minimum temperature.

Optionally, the first period of time and the second period of time are temporally
distinct.

Optionally, the first period of time and the second period of time temporally
overlap.

Optionally, the drying output indicates a position of at least one broblematic portion
of the at least one item of clothing and wherein the controller responds by reducing an
amount of the RF energy directed to the problem area.

Optionally, the method comprises removing water vapor from the cavity.

Optionally, the method comprises monitoring a temperature of at least one item
selected from the group consisting of air in the cavity and the at least one item of clothing
and modifying the specified conditions of the RF energy responsive to the temperature.

Optionally, the method comprises monitoring a degree of dampness of the at least
one item of clothing to produce an indicator of drying completion and modifying the
specified conditions of the RF energy responsive to the indicator of drying completion.

Optionally, the method comprises monitoring a relative humidity of air in the
cavity to produce an indicator of drying completion and modifying the specified conditions
of the RF energy responsive to the indicator of drying completion.

In an exemplary embodiment of the invention, there is provided a method of drying
clothing in a RF clothes dryer, comprising:

providing at least one item of clothing;

selecting a desired temperature profile for the at least one item of clothing; and

applying RF energy via the clothes dryer so that two or more portions of the at least
one item of clothing comprising different materials each adhere to the temperature profile.

Optionally, the at least one item of clothing comprises two or more items of
clothing, each one of which subjected to a separate temperature profile.

In an exemplary embodiment of the invention, there is provided a method of
increasing evaporation in RF clothes dryer, the method comprising:

providing at least one item of clothing to be dried;

heating said at least one item while ensuring that at least 50% of said at least one
item remains within 10 degrees centigrade of a threshold temperature where increased

evaporation occurs.
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Optionally, the method comprises placing a quantity of desiccant in proximity to
said at least one item of clothing.

Optionally, the method comprises drying said desiccant using RF energy.

Optionally, the heating ensures that at least 80% of said at least one item remains
within 10 degrees centigrade of the threshold temperature.

In an exemplary embodiment of the invention, there is provided an insert for an RF heater,
the insert adapted to hold at least one item of clothing for dryin.g> in the RF heater.

Optionally, the insert includes at least one passive source and configured to receive
at least one item of clothing in proximity to the at least one passive source;

wherein the at least one passive source increases in temperature when the RF heater
applies RF energy thereto and transmits heat to the at least one item of clothing.

Optionally, the insert includes a water reservoir adapted to hold an amount of water
so that at least a portion of the amount becomes steam which contacts the at least one item
of clothing.

Optionally, the insert includes a chemical reservoir adapted to hold an amount of a
chemical agent so that at least a portion of the chemical agent becomes chemical vapors
which contacts the at least one item of clothing.

In an exemplary embodiment of the invention, there is provided a dryer, the dryer
comprising:

a heating module adapted to heat a target placed in the dryer;

a spectral imaging module adapted to produce a spectral image of the target and
produce a spectral image signal; and

a controller adapted to receive the spectral signal, translate the signal into an
indication of moisture content and stop heating by the heating module when a desired
moisture content is achieved.

Optionally, the dryer includes analytic circuitry adapted to calculate a drying time.

Optionally, the dryer is configured as s a clothes dryer or configured as a waste
dryer.

In an exemplary embodiment of the invention, there is provided a method of drying
clothing, the method comprising;:

heating clothing by means of RF energy until water in the clothing reaches a
desired evaporation temperature;

stopping the heating and agitating the clothing to facilitate evaporation;
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repeating the heating, the stopping and the agitating until a desired degree of
dryness is achieved.

In an exemplary embodiment of the invention, there is provided a method of
increasing efficiency of an RF dryer, the method comprising:

harvesting heat from an RF source; and

using the heat to aid drying.

In an exemplary embodiment of the invention, there is provided a method of drying
clothing, the method comprising:

placing clothing in a cavity,

using RF energy to heat water in or on the clothing;

withdrawing air from the cavity thereby reducing air pressure therein; and

venting the cavity.

A broad aspect of some embodiments of the invention relates to the preparation of
food in industrial and non-industrial settings and to usage of such prepared foods in
industrial and non-industrial settings. In particular, some embodiments of the invention
relate to control of a heating region in a microwave heater, for example, utilizing uniform
heating areas and/or controllably non-uniform heated areas.

While the application provides many examples from microwaves, RF in general
may be used, for example, various wavelengths can be used, including meter waves,
centimeter waves, millimeter waves and other wavelengths (in vacuum), depending on the
application, for example, 1 meter to 0.1 meter or even 0.75 meter to 0.3 meter (ca. between
300 MHz and 3 GHz, or even between 400 MHz and 1 GHz, respectively).

An aspect of some embodiments of the invention relates to control, optionally
automatic control of an RF oven according to the geometric shape and/or spatial layout of
food items (e.g., items of multiple types). This is in contrast to prior art control which is
generally in response to the weight and/or type of food. Optionally, instructions for control
and/or information indicative of the geometry and/or layout and/or other preparation
related information, such as food type(s), identification and/or heating instructions
(optionally instructions relating to energy absorption in the food and/or the rate of energy
absorption in the food), are provided with a food package.

An aspect of some embodiments of the invention relates to RF heating control
based on temperature of an object as a target to be achieved. In an exemplary embodiment

of the invention, the temperature is defined as an average temperature of a significant
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portion of the object, within uniformity constrains, for example as described herein. This is
in contrast with prior art methods that measure the temperature at only a single point while
suffering an unknown non-uniformity of temperature also in the vicinity of that point,
absent significantly long heat propagation times. Optionally, the temperature is estimated
based on RF absorption behavior of the object, and its effect on the oven (e.g., coupling
between antenna(s) of the oven). Optionally, more than one object (or more than one
portion of a single object) is heated simultaneously, each object (or portion) to a different
target temperature. Optionally, alternatively or additionally, the temperature comprises a
temperature profile in the object, with at least two parts of the object having different target
temperatures.

In an exemplary embodiment of the invention, the temperature of an object is
measured simultaneously at multiple locations, for example, 2, 3, 4 or more locations.
Optionally, the temperature of the object is estimated to within the uniformity levels
discussed herein in regions of radius 2, 3, 4, or more cm surrounding the measuring points.

In an exemplary embodiment of the invention, the temperature of an object is
followed in real-time during a preparation process, and the spatial heating pattern is
changed in real time (e.g., within less than 0.2, 0.5, 1, 2, 4, 10 seconds or intermediate or
greater times) responsive to the temperature (e.g. change the heating rate, change the
heating zone, stop the h