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vacuiun-based drying of portable electronic devices. For
ex unp le. a portable elactromc device that has been exposed to
excessive liquid is placed inside a dryuig chamber. The drying
chamber is closed and a drying routuie conunences. Dunng
the dn ing routine, the chamber is pressunzed to a vacuum
level sufficient to gasify liquids inside the device. and the
device is conductively heated at least to replace latent beat ol
vaporization lost dunng the pressurization Some embodi-
ments include teclmiques relating to payment processing,
m&mitnnng and li:edback comrol, decontaminat«m. m«l/or
other fiuictionalitv.
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IIRYKR FOR PORI'ARI,F. KI,K(.'TR(INIC.'S

CROSS-REI'ERLNCL'S

This application clmms tfw. belwfit oi'and is a non-provi-
sional of U.S. Provisional Application Ser. No. 61/724.129,
filed on Vov. 8, 2012. titled "REDUCED PRESSURE
VAPORI/ATION SYSTI'IM which is hereby expressly
u&co&poratcsf by reference in its entirety I'or all p&aposms.

FIEI,D

io

iimbodinwnts relate generally to drying systems. and.
nulre particulnrly, lo vacuum-based drying systems for por-
table electronic devices.

BA('KCiROUND

BRII',F SUMMARY

Among other things, systems and methods are described
for conducti&mly Iwatixf, vacuum-basod drying of portable
electronic devices. In one embodiment, a portable electronic ss
device (e.g.. a smart phone) that has been exposed to exces-
sive liquid &s placed inside a drying chamber. The drying
chamber is closed and a drying routine commences. During
thc dryulg routuie. the chamber is pressurized to a vncmuu
level sufiiclent to as&fj liquids inside the de~ice, and the u

device is conductively heated at least to replace latent heat of
vaponwiuon lost durulg the pressurization Some embodi-
ments ulclude tecluuques relatulg to payment processin .

monitoring and fccxiback control, decontnminntion, and/or
other I'unctional&ty

According nl one set of embodiments, a drying system is

pros idcd lilr drying portablecliwtronic devices The system
ulcludes. a ch miber configured to receive a portable elec-
tronic device: a pressurization subsystem configured. when
thc portable electronic device is in the chamber, to produce a al
negative pressure environment w ithin the clmmber su fficient
to gasify liquid in thc portable cicctronic device: and a heating
subsystem confi ured to generate heat and comprising a ther-
mal conduction assembly configured, when the portable elec-
tronic device is in tlw. chamber, to at lcnst partially conform to (
an external shape of the portable electmnic device and to
conduct the heat to the ponable electronic device.

Portable electronic devices are beconung ubiquitous, and
increasing nmubers of individuals rely on those devices for za

access to business conuuunications, personal communica-
tions. and entertainment. WIufe the devices are typically
design&xi to withstand certain Icweis of shock, exposure to
heat and cold, and other undesirable coiuht&ons. most still
become non-functional when overexposed to water. For-"'x

uuple, it is not uncommon for people to spill excessive
liquid on their cell phones or to drop their cell phones &nto

toilet~. swimming pools, and sinks. Many rcnwdics have been
proposed for resuscitaun portable electromc devices aller
over-exposure to hquid, Some pmposed remedies involve ""

exposing tire devices to anything from alcohol or salt water to
nce or other desiccaots. Other pmposed remedies ulvolve
disassmnbling the device to allow inwrnal electronic compo-
nents nmximum exposure to the air Mmly ol'thcsc proposed
remedies are uleffecuve, lor example, removing too little ""

liquid from the device mid/or removing liquid too sknvly.
Some o I'ther&a propo sexi remcxfies even cause I'urther danuige
(and can often void wanunties and/or protection plans on the
dcvicesl

Accordiflg to afu1tlwr set of embodiments. a method is
provided for drying pormble electronic devices. The method
ulcludes: receiving a portable electronic device in a chamber,
the portable electronic device lmving an excessilm mnount of
hquid: pressurizing the chamber&shen thc portable electronic
device is ul the chamber. so as to produce a negative pressure
environment witlun the clmmber sufficien to gasifv the liquid
in the portable electronic device: maintmning tire negative
pressure envlronnlent wltlun the chamber at least until the
portable electronic device no longer i&as the excessive amount
of'iquid, and heating thc portable dew&ionic device in the
chamber conductively via a thermal conduction assembly
while the negati&m pressure environment is niaintaincd within
thechambcr, the heating being at least sufiicient to ri7lenish
latent heat of vaporization lost from pressurizing the cham-
ber, the thermnl conduction nssembly configured to at least
partially conform to an external slmlpe of the portable elec-
tronic device mid to conduct the heat to the portable electronic
device.

BRIEF DESCRIPTION OI'IRE DRAWINGS

The present disclosure is described in conjunction w it h the
appended figures:

FIG. I shows an embodiment of a drying environment,
according to venous embodiments.

11CiS. 2A-2L'how partial drying enviro&unents bavin
illustrative types ofconductive heating rwsscmb lies, according
to various emboduuents,

FICi. 3 shows an embodiment of a drying system imple-
mcntcd as a wall-mountixf system in a businiws establish-
&gent,

FICi. 4 shows mi illustmtive computational system for
implmuenting functionality of a drying system, according, to

vrmous embodiments:
FI(i. 5 shows a tlow diagram of an illustmtive method for

drying a portable electronic device, according to various
enlbodllnellts; and

I'l(i. I& shows a gmphical rcprcsentation of an illustrative
drying cycle.

In the appended figures, similar components and/or fea-

tures can lu&ve thc sanw. rcii.rcnce label Furtlwr, various
components of the same type can be d&stulglushed by fol low-

ing the reference label with n second label that distinguishes
among the similar components. If only the lirst reference
label is used in the specification, the description is applicable
to any onc ol'he similnr components having thc same lirst
reference label irrespective of the second reference label.

DETAILED DESCRIPTION

As people ulcrcasulgly rely on their personal eliectronic
devices, they also tend to have their devices with them more
ofien in situations wlwrc 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 liq-
uidl is one of thc most common causes of damage to personal
portable electronic devices. like cell phones and portable
computers While mmiy proposed remedies exist, they tend
either kl bc ineil'ective or to bc &.ffcctivc only in limited
situations. For example, proposed remedies tltat fail to
remove mlough liquid from tile device, or fail to remove thc
liquid quickly enough, can be &neffectlve mid can even cause
additional danmge.

Various drying approaches tend to encourage evaporation
tluough changes &n temperamre and/or pressure. I&or

example. exposure to heat or exposure to negative pressuriza-
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tion (e g.. vacuum) can cause tlm liquid to gasify (e.g, boil,
vaponze, subl&nmte. etc.), However. tmd&tional dryu&

approaches tend to be inapplicable and/or ineffective for dry-
ing portable clcctronic dcviccs fi&r a number of reasons Onc
such reason is that the dev&ces often include a number of 5

electronic components (e g., processors, batteries. etc.)
housed u& a substannafly sealed em &roiunenn The housung
can fn&strata attempts to remove the liqu&d (e.g.. by limiting
contact between intenud components mid absorptive md&cn-

als) and can slow'*normal" dn ing of the uuemal component u&

(e g., from amb&ent air). St& 11. it can be undesirable to open up
thc device to expose the internal compone&ts I'or drying, as
that can cause funher dmuage. break seals. vo&d warranties,
cic.

Another such reason is than as liqind leuvcs the device
(e.g., by evaporation), it can remove latent heat from the
dcvicc, which can clfcctively frceze rcmnining liquid This
c u& further frustrate auempts to remove the remau&ing, l&qu&d

from the device Yet another such reason is that the devices are
olitcn nuiile of&1&a&crisis tfmt aro scnsitivc to scratching, over- sn

exposure to pressure and/or tempemture, etc. For example,
plastics or metals of different colors or finishes can respond
d&tferently to d&fferent temperatures. pressures, and/or con-
tact with other matenals. Similarly. a display screen can be
easily scratched or cracked if exposed to certain environ- "

ments. Accordingly, approaches that u&volve contact iv&th

certa&n types ofnmterials, radiant heating. and/or other types
ol'xposure can eiuse damage to the dev&ce being dnixk.

