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DESCRI PTI ON SELF- STERI LI ZI NG DEVI CE USI NG PLASMA
FI ELDS CROSS- REFERENCE TO RELATED APPLI CATI ON The
w@e@smentesappl i cation clains the benefit of U SPCT/US2008/084378
Provi sional Application Serial No. 60/989, 496, filed
Novenber 21, 2007, which is qereby i ncor porated by
reference hereln inits entirety, including any
figures, tables, or draw ngs. BACKGROUND OF | NVENTI ON
The generation of plasﬁﬁﬁﬁﬂgpggjglectrical i nput has
been studi ed both experinentally and theoretically in
recent years [see references 1-4]. The basic
nmechani sSELE-SAERENIZING DBENEGHIUSING RIASMVSCREIGES such
as obtained through DC, RF, or mcrowave excitation
have al so been utilized for ionization purposes, so as

to increag@OJeREPBRUNOVTORIIARED AMFLICUTION
control with ponderonotive forces generated with an

i e peckentpappdtatonf dlang. thObeledic t0lf LGS brovisenaldh gpivatige Serial No.

) | ve e ctr1 at.ed el ectrode,. t hat
0195 JRL e ReBeth 200 EdS el st oSG Yot ntin i i
entlre@tmm @nyﬂ\@lrbsﬁteﬂiﬂ&tbﬁdraﬁh%@tVOde i s enbedded i nside

a |l ayer of insul ator. The em ssion of UV |ight as well

as chem cal processes in surface pl asmas is suitable

for decont am nat and usi ng
very | ow power a]?fga}]d(ﬂ%éi'see re erencesTI\?S 6]. It has

bl gepetaton] sEslainef Slctactecbicd hatut Wad bees padisd| boBBEXperimentally
arrangenents, a fast reduction of cells by nore than
and t}fe@Eﬁ“Cé]rlﬁd@r"seC@ff YReighsacuaersnseh b E}eéﬂwwqhmasméwhmnt in non-

equthﬁﬁfﬁncg§ \ég Qucf% (#Yalﬁ&ﬁ%l% tDéeEk‘sor m&%eeetxcﬁetloon have also

ee re ence ave o0 ed t i'n contrast
been atibssl fmllosﬂzetmnl plzr@bsee,nsmbe t@ itdreass uhy icoaductvity @$ adf for further
gani sns._ u UWiirr tion show a uniqu
z‘éiﬁ’

contrgl; Hih DHEERJIONSF dSTES BT R iRRosEs iRt . Diclectric

barried] 'd?é&ﬁ?x‘g§ (OB SRVt dHeCBe1BASL ColBE @f@@ﬂr&[@thaﬂs rt%lcalﬁy exposed at
rapi d rect destructlon by plasma rel ated

the surfapath tht isemowrdintgwmgepietd, ovhigtaspthat clodtradic gy cmb@dmi srvede a layer

radual..erosj on of..the nmcroorgani sns due t .

or int e nTrEeliiarbatef SECR Vol roehFBHoR T e oyt Rsmas i

suitabl@ ér dcotaln@ndtde 171 LERPF GRABSGIB and@8ng Refydlowe pO®EOM©Oheat [see
the m croorgani sns due to etching fromradicals forned

referegoes T.@1-pl asma

It has been found [see reference 5] that with special DBD arrangements, a fast
reduction of cells by more than four orders of magnitude is possible within a few seconds,
even for UV resistant cells. Moisan et al. [see reference 7] have observed that in contrast to
classical sterilization where the survival curves of microorganisms under UV irradiation
show a unique linear decay, plasma sterilization yields survival diagrams that show three
basic mechanisms. First, a rapid direct destruction by plasma related UV irradiation of the
genetic material of microorganisms; second, a gradual erosion of the microorganisms due to
intrinsic photodesorption to form volatile compounds intrinsic to the microorganisms; and
third, erosion of the microorganisms due to etching from radicals formed due to plasma
ionization. Together, plasma sterilization is much (order of magnitude) faster than the
traditional sterilization process.

Traditionally, in plasma discharge, a DC voltage potential is placed across two

electrodes. If the voltage potential is gradually increased, at the breakdown voltage Vg, the
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i oni zation. Together, plasma sterilization is nuch
(order of magnitude) faster than the traditiona
wae@piobiegnt i on process. Traditionally, in plasP&I/US2008/084378

di scharge, a DC voltage potential is placed across two

el ectrodes. If the voltage patential is gradually

i ncreased, at the breakdown ébltage VB, thecurrent and

the amount of excitation of the neutral gas becones
currentaangethe nm@ght obemt@fd@cef theviesirbl ga‘%dieagmas laﬂgﬁ:m@ighgo tpooduce a

VlSlblg a@asggag e/gcdzgr(yv %g ?aﬁ?}gaﬁg o Yla) %ﬁ?f or\é)itggg Irfé éuﬁaétlcular gas

deperfl @ntthepditsdtaped 97 @Ed\%ﬁ)résﬁ@re(ﬂnﬁ Glid @ist@Bce Te@kedtic RStrodes. For
there is unique pcd value referred to as the Stol etow

any g6 theronise FEqyd |peidre‘falm: relgried 40 | anthiesStoletowrepeinturherpheolumetric
1omza§ &‘ﬂ%‘g{n%?g{aﬁf f s%fet xﬁﬁ{;‘l‘ f% & 1%‘ {ﬁrél“e[‘}nyxﬁ @0 =360 V and

Unat ef y near a nnsp
de=p$e§®ummn1the allomable el ectrode spaC|ng necessary
for maxi mum vol unetric ionization is

s SRICABIIG K AEHOHBOSPRSFICaXEHHTe theh alllﬁvga%ﬂ% 51@@@0% fpacing necessary
for m\c’u‘apiu% gélumte]fﬂcsiohéﬁl n 25h s TRE a6t ;ln(falln sbi 'g] h@tulh 8Bns, Aor example in high-

tionto this tatlmwcones e réce
speedd@w edalncima rbis of arREnp}iaolWaﬂ ihsnilaabgeA lse]ungn anthas hmltxmd)rt agees from

acro rodes.. The frequency of the
the r%g e ?ﬂﬁ%ffm k?zs%‘%; &i‘“{’ tehEen g 2pet- oﬂg;f@ﬁe tg%engallg across the
electrBY¥& Qhe ?Jeﬁﬁénrc?r&ﬁ thed §L§rr5nrt %Fs{ bt Quith@al Bkl PPGPHGhe a.c. cycle,
generate a charge, whil heavi er ions cannot.

clectrBas wsbimaweb potheedecorgesr andegﬂnsra[t@ echawrgé, erflem:élezlﬂeavmr minp cannot.
gases

Based o TS R o0 Feffrat plon B Sarngadt al Pllses tom a

homo¢@hdoad 8ldRet BRI Antathed At K'Yo 26\kHIL IRA @ﬂlmﬁrdléc%a@voﬁ%e between 2
such dlscharge inair is to neet the electric fiel

to 15 rk@qd‘l @retrﬁ@h@rlt@ﬂOIaBMtchB@)lSWw ajis e mepiethg elertiyefiqld requirement
r re . .
of O KLY ML OTPRSUTENE b o BRHLECG kR e

suﬁmﬁﬁﬂhﬂdﬁﬁﬁiﬁnﬁ&wﬁhﬁaﬁﬁventIOn relate to a nethod and

apparatus for self-sterilizing or self-decontamn nating
a surface or other portion of the apparatus and/or

sterilizing or decontggima tfher obj ects.
Enbodi nents can utilize seF -generated and/or renotely

c dib@linents pf genavéntehdslafeano 4 methpdrpdsppaétus for self-sterilizing or

elf-sterilization and/or sterili i on of another
Self-dgﬁ?%?ma%&d%?ﬁes OB HePPTHIBNPS 31?? CHRFTHAS e Gngferilizing or

decorRRRINaGRS 1808 dHfedd. OFBABEESeA8han utilize self-generated and/or remotely
controlled plasma fields for the purpose of self-sterilization and/or sterilization of another
object. Embodiments of the invention can have broad applications in procedures and
equipment requiring the sterility of devices used for decontamination, medical procedures,
drug delivery, sterility of consumer products, and sterility of food preparation equipment and
tools. Various embodiments of the invention can involve eliminating or greatly reducing
foreign materials on a surface of the device, or other surface, through the use of a plasma
field generated by the device. In certain embodiments, matter on or near a surface, such as
living organisms, tissue, germs, bacteria, pathogens, biological agents, viruses, metabolically
inert agents, pyrons, organism matter, and microorganisms, can be killed and/or vaporized
from the surface, and/or non-living materials, such as chemical agents or other types of

potentially harmful materials can be vaporized or otherwise rendered less harmful. Plasma
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equi pnent requiring the sterility of devices used for
decontam nati on, nedical procedures, drug delivery,
waee@piobiosy of consumer products, and sterilityP@f/US29081084378

preparation equi prent and tools. Various enbodi ments

of the invention can involve elimnating or greatly
reducing foreign materials of a surface of the devi ce,

or other surface, through the use of a plasma field

field genesatignedapyplsohmclidoithe gema@@r philenieadbaidi radivals, photons, and/or
Ch as |IVI

ultrav?%t %ghton g}tjmc?@ en%abo%ﬁj @n%g a‘rﬁ gso cap%blgl g %%ﬁﬂ%agié% tsgfface or

ens

envirotnfdi® &Sdetﬁﬁhﬁl@m the airfebée ieténtge RbBtamyt ) Sont@MGRRIAS Bid/or not
_matter, and m croorgani snms, can be killed and/or

sterile;apor i zed from the surface, and/or non-living
materials, such as chem cal agents or other types of

potentially h i zed or
ot herw se renzéer %P@éﬁ%ﬁ@ ﬁ%r@?g K@ﬁ% d
gFiairatli Mowraylal fibloctloderilibas JanRart uelcdfn 4RbidaseE with an

air, radicals, photons, and/or ultraviolet |ight.
emboéﬁ?@ﬁ’f@e@'ﬁﬁ%?rﬁents are al so capabl e of sensing the

SYAES owR U dp(f dsee‘iiesrtgﬁl{kg 11)1]; dE\I;l@e fn%g;p%?a?mg a rollable

potentially contam nate contam na d,
surfacgttatichiebe BidiZeld t&EﬁﬁRk@Efﬂhéi\bkﬁEctDRAWNGS F| gure 1 shows
[ ili | am nate surface in

e;f,l at filem ble self-ste
I A U6 VPR RBREIHBbE HEHE 6T AHER FARISIET on. Fi gure
F?élﬁ*‘é@ %ﬁ%ﬁ@h%&e@gf Gl B kfin Skphi ubEak! i giﬁ?{(%u%?grtions of

i ncorporating a Toll able surface that can be
surfacte@ pstf@niihg zcelvatstmﬂlzam}re ot &cofdagur eitB as hmhedmwnt of the invention.

odi of a self-s ilizat lner ure 4
Do db s en St SE et SRl At p il Gofordance
Wltht%;ﬂ%y@ﬂ ous portions of surfaces perf ormng active
sterilization, in accordance with an enbodi mrent of the
i Mﬁu%showsgmre@bsdgmsf aﬁeléﬁﬁbuuzmg htaidsfd tabe.

tabl e sel f - Sler at |ce | cordance
%:' l{J}Ft(é‘ h"zé)ﬁﬁ%m ofl. |1rélﬁ¢te % 8\/% 13%0%%%5% r%%p rab(}edam]je of
Figur66Af -sterilizing braided tube. F| gure 6B shows an

enbodi nent of a catheter incorporating the braided
t &g’ spys e cepodimegtipier selsHemézianclebodi ment of a

S%‘léur@t&e bhdvhZ b 9B 8itknt of a self-sterilizing structure having a plurality of

apertures there through.

Figures 9A-9C show various electrode layouts that allow self-sterilization of a
surface.

Figures 10A-10G show the results of plasma generation on a surface with yeast at
1.5kV, 14kHz, at about 20W, after 1 minute of excitation.

Figure 11 shows the qualitative nature of the survival curve for yeast on a substrate
having 40pl of yeast solution, the qualitative nature of the survival curve for yeast on a
surface having 10 pl of yeast solution, and the qualitative nature of the survival curve for

another experiment with respect to yeast on a surface having 10 pl of yeast solution.

