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7) ABSTRACT

Systems and methods are described for conductively heated
vacuum-based drying of portable electronic devices. For
example, a portable electronic device that has been exposed to
excessive liquid is placed inside a drying chamber. The drying
chamber is closed and a drying routine commences. During
the drying routine, the chamber is pressurized to a vacuum
level sufficient to gasify liquids inside the device, and the
device is conductively heated at least to replace latent heat of
vaporization lost during the pressurization. Some embodi-
ments include techniques relating to payment processing,
monitoring and feedback control, decontamination, and/or
other functionality.
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DRYER FOR PORTABLE ELECTRONICS

CROSS-REFERENCES

This application claims the benefit of and is a non-provi-
sional of U.S. Provisional Application Ser. No. 61/724,129,
filed on Nov. 8, 2012, titled “REDUCED PRESSURE
VAPORIZATION SYSTEM,” which is hereby expressly
incorporated by reference in its entirety for all purposes.

FIELD

Embodiments relate generally to drying systems, and,
more particularly, to vacuum-based drying systems for por-
table electronic devices.

BACKGROUND

Portable electronic devices are becoming ubiquitous, and
increasing numbers of individuals rely on those devices for
access to business communications, personal communica-
tions, and entertainment. While the devices are typically
designed to withstand certain levels of shock, exposure to
heat and cold, and other undesirable conditions, most still
become non-functional when overexposed to water. For
example, it is not uncommon for people to spill excessive
liquid on their cell phones or to drop their cell phones into
toilets, swimming pools, and sinks. Many remedies have been
proposed for resuscitating portable electronic devices after
over-exposure to liquid. Some proposed remedies involve
exposing the devices to anything from alcohol or salt water to
rice or other desiccants. Other proposed remedies involve
disassembling the device to allow internal electronic compo-
nents maximum exposure to the air. Many of these proposed
remedies are ineffective, for example, removing too little
liquid from the device and/or removing liquid too slowly.
Some of these proposed remedies even cause further damage
(and can often void warranties and/or protection plans on the
devices).

BRIEF SUMMARY

Among other things, systems and methods are described
for conductively heated, vacuum-based drying of portable
electronic devices. In one embodiment, a portable electronic
device (e.g., a smart phone) that has been exposed to exces-
sive liquid is placed inside a drying chamber. The drying
chamber is closed and a drying routine commences. During
the drying routine, the chamber is pressurized to a vacuum
level sufficient to gasify liquids inside the device, and the
device is conductively heated at least to replace latent heat of
vaporization lost during the pressurization. Some embodi-
ments include techniques relating to payment processing,
monitoring and feedback control, decontamination, and/or
other functionality.

According to one set of embodiments, a drying system is
provided for drying portable electronic devices. The system
includes: a chamber configured to receive a portable elec-
tronic device; a pressurization subsystem configured, when
the portable electronic device is in the chamber, to produce a
negative pressure environment within the chamber sufficient
to gasify liquid in the portable electronic device; and a heating
subsystem configured to generate heat and comprising a ther-
mal conduction assembly configured, when the portable elec-
tronic device is in the chamber, to at least partially conform to
an external shape of the portable electronic device and to
conduct the heat to the portable electronic device.
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According to another set of embodiments, a method is
provided for drying portable electronic devices. The method
includes: receiving a portable electronic device in a chamber,
the portable electronic device having an excessive amount of
liquid; pressurizing the chamber when the portable electronic
device is in the chamber, s0 as to produce a negative pressure
environment within the chamber sufficient to gasify the liquid
in the portable electronic device; maintaining the negative
pressure environment within the chamber at least until the
portable electronic device no longer has the excessive amount
of liquid; and heating the portable electronic device in the
chamber conductively via a thermal conduction assembly
while the negative pressure environment is maintained within
the chamber, the heating being at least sufficient to replenish
latent heat of vaporization lost from pressurizing the cham-
ber, the thermal conduction assembly configured to at least
partially conform to an external shape of the portable elec-
tronic device and to conduct the heat to the portable electronic
device.

BRIEF DESCRIPTION OF THE DRAWINGS

The present disclosure is described in conjunction with the
appended figures:

FIG. 1 shows an embodiment of a drying environment,
according to various embodiments;

FIGS. 2A-2E show partial drying environments having
illustrative types of conductive heating assemblies, according
to various embodiments;

FIG. 3 shows an embodiment of a drying system imple-
mented as a wall-mounted system in a business establish-
ment;

FIG. 4 shows an illustrative computational system for
implementing functionality of a drying system, according to
various embodiments;

FIG. 5 shows a flow diagram of an illustrative method for
drying a portable electronic device, according to various
embodiments; and

FIG. 6 shows a graphical representation of an illustrative
drying cycle.

In the appended figures, similar components and/or fea-
tures can have the same reference label. Further, various
components of the same type can be distinguished by follow-
ing the reference label with a second label that distinguishes
among the similar components. If only the first reference
label is used in the specification, the description is applicable
to any one of the similar components having the same first
reference label irrespective of the second reference label.

DETAILED DESCRIPTION

As people increasingly rely on their personal electronic
devices, they also tend to have their devices with them more
often in situations where water damage is likely to occur.
Anecdotal data suggests that over-exposure to liquid (from
spilling liquid on the device or dropping the device into lig-
uid) is one of the most common causes of damage to personal
portable electronic devices, like cell phones and portable
computers. While many proposed remedies exist, they tend
either to be ineffective or to be effective only in limited
situations. For example, proposed remedies that fail to
remove enough liquid from the device, or fail to remove the
liquid quickly enough, can be ineffective and can even cause
additional damage.

Various drying approaches tend to encourage evaporation
through changes in temperature and/or pressure. For
example, exposure to heat or exposure to negative pressuriza-
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tion (e.g., vacuum) can cause the liquid to gasify (e.g., boil,
vaporize, sublimate, etc.). However, traditional drying
approaches tend to be inapplicable and/or ineffective for dry-
ing portable electronic devices for a number of reasons. One
such reason is that the devices often include a number of
electronic components (e.g., processors, batteries, etc.)
housed in a substantially sealed environment. The housing
can frustrate attempts to remove the liquid (e.g., by limiting
contact between internal components and absorptive materi-
als) and can slow “normal” drying of the internal component
(e.g., from ambient air). Still, it can be undesirable to open up
the device to expose the internal components for drying, as
that can cause further damage, break seals, void warranties,
etc.

Another such reason is that, as liquid leaves the device
(e.g., by evaporation), it can remove latent heat from the
device, which can effectively freeze remaining liquid. This
can further frustrate attempts to remove the remaining liquid
from the device. Yet another such reason is that the devices are
often made of materials that are sensitive to scratching, over-
exposure to pressure and/or temperature, etc. For example,
plastics or metals of different colors or finishes can respond
differently to different temperatures, pressures, and/or con-
tact with other materials. Similarly, a display screen can be
easily scratched or cracked if exposed to certain environ-
ments. Accordingly, approaches that involve contact with
certain types of materials, radiant heating, and/or other types
of exposure can cause damage to the device being dried.
Similarly, the devices often include various ports, sensors,
and/or other components that have their own sensitivities. For
example, small-sized particles can enter and damage a head-
phone jack. These and other considerations can constrain the
types of drying techniques that can be used with these devices
and can limit effectiveness of those techniques.