Snn&larly, the devices often u&elude venous ports. sensors,
and&or other compiments tluit have their own scnsitivitics. For "n

ex uuple. small-sazed pnrt&cles can enter and d u&u&ge a head-
phone lack. These and other cons&derntions can constra&n the
types ofdryuig techniques thnt cmi bc used with th& im dcwces
and can lun&t effect&veness of those teclu&iques.

kmbodiments provide novel sysmms and methods for dry- "»

u&g n portable clcctronic dcvi&u by inuncrsing Ihc device in n

conducuve heat&ng assembly w&tlun a pressunzed chamber.
Thc chnmbcr can apply ncgativc pressure to cmise any liquid
on or in thc device to gmiil'y mul leave thc device, while thc
conduct&ve heating assembly supplies heat to the device. In dn

son&e implen&entations, thesupplied heat can bc enough to
avoid freezin during removal of 1&quid from the device. In
other implementations, additional heat is applied to the
device to further nid tho drying. Somo en&bodiments of the
conduct&ve heating assembly are designed to gently and d.

evenly supply conductive heat to the device without damag-
u&g the dev&ce, for ex uuple, through scratclung. overheatu&g,
etc.

In &he I'ollow ing description, numerous specific deuiils are
set forth to provide a thorough understandu&g of various n

embodiments. Hov;ever, one havu&g ordinary sloll in the art
six&uld recognee that the un cation can be practiced w ithmit
these specific deta&ls. In some instances, circu&ts. structures.
ai&d techn&q&ics ha&Ye no I bccn shown in detail to nvoid ubscur-
&tl lhc plcscnt n&vcnluu&. :&

Turning tirst to FI(i. 1, a block diagram is shown of an
enbodimcnt ol'a drying enviroruncnt 100. according to vari-
ous embodunents The drying env&ronment 100 includes a

drying system lt)5 that can be used by users 103 to dry
portable el& ctronic devices 120 For example, thc drying sys- 0&

tern 105 can be used to dry, and potentially to resusc&tate, n

portable electnmic device 120 tl&at has been ovcrcxposek to
liquid and has stopped working. The ponable electronic
device 120 is placed into a drying clmmber llU (e.g.. Cn a

con&uior nssmnbly 125) and contact is cstablishel with a r
conducuve them&al assembly 115. Negat&ve pressure (e.g., a

partial vacuum) is applied to the drying chmnber 110 by a

pressurizing subsystem 130, and heat is applied to thc por-
table efectromc dev&ce 120 v&a the conducive thermal assem-
bly 115 us&ng a heating subsysten 140.

Thc drying environment 100 is used to dry any typo of
portable electron&c dev&ce 120 (or sun&lnr type ofdevice). For
example. the portable electronic dkw ice 120 can be a cellular
teleplx&ne. portable computer (e.g., tablet, laptop, etc.). por-
table mus&c player. portable audio and/or video record&ng
device (e.g, voice recorder. camera vide& recorder, etc ),
portable ganung device, etc. Typ&cally. the portable electron&c
device 120 has exposure limits set by the manufacn&rer for
ouc oi'ln»'c cnvii&)&uucntal couiht&ons. si&ch as n'n&pc&dtui'c

I'or example, &f the portable electron&c device 120 can w ith-
stand relntivcly high temperatures, it may bc possible to dry
out thc device suuply in an oven at nom&nl atnmsphenc prcs-
sure. Ho&vever, many ponable electronic devices 12U, like
smart phones, typically have relatively lmi exposure limits
for ten&perature (e.g., I )5 degrees Fahrenheit). Accordin ly,
embodiments use negative pressure (e g.. vncmim) to facili-
tato a "cool'* fiash boiling of liquid inside thc portable elec-
tronic dev&ce 120, and a controlled, relatively lov; tempera-
mre is used to facilitate the drying while remaining well
w&tlun the thenual exposure linuts of the device

Hmbodunents of the drying chamber 110 are manufactured
in any suitable maniwr in any snitable size m&d ofany suitable
shape and material, so that desired types of portable elec-
tronic devices I 2U can fit tvithin the chamber aad the chamber
can suppon Ihe types ol negat&ve pressure apphcxi u»t by the
pressunzing subsystem 130. For example, the dry&ng cham-
ber 110 is mnde of metal or sturdy plastic nnd includes seals
where appropriate Io ma&ntau& appmpnate lei els ol negative
pressure within the drying chamber 110. Some unplementa-
t&ons include multiple drying chambers 110 fi&r concurrm&t

dryu&g oi mult&pie portable electmn&c devices 120 or for
drying of diffi:re&t sizes m&dkor sl&apes of portable clccctronic

devices 120 (e g.. &vith corrcspondmgly sized m&d/or shaped
dry&ng chambers 110). Some are des&y&ed to fac&litate use
within emmxt of n larger asscn&bly (c g.. a wall-mounted or
cusc-integratel drying chmnbcr 110) ln one implen&entmion,
nuiltiple drying chambers 11U are stacked in a conhguration
tlmt el knvs access like a drawer. chest, erc ) S&m&e implc&ni n-
tat&ons fi&rther include windows. internal 1&ghtu&g, nnd/or
other features to allow users 103 to view tl&e inside environ-
n&ent (c g., during drying of tlmir portable electronic devices
120).

The drying chamber 110 is pressurized by a pressurizing
subsystem 130 Embod&ments of the pressunzu&g subsystem
130 include a vacuum pump or the like for producmg n

negauve pressure environment withui the drying chamber
110 The speciiications of the pressunz&ng subsystem 130 are
selected to pmduce a desired vacuum level w itlun a desired
amount of time. given the ur-space w&tlnn Ihe dry&ng cluun-
ber 110, the qual&ty of the drying chamber 110 seals. etc. In
onc cmbodin&ent. thc pressurizing subsystcn& 130 includes a
one-half-horscq&ower. two-singe vacuum pump configured to

pmduce a vacuum level within the drying chamber 110 of
appmxinmtely 0 4 inches ol'wrcury ("inHg*') within sec-
onds and to mniutnn substantuilly that level of pressure
tlu oughout the drying routine (e.g, for fifteen to thirty min-

utia). Differen prcasurizing subsystem 130 spam(ice&iona
can be used to support concurrent drying u& nn&lt&pfe drying
clmmbers 110, drying in drying chnmbcr 110 of different
sizes, use in portable versus hard-mounted &mplementat&ons,

etc.
In some embodimcntw the pressurizing subsystem 130 is in

fiu&d commurucation w&th the dry&ng chamber 110 (or mul-
tiple drying chambers 11U) via one or more tluid paths. Fnr
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5
exmnplc, a fluid pnth can include one or more release valvew
hoses, flrtutgs, seals, etc. I'he tluid path components are
selected to operate witlfln the produced level of negative
prcssure I ertain mnbodinmnts include an clcctronically con-
trolled (or manual In some implementations) release ~siva for 6

releasing the negative pressure environment to allow the dry-
uig ch unber 110 to be opened alter the drying routine has
completed (or at any other desirable time). In implementa-
timls mcluding multiple drying chamber.; 110, multiple fluid

paths, multiple release valves. or other techniques can be used nl

to flmdly couple the pressurtzing subsystem 130 with the
drying clrambers 110

Pressurtzation of the drying chamber 110 by the pressur-
izing subsystem 130 causes liquid on and in tlm portable
electmnic device 120 kl gasify (e ., e&aporate, vaportze.
etc.). For example, liquid inside the housing of the portable
clectmnic device 120 Gan become vaporized and can cscapc
from vartous ports and otlier non-sealed portmns of the Imus-
ing. k'vaporation of the liquid away from the portable elec-
Ironic dm ice 120 is nil endothcnllic process (i.c, iilvolviilg 0

latent heat) tlmt cmises a tempemture drop in the drying
chmnber 110 around the portable electronic dkwice 120. This
can frustrate (e.g.. slow) the drying process.