DETAILED DISCLOSURE
Embodiments of the invention relate to a method and apparatus for self-sterilizing a
surface or other portion of the apparatus and/or sterilizing other objects. Embodiments can

utilize self-generated and/or remotely controlled plasma fields for the purpose of self-
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Figure 8 shows an enbodi nent of a self-sterilizing
structure having a plurality of apertures there
w0 kooolghes2 Fi gures 9A- 9C show vari ous el ect r odePCHYS20D$084378

that allow self-sterilization of a surface. Figures

| OA-1 OG show the results of Qlasna generation on a

surface with yeast at 1.5kV, "14kHz, at about 20W

after 1 mnute of excitation. Figure 11 shows the
ster]hzﬁmnuatndtqr\séerﬁla@mreownqﬂm obigoli ratbodimends potheyiasettioprean have
broad qellfgrllc??tt rn?t/lgl hlg);(/:a(ﬁ%eso 1&5’% egul %\%?&g(fu(%ﬂll’llj% Vde%wfceg I}Ol‘ deciontammatlon

medical prckages, hdviicndelilOry ste@flity edséons@hbit pfauc@n dnd Reerility of food
qualitative nature of the survival curve for_ another

preparglipie cfwERenh b todspdde tieilizaten apf/on dseptapigatien cay reduce or
T
il T GRS LU, S PE ALY B R g, o ot

materappaibé p&sfn@rcaﬁeihfanﬁ thiei dhiemii ca) sausturd ackecar gaiffianaterials on the
portion of the apparatus and/or sterilizing other
Smfm%bjects Enbodi nents can utilize sel f-generated and/ or
llﬁ/c %Bgﬁlﬁleh%doﬂhésiﬁ%nfnoﬁl derfc@s chib %e %wrf?ﬁé@ i®fccordance
se terilization and/or sterilization of anot
with apipjecinte EndeochtinmealtQrgefizatha fon\Seaﬁllzanorc AR ON amdtndsxadlixamples of

appli.cations.in ur,es nd nent ui.ri.n
150 sERfas Bl G s bR B 15 P dacIug Gyt are not
limited8),] 1%€Y Y7663t BI04 || St¥rilfati6R DS lﬁf%ﬁcap HQ\QH&I S In@Afation to be provided
sterility of food preparation equi pment and tools. The

by th%m@rrufam@t farnhapcessinged oesteattizable inpgdich deviessu d8O0drl 138-4:2006 -

Stenhg%téol{lt (gfé}le%h}bFega PLO un?gg—eﬁ%dqggtl(ga q%(F ﬁ (I)rsia!%gg !i Z;;’g|’7 £ i%g C@terlhzatlon

of medlcap H8viEaN - W@B&@ldghﬁl afegivdeal psitraicClediseofasailipperformed in the
gasify materials on the surface. In specific

Vahdaélﬁ% odprmealigatym praeesh.ivent418h:2080 r Siadgaiigmolbealth care products -
BlOlO?JC?r indic%tﬁ)% '——:’Gl%&é“h%g df@f‘ G %1{3&10%‘3 RLQ QaFaH ‘fﬂlférpretat(l?ré 8{ results, ISO

nt er nat1 ona ani zation for Sterilization
1493731(m®da¥ C&enﬁ@ﬁk’ml @f healthSQast apoands t-haGesanl hequiedments for

enbodi.ments of the subje i nvention inclu
charagti gt of et dinggzont ae hecarcbOmant VaRP PGTBRE Gl of
steriliTRHnGRb AW GERtical HQJI%S% P173701. ?@O@r@%ilg%og%f hﬂ:@lcal devices

manufacturer for the processing of resterilizab
-- Miereblioteaicat evitloels, - IPSO 11 TIS&mAn@0060f 2 Bowrlatidnzeft mumoczrgamsms on

produ?t%?lslg 3’21%%3’38 earlr?(gtslge:n?sqod?g%tg éu’g: ?rlee ﬁi%l s%gntdgrrds f)rolvﬁce)d in Seyvmour S

Block. 2000 Disinfection, Sterilization, and Preservation 5™ ed. Lippencott, Williams, and

Wilkens.

Embodiments can incorporate electrode structures for providing sterilizing plasmas
into a variety of surfaces that can be self-sterilized. Surfaces having a variety of shapes can
be incorporated with embodiments of the invention. A flat laminate surface can be used with,
for example, a cutting board, a surgical surface, or a scalpel and can incorporate an array of
embedded electrodes for producing an appropriate plasma. In a specific embodiment, a
voltage between 2-20kV can be applied across electrodes. In another specific embodiment, a
peak-to-peak ac voltage of 2-20kV can be applied, and in a more specific embodiment the ac
voltage is 1-50kHz RF voltage. Figures 1A-C show an embodiment of a flat, flexible, self-
sterilizing laminate surface, with cross-sectional views (Figures 1B and 1C) of the laminate

surface. The laminate surface can have a dielectric layer positioned in between two electrode
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of nedi cal devices -Mcrobiol ogical nethods -Part 2:
Tests of sterility perfornmed in the validation of a
wae@piobiegat i on process, |1SO 14161 : 2000 - St erPCT/E81008/084378

of health care products - Biological indicators

- Gui dance for the selection, e#se and interpretation of
results, 1SO 14937: 2000 - ilization of health care
products - General requi rerrents for characterization

layersof Refegingr ol Higirad . aderer ohmpundelersvdesoprpasitioned snast from a layer

o R QU0 90 AL B B LA G0, BESERL Oy o i

patteriie dD & @ihg dBY bewered Md@tr@@&sO\th@ lacedltagerélahee toRAE terdiinded electrodes
Determ natjon of  a ul ati on of m croor.gani sns

produsepf pEasga thef Berdizer o Jox, Q¢qoB N BB HIASHY'S Serdiremedbe electrodes
can hh{tea %%ﬁé%?%%gh&f O%hd ge§ Mg éé”%‘ @y@h@%ﬂéctr&gﬁ%teﬁl thgt is shifted

SN 1 on terl |zat| n, eservatio
Whenlgop}paredotbtthe Whbbdimest, shamah 1WH1gmﬂ§A—E@bwﬂllﬂ€rgtmescﬁh and 9C show

o SRR oL LT I CPUELLT 3,0 BE RERY! S B, 1w

Flgurg ap @%w§ ehd ot drbéRtplatay r@tﬁ@@@leaﬁ}@e%nﬁ%l%%érﬁtdén Qfso be used.
shapes can be i ncor porat ed wth enbodi nen

In Vamwamthoajrmems ftheatledtendien stnebesenpbasictodanerberonsient inicohtact with the

surfaded the SRS o SF eiarD i e Bue Ihe BlocRide 33 na®% adayer of

mate&ileﬁidhoéjﬁﬁycfr@ﬁhd%@@ﬁﬁ|1ﬂ§112ﬁiﬁgaﬁﬂé10 Areifiah eopbaﬁa@cmb Mna@erial layer
speci fic enbodi nent, a voltage bet ween 2-20kV can be

betW@ppthee@ﬂe@tmd@ssnféltb?:tqﬂw@ﬁnentn o8 foe hdectegetopi cbe structured as a
combmnplﬁg 2N OSg§ grﬁ@éﬁd%@ a{%%a&vg edv 0&1%}%%3)Pogho%vst2%géevr3§&ﬁm%§t with a

ih a nore specil ment

coatm,g)d)\ieaglﬁa ¢lectdodaOkidha tRE the blb&g@les Rigustespbsdd o sitossvadnment. The
enbodi nent of a flat, fl QXI ble, selfsterili zi nq%l
outer [SgEfpGeartehg godtingean Wanrbeiedized ada therphismyp gperatad byihe slectrodes

via elbBri %gld;%naﬁtlgg%g%i e ite surface. The |aninate

sur ace ctric layer positioned in
bdhmﬁmthbmﬂnbd)chmkentodeiua&eﬂ Bke Ref enrfacaghdvon ki giguee 1, can sterilize
ect.rode

. | aye round e a posi ti.one art from
self o5 g fst%éwe SBerTy eberoabecd FAETG B B HBE b pscenBodiment

of th@ R chitéh Qe[noﬁﬁ@gldglae;ﬂﬁté ogtesth &0 cRrE lh%%g @gseﬁesttérﬁ[zﬁh surface, and
Driving the powered el ectrodes with a voltage rel ative

one of oorhiebjgete suﬁ@kédldeﬂn@dﬂ q’fcmte@pmatﬁdn@tesalao bk akwed omdte plate such that
| nate the active s

the ofjel g 25, BRgtRlind Tyao Ry 8 ol fsbe st fiigitations or

extenﬁécgpmo% B QUG Rt Iﬁisﬁrohhgédﬂe RBIceamll/drhadablisy SRipldsath generated
when conpared to the enbodi nent shown in Figure 1A-1C

to stegifize thepbipgtsedacgs og e Wates Hbrotandie sppatie pasdiess to sterilize the plate,
to ste&?g% ?xgﬁ* t}%drﬁi%? a}\}ﬁ/g}r tg%g%f l?)g)egts grgi W sttghl Jgea sse%r{de‘ﬁlﬁnﬁ)ér and/or type

of object, where the settings can have, for example, different powers and/or durations. An
example of such an embodiment is a surgical plate and a variety of surgical instruments.
Such sterilization or decontamination can occur automatically without user intervention, or
by way of user input. In a further specific embodiment, referring to Figure 2, sensors can be
incorporated on the retractable portion of the sterilizer that can detect matter that needs to be
sterilized. The sensors upon detection of such material, can cause the sterilizer to turn on the
plasma to sterilize the surface the matter is detected on. In this way, the plasma need not be

on all the time.
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Figure 9B shows the use of a ground plate. O her

el ectrode configurations can al so be used. In various
werwodesent s, the el ectrodes can be exposed t oP€TES2008/084378

envi ronnent in contact with the surface, the

el ectrodes can be enbedded ig t he surface, the

el ectrodes can have a | ayer of material, such as
h¥grophobic thin_ insulating |layer, Teflon, or a
diféguae £ rshewsrat smbaflineany of alsvige dipt tche sieribize p sudacengparate from

] 14 rodes, c SE. d :

the 40 B R TR el T BB aAOEE *HaHED S8 e device
surfadei giat eaBFroflhovs athee rbaaiasentA swslidwia i6 OBy 20\etictrbd® can be
: el ectrodes such that the el ectrodes are not exposed to.
INCOTRAARICE ARFP A8 rfH Tt iy Begd e et sk otdethgatringrsc ahgain, the
lectrbfBNcA€HS LBEilibh e n Yhé sh eo'f%?déﬁdaﬁﬂﬁs Fheduf¥cd N&posed 1o th
eecrelec%rodei) Jﬁa eIe%tr?g ??%F S penetrating ?ﬁg:’ posed 1o the
envir@uadnit,mg.hav ga godtingt eeweandodiode nnd tle swibament. | Ae ittérdock switch

surfac ho in Figure 1, can sterilijze itself a
can a%’{ol ptgg tg? é%l}?a‘cfa@ée gtgla]a%qrio&lt jt]g%éngﬁ? ée@aa i Tetagt ?he retractable
steriliS&H BRR Qntol e tdBlide WaYy. aMh&MRHiARMs Bf td&el SIVABLHRBs on outer
can include a plate, or other structure having a

cylindsispk sustages inrlzie dus aref g dimited do owepwrorppetes obipgutstc surfaces, and

laborat%i?]réle{Fj)elstgl%n%(il 6@‘1&}%%6{9{] a%ag@%&%& g?aglmglg)%elc :ig%i(\)zslggnt plexap%glgre %fom the
plasmat f@dld.| iThednsulhied phes hadmnhiaVveighier UehMhBSw tBEGRte@Surface of the
I ndent ati ons or_extended portions, that facilitate

cylingsisal retesiahly stadlisspjteche waedrorexnatts aguriaes [ denwerilized and/or
en t . Ll i e J | :

sccorFARLR S0l QuSHEL U SFshbe 9RLEEL P L AGESH Al Lty o o
betwaph alicesurface sf diistdritieeraanidi ths burfasehe be ateellioéd indp@ detontaminated to
. object and to sterilize a second nunber and/or type of _

be copfplicey In hesrasseiveliabet 1A gyliediirahagon pé thegsagrpshown in Figure
2, theGhder R8540 WRdwn Q@ﬁjé@[{dn@ﬁiﬁ@ﬂ(}l%cﬂﬁgﬁ@ﬁﬁ%{@ !tl’?e QlteSHERrodes are
an enbodinment 1s a surgical plate and a variety of

shows s gorgatdinals stripsreseparateSuitdm shender 2&tctrode by an insulating material,

decont am nati on n occur automatically w.thout user_._.
such §1 PR POHEr o COpEr iy 00 S Pt user AP the ey of Figure 2
includife Buf h& 1RMRAL MBAitudi®fl 8 1ps 18 he idtcPbletirdde, SRPSRERodes spaced
can be incorporated on the retractable portion of the

longitydiapily foz dhe euiertandan infesr elsttrodst erothdrambemtions. ol iseinterior of the
cvindH LA VB RE000 B MFRD, BFDERY MM eBf o B s
plaassiewh én Bighfd 1, ickRtrbii® & bkag@rpdietedBith @ ihrer d@lRBlc8Gurface.
n this way, the plasna need not be on all the