Embodiments provide novel systems and methods for dry-
ing a portable electronic device by immersing the device in a
conductive heating assembly within a pressurized chamber.
The chamber can apply negative pressure to cause any liquid
on or in the device to gasify and leave the device, while the
conductive heating assembly supplies heat to the device. In
some implementations, the supplied heat can be enough to
avoid freezing during removal of liquid from the device. In
other implementations, additional heat is applied to the
device to further aid the drying. Some embodiments of the
conductive heating assembly are designed to gently and
evenly supply conductive heat to the device without damag-
ing the device, for example, through scratching, overheating,
etc.

In the following description, numerous specific details are
set forth to provide a thorough understanding of various
embodiments. However, one having ordinary skill in the art
should recognize that the invention can be practiced without
these specific details. In some instances, circuits, structures,
and techniques have not been shown in detail to avoid obscur-
ing the present invention.

Turning first to FIG. 1, a block diagram is shown of an
embodiment of a drying environment 100, according to vari-
ous embodiments. The drying environment 100 includes a
drying system 105 that can be used by users 103 to dry
portable electronic devices 120. For example, the drying sys-
tem 105 can be used to dry, and potentially to resuscitate, a
portable electronic device 120 that has been overexposed to
liquid and has stopped working. The portable electronic
device 120 is placed into a drying chamber 110 (e.g., on a
conveyor assembly 125) and contact is established with a
conductive thermal assembly 115. Negative pressure (e.g., a
partial vacuum) is applied to the drying chamber 110 by a
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pressurizing subsystem 130, and heat is applied to the por-
table electronic device 120 via the conductive thermal assem-
bly 115 using a heating subsystem 140.

The drying environment 100 is used to dry any type of
portable electronic device 120 (or similar type of device). For
example, the portable electronic device 120 can be a cellular
telephone, portable computer (e.g., tablet, laptop, etc.), por-
table music player, portable audio and/or video recording
device (e.g., voice recorder, camera, video recorder, etc.),
portable gaming device, etc. Typically, the portable electronic
device 120 has exposure limits set by the manufacturer for
one or more environmental conditions, such as temperature.
For example, if the portable electronic device 120 can with-
stand relatively high temperatures, it may be possible to dry
out the device simply in an oven at normal atmospheric pres-
sure. However, many portable electronic devices 120, like
smart phones, typically have relatively low exposure limits
for temperature (e.g., 115 degrees Fahrenheit). Accordingly,
embodiments use negative pressure (e.g., vacuum) to facili-
tate a “cool” flash boiling of liquid inside the portable elec-
tronic device 120, and a controlled, relatively low tempera-
ture is used to facilitate the drying while remaining well
within the thermal exposure limits of the device.

Embodiments of the drying chamber 110 are manufactured
in any suitable manner in any suitable size and of any suitable
shape and material, so that desired types of portable elec-
tronic devices 120 can fit within the chamber and the chamber
can support the types of negative pressure applied to it by the
pressurizing subsystem 130. For example, the drying cham-
ber 110 is made of metal or sturdy plastic and includes seals
where appropriate to maintain appropriate levels of negative
pressure within the drying chamber 110. Some implementa-
tions include multiple drying chambers 110 for concurrent
drying of multiple portable electronic devices 120 or for
drying of different sizes and/or shapes of portable electronic
devices 120 (e.g., with correspondingly sized and/or shaped
drying chambers 110). Some are designed to facilitate use
within context of a larger assembly (e.g., a wall-mounted or
case-integrated drying chamber 110). In one implementation,
multiple drying chambers 110 are stacked in a configuration
that allows access like a drawer, chest, etc.). Some implemen-
tations further include windows, internal lighting, and/or
other features to allow users 103 to view the inside environ-
ment (e.g., during drying of their portable electronic devices
120).

The drying chamber 110 is pressurized by a pressurizing
subsystem 130. Embodiments of the pressurizing subsystem
130 include a vacuum pump or the like for producing a
negative pressure environment within the drying chamber
110. The specifications of the pressurizing subsystem 130 are
selected to produce a desired vacuum level within a desired
amount of time, given the air-space within the drying cham-
ber 110, the quality of the drying chamber 110 seals, etc. In
one embodiment, the pressurizing subsystem 130 includes a
one-half-horsepower, two-stage vacuum pump configured to
produce a vacuum level within the drying chamber 110 of
approximately 0.4 inches of mercury (“inHg”) within sec-
onds and to maintain substantially that level of pressure
throughout the drying routine (e.g., for fifteen to thirty min-
utes). Different pressurizing subsystem 130 specifications
can be used to support concurrent drying in multiple drying
chambers 110, drying in drying chamber 110 of different
sizes, use in portable versus hard-mounted implementations,
etc.

In some embodiments, the pressurizing subsystem 1301is in
fluid communication with the drying chamber 110 (or mul-
tiple drying chambers 110) via one or more fluid paths. For
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example, a fluid path can include one or more release valves,
hoses, fittings, seals, etc. The fluid path components are
selected to operate within the produced level of negative
pressure. Certain embodiments include an electronically con-
trolled (or manual in some implementations) release valve for
releasing the negative pressure environment to allow the dry-
ing chamber 110 to be opened after the drying routine has
completed (or at any other desirable time). In implementa-
tions including multiple drying chambers 110, multiple fluid
paths, multiple release valves, or other techniques can be used
to fluidly couple the pressurizing subsystem 130 with the
drying chambers 110.

Pressurization of the drying chamber 110 by the pressur-
izing subsystem 130 causes liquid on and in the portable
electronic device 120 to gasify (e.g., evaporate, vaporize,
etc.). For example, liquid inside the housing of the portable
electronic device 120 can become vaporized and can escape
from various ports and other non-sealed portions of the hous-
ing. Evaporation of the liquid away from the portable elec-
tronic device 120 is an endothermic process (i.e., involving
latent heat) that causes a temperature drop in the drying
chamber 110 around the portable electronic device 120. This
can frustrate (e.g., slow) the drying process.

Embodiments add heat to the drying chamber 110. In some
implementations, the amount of heat added to the environ-
ment is only as much as sufficient to overcome the latent heat
of vaporization. In other implementations, other amounts of
heat are provided to the environment within the drying cham-
ber 110. For example, additional heat can be added to speed
up the drying process, or heat can be added in varying
amounts over time for various purposes.

Traditional approaches to drying an object with heat (e.g.,
in other contexts) often involve convective or radiated heat
transfer. Convective heating tends not to be useful in context
of a negative pressure environment, as the substantial vacuum
may not leave sufficient gas molecules in the drying chamber
110 to provide efficient or effective heat transport. Many
laboratory and industrial drying ovens use radiated heat,
which can be effective even in a vacuum so long as properties
of the material being dried are known and are capable of
withstanding the amount of radiated heat. Many typical por-
table electronic devices 120, however, include multiple types
of materials, which can each vary widely with respect to
maximum temperature ratings, absorbance of heat, etc. (e.g.,
due to different materials, finishes, colors, etc.). Experimen-
tation by the inventors has demonstrated that these differ-
ences can often either limit the amount of radiated heat that
can be applied to the portable electronic device 120 to an
amount that is too low to be effective, can cause the portable
electronic device 120 to absorb too much heat in one region
and not enough in another, etc.