L'mbodunents add heat to the drying climnber 11(1. In some
implenmntations, the amount of heat added to thc environ- "

ment is only as no(eh as suflicient to overcome the latent beat
of vaporization. In other implementations. other amounts of
hait are pmvided to the environmeiit w It lun tile drying cham-
ber 110. For example. additional heat can be added to speed
up tlm drying process. or heat cdn be added in varying in

allloul&LS over tune f(11 ed&ious pulposes.
Traditional approaches to dryuig an obiect with heat (e.g.,

in other contexts) oflen imolve convective or radia(LCI heat
transfer. Convective heating tends not to be uselul ui context
ofa negative pressure mivinimnent. as tlm substnntial vncuum "»

may not leave suliicient gas moleculcs in thc drying chanibcr
110 to pmvide eflicient or eifective heat transport Many
laboratory and industrial drying ovmis use radiated heat,
winch can bc elfevt(ve even in a vncuiun so km tws properties
of the material being dried are known and are capable of nn

withstanding the amount of radiated heat Many typical pnr-
table electronic devices 120. him ever, include multiple types
of materials, which can each vary widely with respect to
mnximum tcmpcrnture ratings, absorbancc ofheaL etc (c g .

due to different matertals, finishes, colors, etc.). Fxperimen- 4.

tation by the inventors has demonstrated that these differ-
ences can ofien either hmit the amount of raduited heat tlmt
can be applied to the portable electronic device IZO to an
amount Ihat is too lo&v to be efcvtive. can cause the portable
electronic device 120 to absorb too much heat in one region u

and not enough in another. etc.
Embodunents use conductive heat to provide heating to thc

portable electronic device 120 witlun the drying chamber
110 A heating subsysten& 140 heats a conductive tlmrmal
assembly115. which is in contact with the portable electronic 6

device 12U and configured to conduct hnnt to the portable
elccn&mic device 120 hnplcn&entatimls ol'he mmductivc
thermal assembly 115 at least partially conliorm to ul external
shape of the pop mble electronic device 120 so as to at least
partially surround thc portable electronic device 120 For nl
example, the conductive therttml assembly 115 can be
dcsignecd so that the portable electronic device 12t) is gently
immersed in, smidwiched between. or othertvise in con-
formed contact with elements of the conductive thermal
alxscnlbly 115 6

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 beadw heat packs, etc. can be assembled in 0 manner that

dvnami cally conform to the geometry ofone or more types of
portable electromc devices 120 and the poruible electronic
devices 120 are movexi inio coniact with the conductive ther-

mal assembly 115. Other embodiments of the conductive
thermal assembly 115 statically conform to the slmpe of the
portable electromc device 120. In one such embodlmenL 0

cue(om partinl or total encasement is designed and manufnc-
turcd to iit one or nulre partlculnr portable elec(mnic den ices
120 Forexmnple, 0 custom-manufactured conductiveplate is
designed as a conductive thertnal assembly 115 that inter-
faces betweetl the conveyor assembly and 0 particular type
(e g.. make and/or model) of portable electronic device 120.

In one implementation, ihe conductive thermal assembly
115 mcludes a number of thernmlly conductive beads. For
example. the drying clmmber 110 is partially flllexi tvith small
alununum spheres sized to be small enough to subsmntuilly
conform to the slmpe of the portable electronic device 120
&Chen the devi&w (s placed in the beads (e.g, partially or fully
submerged into the bed ofbeads). The aluminum spheres are
also sized 07 be larger thml any port or opening in the portable
elect r&mic device 120. In such an imp leman(at irm. the heating
subsystem 140 can heat the drying chamber 110 from the
outside (c g. from the bottom and/or sides of tlm drying
chamber 110) The applied heat lrom the heatulg subsystem
140 is conducted toward the portable eleectronic deevice 120
via the bends, permitting the heat to evenly and gently sur-

mund at least 0 portion of the poriable electmnic device 120.
kxperimm&tation by the inventors lras demonstratixi that the
beads tend to store heat in their mass. so that cooling from the
latent heat ofvaportzation can be countemcted by heat stored
in the beads adjacent to tlm portable electronic device 120.
Some implementations select beads having relatively lupi
thermal capacity (e.g., storage). which cmi tend to provide a

s(cndy tlow of heat to tlm portable clcctronic device 120
without exceeding maximum temperature limits. I(or

example. beads with low them&el conductivity and/or low
heat stomge capacity can tend to allo~ cold regions to form
around the portable electmnic device 120 as the liquid gas-
iiieg potenually qumlching the gasification of ihc liquid once
the temperature dmps below a plrdse change temperature at

that level of vacuum. In context of those loii thernml

conducti-

vityty mid/or low heat storage capacity beads, iurther
uicreases ul heat could have lunited unpact due to the low
tlmrmal conductivity of tlm bends, and could potentinlly con-
duct 0 oslow wave" 0 I'too &mich heat and cause damage (o the
portable electmnic device IZU.

For the sake of illustration, vnrious potential nmtcrials are
aiuilyzed for use as beads in the foliole uig uible
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'11m above table evaluates three criteria of different nulte-
nals. specific heat, conductn ity. and softness. The specific
heat and conductivity indicate the matenal's ability to store
mid conduct heat, and thc softiwss indicates wlmther thc
material is likely to dmnage portions of the drying envimn- s

ment IUU (e.g., surface cnatings, displays. etc.). A score is
calm&lated as the sunple product of the three criteria values

(i e., with no weighting). Other unplementat iona use different
criteria and/or weight thc criteria in dilfi:rent ways For
ex uuple. cert nn other cnteria may relate to ease ofmanufar.- u&

turing, access. cost, susceptibilifl to contamination, ease of
cleaning. etc In an illustrative unplemcntation basvxf lui the
above table, whde magnesium aclueved a sl&aptly better score
than ah&fill&in&&1, ali&illlfillnl was cl'u1sin als a nl(irc cost.cflcc-
tive opuon In some emboduuents. custom alloys. m&mpos-

ites, and/or other materials are used to achieve better scores,
according to tbe above and/or diffi.rent critorin

Bead geometry can also be selected based on venous con-
siderations. One such consideration is the opening size of the
portable electronic device 120 lt is desirable to kccp boads n

from entering any ports, socket~. or other openin s in the
portable electronic device 120. For example. a smart phone
has a 3.5-null&meter headphone lack, and the next-largest
available conunon size for alununum bafls is chosen (e.g.,
six-millimeter BBs). Anotlmr such considcrarion is that "

uicreasulg cnntact surfaces can increase heat conduction. I'or
example, dodecahedron and nther regular polyhedrons may
provide more conduction than a sphere or other shape and can
be selected accordin ly. The shape can be selected to provide
morc conduction surface with the portnble electronic device sn

120 and,'or with the heat source (e.g.. walls of the dryulg
el&amber 110). Sul I another such consideration is to shape the
bmids to permit conliirmancc with the exterior geometryol'he

portable electromc device 120. For example. a smart
phone may have an irrcgular shape (particularly if a battery is "»

re&novcxf). ('onduction to a flnt surface or &mry large beads on
wluch the phone is placed may only heat son&a or all of a

single surface of the phone, while smaller beads can el kiw the
phone to be purtially or I'ully immcr id &&i&bin the conductive
elements. st &

In sonw. implementations, the portable clcctronic device
120 is hrst placed in a heat-conductive shield before being
placed in the drying chamber 110 witli the beads. The heat
conductive ~hield cnn protect thc surface ofdie portablo elec-
tronic device 120 from scratches or other damage cmised by s.

contact with the beads and/nr can further distribute the heat
fram the beads. I'or exmnple, a smart phone can be encased in
a paper v;rap prior to submerging the phone in the beads. The
heat-conductive shield can also facihtatewickmg of'inoismre
away fmm the portable electronic device 120. For example, u

the paper wicks moisn&re a&vuy from the phone as it dries,
winch m»1 mitigate I'ormauon ofstains or '*w uter spoms'* on thc
surface oi the phone as the liqu&d escapes the phone and
cvaporatcs. Sonw. implemenmtiims usc specially designed
bends that aid with moisture nicking and/or absorption 1

yarious embodiments can include different numbers,
materialw shapes, sizes, ctc ol'beads Sonic implementations
uiclude a conveyor assenibly 125 configured to hold the por-
table electmnic device 120 in place within the conductive
&kennel assembly 115 For example. &hc corn cyor assi'mbly sc

125 can mclude a tmy. clips, frame, etc. for supporting the
portable electrnnic device 120. Altcniatively, the mmvcyor
assembly 125 can be features of the drying chamber 110. for
example, protrusions fmm the wall or tloor of the drying
chmnber 11 tl Some imp lmncntations of tlm conveyor assam- r

bly 125 move the portable electronic de~ice 120 into (and/or
out of) place within the drying chamber IIU as appmpriate.

For example, the portable electronic device 120 can bc placed
on the conveyor assembly 125 wlmn the drying chamber 110

is open. and closing the drying chmnber 110 can cause the
conveyor mssembly 125 to nm&m the portable electronic
device 120 into contact with thc em&duct ive thermal assembly
115.