A
Other?%gﬁ{ésafhpg% Fa the Berovteel etrodrperiinisn eylbidrigalaewfoees inplade.dah are not
limite‘attﬁrﬁllué %ﬁli@e&#{(}) @,Cﬁeaﬁgr@aflgstkg %ﬂcpﬁbgﬁgorg?ﬁ%e?t%s.b)fhc gwitch can be
ro SO o pr e a

11 ng over e separate surface, oV
used tpltasinm oMerff theeldavidee In an embodiment, the electrodes can be embedded in

the inner surface of the container. In a specific embodiment, a fluid can be brought in
through the tubing. The tubing can allow entry of an electrical connection, blood, IV drugs,
or other materials. The electrodes are shown on the container inner surface, but could extend
over the lip and/or the outer surface as well. The bottom of the container can also incorporate
electrodes. The container can have many cross-sectional shapes, such as rectangular. In a
specific embodiment, the electrodes incorporated into the inner cylindrical surface can
provide a discharge that extends sufficiently above a surface, such that the electrodes create a

plasma to, for example, sterilize a fluid, such as air, flowing through the cylinder. As
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surface that can roll over other surfaces. As shown in

Figure 2, electrodes can be incorporated into an outer
wa@ylovmeeBrzal surface that can roll over other BCF/1U82008084378

Again, the electrodes can be positioned on the

surface, enbedded into the surface, exposed to the

envi ronnent, or have a coating between el ectrode and

t he enV|ronnent An interlock switch can act to

pus
discussgd Witht jesRach @%@%bqqlm%rofoﬂgur&f 2:tthe clfstirde C%Weamanety of
tractable sterilizer back into the
Conﬁ%k%ﬁggggigﬁlé%;her applications for the use of
elAscthoodes Ic’lgumu‘t etleasddendan dbalinsupdracdsiniongghadegl, batghnut, or

other g{ﬁl}evlegéé leldgﬁt arlzeg ]: 8?%]9 {?rego){ g ggfﬂ%mg g%%%(és%c probes and/or
labordt&&%frl)@é%lih&t%e@ 198 Gleril DAH Y SN kesBXROSH Fest MAMNt Bfbodiment, a

pl asma el d. The insul ated spacers shown in Figure 2
Sphencalrsuefmcowntrh@ opanethesyrfage® &bénltméh@gtlhmmﬂlrﬁaeal

ct abl e_ster| r to be.located proximt

T ou s BN s Eds® £ s BRI e e apeh that the
clectrbd¥d Gah MY pobiioseld fap@duddhe plas@adb N6 sERfceh he6@b shAft W tip or

the separation between the surface of the sterilizer

scalpendn phembodfaes the clrstradesrin| figee Japa wsiddacantharmusatved of the
1nter1c§r fbtﬁ Qi%{/]lcF Q}le ﬁm rle%dl%eh% RS R e[f: | 8t ﬁlfe 15193%& f the device for
cfflngrlca por (%he sterl ? er snown I n Elgure

sterﬂizatlohh A ltemieive Bl &&tdlaﬁ@dESSca‘ﬁhﬁvﬂ’es@ﬁecatcC@ﬂéﬂdﬂu@ 0$ tHedhlefivt of the
cylindrical and the outer el ectrodes are shown as

device @tF’fﬂlﬁfl thgmeedle B §mf§ éﬁ%lﬂ!ﬁ gectradgscahthep fgigget into the interior of

ﬂunk%h%?&%@géﬂﬁ%néﬁ insulating material, such as a
{electric material. O her electrode shapes can be

u iae dn \Mttﬂnam‘lffe elﬁbcvdmlemo fon&iog micere Airsti diedtmodencpn tpositddned on the
ed t inal stri for the inner

lim |tu
necdlg, phtthr gt PW@ ol PiabEed pRde BhlTudperar geqigrles can be

posm&k'b% SUHRS in@BdLAT, bln Der Ebﬁﬁ&ﬁ %gecﬁe b8y QEARM into which the needle
mbi nations. The interior of the cylindrical portion

retractsf Ahweltggeedn fhze rbecﬁ@phtdabﬁmebm\theoﬁrsf phd ectond tekectyindesdp create a

more. nmaterjals., As shown i igure 3, .electrodes
plasmg o St BSpaP&ss Apgonehall (IR MRl i Qeieidle and the
inner Qaﬁledan&ﬁ:pddnﬁﬁtlé@ /S cdidfol tREpldSRa @hpobRStROURSa AltHeNBRbodiment,
lindrical surfaces include, but are not |limted to,

clectrg geatebs &rapdpbrinte, thserdedles orf pthek gbjcginand AIRsiaplsypa via the
electr (1}1169%1 eﬁ% 111'25 Ft‘hes etd?e or c@pn%% ﬁlﬁ%%%oﬁtg%é H; ec e%ngoc(f’es 1rr1]serted nto

n an
the nd&éle&ﬂbl@d@l@léslcrnﬂhhenshder@rfasmﬂ‘taeﬁe@ﬂe t he cont a| ner. In
a_specific enbodiment, a fluid can _be brought in

t AP dgHcs Ho v Figure Prigndgisad welkin oaIckgmPEntY pecsiesghypodermic
needlgsl gﬁ‘kf hé[%a es & émﬁ)?'iﬂegfbal ogélﬁxreg gla%’]&@é’ca Etefd lﬂﬁ lantable devices,

mat eri a e electrodes are $ on t contai ner
and s¢atyeds. ALﬂpﬁaﬁe,enﬁmdlm@m hddieoct@hnid an IV Cannula that self-sterilizes before
insertion into patient and after it is removed from patient to minimize contamination or
accidental infection to the patient or caregiver. The embodiment shown in Figure 5 can be
incorporated with medical devices such as a scalpel, syringe, catheter, electrode or other
device that can self-sterilize during a medical procedure. For example, the scalpel can self-
sterilize during use to alleviate cross-contamination between the infected and healthy part of
the patients body or between patients. Typical usage is in triage or emergency situations or

where there 1s a limited supply of medical devices or instruments. In specific embodiments,

tolerances from submillimeter up to a millimeter between the needle or scalpel and the inner
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over the lip and/or the outer surface as well. The
bott om of the container can al so incorporate
web@ensweres. The contai ner can have many PCT/US2008/084378
cross-sectional shapes, such as rectangular. In a
speci fic enbodi nent, the eleétrodes i ncorporated into
the inner cylindrical surface can provide a discharge
that extends sufficiently above a surface, such that
wall mpe be implemsatss. ¢ Femelectsods| coaguragons ean b simplag fo those discussed

with %%H%IHI’] etflg %gééiﬁﬂe% 015 eﬁi a@'sﬁ@wﬁi ot;ﬂ'o Q:?(hsts Qgcq{f)gg tlriﬁxtre 5, which

|scusse respec
also @owki zglﬂét@ac?abld hecdit. ecArmietw&lﬁ é]@dﬁfbda ooaﬁgmwomf can be used in
onfigurations and shapes. wn in Figure 4

accorgAngs vl g InveRtipnktq ?’F@B’Flﬁb?ha’th@c?t glgw@{qrcdgpontammatlon As an
examﬂg Uagmjdgm op{he(?ﬁ Rva‘fl%rai‘{ advehenasles #id eo% Hke él%&lﬂdr}.he needle,
or ‘exanpl e, inplantable diagnostic probes an
or thd @fedlcatanrbe ptatk o pzisatbyrthe dlectoode, st geiiliiezthe eheteweedle surface.
tests or. sanpl es, ﬁn enbodi.nent,, a spherica

Likewdsf, fengipigip QPF‘Oé‘rP JROUSE V&l 9y dBeqrporaegflqiodes fipthe needle

can bO§tBEH ze3Uk E%@ses'ﬁ? tBQ¥Arddes Hingy being ,ret?alc?e@td% Qdeaq&an be
incorporated intdo a device such that the el ectrodes

C 5 rgum@ 6@.@@0% enethbodinpmd d@meg a bpalé@hde@mdasnctomporated into a tube,

wherd Bt B Qe e sl e aH B e, EMulios wlfg B s tobe. an

object PEsitiMRAr arv@hd tBE thihe dndlcRrdmlobREt tdiertele V6 ethwi tibe.t h&dditional
needl e or knife retractlng into the interior of the

embogigantse cipbesdisedted st SAP]@ esnatjolid| xpd, tthas incorporates braided
electr?éiet%%ﬁl.rtgg Sﬁt,re? ?\ﬁfakgg o‘fl ﬁl%l rgg il&:tr%?g 1519 t%ﬁ) tl?e d.%tgr surface of the rod,

nterior he nee
wherek thef €e@rudiet en éiaeé:tar ﬁﬁ‘&sy of mohfignaﬁ@d:sr ﬁh@hdinlgt électthﬁles extending
interior of the device after sterlll zati on. an

alonggh¢ ingitiineg Eribedrent: clededst forpras f‘lrlg%ﬂm@v%éher weded/or other
electrg@éq%@&tﬁf?ﬁ Q{Bg)qmq §5‘1§t %%ﬂb 5&?@6 the tl%e eC rrggiglsﬁﬁfude, but

e steril one or e second
are netalimbed |lmshailbom eathetnrst Iue'na'mymalthe\mls | guiding maﬂnetersp ablatioonlevices,

.on th 0 section.into which the needle retracts. A
and B ElE B PG BOsppBHU e HELRLRE i Ap 1REPOre(e the tube
of F@@@ @;Ad &l %‘é&ﬁ@ d@sholifn &t @R ot diraafBpbQAtisd eld ﬂub@ %f FiBire 6A is
needl e and/or inner wall. The spacing between t

showmeeHiguranB. t e braitng wakded garn gmdootiter prth ey lei gﬁomamg plasma

: the asnma roprlat urther enbpedi ment. .
white i, PIGREE AERUBRCATRE Mgl ke b oFRRC PR, medica
dewc&bare gfovadtd tB4teah @elplst@ﬁrme i dBsplebii c @k &3 T08e6f thB Feviteth allow the

into the needle or by agplylng a voltage fromthe

contirgloag plBHBLTating it by at Beatienhewbile magtaneet & ggals pmrier to the
patlentt %? cér@-sgll\qe? %{flérae(fgctr%]zie gtjpl?ctlﬂgg gilnebe utilized as well. The tube can have a

plastic layer with wire electrodes braided around the inside and/or outside of the tube so as to
leave spaces between the wire electrodes or otherwise prevent contact of adjacent wire
electrodes. With one braid, the cross-hatching wire electrodes can be opposite electrodes.
Some wire electrodes can be dielectrics to keep metal electrodes from touching. Again, a
variety of electrode configurations and/or shapes can be used with the tube.