Embodiments use conductive heat to provide heating to the
portable electronic device 120 within the drying chamber
110. A heating subsystem 140 heats a conductive thermal
assembly 115, which is in contact with the portable electronic
device 120 and configured to conduct heat to the portable
electronic device 120. Implementations of the conductive
thermal assembly 115 at least partially conform to an external
shape of the portable electronic device 120 so as to at least
partially surround the portable electronic device 120. For
example, the conductive thermal assembly 115 can be
designed so that the portable electronic device 120 is gently
immersed in, sandwiched between, or otherwise in con-
formed contact with elements of the conductive thermal
assembly 115.

Some embodiments of the conductive thermal assembly
115 dynamically conform to the shape of the portable elec-
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tronic device 120. For example, as described below, conduc-
tive beads, heat packs, etc. can be assembled in a manner that
dynamically conform to the geometry of one or more types of
portable electronic devices 120 and the portable electronic
devices 120 are moved into contact with the conductive ther-
mal assembly 115. Other embodiments of the conductive
thermal assembly 115 statically conform to the shape of the
portable electronic device 120. In one such embodiment, a
custom partial or total encasement is designed and manufac-
tured to fit one or more particular portable electronic devices
120. For example, a custom-manufactured conductive plate is
designed as a conductive thermal assembly 115 that inter-
faces between the conveyor assembly and a particular type
(e.g., make and/or model) of portable electronic device 120.

In one implementation, the conductive thermal assembly
115 includes a number of thermally conductive beads. For
example, the drying chamber 110 is partially filled with small
aluminum spheres sized to be small enough to substantially
conform to the shape of the portable electronic device 120
when the device is placed in the beads (e.g., partially or fully
submerged into the bed of beads). The aluminum spheres are
also sized to be larger than any port or opening in the portable
electronic device 120. In such an implementation, the heating
subsystem 140 can heat the drying chamber 110 from the
outside (e.g., from the bottom and/or sides of the drying
chamber 110). The applied heat from the heating subsystem
140 is conducted toward the portable electronic device 120
via the beads, permitting the heat to evenly and gently sur-
round at least a portion of the portable electronic device 120.
Experimentation by the inventors has demonstrated that the
beads tend to store heat in their mass, so that cooling from the
latent heat of vaporization can be counteracted by heat stored
in the beads adjacent to the portable electronic device 120.
Some implementations select beads having relatively high
thermal capacity (e.g., storage), which can tend to provide a
steady flow of heat to the portable electronic device 120
without exceeding maximum temperature limits. For
example, beads with low thermal conductivity and/or low
heat storage capacity can tend to allow cold regions to form
around the portable electronic device 120 as the liquid gas-
ifies, potentially quenching the gasification of the liquid once
the temperature drops below a phase change temperature at
that level of vacuum. In context of those low thermal conduc-
tivity and/or low heat storage capacity beads, further
increases in heat could have limited impact due to the low
thermal conductivity of the beads, and could potentially con-
ducta “slow wave” of too much heat and cause damage to the
portable electronic device 120.

For the sake of illustration, various potential materials are
analyzed for use as beads in the following table:

Specific Softness Score

Material Heat  Conductivity {10 - hardness) (Factor Product)
Magnesium ~ 1.05 156 g 1310.4
Aluminum 0.87 205 7.1 1266.3
Copper 0.39 401 7 1094.7
Sodium 1.26 84 9.6 1016.1
Gold 0.13 310 7 282.1
Brass 0.38 109 6 248.5
Cadmium 0.25 92 8 184.0
Iridium 0.13 147 3.5 66.9
Antimony 0.21 185 6.7 26.0
Asphalt 0.92 0.75 1 5.5
Glass 0.84 1.05 3.5 3.1
Mica 0.50 0.71 7.2 2.6
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The above table evaluates three criteria of different mate-
rials: specific heat, conductivity, and softness. The specific
heat and conductivity indicate the material’s ability to store
and conduct heat, and the softness indicates whether the
material is likely to damage portions of the drying environ-
ment 100 (e.g., surface coatings, displays, etc.). A score is
calculated as the simple product of the three criteria values
(i.e., with no weighting). Other implementations use different
criteria and/or weight the criteria in different ways. For
example, certain other criteria may relate to ease of manufac-
turing, access, cost, susceptibility to contamination, ease of
cleaning, etc. In an illustrative implementation based on the
abovetable, while magnesium achieved a slightly better score
than aluminum, aluminum was chosen as a more cost-effec-
tive option. In some embodiments, custom alloys, compos-
ites, and/or other materials are used to achieve better scores,
according to the above and/or different criteria.

Bead geometry can also be selected based on various con-
siderations. One such consideration is the opening size of the
portable electronic device 120. It is desirable to keep beads
from entering any ports, sockets, or other openings in the
portable electronic device 120. For example, a smart phone
has a 3.5-millimeter headphone jack, and the next-largest
available common size for aluminum balls is chosen (e.g.,
six-millimeter BBs). Another such consideration is that
increasing contact surfaces can increase heat conduction. For
example, dodecahedron and other regular polyhedrons may
provide more conduction than a sphere or other shape and can
be selected accordingly. The shape can be selected to provide
more conduction surface with the portable electronic device
120 and/or with the heat source (e.g., walls of the drying
chamber 110). Still another such consideration is to shape the
beads to permit conformance with the exterior geometry of
the portable electronic device 120. For example, a smart
phone may have an irregular shape (particularly if a battery is
removed). Conduction to a flat surface or very large beads on
which the phone is placed may only heat some or all of a
single surface of the phone, while smaller beads can allow the
phone to be partially or fully immersed within the conductive
elements.

In some implementations, the portable electronic device
120 is first placed in a heat-conductive shield before being
placed in the drying chamber 110 with the beads. The heat
conductive shield can protect the surface of the portable elec-
tronic device 120 from scratches or other damage caused by
contact with the beads and/or can further distribute the heat
from the beads. For example, a smart phone can be encased in
a paper wrap prior to submerging the phone in the beads. The
heat-conductive shield can also facilitate wicking of moisture
away from the portable electronic device 120. For example,
the paper wicks moisture away from the phone as it dries,
which can mitigate formation of stains or “water spots” on the
surface of the phone as the liquid escapes the phone and
evaporates. Some implementations use specially designed
beads that aid with moisture wicking and/or absorption.

Various embodiments can include different numbers,
materials, shapes, sizes, etc. of beads. Some implementations
include a conveyor assembly 125 configured to hold the por-
table electronic device 120 in place within the conductive
thermal assembly 115. For example, the conveyor assembly
125 can include a tray, clips, frame, etc. for supporting the
portable electronic device 120. Alternatively, the conveyor
assembly 125 can be features of the drying chamber 110, for
example, protrusions from the wall or floor of the drying
chamber 110. Some implementations of the conveyor assem-
bly 125 move the portable electronic device 120 into (and/or
out of) place within the drying chamber 110 as appropriate.
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For example, the portable electronic device 120 can be placed
on the conveyor assembly 125 when the drying chamber 110
is open, and closing the drying chamber 110 can cause the
conveyor assembly 125 to move the portable electronic
device 120 into contact with the conductive thermal assembly
115.