In some implementations. the portable electroruc device
120 is inaunained (e.g.. secured) ui a location w&thin the
dryinv chamber 110. and the beads arc introduced into thc

drymg chamber 110. For example. the drying chamber 110
has a port, and turnulg the entire drying chamber 110 causes
the bmids to pour into tlm dryu& chamber 110 I'roin 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 sinular approaches c ul

allow diffi.rent types or amounts of beads to be introduced
into the drying chamber 110 fi&r diflbrent applications: cmi

help mitigate theft of the beads (e.g., if made of valuable
ma ten sf. if the drying system 105 is placed in a pub bc fnc titty,
etc ). cmi facihtate cle ming. Cooling, dismtiecting. ctc. of the

beads benveen uses; etc
Wfufe the alxive embodiments are descnbed with refer-

ence to beads, many other types ofconductive themm1 a asem-

bly 115 are possible. For example, some implementations
ulvolve partially or fully inunersuig the portable electroiuc
device 12U in other types of relatively snmll objects (or a

substnnce) to substantially conform to thc eometry of the
portable efectromc device 120 and to tmsnsfer heat from the
iwating subsystem 140 evenly and gently through mmduc-

tion. A number of alternate types of'oluluctive them&el

assembly 115 cmi be used in other implementations.
One catcvon of alternate cm&dhlcilvc lilt:tulal aisscnlblics

115 still uses beads. but fiirther supports the beads in some
manner Onc such implementation is illustmtcd in FIO 2A.
As shown, a stnicturc (e.g.. a plate or frmne) is included in an

upper portion of the drying clmmber 110. from wluch a num-
ber (c.g, lens or hundreds) of beads lmng. For cxamplc, each
bead (or each small group ol'heals) is suspendcsf fr&mt thc
strucmre by a wire (e.g., any heat-conductive, flexible mate-
rinl) Tlm heads can be suspended at onc or more lmights. Tlm
result&use "lmn ing clunlp" of beads acts as the conductive
thermal assembly 115 and can be placid into contact w ith the
portable electronic device 120 in such a way that thc beads are
allow ed to substantially conform to the geometry of the por-
table electronic device 120 mid conduct heat thereto. For
ex unple. the portable electmnic device 120 is r used into the
bead~, or the beads are lowered onto the ponable electronic
device 120 The beads cnn receive beni thorn the hmitmg
subsystem 140 directly, through the stnlcture. or ui miy other
suitable mmuier.

Another such impfenmntation is illustrated in Flti 2B As
shown, a structure (e... a plate or friune) is included in tui

upper portiim of tlm drying chamber 110, through v;hich a
number (c .. tens or lnmdreds) of pins (eg. blunt nails,
beads on posts, etc.) pass. Ilia stnlcture permits thc pins to
float in mi extended position using gravitational I'orcc. For
example. each pul passes tf&rough a corresponduig hole in the
stnicture and includes at least one wide end (i.c.. w:ider than
thi through hole) io limit thc motion of tlm pin with respect io
the structure. The resulting "pin v;all" acts as the conductive
thermal assenibly 115 nnd can be placid intn contact with the
portable electromc device 120 in such a way that the puss are
allow ed to substantially confomi to the geometry of the por-
table electronic device 12() and conduct heat thereto. I'or
example, the portable electmnic device 120 is raised ulto the
pins, or the pins are lowered onto the portable electronic
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device 12(). The pins cmi receive hmit from the heating sub-
system 140 directly. timur the structure. or ln any other
suitable manner.

Another siniilar implementnti(m is illustrated in Fifi.2C's

shown. one or multiple strucnires are included in one of
more portions of the drying chamber 11U (e g.. top, bottom.
and/or sides of the df) ing cluimber 110). thmugh which a

number (e... tens or hundreds) of spring-loaded pins pass.
Tlm springs hold the pins in mi extend+i position &&hen mit

being depressed by the geometry of the portable electronic
device 120. The resulting "spring-loaded pin wall" can be
placed into contact v ith thc ponnble elcutronic device 120 in
such a way that the pins are allowed to substantially conform
to tlm geonwtry of tlm portable electronic device 120 and
conduct hmu thereto, for example, ms discussed above

Yet other implmnentations are illustrated in Fl(fS. 2D and
2I'2 As shown, one or more "fmat packs" are included in onc
or morc portions ol the drying ch unbar 110 The heat packs
can be supported mid/or tmnsported by stnlctures (e.g., as in
FICi 2D). or tlm lmat packs can bc I'r&mly placed inside thc
drying chamber 110 (e.g., as in Ffth 2E). Each heat pack
includes a receptacle configured to conduct heat to the por-
table elecuonic device 120 from within the heat pack and to
substantially conform to the geometry of the portable elec-
tronic device 120 In some implcmentationx thc heat pack is
filled with beads or the like. Tlus cmi provide sinular features
to the bead-related implementations discussed above, while
reducing issues involvmg bead nuiimenance, transport. secu-

rity, etc. In other implenientations, the heat pack uicludes a

gcl or other lmat-conductive substmice ln smne cmbodi-
luclllx thc rcccptiicfc is lllade from a matenal that will not
scratch or othenvise hami the surface of the portable elec-
tronic dm ice 120 Some receptacles arc fiuthcr designed to

help wick moisture a&vay from the portable electronic device
120 as it leaves the dcvicc. I'he heat packs cmi be placed
amund the portable clcutronic device 120, the pn&tabfe elec-
uoruc device 120 can be moved(e.g., by a conveyor assembly
125) into contact &Lith lhe heat pack~. thc lmat packs can be in

the form ol'a sock or other liirther receptacle inui which thc
ponable electronic device 120 cmi be placed, or the heat packs
can tlmniuilly c(uuntunicatc with dw. portable cfcmtronic
device 120 in any other siutable manner. The heat packs can
be pre-heated by the heating subsystem 140 (e.g.. prior to the

drying routiim), boat can be dclivercd to the lmat packs fmm
the heating subsystem 140 dunng the drying routine, and/or
the heat packs can have integrated heating elements. In some
unplementations, combinations of heating elements can be
used. I(or exaniple. the portable electronic device 120 may be
sandwiched between a heatmg tray and a heal pack

Returning to FIFI. 1. other subsystems are used in some
embodiments to provide additional functionality. Some
emb&xliments include a monitonng subsystem 160 thnt can
provide feedback control. envirotunental moiutonng wltlun
thedryingchnmbcr110(monitoringofthepottabfccfcmtrunic
device 120, etc huplementations ol'he inomloring sub-
system 16U include one or more pmbes, sensors, camera~,
mid'or anv other suitable device In (mc mnbo(hment, thc
monltorulg subsystem 160 ulcludes oue or more sensors situ-
ated inside the drying chamber 110 and conti gurvxf to monitor
llltcl'nal prcssure (vacllllul lcvcl), hlllllldity, and temperature
within the drying chamber IIU. I-'or example, the measure-
ments can be used to detemiine if the heating is sufficient to
overcome the latent heat of vaporization, to detennuie if tile
vacuiun level is sufficient, to detennuie wlien the portable
clcctmnic device 120 has dried sufficiently, etc.

The monitoring subsystem 160 cnn conuminicate its mea-
surements tltfough wired an(bor wireless communications

links to a mimmller 180 locamd outside tlm drying chaniber
110. For example. the controller 180 includes memory (e.g.,
non-transient, computer-readable memory) and a processor
(e g., implemented as oiw or niore physical processor~, onc or

1 more pmcessor cores, etc.). The memory has instructions
stored thereon, 11 hich. when executed, cause tile pmcessor to
perfonu venous functions. The fiinctions can be informed by
(e.g., directed by, modified according to, etc.) feedback from
thc momtoring subsystem 160. For example. thc mmisure-

ui ments from the monitoniig subsystem 160 ran be used to
determine when to end the drying routine and release a pres-
sure release vnlve of the dryuig chmnber 110, wfmn &md how

to modify the heat being delivered to the conductive thermal
assembly 115, ctc. The contmller 180 can also direct opera-
tion ofother subsystems. such as the conveyor assembly 125,
pressurizing subsystem 130, etc.