Figure 7 shows a cloth or woven surface incorporating electrodes to clean or protect a
device, patient, or any surface that needs a sterile barrier. The cloth or woven surface can be
placed adjacent to surfaces and/or portions of items to be sterilized, and the plasma generated

by the cloth or woven surface can sterilize such surfaces and/or portions of items. In such
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The device shown in Figure 5 can be used with, for
exanpl e, 1V needl es, hypoderm c needl es, other needles
W@ e@d/ o682 medi cal procedures, diagnostic cat heP@r/E$2008/084378
i npl ant abl e devi ces, and scal pels. A specific
enbodi ment is directed to an |V Cannul a that
sel f-sterilizes before insertion into patient and
after it is renoved frompatient to mnimze
embogigngyi agailies eHTeat chrreat dl 1S dessebleoty monintee p.sbﬁ |cemnts In an
ernbog me%@rtﬁglb §t fabI'[l eJHQdeQé & Ee % 1%12{,[{1 FI grrla oy a% T%%on The
I'ncorpora ed dévi“ces 'Such Bs A I,
emboém’fdnn geowrchitlfigirer, aelveld s adeentioddhbias sidemi ﬁ&?lgdﬂ%ﬁ 1C@nnd 6 can
el f-sterilize during a nedical procedure. For
be lnw%%qeé withhwediea] C}?é(lce% it sen sadf-sierilize @ YepacHly arge of gone on the
I n [
oo P e e P O e P B e e o
other Mapireadd to u:xwgé the@peratlbm afey and effiengestale dévtictat i ons or

e ther ted supply of dLQa| devi ces or
Wﬂ%ﬁf lgurfh BEfES S G AR SS1oYiRPE B ARBEUEF iplay or a

plasmﬁut@@v dnrr@ltsﬁlﬁﬁ W th%v@ aH‘ e{cklbgﬁﬁﬁﬁcebgdﬂi\ﬁﬁ@d L& HI%ESJ 6 Ydividual
scal pel and the innerwal|l nay be inplemented. The

pixilatideclectoetts pand. |/guma¢1| dr@ed:aahecb@d&mﬂmar with tpjeeepriate addressing

“di scu d with res to the enmbodi nent of Figur ,
througdl &SI e et E5le et Rephfioffides 4 Bhw widlK ofsBipes. The
pixel SlEMEIR B thaae tRRY @eoﬂ@ﬁﬂ'cﬁam@tebéabf RkfalodinRh 6k, Qﬁj%e range of 1

configurations can be used in accordance with t

um tq HYE AP o cven metopsfaranyt ineths tradel C?fz]atlmo o dﬁdm; and can be, for

C .exa rt| [
exam{iE BRAATLIEY Sl B CRIRCunPbR! ol ot S AR mpute
displayeedd eychasmbddémaree tgardidncldent @ztn@%@ dt ¢ WEESirle th @inimize the
el ectrodes, to sterilize the entire needl e surface.

currentp.k efiiesEs R Is’é(ﬁ@ﬁ fhegitemmlof p%rStlrIéW bRvipgaikivied algstipdesan In the
emboﬂﬂ&% Q]%\@l]i & %‘:ﬁ% bPdesc E%le'gﬁgcﬁjéseis gi%@elp% sabmeple input. In
s I ng

sterilized a passes electro
other pmbodioteath, cachept @ naebe 1rﬁu‘gdmzély63@dﬁil'sm&$ oﬂthe@mmgjdzamﬂjﬁ grouped to

avin raj ded el rode in porated.into a t
meet {dieB s R S A ARGt B MV e e 18 e oo dpcp s Figure

9D, oftiPBlectb® QHicirde s WS A6 ff tht REckUBE 2w AN ORI 8ma %eneratlon as
posi ti oned around the tube, and/or an object 1 nserted

well. |anléret%e8h0&bem enallidi orabittestbipdilerentss gain peudd peoeedhe cross

such.as a.soljd rod, that cor ates
scctio 3Pyt ST SRR 8 Bl et ¢bBEtr N g OF ghows an
embo€infhit hedas dBkiidd oVdittRe heroddser TRUEdARE &f thch®vtforflof Figure 9F
where the el ectrodes can have a variety of

allowg gWgsigu Foa oF o@fgaWCh@nu@ﬁn‘g)t@méctAb@"é@m@(ﬁ@h@dm@nﬁl emgbe used as
insulattiﬁg rrla?&gill ?&gh{'ﬁdatlﬁg 8§ ottt%% ’tha%I ?a%{na%vg)% Il(?trbrcr:l Ated on the

rrngs aroun or O er erec
bottorar i ent ati ons. Enbodlnents that can incorporate the

tube of Figure 6A include, but

In a specific embodiment, referring to Figure 8, ablation can be used to form the

electrode shapes and/or patterns. Ablation, or other appropriate techniques can be used to
form bores through the surface, from one side to another side, such that plasma can secrete
within the bores by, for example, applying a voltage from the electrode on one side to the
electrode on the other side. The plasma within the bores can sterilize and/or decontaminate a
fluid flowing through the bores so as to purify the fluid. In this case, the surface of the bores
can also be sterilized or decontaminated. Such bores can have cross-sectional dimensions on

the order of a micron up to a mm, so as to allow the plasma to reach the entire cross-sectional
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are not limted to, balloon catheters, urinary
catheters, guiding catheters, ablation devices, and
WO ppbaetesdbl e/ st ent devi ces. O her non-nedi cal PCT/US2008/084378
applications can also incorporate the tube of Figure
6A. A specific enbodi ment of a catheter incorporating
the tube of Figure 6A is sholth in Figure 6B. The
braiding is used as a conductive pat hway for

flow gfetherthid Myopstathesbarkd. | & alspeciit leobpdignenhethe divenate dfeqydindrical
0 kinking.. LN _a cific odi pen di cal
S, Pt RS (BT POGEF P g O T8 he range of
1 pmsSPetid L, € u8f (2060 Qim,t NeatthRvpHetic t@edlted WEIR diments can be
conti nuous adm nistration of drugs or treatnents while
operateishPEPHF ¢t tizer Shadr atmesiigFici er to the patient or
c =gV ectrode,st r.es [l
 ShElh gL ShORMORACIR AL 6T I8l 8P Selected
portioak,adttho sleficb tiait dedstaloted tbrideeortmaind d &yddoptroinigSildeh efectrodes
the tube so as to | eave spaces. between the w

. re
are agh et odls 20PPGt e MPEINHEVRRINE: anPadlategt clggffese pipucture, any
combifati&n 8k QRLA088Scan Wd Ebl&@&i &y a4 ¢ cﬁﬁ}?olc\fz S8 ahak i tRE surface are

w re el ectrodes can be opposite electrodes. Sone W re
sterilie¢deatdeodesmmatedbe di el ectrics to keep netal el ectrodes

from t ouchi ng. .. Agai n, vari ety of el ectrode . ,

cBRP Py el Bt <Eriles T i SaaeiiiEnof g invention by a
varietl WaSouFded Uh Bluding hRIcab &t @l Sd WOREs SWVHr@8& power transfer can

I ncorporating ellectrodes to clean or protect a device,

allow la davire, to brveamgoatine foaeethe hefirehody that sed eth insidsanfthedevice from
. tmgﬂsiclgiguﬁr woven sgrface can be placed adjacent to
ontaifIgn HOm 1Y FAFT RS ¥ ons of itenms to be sterilized,

amghHodgn @itasNcgapRtihechtdy: dahen&drpdrteQlcdt@deNhSid AG8riety of
can sterilize such surfaces and/or portions of itens.

clectrpde YipeheeroBdi i 3nd pegeenentsy legp emberjasnts; theclectrodes can
also b%e&‘sleg %@!sgns £ il fe SfMficE 85{118'1{538(:021{6'& ®h %;@%ﬁ%%ﬁ&f polymer,

Wi tih
bores &reevlle

the basic tabri¢c or surface can be an i nsul
glass watodidr aliclsatdd nagerT@ftb oprovilbewnembadivorkiile shtwed fonthe user. Such

.Figure 7, as well as . the_enbodjnments sho i n Figures ,
coatings 4an alghdnigbie e %@?ﬁh@b%@rﬁﬁffé& Wpﬁomm}amw@v% ey the active
surfaéteﬂ :tThE a{baﬁﬁ% fu's§(_§ &6 ! prbdide! 4h e %'rltihg s"&fﬁ?eaggn ZRNE R with a

device To mnimze the buil dup of sur
conduwtm¢ amseantedupict siatesial, cukh agenrboscaanotubss uenowiret, enductive

materjals to.extend t operation, safety and efficacy

polymis S0 DS ren e g ERGr g &1 5 @l FoReg] urfoce.
SiSRbdifE elnBodintdald ¢8| RE¥HDLAR He GOARMEE hndERBIrY e Smponents
pl asma tel evision display can have an active surface

compesgapd el ool of e falbewaig: i(hoeleétthuedndpitiid palpders| ces tbeoded in the

aj. s, I xel . shaped electrode matriX,. W
consuf b it e Bt PRy Ry bR Rl all! Pose pusrey: pertorm

localigksiest. zohb 8pddiifiebtefli £Eloh OlRStoCaveN & oat Vahhifyct@e; (2) transparent
condusc’:‘glrallgr;3 eﬁ?ms,TsE%h as, but not limited to, carbon nanotube films, surfaces coated with
clusters of nanorods or nanowires, or surfaces coated with electro conductive polymers, can
be used in the construction of the device, such as for sensors, to control surface activation,
channeling of plasma energy, perform localized or zone specific sterilization, and to lower
the cost of manufacture; and (3) material, described in (1) or (2), or polymers, doped with
nanoparticles of silver, gold, copper, aluminum or other conductive or semi-conductive

materials to act as sensors and/or to control surface activation, channeling of plasma energy,

perform localized or zone specific sterilization, and to lower the cost of manufacture. The
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pi xel el ectrodes can have cross sectional dianeters,
or lateral dinensions, in the range of 1 mmto 100 mm
w@eveyms2 nore preferably, in the range of 1 nPET/USZ08/084378
mm and can be, for exanple, printed out or
manuf actured in manner sim L to existing tel evision
and conputer displays. In su enbodi ments regarding
current ranges, it can be desirable to mnimze the
electrodesr eamt be cpRigdreitiop eongnetivener tsetpl -efndyckive atwiahayéngs carbon
nanotﬁi)%(sl lngltug%resl %Sé]c{ucﬂ%‘ gf) y'ﬂ?etrg1 ?Irl %Qnoqg@ tr to\s;fgr%lagcé ﬂle generation of

plasn&almieﬁhd:lﬁﬁﬁb batrier ataetal entdoek iﬁﬁ&ﬂﬁvﬁlchﬁﬂh@ h:ld&tr&@d:s f@Podioned that
i ndi vi dual |y addressed or the prxels can_be grouped
is expagetrivethe CRETTERHS cat De Reated nghen BAUIAR CRRAIGH Vg PbEfRe-conductive

mateﬂ?’:}la%h' %segg‘r%gnlﬂangmgese %ﬁﬁ%ﬁg@écgﬂpuf i e0 }ér?Q*s zgltdgﬁ nanorods to

ectrode structures c¢an or t ectrode
enhmawdyq&menmphaﬁphmgenerat|on as well. Figure 9E shows

embodi ment. with strip electrodes.and a ground
dinperds OF His MY BRI INSHGTIC MR rtaa:re R IRIGHCEPRL ffom & user

and cguh @en%E eSStanfatibRBf Be SHHAMW & P& pd%érﬂlldl' @orgfmﬁaﬁdﬁoi&ﬂﬂe surface and
nbodi nent havi ng coating over the el ectrodes.

self- Stménzr: my soh-ddventoutinadentlod skEifguer e %ﬁsuag | ntipl asmtanmratlbe of the

reated on the bpttom .A er t|v enbod an.be
surfaL GBS *FRutShRRgY AeRsas TR PR heTaBReIoG b Rrece, such as
whenb@ik tsﬁfﬂi@'lﬁzﬁ bt coptREABorVRHAt Om ARt al0 &ir€ HRALBEcORe shface. As an

bottom |In a specific enbodinment, referring to Figure

examale gisl wbieshdease ¢ra wWilizg a wnsgrarpelie oéideteetingientaianpens when the

tiey Abl at i on t her [ opri at
sensotr 4m| &ﬁ%gaxcan dnga s sttenh%eo(r)rm eocgrrlténgm?zﬁer %IE 8?‘! PoiHio ion of the surface,

such SsuthE pogionf dfahe Qr€acs ntat Iﬂael}’zlﬁsﬁth@rﬁna%(ﬁ or cﬁus?th*ﬂiﬂ&&ir decontammate
| asma can secrete within the bores by, for exanp

a surigee pyoxppaty theofevagresur e thipagle rfecwrp%rél“ar?f@rréa%rad eTlrsodeV‘Ce can
acco @%hesu%ﬁta%g(qrﬁ oﬁlgﬁcaﬂgt@rca éﬂ%dy}&p&'té n@s }Mt(g gllgw € user to

res can sterl I ze and/ or ontamnate a
m&m&ﬂhmmmgmthrough t he bores so as to purify the f|UId
this case, the sur of the bores can also. b

P ERIU G HCHHR STaRERmCR SR Blop GG CCHE! M conductive or

sem1-%519§1%f1§@ﬁ1ta{691ﬁﬁlsug{ FEOSbANSar@ bl €1aRb H8Es, Rbnd@u il € HORMERs and/or
toanm so as to allow the plasna to reach the entire

nanowre s cgbwice cmaérdrlsewtwﬁ}t hed/t spagifidityoubltketiss, ooy @satlﬂgnused to

ecific enbodi er of cyljindrica
proaSg i IR TRERE 10w TR S raRERS oL g rin o B gpaductive or
seml-@blﬁm‘éﬁ% m@ferial) %u@@ﬁﬁ@aﬂbé‘n hahotbRs,AAERired, cdndIBit @ pdthers and/or
mm or 1 nmto 1000 nm at atnnspherlc pressure.

nanoiPh aintreRiesScBE sesitbperaat o spacifiessur es ot her t han
atﬂ}%sa?)gﬁgatl%h of sterilization techniques in accordance with the subject invention is

also suited for air cleaners, self-cleaning oven embodiments, bathroom door plates, door
handles, cooking utensils, cutting boards, conveyor belts, storage containers, and handles for
shopping carts. Also a HEPA-like filtration device with low power consumption can be
achieved by incorporating the EHD micropump taught in international application no.
PCT/US2008/071262, filed 7/25/08, not yet published, which is hereby incorporated by
reference in its entirety, where the dust mite /microorganisms can be vaporized during their
transit through the plasma excited active filtration membrane.