In some implementations, the portable electronic device
120 is maintained (e.g., secured) in a location within the
drying chamber 110, and the beads are introduced into the
drying chamber 110. For example, the drying chamber 110
has a port, and turning the entire drying chamber 110 causes
the beads to pour into the drying chamber 110 from a reser-
voir at the beginning of the drying routine and/or to pour out
of the drying chamber 110 at the end of the drying routine.
The reservoir approach and/or other similar approaches can
allow different types or amounts of beads to be introduced
into the drying chamber 110 for different applications; can
help mitigate theft of the beads (e.g., if made of valuable
material, if the drying system 105 is placed in a public facility,
etc.); can facilitate cleaning, cooling, disinfecting, etc. of the
beads between uses; etc.

While the above embodiments are described with refer-
ence to beads, many other types of conductive thermal assem-
bly 115 are possible. For example, some implementations
involve partially or fully immersing the portable electronic
device 120 in other types of relatively small objects (or a
substance) to substantially conform to the geometry of the
portable electronic device 120 and to transfer heat from the
heating subsystem 140 evenly and gently through conduc-
tion. A number of alternate types of conductive thermal
assembly 115 can be used in other implementations.

One category of alternate conductive thermal assemblies
115 still uses beads, but further supports the beads in some
manner. One such implementation is illustrated in FIG. 2A.
As shown, a structure (e.g., a plate or frame) is included in an
upper portion of the drying chamber 110, from which a num-
ber (e.g., tens or hundreds) of beads hang. For example, each
bead (or each small group of beads) is suspended from the
structure by a wire (e.g., any heat-conductive, flexible mate-
rial). The beads can be suspended at one or more heights. The
resulting “hanging clump” of beads acts as the conductive
thermal assembly 115 and can be placed into contact with the
portable electronic device 120 in such a way that the beads are
allowed to substantially conform to the geometry of the por-
table electronic device 120 and conduct heat thereto. For
example, the portable electronic device 120 is raised into the
beads, or the beads are lowered onto the portable electronic
device 120. The beads can receive heat from the heating
subsystem 140 directly, through the structure, or in any other
suitable manner.

Another such implementation is illustrated in FIG. 2B. As
shown, a structure (e.g., a plate or frame) is included in an
upper portion of the drying chamber 110, through which a
number (e.g., tens or hundreds) of pins (e.g., blunt nails,
beads on posts, etc.) pass. The structure permits the pins to
float in an extended position using gravitational force. For
example, each pin passes through a corresponding hole in the
structure and includes at least one wide end (i.e., wider than
the through hole) to limit the motion of the pin with respect to
the structure. The resulting “pin wall” acts as the conductive
thermal assembly 115 and can be placed into contact with the
portable electronic device 120 in such a way that the pins are
allowed to substantially conform to the geometry of the por-
table electronic device 120 and conduct heat thereto. For
example, the portable electronic device 120 is raised into the
pins, or the pins are lowered onto the portable electronic
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device 120. The pins can receive heat from the heating sub-
system 140 directly, through the structure, or in any other
suitable manner.

Another similar implementation is illustrated in FIG. 2C.
As shown, one or multiple structures are included in one or
more portions of the drying chamber 110 (e.g., top, bottom,
and/or sides of the drying chamber 110), through which a
number (e.g., tens or hundreds) of spring-loaded pins pass.
The springs hold the pins in an extended position when not
being depressed by the geometry of the portable electronic
device 120. The resulting “spring-loaded pin wall” can be
placed into contact with the portable electronic device 120 in
such a way that the pins are allowed to substantially conform
to the geometry of the portable electronic device 120 and
conduct heat thereto, for example, as discussed above.

Yet other implementations are illustrated in FIGS. 2D and
2E. As shown, one or more “heat packs” are included in one
or more portions of the drying chamber 110. The heat packs
can be supported and/or transported by structures (e.g., as in
FIG. 2D), or the heat packs can be freely placed inside the
drying chamber 110 (e.g., as in FIG. 2E). Each heat pack
includes a receptacle configured to conduct heat to the por-
table electronic device 120 from within the heat pack and to
substantially conform to the geometry of the portable elec-
tronic device 120. In some implementations, the heat pack is
filled with beads or the like. This can provide similar features
to the bead-related implementations discussed above, while
reducing issues involving bead maintenance, transport, secu-
rity, etc. In other implementations, the heat pack includes a
gel or other heat-conductive substance. In some embodi-
ments, the receptacle is made from a material that will not
scratch or otherwise harm the surface of the portable elec-
tronic device 120. Some receptacles are further designed to
help wick moisture away from the portable electronic device
120 as it leaves the device. The heat packs can be placed
around the portable electronic device 120, the portable elec-
tronic device 120 can be moved (e.g., by a conveyor assembly
125) into contact with the heat packs, the heat packs can be in
the form of a sock or other further receptacle into which the
portableelectronic device 120 can be placed, or the heat packs
can thermally communicate with the portable electronic
device 120 in any other suitable manner. The heat packs can
be pre-heated by the heating subsystem 140 (e.g., prior to the
drying routine), heat can be delivered to the heat packs from
the heating subsystem 140 during the drying routine, and/or
the heat packs can have integrated heating elements. In some
implementations, combinations of heating elements can be
used. For example, the portable electronic device 120 may be
sandwiched between a heating tray and a heat pack.

Returning to FIG. 1, other subsystems are used in some
embodiments to provide additional functionality. Some
embodiments include a monitoring subsystem 160 that can
provide feedback control, environmental monitoring within
the drying chamber 110, monitoring of the portable electronic
device 120, etc. Implementations of the monitoring sub-
system 160 include one or more probes, sensors, cameras,
and/or any other suitable device. In one embodiment, the
monitoring subsystem 160 includes one or more sensors situ-
ated inside the drying chamber 110 and configured to monitor
internal pressure (vacuum level), humidity, and temperature
within the drying chamber 110. For example, the measure-
ments can be used to determine if the heating is sufficient to
overcome the latent heat of vaporization, to determine if the
vacuum level is sufficient, to determine when the portable
electronic device 120 has dried sufficiently, etc.

The monitoring subsystem 160 can communicate its mea-
surements through wired and/or wireless communications
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links to a controller 180 located outside the drying chamber
110. For example, the controller 180 includes memory (e.g.,
non-transient, computer-readable memory) and a processor
(e.g., implemented as one or more physical processors, one or
more processor cores, etc.). The memory has instructions
stored thereon, which, when executed, cause the processor to
perform various functions. The functions can be informed by
(e.g., directed by, modified according to, etc.) feedback from
the monitoring subsystem 160. For example, the measure-
ments from the monitoring subsystem 160 can be used to
determine when to end the drying routine and release a pres-
sure release valve of the drying chamber 110, when and how
to modify the heat being delivered to the conductive thermal
assembly 115, etc. The controller 180 can also direct opera-
tion of other subsystems, such as the conveyor assembly 125,
pressurizing subsystem 130, etc.