In some embodinwnts, the monitoring subsystcni 160
includes n caniera configt(rsxf to "watch'* the internal

environme-

ntnt of the drying chamber I I U. In one implementation, the
lc canwra is used lo inonilor tho vaporization of liquid from thc

portable electronic device 120. In another implementation,
the cmnera uses infrared to indicate internal tempemnire
readin s from witlun the drying chamber 110 and/or around
the surface of the portable electronic device 120. In yet
another implenmntation, the camcri can monitor lilnctional-
lty of the portable electromc device 120 witlun the dryin
chamber 110. Iior example. portable electronic device 120
may be plugged ul wlthm the drying chamber 110, and a

si nal can be sent to the portable efectromc device 120 (e.g.,
lo a text lucssagL call bL sL&11 to ihc d&l'&'lcc) with(it lhL dfvlflg

chamber 110 to scm if the device reacts. The cmnera m&n be
used to visually monitor the reaction to determine ivhether the
portable clcctronic device. 120 was successfully resuscitated.
hl some implementations, the cameo& is used for other func-

"» tions, for example, to capture "before** imagery of the por-
table electronic device 120 to help determiiw. Whether the
portable electmnic device 120 had pre-existing conditions
(e g., a cnicked scrsmn) prior to using thc drying system 105.

In support o I'hat and/or other functionab ty. some cmbodi-
sc ments of the monitoring subsystem 160 include one or more

interface cables The interface cable can connect the portable
electmnic device 120 to n power source. n storage device, a

communications network. a remote interface, etc to alloiv
opcmtion of thc ponable electronic device 120 to bc moni-
tored. venfied. or even exploited. For example. the interface
cable cmi be used to charge the pons hie electronic device 120

dunng the drying rouune or to pnivlde pov er when the bat-

tery is removed. In some implementations, the functionality
of the portable elec&rome dc&ice 120 is verified at the end of'

the dryuig routine to determine appropnate next steps. For
example. &vhen it is determined tlmt the portable electronic
device 120 has not been resuscitated (i e.. it remnuis non-
fiuictional after dryin ). the drying system 105 can provide
the user 103 with a partial refund. a coupon for related or

s unrelated services, etc. Alternatively, a rLT&atr fee is only
collectced from the user 103 after functionality is verifiexf. In
some embodiments, tlm interlace cable is used to extract
informatmn from the portnble electromc device 120 For
example. an identification number, network provider. phone

sc niunber. email &xldress, user identity, mid'or other informa-
tion can be extracted for tracking and/or other purposes.

Some embodinicnts of thc drying systmn 105 furtlmr
uiclude a dismfectuig subsystem 170 for disinfecting the
portable electronic device 12 U, the conductive thernml assem-
bly 115, and/or thc drying chamber 110. In onc such embodi-
ment. the disinfectuig subsystem 170 includes nn ultniviolet
lamp. or the like. It is conunon for the surfaces of portable
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electmnic devices 12t) to be rife with bacteri~, pathogcns. and
other contamuiants (e.g., from daily use, from dropp&n the
d&n ice into a toilet. etc.j. The lamp can irradiate the internal
environment of thc drying chmnber 110 to help kill many of
the contanunants. In other implementations. nozzles and/or s

other components are used to spray or otherwise distribute
d&su&fectants (e .. solut&ons ol'alcohol, bleach, etc..) u&to the
drying chamber 110 &n the presence andk&r absence of the
portable electronic device 120. As dcscribcd above, smnc
embodiments include a reservoir or repository for compo- u&

nents of the conductive themial assembly 115 tlmt can be
separate from the dryu& chamber 110 Thc disinfi:ctuig sub-
system 170 can be configured to d&sinfect those add&tional
reservoir:, repositories, etc. in tlm presence or absence of the
conduct&ve thermal assembly 115 components In one imple-
mentation, the drying chamber 11U partially fills &vith a dis-
infcccting solution (e g, an alcohol solutiim) to bathe thc
portable electronic device 120 at the start ol'he dryu&g pr&w

cess The solution is evacuated from the chamber and is

quickly boiled elf el'and out of the portable electronic dc& icc ".o

120 durin the dry&nvg rout&ne (e.g, the solution can also be
fonmdated to facilitate faster evaporation. to help draw other
l&quids from the portable electromc dev&ce 120. etc ) In addi-
tion to disinfect&ng. using an addit&onal solut&on at the start of
the process can help with the resuscitation of portable elec- "

tromc dev&ce 120 that have been exposed to liqu&ds other than
v ater that could othen& ise leave a residue (e g., cuff&:, soda.
etc.). For ex unple. vurious detergen&s. etc can be includcxl m
the solut&ons that are formulated to fucil&tate the above func-
tionali&y It is noted that some embodiments of tire dn ing &o

ay stein 105 penui& users ui explo& t &he d&s&nfi:ctmg sub ay stein
170 even when the portable electron&c dev&ce 120 was not
othenvisc over-exposed to liquid For example, to disinlimt a

dry portable electmnic dev&ce 120. the dry dev&ce can be
plnccd in the drying chamber I IU, bathed or exposed to dis- "»

u&l'ecting radiation or solution, m&d dncdi (if ncwdcxl).

Some embodiments of the dryuig system 105 h&rther
include a user imeraction subsystem 15(i that facilitates user
103 inieracuon &v&th lime&i&nis of tlm svstem (e.g . using onc
or more displays. interface devices, payment interfaces. etc.). so

In sonw. implementationw I'unctionality ol'he user interac-
tion subsystem 150 &s facihtated by the controller 180. In
other implementations, the user intemction subsystem 150 is
a dad ica todi system in corn nuu&ication with the controller 180
For example, the user interaction subsystem 150 can be ss
implemented as a tablet computer or other self-contained
system u&th at least one interface (e.g.. wired or v,ireless)
between it and other components and subsystems of the dry-
u&g sysiem 105 (e g, the cmuro lier 180) Some embodiments
of the user intern&ction subsystem 150 uiclude or are ui corn- o

munication w&th a payment processing subsystem 155. as
described more I'ully belo~. Fmbodimeeuts an& also perlonn
other huict&ons by expfoitin conumuucations funct&onahty
through a communications subsystem 190 For cxan&pic. cer-
ium Ihnc&ional&ty c ui be perfom&ed vui tlm cloud ol i&lly i
suitable public or private network. as described more fiilly
below.

I.mbodanent s of the user intense&&m& subsystem 150 cmi be
desiguixi to perform many different types of hu&ctions,

dc7cndmg. for example. on tlm panicular implementation ol'&
the drying system 105. I&or example. different models can
support differen f&u&crions, and dil'ferent n&odels can be tai-
lored for unplementat &on as a wall-mounted system &n a

bus &-

ness establishment (e g.. a form factor similar to an mitomated
teller machine (ATM) or mumnatcd extcmal dcfibrillator s

(AhD)), as a portable dryuig system in a case (e g .. a bnefcase
or toolbox foun factor). etc.

For the sake of illustration. F1&i. 3 slxnvs an em bod inwm of
a dryuig system 300 m&plemented as o wall-mounted system
in a business establislunent in a form factor s&milar to mi

automatcxl teller machine (ATM) Thc drying system 300 can
be a non-limiting embodiment of dry&ng system 105 of FICI.

1, and its componmits are described using the same reference
numbers. where appropru&te. for the sake oi addedclaniy, The
housing of the dryu&g system 300 is designed to receive
portable electronic devices 120 into thc drying chamber 110
v&a a door 315. I'or example, the door 315 &s exposed &n front
ofthe housing and includes any gaskets or other seals to allow
the drying ch unbcr 110 to be suiiimently sealed when the
door 315 &s closed and &he dry&ng chamber 110 is pres sun zed.
A sin&ilar fi&m& factor cm& be desivned to support multiple
drying chambers 110 li&r concurrent drying (andior disu&fect-

ing) of multiple portable electronic devices 120 and/or for
drying of multiple types ofportable cloctronic devices 120.

Tire dry&ng chamber 110 is pressunzed by a pressunz&ng
subsystem 130 (e.g., a vacuum pump or the like in tluid
communication with tlm drying chamber 110 &ia suitable
hoses. seals, valves, etc j. 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 11U. As illustrated. the conductive thermal assembly 115
is a numberof thermally conductivebeads. Thc drying cham-
ber 110 is configured w &th a conveyor assembly 125 to receive
the portable electron&c dev&ce 12U in a position that allows the
beads ol'the conductive thermal assemb ly 11 5 to substantially
conform to at least a portion of the portable electromc dev&ce

120 gcx&mctry and to conduct heat I'rom tlm heating subsyswm
140 to ihe portable elcectronic device 120 via the conductive
thermal assembly 115.