Each device can utilize electrodes, insulators, and electro-active components to create

sterilizing plasmas. While the standard electrodes and insulating materials are reasonable for



Speci fic enbodi nents can involve the ability to
control segnents, or selected portions, of the surface
W@ b@p/o6io82 st eri |l i zed or decontam nated by contPCI/UB2998/084378
whi ch el ectrodes are activated. In a specific
enbodi nent having a pixilated el ectrode structure, any
conbi nation of electrodes cafrbe selected so as to
control which areas of the surface are sterilized or _
all ambeend woRditinRg désh Prmperatura apPlecasoppnae detageqmmodated by appropriate
. elactro LN i [ t f.the . invent, y
coieE SHE BB Y37 L QU TRRELRA' Bl " BHERLON Y
metallit p&bedsdtes\Whhepesmafi®rustd angémrate de il HilizagordBMICES can be
to have a coating over the entire body that seals the
contrqlizdibysonie of RE of EiFi e abledhisted it biilhht i on from the
envi ronnent. Enbodi nents of the subject invention can
i ncorporate el ectrodes haV¥eblgIa variety of el ectrode
structures, materials, and conponents. In specific
antrahilerent s, t he | dlypixial OghesatbanRahgo bE€onsdderations

sensors—The—actiryesurface—coul-d-pe—coated—wth—a
?ﬁﬂﬁg?ayer of polgﬁé?" PRY S RMS. IR i el ectri c
material to provi AU R nettDor ki ng surface for the
{SBFent SUCh coatings can arso 1 nhibi T [ Pg,LOEPaGHON Of
el ectrode corrosilon and/or oxidation on the active
Sutsedcequetie coat PAdglarsBdHzor@©vi de an i nert wor ki ng

1, l-aLl U I e C0 [S49] \L IT a CUITW@UCL TV (9] .
?g%;nt‘@%%%ndﬁ%t Ve réﬁé%i Boudom, 0 oIRE &t s s RBe<ifies.
7 Pes, conductiNE HEPSers and/ or | nanor ods to
enhigegertRercgener ati AgoRt- Pwsea on theecieabpétific
surface. Specific¢c enbodinents can incorporate the
Sluelees ode - @neirel dbieroo Saearidy eloc SraspAehPsvies fpesed of
dmpeor all of thebassil owiakstrofe)deskigct r o- conduct i ve
pol yners can be usedtyipa of hentemnstipnict { on of the device

+ A At e | ctirfadan apt i st 1~ rhannal a_.of nl.acrnm
SHEAE CoBmE or m | Eféeﬁn Pauger, Blds e s pe b PETie Spécific
sterilization, anddEoRaErEhe cost of manufact ure:
EldctlodaPsRamneml  Cansiel bRBlebirbd®& pes UCN DASIce @Héciﬁ‘@t
limted to, carbognﬂgﬂgtube films, surfaces coated
wth clusters of nanorods or nanow res, or surfaces
dattede Mdtérias ect Coppandathiveapbingmer ¥ctdarohdictised
in the constructiahowf the device, sucholgmefspNanotubes

sensors, to control surface activationgndRasuiedd fighsof
j cific

pl-asma-energy,—performlocalized or zone spe d
StowdpgtingdyiptsHals ap§opper owelatinpd, codrd pMdiain gprductive ;
and (3) material,abdexscribed in (1) or| pdymers doped

pol ymers, doped with polymers, Nanotubes
and Nanotube films,
nanomaterials

Insulating Materials Teflon, PCB, FR4, and | Plastics, doped

Ceramics polymers, Nanotubes

and Nanotube films,
nanomaterials

Ionizing Radiation Atmospheric  temperature

and pressure

The plasma can be made continuous by using pulsed excitation of the electrodes in the
range of 50 Hz to 10 MHz, and, in a specific embodiment, in the range of 0.1kHz to 10MHz.

Direct current (DC) can also be used, such as pulsed DC. Specific embodiments can use a
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nanoparticles of silver, gold, copper, alum num or
ot her conductive or sen -conductive materials to act
W@200806%82 S and/ or to control surface acti vatiPECT/US2008/084378
channeling of plasma energy, performlocalized or zone
specific sterilization, and to |l ower the cost of
manuf act ure. Theel ectrodes cadh be coated with a
conducti ve or sem -conductive material such as carbon
potenfialndiffgtrase ohdMowiSOkY, abhnolaspewtc pmlbydﬁarest Anldy-dbkV DC. Plasma
nanor ods, t o enhan t he i.on. of asrra
can B3P ERERIR! b sSPRRE e e P Resbae o7 e e (tealled ogmer wnder
ambi&lt EsE10E @51 0@{020. POST drt ON@Bark N @urdesit l%iiél@‘ﬁ@{c‘h 1104 §O€A can be used in
environnent can be coated and/or include a conductive

furth%rspgceﬁ@ cnbprditients wad fatdetol HIOA wjrberspednpembedimsnishes,
Gl r.s..and/ qr nan S
en a?@é%@ﬁg&%&ﬁ{érﬁtﬂyﬁ: su%gefcy{ﬁl%el%lon cap nprove th 32{)1111’{31(3[{) rr]nlmmlze the

transihivient dfolm feaup geate ofithy bﬂcbddt h@ineOkalivg, of M k@eid 0N bacteria,
. froma user and can sense contani nation of the surface
virusegn ¢Ruer 6t B ritaBRZCBD R AR FakOTER Bf contenigifiqnac nglipdiments can be

incorgéthfed Shefhk! 188 o c@ﬁh% %ﬁ AR Bak Sl e oS Wikidhi S theb growth of
ensi ng potenti a con at| on of the surtface can
bacteds canpthies hedtdnyinaensi Agrtiidiecphydineats, envh rasnaenidaphtion of the

the surface, such as wh n the surface _has b
embogig HET R RIS Aacdl Pg|wed 8 HF SXRTifstton; feviess, ha Bave self-

sterlhé‘ﬁlga%ﬂa% yplie ﬁltEx@ eussiihe ?éspﬁlg%bﬁ €ark %ﬁcm&lng' #fasis, SYFI rooms,

capabl e of detecting anthrax, &and when theé sensor
alrplaajetasd”tlsatam, bleax raones, deinivelbye @anrpassieg bétiveen, @r through perforations in,

decont am nat e ortion r suc
surtogiR T P gy Prate LR Fndie 1R e iF ol RenitS ghSrodes such
that ¢ mEacanttRWdrh 28d Blen dEERRLIERENAhEN RiBEVRCE proxi mate

the device surface, through the production of a

plRgyiges trHecag s awliednio &@@@mﬁla‘[ S@iﬁ:ﬁh tactirgirs them or provide a
steril gl%@tAg Hs‘éénﬁ mn %pec Ifgrpg ?e A5 R&Im tu? F1 lreo that can
ti He ac The s

e user o Ini Sensors use h

be wepped fatdime rdrosivee IlibSrmly cﬁh@ﬂ)sﬁe cQOiphRat W tontact Wlth the patient.
conductive or seni-conductive material, such as carbon

Afterihn Brageeue. tha bl sesmoxehenttied ecisttshiorsslfatenlize and then reused
for thRHAQS Sgl%n{ & ﬁBE@ﬂ&e ﬁﬁ%§£’rﬁpl§%}%tag¥hééﬁgﬁqgll \oz&logs embodlments of

speC| Icity. ew se, any coating use
the inveetidn wohidengiager foae camgrvetsh@eahhg&hﬁoﬂesy ﬁmireﬂ)@eople and going

coated with a conduc r sem -conductjve material,
from PErSAD 48 PELORSAN 1SH Gt &ﬂ%ﬁwaggtenﬁ@n giwesy gatients.” This can

allowPRUYITEF feBO M rnn?ﬁtn@tﬁ&%sé Pe QNRAAES o FASQAGISENR! ddritizbNon by a
and/ or specifici he application of sterilization

separgte@hpdrgues i n accordance with the subject invention is

In various embodiments of the invention, plasmas can be generated for sterilization
and/or decontamination via a variety of techniques. Such plasmas can be generated at
atmospheric pressure, below atmospheric pressure, or above atmospheric pressure. Examples
of such techniques include, but are not limited to, the dielectric barrier discharge (DBD) [See
reference 12], the resistive barrier discharge (RBD) [See reference 13], and the atmospheric
pressure plasma jet (APPJ) [See reference 14], all three references of which are incorporated
herein in their entirety for the purposes of teaching how to generate the appropriate plasma.
The RBD can be driven by DC or AC power sources, the DBD can operate at frequencies in
the kHz range, and the APPJ can use a 13.56 MHz RF power source. These techniques can

generate relatively large volumes of non-equilibrium, low temperature plasmas at or near
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al so suited for air cleaners, self-cleaning oven
enbodi nents, bat hroom door pl ates, door handl es,
W@ owRr0sysUt ensi | s, cutting boards, conveyor beP@BHUS2008/084378

storage containers, and handles for shopping carts.

Also a HEPA-like filtration ngice with | ow power

consunption can be achi eved by incorporating the EHD

m cropunp taught in international application no. o
atmoPhTyiUBZO0R?- 0F1ZEX cnpodpers Prpdyge pHemay Bevipg Blergpredensity in the

i 3 3] 4 in dit 3

ranged (Pt LAY HREARRRY BOFH ShsfiEL BLERIRLLY ia0gwien’. tn
anotheB pgdci feemblatdimegt, tihe plasibs aas ite frodwieghii Reaph@shBirode dielectric

.excited active filtration nenbrane. Each device can
barriggdischyge giePBddes, insul ators, and el ectro-active

c : ator: act i\
< t%aH?gin ali?rgr En;tf bPnE L RRhRoS EET inbiugb D@ RbASIRS er c?{gsghg%(g (BBD), where a

ectrodes and 1 nsulating materi a
first de&stitabbaed elabbdanty et of ehdirbidengs dxpgdedt enfer atrtice to the

appl i cations y be acco dat ed by appropriate choice
S“”%‘Fd?% é’lt‘H‘i’Sé’B%rEItrr&r cCO(VF]Efﬁ g%l"@?“ ?a%@- gn sc?ﬁ%‘ﬁf rgqe, or set of
elect:dléh, B @HAERsidE ANaRY 3MRIsBlatdFEWhdrl & tRBOMBA do88dg is in contact
The plasma fields used to generate the

with dwl ¢nvavemichti aet plosmpro gessatcdbybdeadvdes ohd@dhbypudareecoating. A

or all of the.variables.listed {n Table,.l ,. Table I
volta, o pe ipplitE YRS i FleFBilss byt EF ebicpTifGednd the sccond
electr0d€| dradet 0N eRbtrb AR, &) efhicOfgRmsing dt HBe k@fige. Ofh Sdet Eii@yf)erse the
10 MHz, and, in a specific enbodinent, in the range o

plasng. inkHeoRtgruppMEpshion o tthe gpifeqst phoe)lagzad dpdepdsecitpyidy, may be

h e , Ffie enmbodi t n .
emplGUE" I, Bt He, sRREG)! o RICHRY R 45foss comresponding
electispec fibinc thenbediseeof clebtrddey-dndOt¥ ddConPkassm eleatiodas, which form

generated by exciting the adjacent electrodes in a .
clectigrig gire ghelt Bt Etlorem ot erira s @icp Médsrlegrabryinaya phase
r - . r . . .
e cQhuforpl VAR Yo Ap R HE Rt RSO, Tl Grbhimen, he
electibde b@OAgiin ehadr diteetios pewich ithmt drddbshhaeyetis on Vathi sddes of the electrode.
enbadi nent.s of the subject.invention can inprove th
One. 51 {5 RHS TS BOU RS Vit PUSHE-of o (HPottlgeind the other
electi@iS 8@S@A HRf orbfiddl PO cUdIRGe VBBbLY Rav@briid18arSPE GG such as
bacteria, viruses, cancer ce€lls, pathogens or other

sinuspidplygargp, @ontaardethtwaisformyhdbé wheatredesamapelso be operated at a beat

e R A T e R SRR

C peaiffiic &b ctlim Mk tdTedle@ride dithR it &, aUSHdYWAS i Figures 9A-9F. The
adaptati on of the enbodi nent shown in Figure 7, can be
clectigde gtrieuees rshgwpi mj Biuresnd 48V ewsalspdic favea with ac currents.  The

electr%&é frsﬁ cﬁ{gi Jn%& ivg H‘L)I%t ?e '?eax(/) Eni@ljoﬁs ft(%( Lév%[‘]a‘? nlilxﬁe%}‘xz: ?){asma exposure time
respiratory  care I ncludl ng. maskKs, osplta oomns,

required for self-sterilization may vary between a few microseconds to several milliseconds.