In some embodiments, the monitoring subsystem 160
includes a camera configured to “watch” the internal environ-
ment of the drying chamber 110. In one implementation, the
camera is used to monitor the vaporization of liquid from the
portable electronic device 120. In another implementation,
the camera uses infrared to indicate internal temperature
readings from within the drying chamber 110 and/or around
the surface of the portable electronic device 120. In yet
another implementation, the camera can monitor functional-
ity of the portable electronic device 120 within the drying
chamber 110. For example, portable electronic device 120
may be plugged in within the drying chamber 110, and a
signal can be sent to the portable electronic device 120 (e.g.,
a text message can be sent to the device) within the drying
chamber 110 to see if the device reacts. The camera can be
used to visually monitor the reaction to determine whether the
portable electronic device 120 was successfully resuscitated.
In some implementations, the camera is used for other func-
tions, for example, to capture “before” imagery of the por-
table electronic device 120 to help determine whether the
portable electronic device 120 had pre-existing conditions
(e.g., a cracked screen) prior to using the drying system 105.

In support of that and/or other functionality, some embodi-
ments of the monitoring subsystem 160 include one or more
interface cables. The interface cable can connect the portable
electronic device 120 to a power source, a storage device, a
communications network, a remote interface, etc. to allow
operation of the portable electronic device 120 to be moni-
tored, verified, or even exploited. For example, the interface
cable can be used to charge the portable electronic device 120
during the drying routine or to provide power when the bat-
tery is removed. In some implementations, the functionality
of the portable electronic device 120 is verified at the end of
the drying routine to determine appropriate next steps. For
example, when it is determined that the portable electronic
device 120 has not been resuscitated (i.e., it remains non-
functional after drying), the drying system 105 can provide
the user 103 with a partial refund, a coupon for related or
unrelated services, etc. Alternatively, a repair fee is only
collected from the user 103 after functionality is verified. In
some embodiments, the interface cable is used to extract
information from the portable electronic device 120. For
example, an identification number, network provider, phone
number, email address, user identity, and/or other informa-
tion can be extracted for tracking and/or other purposes.

Some embodiments of the drying system 105 further
include a disinfecting subsystem 170 for disinfecting the
portable electronic device 120, the conductive thermal assem-
bly 115, and/or the drying chamber 110. In one such embodi-
ment, the disinfecting subsystem 170 includes an ultraviolet
lamp, or the like. It is common for the surfaces of portable
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electronic devices 120 to be rife with bacteria, pathogens, and
other contaminants (e.g., from daily use, from dropping the
device into a toilet, etc.). The lamp can irradiate the internal
environment of the drying chamber 110 to help kill many of
the contaminants. In other implementations, nozzles and/or
other components are used to spray or otherwise distribute
disinfectants (e.g., solutions of alcohol, bleach, etc.) into the
drying chamber 110 in the presence and/or absence of the
portable electronic device 120. As described above, some
embodiments include a reservoir or repository for compo-
nents of the conductive thermal assembly 115 that can be
separate from the drying chamber 110. The disinfecting sub-
system 170 can be configured to disinfect those additional
reservoirs, repositories, etc. in the presence or absence of the
conductive thermal assembly 115 components. In one imple-
mentation, the drying chamber 110 partially fills with a dis-
infecting solution (e.g., an alcohol solution) to bathe the
portable electronic device 120 at the start of the drying pro-
cess. The solution is evacuated from the chamber and is
quickly boiled off of and out of the portable electronic device
120 during the drying routine (e.g., the solution can also be
formulated to facilitate faster evaporation, to help draw other
liquids from the portable electronic device 120, etc.). In addi-
tion to disinfecting, using an additional solution at the start of
the process can help with the resuscitation of portable elec-
tronic device 120 that have been exposed to liquids other than
water that could otherwise leave a residue (e.g., coffee, soda,
etc.). For example, various detergents, etc. can be included in
the solutions that are formulated to facilitate the above func-
tionality. It is noted that some embodiments of the drying
system 105 permit users to exploit the disinfecting subsystem
170 even when the portable electronic device 120 was not
otherwise over-exposed to liquid. For example, to disinfect a
dry portable electronic device 120, the dry device can be
placed in the drying chamber 110, bathed or exposed to dis-
infecting radiation or solution, and dried (if needed).

Some embodiments of the drying system 105 further
include a user interaction subsystem 150 that facilitates user
103 interaction with functions of the system (e.g., using one
or more displays, interface devices, payment interfaces, etc.).
In some implementations, functionality of the user interac-
tion subsystem 150 is facilitated by the controller 180. In
other implementations, the user interaction subsystem 150 is
adedicated systen in communication with the controller 180.
For example, the user interaction subsystem 150 can be
implemented as a tablet computer or other self-contained
system with at least one interface (e.g., wired or wireless)
between it and other components and subsystems of the dry-
ing system 105 (e.g., the controller 180). Some embodiments
of the user interaction subsystem 150 include or are in com-
munication with a payment processing subsystem 155, as
described more fully below. Embodiments can also perform
other functions by exploiting communications functionality
through a communications subsystem 190. For example, cer-
tain functionality can be performed via the “cloud” or any
suitable public or private network, as described more fully
below.

Embodiments of the user interaction subsystem 150 can be
designed to perform many different types of functions,
depending, for example, on the particular implementation of
the drying system 105. For example, different models can
support different functions, and different models can be tai-
lored for implementation as a wall-mounted system in a busi-
ness establishment (e.g., a form factor similar to an automated
teller machine (ATM) or automated external defibrillator
(AED)), as aportable drying system in a case (e.g., a briefcase
or toolbox form factor), etc.
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For the sake of illustration, FIG. 3 shows an embodiment of
a drying system 300 implemented as a wall-mounted system
in a business establishment in a form factor similar to an
automated teller machine (ATM). The drying system 300 can
be a non-limiting embodiment of drying system 105 of FIG.
1, and its components are described using the same reference
numbers, where appropriate, for the sake of added clarity. The
housing of the drying system 300 is designed to receive
portable electronic devices 120 into the drying chamber 110
via a door 315. For example, the door 315 is exposed in front
ofthe housing and includes any gaskets or other seals to allow
the drying chamber 110 to be sufficiently sealed when the
door3151s closed and the drying chamber 110 is pressurized.
A similar form factor can be designed to support multiple
drying chambers 110 for concurrent drying (and/or disinfect-
ing) of multiple portable electronic devices 120 and/or for
drying of multiple types of portable electronic devices 120.

The drying chamber 110 is pressurized by a pressurizing
subsystem 130 (e.g., a vacuum pump or the like in fluid
communication with the drying chamber 110 via suitable
hoses, seals, valves, etc.). A heating subsystem 140 is coupled
with the drying chamber 110 in such a way as to provide heat
to a conductive thermal assembly 115 inside the drying cham-
ber 110. As illustrated, the conductive thermal assembly 115
1s a number of thermally conductive beads. The drying cham-
ber 110 is configured with a conveyor assembly 125 to receive
the portable electronic device 120 in a position that allows the
beads of the conductive thermal assembly 115 to substantially
conform to at least a portion of the portable electronic device
120 geometry and to conductheat from the heating subsystem
140 to the portable electronic device 120 via the conductive
thermal assembly 115.