The illus&ra&est embodimcni inch&dcs a monitoring sub-
system 160 that can provide feedback control, env&roumental
monitoring within tlm drying chamber 111). monitoring of the
portable clcctronic dev&ca 120, ctc. Thc &llustrated monitonng
subsystem 160 u&eludes one or more probes 365 (e.g.. Ior
n&onitoring internal pressure, lnm&idity, and tempcmture
within & lm dD'ing chamber 110) and one or more c uneras 363
(e.g.. for visualizing the internal environment of the drying
clmmbcr 110 and/or visualizing the poitable electronic device
120 before. durin . andior after the drying routinv ). 'Ihe illus-
uated monitoring subsystem 160 also includes an interface
cable 367 fi&r intert'acing &hc drying system 300 &vith the
portable electron&c dev&ce 120 u& the drying chamber 110

(e g., for am&ding and/or receiving comnnu&ications between
the controller 180 and the portable electronic dev&ce 120).
'Ihe illustrated en&bod&ment of the drying system 30U also
includes a disinlhctmg subsystein 170 for d&sin(ecting the
portable electronic dev&ce 120, the condumive thermal assem-
bly 115, and/or the drying chamber 110. The disinfecting
subsystem 170 includes an ultmviolet lanip 375 fi&r irradiat-
uig the uitemal environment of the dry&ng chamber 110 to
help kill contaminants. Thc various subsystems of the drying
system 300 i&le 111 coil&ll&ul&ica»on wltll a &x&n&miler 180
through a bus or any other suitable w ircxi or wireless link. For
cxan&pie. &hc con&roller 180 can bc in&plcmentcxl as a ccn&ml

pnicessu&g unit of the dryu&g system 300 or as a set of d&s-

trjbuted processors, memories, etc
Thc illustrated crnbodim&.'nt of'he drying system 300 fur-

ther includes a user interaction subsystem 15U that facilitates
interaction by users with functions of the system. As shown,
the user interaction subsystem 150 uicludes a d&splay 330 and
a payment interface 335. The user interaction subsystem 15U

includes or is in con&munication 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 suimble mm&ner, fiir example. usinv a magnetic
stupe interface, a currency acceptor interface. a mdiofrequc-
ncy-based payment interface. etc. In some implementations,
the payments arc processed at icas& in part through commu-
lllcatloils &vltll elle of lllolc pavillcilt flcnvofks vtil tile corn- 5

munications subsystem 190. Further, in various embodi-
ments. the payments can be accepted aud'or processed
before, during, und/or after the drying routine. For example,
paymcm cmi be prc-m&thorired at thc beginning of thc r&m-

tine. but not fully processed until alter the routine success- ui

fully completes. Certain implementations of the payment

processing subsystem 155 can provide additmnal functional-
ity. such as issuing an&i/or printing coupons. receipts. etc, In
some embodiments, the paynwnt interface 335 (or any other
su«able interlace) is used to "&mlock" the drying chamber 110
afier the routine completes to allow a user to retrieve the
portable electronic device 120. For example. in a con&mercial

lit&pic&lie&its&to&i (e.g, iil a c&1111&liercial establish&lie&it with
one or more drying chambers 110), it may be desirable to
1'cree tlm user to validntc his or heridentity to prevent tlmfi oi'

ponable electronic devices 120 fmm the drying system 300 or
to prevent a user from retrieving the wrong device. Accord-
u&g)y. the user can be prompted to provide a payment instru-
ment at the beguuung of the routine and to present the same
payment device at thc mid of tlm routine (or to presmit a "

printed receipt, confirmation code. etc.).
A user can intern ct w ith functions of the drying system 300

through a graphical user uiterface (GUI) and/or thrm&gh miy
other user controls (e g., buttons, switches, keypads. etc ). I'or
I'.xiunple, the GIJI is displayed on thc disp)ay 330. which so

uic Iud as one or more &ouch screens. Insome imp lament ationw
the user uiteraction subsystem 150 provides minimal func-
tionality (c g . a button to begin thc drying process). In other
unplementations, the user uitensction subsystem 150 pro-
vides complex functionality. For example, tlm user interac- "»

tion subsystem 150 cm& display information, includuig, mul-

uple selections (e g., soft buttons tlrat provide the user vuth
various options), routine progress (c g., an estimated time
remaining for completion), pavment iid'onnation. video feeds
(e.g.. from inside the drying chamber IIU, of the display of so

the portable clcctronic dcs ice 120, ctc.), mcasursed environ-
mental levels (e ve., current readings of temperature. pressure,
and/or humidity from within the drying chamber 11U), and/or
any otlmr useful information

For the sake of illustration. u user v;ith a stater-damaged s.

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 33U that provides a number ofselections, for example.
"rescue your ivet phone,'* '*disinfect your ph&mc." or "re~cue

and disinfect yourphoney Each option has an assomated cost. o

The user selects one of the options and inserts a credit card.
Tlie door 315 of the dryui clmmber 110 opens, and thc
conveyor assembly 125 moves uito an accessible position.
Tlm displny instructs thc user to place tlm phone on tlm con-
veyor assembly 125 and to connect the phone to the interface s

cable367. I'1&edisplaymayfurtherprompttheusertoagreeto
a waiver, ctc. When tlm drying system 300 detects that thc
phone is pmperly placed on the conveyor and connected to the
interface cable 367, a soft bu non appears on the (i UI prompt-
uig the user to "press to st ut "Tlm user touches thc button In Ui

response, the door 315 closes and locks (e.g.. Ond seals), the
conveyor assembly 125 moves thc phone in tu contact w it h the
conducuve thenual assembly 115 (e.g.. submerges the phone
into the beads). and the routine begins. The pressurizing
subsystem 130 produces a sufiicient vacuum within thc dry- f

ing chamber 110 to gasify the water in and on the phone.
wlule the heating subsystem 140 conducts i&eat gently and

eimnfy to the plmim via the beads to support tlm drying rou-
tine Meanwhile, the display 33t) shows an elapsed tinm, mi

estnnated remaining time, and a measured value of the tem-

perature and humidity amund the phmie u& the cluuuber The
display 330 can also shms advertisvnwn(s ormiy other usmful

information. Wlien the routine completes, an indication is
provided to the user (e... audible. visual, etc.). In some
implementations, when the routine completes, a s&g&u&l is seni
to the phone (e g.. a text message, phone call, or other type of
signal) to verify (e.g., electmnically through the interface
cable 367. visually tluough the camera 363. etc.) that the
phone is now operational. The user is prompted to uiscrt
credentials (e.g, the credit card uscxI to begin the routine. any
recognized form of identification, a code, etc.), and the cre-

dentials are authenticated. In response to authenucating the
credentials, a paymm&t transnction completes, a pressure
valve rclcases, and the user is permitted to open the door 315
to retrieve the phone. I&or example, if the routine is unsuc-
cessful. the user nuiy &xi& be chargexI or the user as c)rargcxI a

discount. Iu some &mplpl&ie&1&at&otls, foi'xalt&pic dulillg the
mu tine or ifthe routine is unsuccess fu I, the drying system 105
issues a coupon to the user for merchandise at the coffee shop
(e.g., a free cup of cofthe).

Many other functions can be provided via the various sub-

systems in emboduneiits. For example. the user interaction
subsystem 150 can be used to access mauitenance, setup,
diagnostics, debuggui, and/or other functions Further, the
user interaction subsystem 150 can be used to receive venous
types ot dans from a usvr, like demographic infornlntiim,
discount codes, etc I'or exainple, impleinentauons collect
various types of customer relationslup management (CI(M)
data and thc like Similarly, cmbodimm&ts can collect opera-
uonal inlonnation. such as frequency of use. frequency of
succes~, cycle tinws. time since Last maintenance, system
Rica&ion (c g . as installcsl, or tracked il'mplcmcnted us a
mobile system), error codes for diagnosiics, etc The data can
bc comnnuficated (via the comnnmications subsystem 190)
to n host system (c . in the cloud. at a third-party locaiion,
etc.). Embodiments can also permit remote access (via the
collllllullicatxllls subsystc&u 190) fiil liaflfllillg 11&alllici&allcc,

d&agnosncs, updates. etc. In some iniplementations, payment
processing, ('RM, and/or other fimctions can be Jute~sated
with other systems For example, if the drying system is
installed in u hotel, embodiments can integrate with hospital-
ity systems. such as the hotel's billing. reservations, customer
management. and/or other systems.