For complete eradication of some organic substance exposure for several seconds may be

necessary.

Referring to Figure §, an embodiment of the invention is shown. A laminate material
having layers of electrodes, dielectrics, and sensors can be used to produce the embodiment
shown in Figure 8. A series of fine laser ablated holes or slots can be produced to create
apertures through the laminate material. Equipotential surfaces, P and G, can be maintained

at a voltage difference. An alternating or direct voltage may be applied across surfaces P and

G. A plasma discharge can be generated through the holes and ejected outward in one or
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airplane air filtration, clean roons, or involve air
passi ng between, or through perforations in, surfaces

WG ewh/oessshown in Figure 1. A mask can be fittRCT/Wb1008/084378
self-sterilizing electrodes such that the mask can be
worn and then self- sterlllzegimhen | ai d down. Devices
that can be applied to contar nated surface to

sterilize them or EFOVIde a sterlle barrler
both. dggerions ofp ItRi Wiy e SEHaecH BE Heltntsligshrpl @e gfsboth surfaces.

Insula q%ehals s'u LE T7€’ﬂof1 h?bBC @R4b GndM c@faﬁﬁgs Pyl %sﬁf trﬁ gl\éefamlnate

aboratory di agnostic equi pment in contact wt
matemyaatd mavide Adsubation hetvpreosedbces, P silieGe IEit:chrqu neaeroy ewlchamsobopper

platll’lltlrﬂe anﬁac(li(;y\ég{a{el iﬁtuss %lbrek%ité Illéllatze/%ﬁﬁef)dag aé:eﬁ)?uaéﬁ G. cgelectlon of

maten%l%pa!nﬂ G QR 1h O SurYRE t Q@R QAR adh AR rtﬁesse[%fctl&h sthdventi on
i ncludes triage, where caregivers dealing with many

i Bjreickabl powoisiriel amnobagtmefhgl prdeniqemstiohpers pedersenlcamembediment,

t hat . can s terilize tient .
the sclbsfegifiaf it PSS op Herhinb e SRR Bl R in goctaving
equiplb®C aifed Bériliatsabiaily ﬁ‘ﬁzlt&mﬁi edhietnli a&, 1280 oPYradesses that sterilize

separat e apparatus I'n various enmbodi ments of the

equipippntend idevices| lasnegfic asmbedigent b wif-voiligeelamingtionitesierial can
be 1n%%<§1rgtrefi qﬁ{:oo %9@(5@@ O&b}éhaﬂ%da dlY r Ieﬁ%leu%shEoe %h rUsg(li‘ qﬁ aipghcatlons

asmas can enera eric
requirlyg emwso&tvﬁ@s @h@fna&teﬂﬂﬁs&hﬂ er st@fagaboyten&tmms@dﬂar | c
pressure. | es, of ' such techni ques include, but are

néf@rlwwmé%ﬂlmamsméha iBICBAY PR BEPTROEYC @NS OR&IYe 2¢thsmurfaces.
wherel %E%)cﬂfé SLERECH L 2] seltls lfzﬁ%' géxh eecgﬁ’?rb'é' & eﬂie? GhAEGR state or a
( S . &n

ee reference 1 e atnospheric pressure
contarpinagdestjtef aifdA\RRI yct{vBeairfaed eneveeredsidrilizad Ibyt theetevice through the

r ef erences. of ch are i cor or at ed ereln in their
procesgfif; SF@ﬂFT‘?%?“‘P\r/]\Q]L %?%%é a&&m% WP SR Rse such as
keepn%“@ sEdIpE1 QR Latir. pfl?esgf&ﬂe-gﬂﬁe BBh € 3ivREubhiY 811 S’é’c@%n‘aﬁusly or

C power sources, the DBD can operate at frequencies

intenniﬁeltﬂlyenm&@neérbgéhe derdca. hactarRRIrfemsalisgeraliZi8 0B BarMbyzinRfated with

rce,. These techni can ate relat
or wit Yl BB R ATB B b PRhPerdlh Tpophenpel Sevice. m
embo&xhﬁmaaleadamernaa{gaampﬁ Qb &b1P LE SEIdIEy. if FReEdtive Gurface has been
enbodi nents produce plasnmas having el ectron density in

contalpmatqda@fggot@mth[bfgeqﬁtgnma‘qpé1 Tgrsgft- gﬁqgll@mgmmﬁﬁ,@@ruse sensors to
detern%ggﬂl e%gl gf;a%ﬁ %ﬁ&f ﬁﬁ’(ﬁ/Oﬁl ngocggwlﬁ f co y&S Sensors can

sSp ec can be pro uce
provufel f@acﬁbaag el etstadef dhe Haﬁéd’ bé:fokfralétbhbxatﬂhsdllila{ggﬁ:erlhzatlon and/or
Enbodi ments of the |nvent|on can i nc

after ‘é}p éreé’é atpcgl %Ile( p%sr o%ﬁugr@ﬁ arS@gsquBg} e\mg} Py growde f%edback on the

level of active surface contamination before sterilization, during sterilization, and/or after the
sterilization cycle has occurred. Sterilization of the active surface can be initiated by the
device with or without intervention by an end-user, other person, object, or external device.
Contamination, or potential contamination, of information collected by the sensors can be one
or more of the following: the location of contamination, such as a particular zone of the
active surface; the duration of the contact that contaminated the active surface; other physical
parameters associated with the contact, such as pressure, temperature, or movement on the
active surface or movement of the self-sterilizing device.

A variety of sensor designs and placements can be used. In an embodiment, a sensor

can be the plasma electrode or part of the plasma electrode operating in a sensing mode,
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first dielectric coated el ectrode, or set of
el ectrodes, is exposed at the surface to the
W@ 006t ng at nosphere (or covered with a coaPCnyy20a81684378

a second el ectrode, or set of electrodes, is enbedded

inside a | ayer of insulator. %%ere a thin surface

coating is in contact wth t K environnent and pl asma

i s generated by el ectrodes under the surface coating.
insteag of g |stegidjéingarodse ApPlapude pletig e serseeinciudss 2 sansettive @i continuity
sensof rASSFﬁso?]::arﬁag ﬁlttégqg[gd; Wltﬁ Q)g 1&JAF‘ed%%§%da @h&% L@ ?ddeokpséﬁgmple of

rodes, tO create a plasm at e surface

such Dscdedr it @ péssppersesot.nd sphas vEn balcdaed it provonisy foaxbBactive surface,

over.  the surface, phase Iagged el ectrode circuitry may
such 5eWUhaR GYERSC FHECBH S 8 GRD® [seief dudecieticuriligne device. An

examﬁ@ Rs&sh ¥ 0drks898% s@&f/?@é ge{:ﬁ GPARdL NdnEhECi L ?ez?f §lda sensor

first set of el ect s and the second se
1saneuektmodesn)%hﬁ@hnﬁﬂmﬁmebgdhcmdﬂ pﬁnm3$ngunmeﬂbataiatarmnmb

fer el.ectr.ode rs.are ex th vol tage
locatiqg, fofly T (S0, 1 Rg CBRsarea MO Y HE-A0) S ppl et havine a
wirelds®1ihbh & aedR6e @Bnt%lQ&gaﬁ@ﬁl esu@l@'ag a c!nﬁeﬁr\)vﬁﬂh@ tHEQﬂ:%cetolP% robot or
el ectrode spacing in each direction is such that the

deviceithag lsategea |(:9n®mnhﬁ§¢dw sprce@gd ghent pedf-etknlizas dubbore Onefisedcaving the

contalama?edesgéatrcgggéglﬁa SF%sor R \é\%{lse %In@ﬂ tgceg% gegannglﬁa bee 1mplemented in

accor@in@él MG EmbodiméntEof tholdvaggovar i ous wavef ornms can be
utilized, such as sinusoidal, ranp, and sawt oot h

eV ERBEEnEE Senpe tipecen b8 e8P ab 365!l Saiie rreriarkasuch as infrared
s RS AEBARRENe RO OB 4B G L0, O AR eyt o
used ﬁm‘msdi/pmamsSwétyeIMtfbb@i\mngtaw ekathpigs af ecisbBWhati ¢buld be used for
ures 9A-9F. The e] ectrode structures shown i
sensmlgf ?ﬁdg

n
8ckopncppont) of 1o kv earriagh ofithh dgeice dpglEnpafrarghgeam to
providd £G4 %vé*pcﬁ@ h&&e@yfaé’ea&rydefvfc%n}a%cf %dpngyr q t%) g)}*owde a curtain

several mm The plasna exposure time require
over thelattiwt arface Daﬂe\one, megtionaseysdred Wernt mobenenrioveingie cotids surface

Q severa seco For co | ete eradication of .
or of 8, VHE S D DT ikt KGRl YT (G BIULREG Y the device;
tempdtBirclRnNLE Qﬁ&éémlng\)@(ﬁtﬁ&& b GnbeFbSeEierEhaddd BMTROGETEN bressure

of the invention is shown. A |am nate material having

sensofsgy éieéen@fneeqoeitqcr byl esotheti pefreset o1i ddect anchangasoths dfzyrpeb eapacitive
SGl’lSOl%S{%ddétg dcl'lo%%]c{ IBer 2@1%9 tp%gso%oﬁ‘? ho%\fé?t gy 8{1%1%8 alﬁ %18 dev1ce and

1es O as
condulaﬁﬂ@uf;@éoﬁs @ Gétedtife apRad: BE @BothBf g drivdjdcasi dhahge in the device.

naterlal EqU|gotent|aI surfaces, P and G can be
As anp¥pmle. @adnirared beam can be used to provide a curtain over the active surface to
detect when the surface is touched and may, therefore, need sterilization, or to monitor build
up on the active surface. As another example, an accelerometer can be used to detect

movement of the device.
EXAMPLE — Device State Diagram for Embodiment of a Self-Sterilizing device

The following is a device state diagram for an embodiment of a self- sterilizing device
in accordance with the subject invention. The device can indicate its state to a user through
the use of a visual indicator such as red, yellow and/or green lights, or by a variety of other

means such as a wireless signal to communicate with a Bluetooth enabled device.