The illustrated embodiment includes a monitoring sub-
system 160 that can provide feedback control, environmental
monitoring within the drying chamber 110, monitoring of the
portable electronic device 120, etc. The illustrated monitoring
subsystem 160 includes one or more probes 365 (e.g., for
monitoring internal pressure, humidity, and temperature
within the drying chamber 110) and one or more cameras 363
(e.g., for visualizing the internal environment of the drying
chamber 110 and/or visualizing the portable electronic device
120 before, during, and/or after the drying routing). The illus-
trated monitoring subsystem 160 also includes an interface
cable 367 for interfacing the drying system 300 with the
portable electronic device 120 in the drying chamber 110
(e.g., for sending and/or receiving communications between
the controller 180 and the portable electronic device 120).
The illustrated embodiment of the drying system 300 also
includes a disinfecting subsystem 170 for disinfecting the
portable electronic device 120, the conductive thermal assem-
bly 115, and/or the drying chamber 110. The disinfecting
subsystem 170 includes an ultraviolet lamp 375 for irradiat-
ing the internal environment of the drying chamber 110 to
help kill contaminants. The various subsystems of the drying
system 300 are in communication with a controller 180
through a bus or any other suitable wired or wireless link. For
example, the controller 180 can be implemented as a central
processing unit of the drying system 300 or as a set of dis-
tributed processors, memories, etc.

The illustrated embodiment of the drying system 300 fur-
ther includes a user interaction subsystem 150 that facilitates
interaction by users with functions of the system. As shown,
the user interaction subsystem 150 includes a display 330 and
a payment interface 335. The user interaction subsystem 150
includes or is in communication with a payment processing
subsystem 155 that processes payments through the payment
interface 335. The payment interface 335 can accept pay-
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ments in any suitable mannet, for example, using a magnetic
stripe interface, a currency acceptor interface, a radiofrequc-
ncy-based payment interface, etc. In some implementations,
the payments are processed at least in part through commu-
nications with one or more payment networks via the com-
munications subsystem 190. Further, in various embodi-
ments, the payments can be accepted and/or processed
before, during, and/or after the drying routine. For example,
payment can be pre-authorized at the beginning of the rou-
tine, but not fully processed until after the routine success-
fully completes. Certain implementations of the payment
processing subsystem 155 can provide additional functional-
ity, such as issuing and/or printing coupons, receipts, etc. In
some embodiments, the payment interface 335 (or any other
suitable interface) is used to “unlock” the drying chamber 110
after the routine completes to allow a user to retrieve the
portable electronic device 120. For example, in a commercial
implementation (e.g., in a commercial establishment with
one or more drying chambers 110), it may be desirable to
force the user to validate his or her identity to prevent theft of
portable electronic devices 120 from the drying system 300 or
to prevent a user from retrieving the wrong device. Accord-
ingly, the user can be prompted to provide a payment instru-
ment at the beginning of the routine and to present the same
payment device at the end of the routine (or to present a
printed receipt, confirmation code, etc.).

Auser can interact with functions of the drying system 300
through a graphical user interface (GUI) and/or through any
other user controls (e.g., buttons, switches, keypads, etc.). For
example, the GUI is displayed on the display 330. which
includes one or more touchscreens. In some implementations,
the user interaction subsystem 150 provides minimal func-
tionality (e.g., a button to begin the drying process). In other
implementations, the user interaction subsystem 150 pro-
vides complex functionality. For example, the user interac-
tion subsystem 150 can display information, including mul-
tiple selections (e.g., soft buttons that provide the user with
various options), routine progress (e.g., an estimated time
remaining for completion), payment information, video feeds
(e.g., from inside the drying chamber 110, of the display of
the portable electronic device 120, etc.), measured environ-
mental levels (e.g., current readings of temperature, pressure,
and/or humidity from within the drying chamber 110), and/or
any other useful information.

For the sake of illustration, a user with a water-damaged
smart phone enters a coffee shop that has a drying system 300
mounted on its wall. The user is presented with a GUI via the
display 330 that provides a number of selections, for example,
“rescue your wet phone,” “disinfect your phone,” or “rescue
and disinfect your phone.” Each option has an associated cost.
The user selects one of the options and inserts a credit card.
The door 315 of the drying chamber 110 opens, and the
conveyor assembly 125 moves into an accessible position.
The display instructs the user to place the phone on the con-
veyor assembly 125 and to connect the phone to the interface
cable 367. The display may further prompt the user to agree to
a waiver, etc. When the drying system 300 detects that the
phone s properly placed on the conveyor and connected to the
interface cable 367, a soft button appears on the GUI prompt-
ing the user to “press to start.” The user touches the button. In
response, the door 315 closes and locks (e.g., and seals), the
conveyor assembly 125 moves the phone into contact with the
conductive thermal assembly 115 (e.g., submerges the phone
into the beads), and the routine begins. The pressurizing
subsystem 130 produces a sufficient vacuum within the dry-
ing chamber 110 to gasify the water in and on the phone,
while the heating subsystem 140 conducts heat gently and
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evenly to the phone via the beads to support the drying rou-
tine. Meanwhile, the display 330 shows an elapsed time, an
estimated remaining time, and a measured value of the tem-
perature and humidity around the phone in the chamber. The
display 330 can also show advertisements or any other useful
information. When the routine completes, an indication is
provided to the user (e.g., audible, visual, etc.). In some
implementations, when the routine completes, a signal is sent
to the phone (e.g., a text message, phone call, or other type of
signal) to verify (e.g., electronically through the interface
cable 367, visually through the camera 363, etc.) that the
phone is now operational. The user is prompted to insert
credentials (e.g., the credit card used to begin the routine, any
recognized form of identification, a code, etc.), and the cre-
dentials are authenticated. In response to authenticating the
credentials, a payment transaction completes, a pressure
valve releases, and the user is permitted to open the door 315
to retrieve the phone. For example, if the routine is unsuc-
cessful, the user may not be charged or the user is charged a
discount. In some implementations, for example during the
routine or if the routine is unsuccessful, the drying system 105
issues a coupon to the user for merchandise at the coffee shop
(e.g., a free cup of coffee).

Many other functions can be provided via the various sub-
systems in embodiments. For example, the user interaction
subsystem 150 can be used to access maintenance, setup,
diagnostics, debugging, and/or other functions. Further, the
user interaction subsystem 150 can be used to receive various
types of data from a user, like demographic information,
discount codes, etc. For example, implementations collect
various types of customer relationship management (CRM)
data and the like. Similarly, embodiments can collect opera-
tional information, such as frequency of use, frequency of
suceess, cycle times, time since last maintenance, system
location (e.g., as installed, or tracked if implemented as a
mobile system), error codes for diagnostics, etc. The data can
be communicated (via the communications subsystem 190)
to a host system (e.g., in the cloud, at a third-party location,
etc.). Embodiments can also permit remote access (via the
communications subsystem 190) for handling maintenance,
diagnostics, updates, etc. In some implementations, payment
processing, CRM, and/or other functions can be integrated
with other systems. For example, if the drying system is
installed in a hotel, embodiments can integrate with hospital-
ity systems, such as the hotel’s billing, reservations, customer
management, and/or other systems.

FIG. 4 shows an illustrative computational system 400 for
implementing functionality of a drying system, according to
various embodiments. The computational system 400 can
include or perform functionality of components of drying
system 105 embodiments, such as those described above in
FIGS. 1 and 3. For the sake of simplicity, the computational
system 400 is shown including hardware elements that can be
electrically coupled via a bus 455. However, embodiments of
the computational system 400 can be implemented as or
embodied in single or distributed computer systems, in one or
more locations, or in any other useful way.