FIC&. 4 shows an illustrative computational system 40U for
iinplenmnting functionahty ol'a drying system, arcordmg to

various embodunents. The computational system 400 can
include or perform functionality of components of drying
system 105 embodiments, such as those described abo& e ui
Iil(JS. 1 and 3. I or the sake of suuplicity. the computational
system 400 is shown including hardware elements that can bc
electncally couplcxI vui a bus 455. I low ever, embodimeiits oI'he

computational system 4UU can be implemented as or
embodied in sin lc or distributed conipu&er systems. in onc or
more locations, or ui miy other useful way

The lbardware cfmuents can include one or more centml
pmccssing units (CPIJs) 405 (c g, tain&roller 180), onc or
nxire uiput devices 410 (e.g.. a mouse. a keyboard, a display
330. a paynwnt interface 335, etc.). Snd onc 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 421). By way
ofexample. 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),
u luch can be progranunable, fiash-updat cab le an&1'or the like.

11ie computational system 4UU can additionally include a

computer-readable storage ntixfia reader 425a, a conmiuni-
cations system 430 (e.g., conuniuucations subsystem 190,
including a modem, a nenvork card (wireless or wired). an
uifra red c&utuuumcat&on device. etr ), and uorking menuiry
440, wluch can include R.&&M and ROM devices as described
above. In smni embod&men(w thc computational systcin 400
em& also include a proces sing acceleration umt 435. which can
include a DSP. a special-purpose processor, and/or the like.

Thc chill&pure&'"r'caddlile storage liiedia reader 425a can fur-

ther be connected to a computer-readable storage medium
4256, together (mid, optionally, in combination v;ith storave
device(s) 420) comprehensively representing remote, local.
lixed, and/or removable storage devices plus storage media
for temporarily mid!or more permanently containing com-
puter-readable uilonnation The conimunications system 430
can permit cata to be exclmnged with a network 460 anChor

miy other cmnputer described above with respect to the c&h&u-

putational system 400. For example, as described with refer-
ence to FI(iS. I and 3, payment infonuation, (.'RM data,
remote diagnostics, and/or other inforniat ion can be

commun-

icatedd to and from the computational system 4UU via the
comnumications system 430 to tlm network 16(l.

The computational system 400 c m also uiclude software
elements, shown as being currently located within a it orking
menmn 440, umluding an operaung system 445 uid/or other
code 450, such as an application progmm (winch can be a
client npplication„wcb bro&vscr, mid-tier application, rela-
tional database mmmgement system (RDIIMS), etc ). In
some embodiments, one or more functions of the subscnber
optimihcr 120 arc implemcntcd as application cod&. 450 in
&vorking memory 440. For exmnple. as illustn&ted, pressunz-
ing functionality 130, heating functionality 140, user interac-
tion functionahty 150. payment processing I'unctionality 155.

monitoruig functionahty 160, disutfecting ftutctionality 170,
etc. can bc implcmmited as code of the working memory 440
(e g. as part ol'he other code 450) So&no cmbodini&aits
further include a mechanical control system 47U to control
various nmchanical (e v.. clectromeclmnical) fi.atnrcs of thc
computational system 400. 1&or example, the mechanical con-
trol system 47U can fully or partially control operation of the
convc) or assembly 125, the door 315 to thc drying clmmber
IIU. motion of the drying clmimber 110, etc.

FK). 5 shows a tlow diagmm of an illustmtive method 500
for drying a portable electroruc device, according to various
enibodiments. The method 5UU operates ui context of drying
systenis. such as th&hie described above &v&th rel'ercnce to
FIGS. 1-4. Embodiments begui at stage 504. by receiving a

portable electronic device in a chamber. As described above,
it is assumed that the portable clectromc device has mi exces-
sive amount of liqind in (and possibly on) the device. The
device can bc placid in the chan&bar on a conveyor (c.g . a

stationary or nuivable support structure) through a door or
other scalable opening in the chamber. Typically, the device is

placed into contact u ith a thernial conduction assembly or thc
device and&or the thermal conduction assembly are moved
into contact with each other as the method 500 begins (e.g.,
wlmn the chmubcr door is closed, cic )

At stage 500, the chamber is pressurized when the portable
clcctronic device is in the chamber, so as to produce a imca tive

pressure environment (e... a substantial vacuum) withm tire
chamber sufficient to gasify the liqmd in the portable elec-
tronic device I'or example, the chamber is fiuidly coupled
with a vacuum pmnp. When the vacuiuu is established and the
liquid gas i ties. latent heat ofvaporization is lost. At stage 512,

thc portable clcctronic device is conductively heated in the
chamber via a thcmial conduction assmnbfy (e.g, bends)
while the negative pressure envimmuent is maintauied &vitlun

the cfiainber The healing is ai least sulliment to replan&sf& the
latest heat ol'aporiwation lost from pressurizing thc cham-

ber As described above, any suitable type of thermal conduc-
tion assembly can be used that cmi at least partially conform
to an external slmpe of ihe portable electronic device and cmi

conduct the heat to the ponablc elcctmnic device At stage
&&1

516, a deternunation is made as to whether the excess liquid
has been removed from the portable electronic device. Ifnot,
ai stage 520, the ncgatiiv. pressure mivironinent is maiutauted
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 dlustrauon, I'IG. 6 shov, s a gmplucal rep-

resentation 600 of ali illustrative drying cycle. Three traces
are slxnvn, representing temperature, prcssure, and humidity
levels measured u ithin the drying chamber (e.g.. adjacent to

o the portable electronic device) over tmie. I'or example. the
cycle ume is shown ns approxuuatcly twenty minutes A
vertical dashed line indicates the beginning of thc 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 (producin a negative pressure environment) in the
drying chamber. The desired vacuum level is substantially
maintauwd until a release valve is openexf at the end of the
routine and pressure in the chamber returns to the normal

io atmosplmric level As illustrnmd by the "mmisurcd humidity"
trace, the humiditv ui the dr) ing chamber increases dramati-
cally as the vacuum is first estabhshed and the bulk of the
liquid in thc portable electronic dcwce gasilics (c.g, boils
of)). Aber that initial spike. the measured humidity in the

"» chamber begins to drop, and continues to drop until it
appmachcsrirobytheendol'thcroutine Asillustratedbythe
"measured temperature'* tmce, the tempemiture in the drying
chamber divreases as the vacuuni is first cstablislmd, and the
latent heat ol'apori&ation is lost I'rom gasification ol'hc

so liquid. After the initial decrease in temperature. conductive
heat appliicdi to the portable electronic device gently replen-
ishes the lost heat throughout the remauider oi the routine, at
least as desired

The methods disclosed herein include onc or more actions
for aclneving the described method. The method and'or
actions can be interchanged with one another without depart-
uig from the scope of the clauus. In other words, unless a

specific order of actions is specified, the order and'or use of
specific actions cmi be m&idilicd without depmting from the

o scope of thee)aims.
The various operations ofmethods and fiuictions ofcertain

system components dc seri bid above can be performcd by any
suitable means capable of perfornun the corresponding
fulicta)lis 11&iso &lie&itis call bc fntpfententixf, in whole or in

s part. in hardware Thus. they can uiclude one or more Appli-
cation Specific Integrated (.'ircuits (ASICs) adapted to per-
form a subset of the applicable functions in hardware Alter-
nanvelf, the functions c ui be per fonued by one or more other
processing units (or cores), on one or more integrated circuits

ai (I( s) In other cmbodimcnts, other types ol'integmtedrircuits
can be used (e.g., Structured/Platform ASICs. I&ield Program-
mablc (fate Arrays (I'P()A&), and other Smni-(;ustom I('s),
uhieh can be progminuned, Lech can also be implemented. in
whole or in part, with instructions embodied in a computer-
readablc medium, fomtattcxf to bc executed by one or morc
general or application-specific controllers. Dmbodunents can
also be configurixf to support pluvg-and-play functionality
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(e.g.. through the l)igital I.iving Nenlork Alliance (DI,NA)
standard), wireless networking (e g.. through the 502.11 stml-

dard), etc.
The steps of u method or algoritlun or otlmr functionality

descnbed ul connection with the present disclosure. can be
embodied directly in hardv are, in a sofnvare module
executed by a processor, or in a combmation of the two. A
software module can reside in any form of tmigible storage
medium. Some examples of storage mcxtiu that can be llscd
iaclude random access memory (RAM), read only memory
(ROM), fiush memory, BVROM memory, EBPROM memory,
registera a hurd disk, a rmnovable disk, a C'-ROM and so

forth. A stor ige medium can be coupled to a processor such
that tlm processor cmi read infomiation from, und write infor-
muiion ui the su(rage mCdium In lhe alternative, the stor i e
medium can be inteyal to the processor.