STEP | DEVICE STATE COMMENT
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sur f aces.
and ceramics can be_used in the lamnate nateri al

ER4,

| nsul at or mat er

An alternating or direct

In this
gterilized on one or both

such as Tefl on, PCB,

i al d

3("ﬁ£ i nsul ation bet

mt ori-al c-nr\h
uuc ratef+at oGt

P and G

and

YREBoILAETP an

=
=€
a

|
2.0y

Pr
ectr
0]

sOQtNan be used as el e

dhﬁ@ﬂeonab@elals for surfaces

P and
fa

LIRS npadis

Iﬁls and -t he reSUIIIn
SqlheCalgration; Modeg! eyies @dz?@nsors

Stret
por e
| &hvi n
used

chabl e material can
HSENSENs. | n AQTéWEBQ

a t ial can be
Eﬁé :%CﬁaV|ng eqU|p

bgasuB € Del 2 e Pl Eéentﬁ?)\x%%g §Ply/n)?

di ment, the self-sterilizing
i Pessr Ptizg eRpriice hngede ndico gvstel‘lhzed

i)? gamma sterilization,

steri
steri
engod| e
can b
encl o

e matertal s, chem

RN ot

D(G)pmmxpﬁrméda)d i nto,
sures to be used in

al's, arnd/or PIoOtessSES that

déev amétbmglq@n@s@@ﬁ thie dcgive Surface (y/n)?
'(bKthrlgo&e%H‘ ?’f EQL@— %hg%%tt%{noof Active

for exanple ricate

appface &NBns requiri ng

aut oc
steer |
i nven

avi ng, gamma steril
ENTEREIOGKOPNAr i oy
Lion can_incorporate

| G PSFARD.- §Yg&4@gﬁge°f

s enbodi nent's

kenebask Saje to Hedri(ses belowaces,

wher e
can b
state

an active surface 0O
PINTERILIDEK GLOSED | e
and the active sur

flm% a‘f‘eeéémg’ g?ﬁﬂliﬁﬁ@ﬁ\ﬁ ce

or “a contam nat
fﬁaﬁ@éb@kr&;tébet(rﬁsm erili zed by

the d
The a
pur po

ey ?tﬁﬂk he pr
cfgjlzgje} %ur ace F%ﬁan be
s€Y(duUEh as keeping

%gﬁlgzeoz&ctﬁz%l gur?a'ig F %a

0% IAOCBVC Surface
asseadqdel

tlp sterlle. The

steri
conti
dévi c
initi

_and

e state of the acti
nuously or intermttie
eSTAND-BY BiPPEce se
ated with or w thout

oar-—or - other-norcenp
OCT Ul \UASN N Ay | CT OUll,

nt a
Immsbbnmhwzamnmn can be

PterégbaCEtS? CoLARe A Q.
AW ”J A\ vy § Ao VvVITICGOov
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et

In em

OGAI PR IEP 4 ABQYEES -

ster|I|2|ng deV|ce i s capable

of sensing If the active surface has been contam nated
potentially contam nated. The self-sterilizing

&hecfell@alﬁg is@ sarpdy of hay g SeldrSterHizingndeviagwehldgfperate and

interagbwith@iusert i on and/ or the possibility of contamni nation

Sensors can provide feedback on the state of the

davitde deeicom@usd @dichicARtduaBnt Wate tHrgugt BE ubd gl 1@&1‘1cator light
gd/or after the sterilization cycle has occurred
S

et cenie et YrsREiaes Thedgyige coddapudde adiak to garer via
tl?é’ftrﬁe\éﬁarﬁ%f{lg @1981 e?s%ﬂ{aﬁ

urlng ster

|zat|on

%1)2’%}5 an, Qﬁ&% co‘fihg@ruolln t§ Q%érgﬁte

after the st iza

cyoinguteas occurred. Sterllizatlon of the active
surface can be initiated by the

2. In this example, a colored LED light is used. The light could indicate a red, yellow

or green color or indicate all three colors at the same time.

3. When the device is powered on, the device performs a calibration self-test. All

indicator lights (red, green & yellow) would be turned on. The self-calibration self-

test checks to verify the device power system, sensors, active surface, hardware and

software are operating within specifications.
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device with or without intervention by an end-user,
ot her person, object, or external device.

w@mevaeiesat i on, or potential contam nation, of PCT/US2008/084378
i nformati on coll ected by the sensors can be one or
nore of the follow ng: the Iﬂfation of contanm nati on,
such as a particular zone of "the active surface; the
duration of the contact that contam nated the active
surface; other physical paraneters associated with the
cgnt S :

t o /o Ty eSS, AR el Y B s e i
d emtraﬁly Hém/gabuﬂieyl befa wensodxtdesdidgnze dfid updrdc enehihg tleadevice,
be us a odi nent, a sensor. c be the pl asna
e|ﬂ§‘c1f1§166¢@r th%@}fw YROW P%%ﬁaaf%qyéet@ﬁa%}% aﬁblgrﬁagg%gmerﬂewce
o D e ekl RIDF g amil 3 no
cobamignaichyd.sensor. A sensor can be integrated with or
| ocated next to a plasma el ectrode. An exanple of such
a sensor is a pressure sensor. A sensor can be | ocated
| B, RIRYKHE do¥ive QurkRe iaktd iR &dean, peﬁ’dﬁﬂ tiSinWMal Sel@ferilization
infrared curtain. A sensor can be located in the
s el§lestherindicatpnlgeid exdudd turinrededuoainmg [sel f-oferidiaationacyskens or
is a start/stop switch and tiner. Another exanple of
such a sensor is an accel eronmeter to detect novenent
by. (iRe dekteriAzARNTYE1eGAIRS cleOBRtRH AT 1t MMLEum green.
| ocation fromthe device. An exanple of a renotely
| ocated sensor is a sensor having a wireless link to a
r
adur B RO s R GBahes PR G (FEURIG LSRR Hiloe
S pactemaiatkd; therndieitbr Bgte rill IterﬁSyeh&ifvpﬁ exfety iattledk Wedd itmgzer and
the contam nated space. O her sensor designs and
pItACEGEHOWG B0 HitQ 6td5@3y BT RSP Tstadlesragalice wit h
enbodi nents of the invention. A variety of sensor
types can be enployed as well. Safety interlocks such
as. iesapedbawrepianss naedgdci ti ve | ockout, or ot her
nmeans of detection during the sterilization cycle can
be used for user/patient safety. The follow ng are

Exam%&anples of sensors that could be used for sensing,

eedback and control of the active surface or the

d éfxlniiso@caintpéfepwaimwor adeded emﬁblewfmetfvst@réi@gzw sudiae @vhe device.

Flgures ggbv %83:'1 hfgla}’%seuéor rfd Rigs VsrrFa:% nrefaaglog %Lér zpc%y fg\ll S/lgadst ta? 1.5kV,

14kHHD=1tI&Buﬁwoaftérwmheﬁtndw@ﬂs b t@\aemntultkeoae;tdleaaon. Figure 10A
surface or of the device; acoustic beamto detect

Showmﬁe%ﬁwe gokere er@tatier Wt:b SOl s eveast sofutione Winers g, yeast solution
conta[‘nb f%rlég/%h | SERSARE Suf c e(?rl%tg %@te?e%{ro@é/ ey@(nt%{lgr?r Figure 10B

ect” or ange Int evi ce, pressu
shows the surface before excitation w1th 10ul of yeast solutlon, where the yeast solution

contains 10° spores/ml, and the surface after 1 minute of electrode excitation. Figures 10C-
10G show the surface with 10pl of yeast solution after 0 seconds, 10 seconds, 20 seconds, 40
seconds, and 60 seconds, respectively, of excitation. Figure 11 shows the qualitative nature
of a survival curve, with time in seconds on the horizontal axis and exponent of number of
spores on the vertical axis, showing the qualitative nature of the survival curve (squares) for a
surface with 40pl of yeast solution, the qualitative nature of a survival curve (triangles) for a
surface with 10pl of yeast solution, and the qualitative nature of the survival curve (straight)

for a surface with 10pul of yeast solution.



sensors to determ ne contact by another person or
obj ect or change in the device; capacitive sensors to
wa@leaoeneios2 cont act by anot her person or obj ectP@F/US2008/084378

change in the device; and conductivity sensors to

determ ne contact by anotherggerson or object or

change in the device. As an anple, an infrared beam

can be used to provide a curtain over the active

s u¥lk patents.paghet epplicatiens, PHiserd gerlidagonso gath publaationfasgferred to

or mté(ﬂ%{ % [el%gec %nc&iv%galﬁg%# @ {eféri@:tel i Ql%ehg %ntlté”gt P u?i%%na?lufliéu%s B tables,

to theag et ﬁnrega ﬁfﬁilﬁﬁ ufo@ﬁmbtenmﬁdthte @xﬁl&me&hchmgsemm spdcifidagion.
devi ce, - Device State Di_agram for Enmbodi nent

oflt shogld e @e@rstwdzthﬁtgtheéw@elemed FBIraiRsHg descabeddiprea are for

gl By A0, 0 SRR S5l o S s o

suggedied it@ persans dkilthdciattiee art and bratte be @ncﬂudfsleavltltlh tlougptivitt dve purview of
use of a visual indicator such as red, yellow and/or
green lights, or by a variety of other neans such a&P
wi rel ess signal to conmunicate with a Bl uetooth
enabl ed devi ce. STEP DEVI CE STATE COMVENTThe fol | ow ng
Is an exanple of how a Self-Sterilizing device could
operate and interact with a user: 1. The device would
indicate its current state through the use of an

i ndi cator light |ocated near the active surface. The
device could provide feedback to the user via other
nmechani snms, such as snmall display or a wirel ess
connection to a renote conputer. 2. In this exanple, a
colored LED light is used. The light could indicate a
red, yellow or green color or indicate all three
colors at the sane tine. 3. Wien the device is powered
on, the device perforns a calibration self-test. Al
indicator lights (red, green & yellow would be turned
on. The self-calibration selftest checks to verify the
devi ce power system sensors, active surface, hardware
and software are operating within specifications.4.
After the self-calibration self-test, the device would
sense if the active surface is currently being touched
by a user or external device. If a user is touching
the device, the indicator |ight would turn yell ow and
a safety interlock would trigger. The device

this ;gication.
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woul d go into standby node. The device will remain in
standby node until it is not being touched. 5. Once
W@ b@oacteBye surface is free, the device wll peeT/O82008/084378
the initial self-sterilization cycle. The indicator
light would turn red during @If-sterilization cycl e.
6. Once self-sterilization cé le is conplete, the
indicator light would turn green. 7. Wen the user
pi cks up and uses thdaf@gnees or the device senses that
it may be contam nated, the indicator light will turn
yellow, a safety interlock would trigger and the
[1] Kaeds, 08, MOW dbog, NUMns! andkyiyateantas t ORgrakio Proc. 10th Symp. On
re-sterjljze again. 8 The steps above repeat as
Plasmadehray. Vedk dnfpitnst 10-Pri-30 624 p1 e pertains to a device
capabl e of self-sterilizing a surface of the device.
Figures 10A-10G show the results of plasma generation
[2] Rath, BR s Bhfaceofillladmag cBB15), At 7128KY, 14kHz, at about
20/ after various tine periods up to 1 mnute of
excitation. Figure 10A shows the surface before
[3] S.Q%K), kab | QRoWH. nfPh. @hitRRSIndSAl WEdban EeBeT Eaib i rge dynamics
yeast SO|U%IOH contains 10 spores/m, and the surface
for plafmaactdatoisn bl A e¥006108¢ ¢ Hdle Aexaspucet boenceFMypating AEBExhibit, 9-12
Jmu13h2§66the surface before excitation with | Or of
a§é 'sol ution, where the yeast solution contains 109
spores/m, and the surface after 1 m nute of el ectrode
excitation. Figures 10G 10G show the surface with
[4] S ORpy.oFloye agtatinl i radad teguencyeipopratallyionived snlisionad plasmas,
. T S seconds, respectively, of
A@phgig??gs”é%%“F?égﬂﬂﬁgkﬂgﬂgaggthe qual itative nature of
a survival curve, with tine in seconds on the
. Jhorizontal axis and exponent of nunber of spores on
[51M; Reisgbr\Vi taftl di Erankenolyi Myraneanga W enderlisd, Rigrilipaiopfot Polymer
Foils RXF& BRIEHY B Yﬁs&%@@?%@ }mf) fhefic %%SELE‘&%I%‘!@IE& ﬁ%ni’olymers, 9
of yeast solution, t qualitative nature of a
(1) 23s3F @004). curve (triangles) for a surface with | Orl of
yeast solution, and the qualitative nature of the
survival curve (straight) for a surface with | O of
[6] M.EB&inSOWILXAR- R IT.RALGHE Ss. RALGR 2AP | C8FUNRN Sterilization using
provi sional applications, and publications referred to
dieleagnic birrieddindraegantatreoiphene pesatredntystryed gl eatdensi Gortfhrence, 2005.