The hardware elements can include one or more central
processing units (CPUs) 405 (e.g., controller 180), one or
more input devices 410 (e.g., a mouse, a keyboard, a display
330, a payment interface 335, etc.), and one or more output
devices 415 (e.g., a display 330, a payment interface 335, a
coupon or receipt printer, etc.). The computational system
400 can also include one or more storage devices 420. By way
of example, storage device(s) 420 can be disk drives, optical
storage devices, solid-state storage device such as a random
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access memory (RAM) and/or a read-only memory (ROM),
which can be programmable, flash-updateable and/or the like.

The computational system 400 can additionally include a
computer-readable storage media reader 4254, a communi-
cations system 430 (e.g., communications subsystem 190,
including a modem, a network card (wireless or wired), an
infra-red communication device, etc.), and working memory
440, which can include RAM and ROM devices as described
above. [n some embodiments, the computational system 400
canalso include a processing acceleration unit 435, which can
include a DSP, a special-purpose processor, and/or the like.

The computer-readable storage media reader 4254 can fur-
ther be connected to a computer-readable storage medium
425b, together (and, optionally, in combination with storage
device(s) 420) comprehensively representing remote, local,
fixed, and/or removable storage devices plus storage media
for temporarily and/or more permanently containing com-
puter-readable information. The communications system 430
can permit data to be exchanged with a network 460 and/or
any other computer described above with respect to the com-
putational system 400. For example, as described with refer-
ence to FIGS. 1 and 3, payment information, CRM data,
remote diagnostics, and/or other information can be commu-
nicated to and from the computational system 400 via the
communications system 430 to the network 160.

The computational system 400 can also include software
elements, shown as being currently located within a working
memory 440, including an operating system 445 and/or other
code 450, such as an application program (which can be a
client application, web browser, mid-tier application, rela-
tional database management system (RDBMS), etc.). In
some embodiments, one or more functions of the subscriber
optimizer 120 are implemented as application code 450 in
working memory 440. For example, as illustrated, pressuriz-
ing functionality 130, heating functionality 140, user interac-
tion functionality 150, pavment processing functionality 155,
monitoring functionality 160, disinfecting functionality 170,
etc. can be implemented as code of the working memory 440
(e.g., as part of the other code 450). Some embodiments
further include a mechanical control system 470 to control
various mechanical (e.g., electromechanical) features of the
computational system 400. For example, the mechanical con-
trol system 470 can fully or partially control operation of the
conveyor assembly 125, the door 315 to the drying chamber
110, motion of the drying chamber 110, etc.

FIG. 5 shows a flow diagram of an illustrative method 500
for drying a portable electronic device, according to various
embodiments. The method 500 operates in context of drying
systems, such as those described above with reference to
FIGS. 1-4. Embodiments begin at stage 504, by receiving a
portable electronic device in a chamber. As described above,
it is assumed that the portable electronic device has an exces-
sive amount of liquid in (and possibly on) the device. The
device can be placed in the chamber on a conveyor (e.g., a
stationary or movable support structure) through a door or
other scalable opening in the chamber. Typically, the device is
placed into contact with a thermal conduction assembly or the
device and/or the thermal conduction assembly are moved
into contact with each other as the method 500 begins (e.g.,
when the chamber door is closed, etc.).

At stage 508, the chamber is pressurized when the portable
electronic device is in the chamber, so as to produce a negative
pressure environment (e.g., a substantial vacuum) within the
chamber sufficient to gasify the liquid in the portable elec-
tronic device. For example, the chamber is fluidly coupled
with a vacuum pump. When the vacuum is established and the
liquid gasifies, latent heat of vaporization is lost. At stage 512,
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the portable electronic device is conductively heated in the
chamber via a thermal conduction assembly (e.g., beads)
while the negative pressure environment is maintained within
the chamber. The heating is at least sufficient to replenish the
latent heat of vaporization lost from pressurizing the cham-
ber. As described above, any suitable type of thermal conduc-
tion assembly can be used that can at least partially conform
to an external shape of the portable electronic device and can
conduct the heat to the portable electronic device. At stage
516, a determination is made as to whether the excess liquid
has been removed from the portable electronic device. If not,
at stage 520, the negative pressure environment is maintained
within the chamber. If so, at stage 524, the negative pressure
in the chamber can be released (e.g,, via a release valve).

For the sake of illustration, FIG. 6 shows a graphical rep-
resentation 600 of an illustrative drying cycle. Three traces
are shown, representing temperature, pressure, and humidity
levels measured within the drying chamber (e.g., adjacent to
the portable electronic device) over time. For example, the
cycle time is shown as approximately twenty minutes. A
vertical dashed line indicates the beginning of the drying
routine. As illustrated by the “measured pressure” trace, the
system pressure begins at a “normal” atmospheric level, and
quickly drops when the routine begins and a vacuum is estab-
lished (producing a negative pressure environment) in the
drying chamber. The desired vacuum level is substantially
maintained until a release valve is opened at the end of the
routine and pressure in the chamber returns to the normal
atmospheric level. As illustrated by the “measured humidity™
trace, the humidity in the drying chamber increases dramati-
cally as the vacuum is first established and the bulk of the
liquid in the portable electronic device gasifies (e.g., boils
off). After that initial spike, the measured humidity in the
chamber begins to drop, and continues to drop until it
approaches zero by the end of the routine. As illustrated by the
“measured temperature” trace, the temperature in the drying
chamber decreases as the vacuum is first established, and the
latent heat of vaporization is lost from gasification of the
liquid. After the initial decrease in temperature, conductive
heat applied to the portable electronic device gently replen-
ishes the lost heat throughout the remainder of the routine, at
least as desired.

The methods disclosed herein include one or more actions
for achieving the described method. The method and/or
actions can be interchanged with one another without depart-
ing from the scope of the claims. In other words, unless a
specific order of actions is specified, the order and/or use of
specific actions can be modified without departing from the
scope of the claims.

The various operations of methods and functions of certain
system components described above can be performed by any
suitable means capable of performing the corresponding
functions. These means can be implemented, in whole or in
part, in hardware. Thus, they can include one or more Appli-
cation Specific Integrated Circuits (ASICs) adapted to per-
form a subset of the applicable functions in hardware. Alter-
natively, the functions can be performed by one or more other
processing units (or cores), on one or more integrated circuits
(ICs).In other embodiments, other types of integrated circuits
can be used (e.g., Structured/Platform ASICs, Field Program-
mable Gate Arrays (FPGAs), and other Semi-Custom ICs),
which can be programmed. Each can also be implemented, in
whole or in part, with instructions embodied in a computer-
readable medium, formatted to be executed by one or more
general or application-specific controllers. Embodiments can
also be configured to support plug-and-play functionality
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(e.g., through the Digital Living Network Alliance (DLNA)
standard), wireless networking (e.g., through the 802.11 stan-
dard), etc.

The steps of a method or algorithm or other functionality
described in connection with the present disclosure, can be
embodied directly in hardware, in a software module
executed by a processor, or in a combination of the two. A
software module can reside in any form of tangible storage
medium. Some examples of storage media that can be used
include random access memory (RAM), read only memory
(ROM), flash memory, EPROM memory, EEPROM memory,
registers, a hard disk, a removable disk, a CD-ROM and so
forth. A storage medium can be coupled to a processor such
that the processor can read information from, and write infor-
mation to the storage medium. In the alternative, the storage
medium can be integral to the processor.