A softwaro module can be a sinule instrtiction, or mnny
uis true ti one. and can be d is tnbu ted over several different code
segmmlts, among ditferent progrmns, and across multiple
st(1ruge nledi l. Thus, u cmnputcr progr,lm product can per-
form operations presented herein. For example. such a com-
puter program product can be u computer-readable. tangible
medium lmvmg instructions tangibly stored (andior encoded)
thereon, the instructions being executable by one or more
processors to perform the operations described herein. The
computer program product can uiclude packagntg material.
Software or instnictions can also be transnutted over u trans-
mission mediuiu. For example, sofiware man be trunsmiued
from a website, server, or other remote source usulg a tmins-

mission mediiiml such as a coaxial cable. fiber optic cable,
twisted pmr. dignlal subscrtber line (DSI,). or wireless tech-
nology such us infrared. radio. or nucrowave.

Other examples and implementations are witlun ihc scope
and spirtt of the disclosure and appended claims. For
cxmnple, features implemmiting functions can also bc physi-
cally located ut various positions, including being distributed
such that portions of functions are unplemented at different
physical locations Also, as used herein. including in the
clainis, "or'* as used in 0 list of items prefacvd by *'at least onc
ot" indicates a disjunctive list such tlmt, for example. a list of
"at least one ofA, B, or C"* means A or B or C or AB or AC or
BC or ABC (i.e.. A and B und C). Further, the teml "exem-
plary" does not mean that the described example is preferred
or bctlcr than other cxmnp les.

I 'anous changes. substitutions. and alterations to the tech-
niques described herein can be made without departing from
the teclmology of the teaclungs as detined by the appended
claims. Moreover, the scope of the disclosure and claims is
not lunited ui Ihe particular aspecm of'he process, maclnoe.
nl'Illufuclurc, coinposllloll of nluttcl; trellis. Incthods, ilail
actions described above. I'rocesses, machines, manut'ucture,
compositions of matter. means, metluids. or actiona pres-
ently exisnn or later to be developed. that perform substml-
tially tlm same function or achieve substantially the sanw.

result as the corresponding aspects descrtbed hereul can be
utilized. Accordingly, the appended claims include within
Ilmir scope such proccsvma nmchincs, mnnufacturc, compo-
sitions of inatler, mean~. methods. or actions

What is claimed is:

I A drying system for portable electronic devices, the
svstclli coinprlsiilg:

a chrunber conftgur(xt to receive a portable cicmtronic
device:

a pressurization subsystem configured. when the portable
electronic device is in the chamber. to produces negative
pressure environment witlun the chamber sufhcient to
gasi6 liquid in the portable electronic device; and

a iwating subsystem comprising a themlal conduction
assmnbly having a plurality of thcmlally conductive
beads that are configured, when the portable electronic
device is in the chmnber, to at least partially conllortn to

an external stupe oflhc portableeleetronic dcvicm, the
heating subsystem configured to heat the portable elec-

tromc device v;hen it is in the chamber by genemtuig
heat and cooductuig the heat to the portable electronic
device via thc plurality of thertnally conductive beads.

10
2. The system of claim I, wherein the thermal conduction

assembly fiirther comprises ut least one receptacle for the

thermally conductive beads. Ibc receptacle being configurcd
to at least partially confoml to the external shape of the
portable electronic device and to conduct the heat to the
portable electmnic device via the beads.

3 Tile systom of claim I, v herein the thcnnal c(mductioll
assembly further conlprisvs structure from which the ther-

mally conductive beads lmng in such a way that permits the
10 beads to al least pnrtially conform to the external sluipe of the

portable eleclroluc device and to conduct thc hmit lo the
portable electmnic device.

4. The system of claim I, wherein the thermal conduction
assembly comprtses strticture to support the pfumlity of ther-

"-'ally conductive beads in sucfi a wuy Ihat permits thc beads
to at least partially conform to thc external shape of the
portable electronic device and to conduct the heat to the
portable electmnic device

5. The system ol'claim 1. further comprising.
"0

a user interaction subsystem comprising 0 display und

means for user uitemction, the user intemction sub-

system conti ured to:
receive un instruction liom a usmr via thc nmans I'or user

interaction to start a drying routine for drying the por-
table electronic device using the chamber. the pressur-
ization subsystem. mid the heating subsystem; and

displaying. to the user via the display. u status ol'perform-

ing the drying routine,

ur( wherein the pressurization subsystem and the heating sub-

system are conligured to perliirm ihe ilrying routine in

response to thc instniclion
6. I'he system of claim 5. further comprising:
a non-tmnsient, computer-readable memory having

ss iastructions stored thereoa. Ivhich, when executed„
cmisc a proceasor to direct operation of thc 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 processinu subsystem configured to receive u

payment from the user and to authorize the payment,
v;herein the pressunzation subsystem and the heatuig sub-

syslem are contigured to perform the dryulg rounne in
rcspollsc n1 lhc hlstlxlclioll Only 'ivhcll thc paymmit is

:(

authorized by the payment processing subsystem.
g. The system of claim 1. further coniprising:
a monitorui subsystem comprtsing al least one sensor

v itlfin thc chamber collflguri:rl to nlolll tot at least onc of
internal pressure of the chamber, internal temperature of
the chamber. internal hmnidity of the chamber, or func-

tionality ol'the portable clcctronic device
9 Thc system of claim 8, wherein the monitoring sub-

system comprises:
ml interface cable contigured to comnnmicatc with the

portable electronic del ice to detennule the fiuictionulity
of the portable electronic device.
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Ith The system of claim I, furtlmr comprising:
a disinfi:cting subsystem configured to be actuated from

outside the chamber to output a di sutfec ting agent witlun
the chmnber

11 Thc systmn of claim 1. wherein the prcssuriwaiion
subsystem comprises a vacuum pump ln substantially sealed
fiuid comnnmication with tile chamber

12. g method lor dryuig portable electronic demces. the
method comprising:

receiving a portable electronic device m a chamber. the
portable electronic device having an excessive amount
of liquid,

pressurizing the chamber when the portable elecuonic
device is in the chamber. so as to produce a negative
pressure environment v itlun the chamber sufiicient to
gasify the liquid in the portable electronic device:

mainiaimng the negative pressure environment within ihe
clmmber at least until the portable electronic device no
longer has the excessive amount of liquid, and

hmitul the portable electronic device in ihe cluunber con-
ductively via a thermal conduction assembly wlfile the
negative prcssure environment is maintained within Ihe

chamber. the heating beuig at least suflie(ant to replenish
latent hmt of vaporization lost from pressurizing the
clmm bur, the fimrmal conduction mssumbly having a plu-
rality of thermally conductive beads tlmt are configured
to at least partially confomi to an external shape of the
portable electronic device and to conduct the heat to the
portable electronic device.

Ig. The method ol'claim 12, wlmrein the thermal conduc-
tion assembly composes at least one receptacle containuig at
least some of the thermally conductive beads, the receptacle
being conli ured to at least panuilly cooliinn to thc external

io

shape of the portableelectronic dei ice and to conduct the heat
to thc portable electronic device

14 The nwthod of claim 12, further comprising:
rcccivillg lll insiruciioll front a user via 'I user interaction

subsystem;
perl'owning a drying routine comprising the prcssunmng

su7 and thc lmating step in response to the instnlction;
and

displaving. to tlm ussr via the user interaction subsvstem, a
status of performing Ihc dryin routine

15 The method of claim 14, furtlmr comprising:
assocuitmg a crcdcniial ivith ilm user and tbc drying rou-

tine,
receiving mid validating the credential subsequent to per-

fiinmng thc drying routin; and
permitting the user to retrieve the portable electronic

device fmm the chamber only after receiving and vali-
daling the credenual

16. The system of claim 14, fiuther comprising:
receiving payment fmm thc user in association with per-

forlulll thc ihvlilg 1'oiltlilc:

completing the drying routine only ivhen the paynient from
the user is miihonzed

17. The method of chum 12, further comprising:
receiving a measurement from within the chamber while

maultaining the negative pressure enviromnmu within
the chamber;

dvnamically adjusting mi anuilmt of heat associated sviih

theheatingstepand('oran unountofpressurizationasso-
ciated with the pressurizing step in response to the mea-
sllrculcui

IS. The system of claim I. wherein the plunshty ol'her-
mally conductive beads are metallic
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