A software module can be a single instruction, or many
instructions, and can be distributed over several different code
segments, among different programs, and across multiple
storage media. Thus, a computer program product can per-
form operations presented herein. For example, such a com-
puter program product can be a computer-readable, tangible
medium having instructions tangibly stored (and/or encoded)
thereon, the instructions being executable by one or more
processors to perform the operations described herein. The
computer program product can include packaging material.
Software or instructions can also be transmitted over a trans-
mission medium. For example, software can be transmitted
from a website, server, or other remote source using a trans-
mission medium such as a coaxial cable, fiber optic cable,
twisted pair, digital subscriber line (DSL), or wireless tech-
nology such as infrared, radio, or microwave.

Other examples and implementations are within the scope
and spirit of the disclosure and appended claims. For
example, features implementing functions can also be physi-
cally located at various positions, including being distributed
such that portions of functions are implemented at different
physical locations. Also, as used herein, including in the
claims, “or” as used in a list of items prefaced by “at least one
of” indicates a disjunctive list such that, for example, a list of
“at least one of A, B, or C” means A or B or C or AB or AC or
BC or ABC (ie., A and B and C). Further, the term “exem-
plary” does not mean that the described example is preferred
or better than other examples.

Various changes, substitutions, and alterations to the tech-
niques described herein can be made without departing from
the technology of the teachings as defined by the appended
claims. Moreover, the scope of the disclosure and claims is
not limited to the particular aspects of the process, machine,
manufacture, composition of matter, means, methods, and
actions described above. Processes, machines, manufacture,
compositions of matter, means, methods, or actions, pres-
ently existing or later to be developed, that perform substan-
tially the same function or achieve substantially the same
result as the corresponding aspects described herein can be
utilized. Accordingly, the appended claims include within
their scope such processes, machines, manufacture, compo-
sitions of matter, means, methods, or actions.

What is claimed is:

1. A drying system for portable electronic devices, the
system comprising:

a chamber configured to receive a portable electronic

device;

a pressurization subsystem configured, when the portable
electronic device is in the chamber, to produce a negative
pressure environment within the chamber sufficient to
gasify liquid in the portable electronic device; and
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a heating subsystem comprising a thermal conduction
assembly having a plurality of thermally conductive
beads that are configured, when the portable electronic
device is in the chamber, to at least partially conform to
an external shape of the portable electronic device, the
heating subsystem configured to heat the portable elec-
tronic device when it is in the chamber by generating
heat and conducting the heat to the portable electronic
device via the plurality of thermally conductive beads.

2. The system of claim 1, wherein the thermal conduction
assembly further comprises at least one receptacle for the
thermally conductive beads, the receptacle being configured
to at least partially conform to the external shape of the
portable electronic device and to conduct the heat to the
portable electronic device via the beads.

3. The system of claim 1, wherein the thermal conduction
assembly further comprises structure from which the ther-
mally conductive beads hang in such a way that permits the
beads to at least partially conform to the external shape of the
portable electronic device and to conduct the heat to the
portable electronic device.

4. The system of claim 1, wherein the thermal conduction
assembly comprises structure to support the plurality of ther-
mally conductive beads in such a way that permits the beads
to at least partially conform to the external shape of the
portable electronic device and to conduct the heat to the
portable electronic device.

5. The system of claim 1, further comprising:

a user interaction subsystem comprising a display and
means for user interaction, the user interaction sub-
system configured to:

receive an instruction from a user via the means for user
interaction to start a drying routine for drying the por-
table electronic device using the chamber, the pressur-
ization subsystem, and the heating subsystem; and

displaying, to the user via the display, a status of perform-
ing the drying routine,

wherein the pressurization subsystem and the heating sub-
system are configured to perform the drying routine in
response to the instruction.

6. The system of claim 5, further comprising:

a non-transient, computer-readable memory having
instructions stored thereon, which, when executed,
cause a processor to direct operation of the pressuriza-
tion subsystem and the heating subsystem according to
information received via the user interaction subsystem.

7. The system of claim 5, further comprising:

a payment processing subsystem configured to receive a
payment from the user and to authorize the payment,

wherein the pressurization subsystem and the heating sub-
system are configured to perform the drying routine in
response to the instruction only when the payment is
authorized by the payment processing subsystem.

8. The system of claim 1, further comprising:

a monitoring subsystem comprising at least one sensor
within the chamber configured to monitor at least one of
internal pressure of the chamber, internal temperature of
the chamber, internal humidity of the chamber, or func-
tionality of the portable electronic device.

9. The system of claim 8, wherein the monitoring sub-

system comprises:

an interface cable configured to communicate with the
portable electronic device to determine the functionality
of the portable electronic device.
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10. The system of claim 1, further comprising:

a disinfecting subsystem configured to be actuated from
outside the chamber to output a disinfecting agent within
the chamber.

11. The system of claim 1, wherein the pressurization
subsystem comprises a vacuum pump in substantially sealed
fluid communication with the chamber.

12. A method for drying portable electronic devices, the
method comprising:

receiving a portable electronic device in a chamber, the
portable electronic device having an excessive amount
of liquid;

pressurizing the chamber when the portable electronic
device is in the chamber, so as to produce a negative
pressure environment within the chamber sufficient to
gasify the liquid in the portable electronic device;

maintaining the negative pressure environment within the
chamber at least until the portable electronic device no
longer has the excessive amount of liquid; and

heating the portable electronic device in the chamber con-
ductively via a thermal conduction assembly while the
negative pressure environment is maintained within the
chamber, the heating being at least sufficient to replenish
latent heat of vaporization lost from pressurizing the
chamber, the thermal conduction assembly having a plu-
rality of thermally conductive beads that are configured
to at least partially conform to an external shape of the
portable electronic device and to conduct the heat to the
portable electronic device.

13. The method of claim 12, wherein the thermal conduc-
tion assembly comprises at least one receptacle containing at
least some of the thermally conductive beads, the receptacle
being configured to at least partially conform to the external
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shape of the portable electronic device and to conduct the heat
to the portable electronic device.
14. The method of claim 12, further comprising:
receiving an instruction from a user via a user interaction
subsystem;
performing a drying routine comprising the pressurizing
step and the heating step in response to the instruction;
and
displaying, to the user via the user interaction subsystem, a
status of performing the drying routine.
15. The method of claim 14, further comprising:
associating a credential with the user and the drying rou-
tine;
receiving and validating the credential subsequent to per-
forming the drying routine; and
permitting the user to retrieve the portable electronic
device from the chamber only after receiving and vali-
dating the credential.
16. The system of claim 14, further comprising;
receiving payment from the user in association with per-
forming the drying routine;
completing the drying routine only when the payment from
the user is authorized.
17. The method of claim 12, further comprising:
receiving a measurement from within the chamber while
maintaining the negative pressure environment within
the chamber;
dynamically adjusting an amount of heat associated with
the heating step and/or an amount of pressurization asso-
ciated with the pressurizing step in response to the mea-
surement.
18. The system of claim 1, wherein the plurality of ther-
mally conductive beads are metallic.
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