.enfiget incl udi I I Qur nd tables, to the
FOHK@&#&%?H¥W39ﬂ§?@ghg?L?hb%%§%§ﬁ2§qﬁmﬁth the explicit
teachings of this specification.
[7] M. Moisan, J. Barbeau, S. Moreau, J. Pelletier, M. Tabrizian and L’H. Yahia, Low-

temperature sterilization using gas plasmas: a review of the experiments and an analysis of

the inactivation mechanisms, International Journal of Pharmaceutics, 226, 1-21 (2001).

[8] Fridman G., Peddinghaus L., Vinovrski T., Jah A., Fridman A., Balasubramanian M.,
Gutsol A., Friedman G., “Use of Non-Thermal Atmospheric Pressure Plasma Discharge for
Coagulation and Sterilization of Surface Wounds”, 32nd IEEE International Conference on
Plasma Science, June 20-23, 2005, Monterey, California, IEEE Conference Record —
Abstracts, p. 257.
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It should be understood that the exanples and

enbodi nents described herein are for illustrative
w@eopoews2 onl y and that various nodificati ons BET/US2008/084378

changes in light thereof will be suggested to persons

skilled in the art and are tQ be included within the

spirit and purview of this agbl i cation. References [1]
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SGJ Widhs feNgenrating aHh16dSa thhEEE X308 deddn@HiBatss bkt 8%t a portion of
(1998) 1685.Clains 1. A device capable of sterilizing

the syfacdecont ami nat i ng at least a portion of a surface of
the device, conprising: a surface; a neans for
generating a plasma that sterilizes or decontani nates

2. atTHeeadliced afdkdih@ntoO¢latnh €, Siidréis ethe ZmeakRefod €3in6@ting the plasma
according to claim1, wherein the neans for generati ng

Compf”ﬁ@s pI asma conprises: one or nore first electrodes

| AGRLF R AL URE S8 S A6 alBe Qlrplior e second

oca ne or nore first
el @etor ﬁdﬁessecancpel‘ﬁaroc&@ aaedfpasximpr thé e ar moietfagteslectrodes
across at |east one. of the one or nore fi
el BV IoOETgngr spPvingst veHagorcrpert dfest é\ne rﬁf rtBe 9Be GRdnore first

electt%h@sclrfdchq ?csasts(gheaéf thO oHE Bpﬁl%I'eeseQ:Bﬁcf PLapsRs thal to %eng?at? ’i}]lg plasma

sterilizes or decontamnates at |east a portio
that ssmizece. deBontdhemathe i estageotich oigghe surédcai m 1, wherein
the neans for generating the plasm

3. The device according to claim 1, wherein the means for generating the plasma

comprises a means for resistive barrier discharge.

4. The device according to claim 1, wherein the means for generating the plasma

comprises a means for dielectric barrier discharge.

5. The device according to claim 1, wherein the means for generating the plasma

comprises a means for producing an atmospheric pressure plasma jet.

6. The device according to claim 1, wherein the means for generating the plasma

comprises a means for floating electrode dielectric barrier discharge.
7. The device according to claim 2, wherein the device is a surgical surface.

8. The device according to claim 2, further comprising one or more sensors for detecting

potential contamination of the surface or contamination of the surface.



conprises a nmeans for resistive barrier discharge. 4.
The device according to claim1, wherein the neans for
w@emensteBng t he pl asnma conprises a neans for dPEI/E81008/G84378
barrier discharge. 5. The device according to claiml1,
wherein the nmeans for generating the plasnma conprises
a neans for producing an atmspheric pressure plasm
jet. 6. The device according to claim1l, wherein the
9.  ndansiefoe agemdimat ongaitrh®, phasmthecatjedss ese af meaonse dbomore first
;%gatin%.electrode dieéiptric barri er discharge. 7.
clectrqgfs apfevlzed 48 B0FHT AB° PHIPE LAY AT BOTGHFEIE N the device is
a surgical surface. 8. The device according to claim
2, further conprising one or nore sensors for
10. ddhedtving apwrrding itaklago At wheneat therat &fastt dve fosr fleatwdomtilized as at
1 tcontam’natilon of the.ﬁurface.Qn The devi ce accordi ng
cast Qg SERRT M B [ CRh @1 RATHE FCOPERYY $REof the one or
nore first electrodes are utilized as at |east one of
the one or nore sensors. 10. The device according to _
11 c[The Wegice apnording tq pleinaf, whersin thaent pr sroresansers geintegrated with
or ol R 8% Me ARAT e S 8RS80 Baor kB P econd electrodes.
according to claim8, wherein the one or nore sensors
are integrated with or |ocated proximate to the one or
12. ngihe deyies pccordae o gy Antheieinofie 0BF ofrptaEe seieeisdre positioned at a
ranmg%§%558ﬂ%ﬁnh%§mﬁiﬁe devi ce according to claim8,
erein the one or nore sensors are positioned at a
renote | ocation fromthe surface. 13. The device
according to cJaim2, wherein the surface is on a. ,
3. 72k n‘getv ndieRrd 1 G 3i Hgerein fhe syrleieis Podelaigaty material
compMbfiggei n the first electrode |ayer incorporates the one
or nore first electrodes; a second el ectrode | ayer,
whdirel ¢lettheledepondhekcthe dug dleymde lmcoiporarass theene or more
first %%E @r‘nnre second el ectrodes; and a dielectric |ayer,
ISLEH8PE™h the dielectric material of the dielectric
| ayeEondSelbQfit agy PeWNaeR thB8edind! @a@%lode N ePindbHRrABEthe one or
or nore first electrodes and the at | east one of the
more ggreng elepedessaond el ectrodes that the voltage is

S%pcﬁleliegtgical%/eor? Svefeif rtl‘l:)ed che?ecprlica%l%érial of the dielectric layer is located

between the at least one of the one or more first electrodes and the at least one of the one or

more second electrodes that the voltage is supplied across to produce plasma.

14. The device according to claim 2, wherein the at least one first electrode and the at
least one second electrode are configured such that the voltage applied across the at least one

first electrode and the at least one second electrode results in a dielectric barrier discharge.

15. The device according to claim 14, wherein the at least one first electrode and the at

least one second electrode are driven as a phase lagged configuration by the power source.

16.  The device according to claim 2, wherein the surface is curved, wherein the surface is
capable of capturing and releasing a sample material, wherein the device allows sterilization
of the surface between releasing a first sample material and capturing a second sample

material.



14. The device according to claim?2, wherein the at
| east one first electrode and the at | east one second
web@enswer are configured such that the vol t ageCEPfi0EeB4378

across the at |l east one first el ectrode and the at

| east one second el ectrode results in a dielectric
barrier discharge. 15. The dé¢ice according to claim

14, wherein the at |east one first electrode and the

at | east one second el ectrode are driven as a phase

I ed configuration by the power source. 16, Th .
17 qdiRotedt SPATHAE S TRE nH%Q, SR citniCEfich FRioRcE! e surface is
spherfddf.ved, wherein the surface is capable of capturing

and releasing a sanple material, wherein the device
allows sterilization of the surface between rel easing

a.first.sanple material, and capturing.a second,s le, ...
18, DR R T gl R e BBeshkele B0 il P REISaT bRt fuid in o
contadier h&@Dh ol Rk ic@MNwRErefnBe SHFdcBEE hififa2p BEIHe@BhtainkBportion of the
The device according to claim2, wherein the device is

devicgapabl e of holding a fluid in a container portion of
the device, wherein the surface is a surface of the
contai ner portion of the device. 19. The device
19. acier déwvige tadccliia Mol 3lairh U3, htfrtheO NPipSikiAQ: adpRkdltal dft ¥pertures
of apertures extendi ng through the | am nate materi al ]
extenflingrihepueh rthe lapigaterpatgrid fEgRck Srysidsrtottheecragdrisifgrqd the laminate
matel?ﬁtlgédtﬁi oh%%ﬂg %q‘tg@ Pﬂx\?\llhgtg ﬂgteﬁ!ﬁefr!)lﬂ%g & s'ﬁl%, .q{fﬂaa%in the voltage
romthe rst side, erein the voltage applie
appligegeeat@as @aphadinehadicsbivaeh éhd ploalighoftdpertplesirvalidréiy tiaf surface is
jflgg%gures, mh%rei %&e surface is a surface of at
a sur at hyfst e e QP 1B Phapeditegpertures. 20. The
devi ce according to claim 19, wherein the plasm is
ej ected outward toward the first side, wherein the
20. plBendeveicectadingdnataimt e whergt thsi plesnst srdjtdtakesutsvard toward the
first outer surface of the first sjde...21. The devic
first sl ety e T e oBABh B it bt et ARt Fie of the
first sddeSO €] ected toward the second side, wherein the
pl asma ej ected toward the second side sterilizes a
second outer surface of the second side. 22. The
devi C Iy Em : in.the surf. i S
21 ol RERELT o el 10 e IRL St Bl o hgted toward

the s@bndreide, Whésin Bk ptismadgstaindwahkthenecdd sidy @eslefondtecond outer

el ectrodes_are
surface of the second side.

22. The device according to claim 2, wherein the surface is located on a first section of
the device and the one or more first electrodes and the one or more second electrodes are
located on a second section of the device, such that the first section and the second section are
moveably connected to each other such that the first section and the second section can
transition between a first position and a second position, wherein when the first section and
second section are in the first position the one or more first electrodes are located proximate
the surface such that applying the voltage across the at least one of the one or more first
electrodes and the at least one of the one or more second electrodes generates the plasma that

sterilizes and/or decontaminates the surface.



| ocated on a second section of the device, such that
the first section and the second section are noveably
W@ wnecto8zl t o each other such that the first SRCI/USI908/084378
and the second section can transition between a first
position and a second position, wherein when the first
section and second section afe in the first position
the one or nore first electrodes are | ocated proxinate
23. t Néhesdavi@cacceudity thataiapp) whagit e waficagadateass dheore first
Iea t o e of .the one or re first el ectrodes and
eleetf?i'isé NG BT peRE Bkt B ord fiﬂe OBRAT B106E p70HE §lectrodes
are l0g8E& Bﬁ‘ta%écotnh Qedo@dTohd d@ﬁcess&ﬁ'tﬁ%%ﬁesﬁﬁpsycﬁéin and t ¢ second section
decont am nates the surface.? devi ce according t
are moledbhy 2onnehted éd wadthhethsusuchdlatahe firseane ad tho rsecohd rsed:tmn can
s S FEESR TR bR oL Bt Gt eBafln P st sson an
second Qe R0ar®n BheSRSORNAitRACHE ORe Of moRe fiFle ¥ieE®odcd YeddchRY proximate
the first section and the second section are noveably
the sedreacerle dhat @pelarlm ibeheltagaedrosshtite atHeast ions tof see bhopr more first
electrocrlleds a:nldg}ﬁe ;gtﬁl a rzeg(gfto thg rdBeggxln %nto%easnesc td ?in?tgoe V\gﬁnelrﬁgs #h]e Ipiz{sma that
stenhsemudm deshtaeeatdireaten are in the first position
the one or nore first electrodes are | ocated proxinate
the surface such that applying the voltage across t he
I f th or. ik St
24. Fhe EPRE SOl b R 220 naBER b 6% 5 BRHIRERR, BRE section i
retracgeinetoahesecohésqtiasma t hat sterilizes and/or
decontam nates the surface. 24. The device according
to claim22, wherein in the first position the first
25. ?ﬁ&ﬁé\g&a h&o?(ﬁﬁ%@&%ﬁtﬂn'ﬂt Qvfeh€n Siﬁ GRo ?irs? Ellt]%H t?géecoxﬁ &ection is
device according to claim 24, wherein
extenpabittito urtdvad slecintsesgat.i on i s extended out to
surround the first section. 26. The device according
to claim24, wherein in the first position the second
26. PRCHEAR h&cofdiheReeriRul4, ivifePeih NE thd FSdk pRe&ibh QHe sgcz)nd section is
The device according to claim22, wherein the first
extendec@utantoitke Bt sectied from t he group consisting of:
needl e shafts, hypoderm c needl es, catheters, tubes,
scal pel s, knives i npl ant abl e devices syringes

27. @heckviedascordibg g cRlm i22s Wher@ntie, ﬁxfstoaﬂu&r P&l @tddofom the group
equi pnent , drug delivery, and cannul as. 28. The device

com%i&gonﬁ i mgedls ehafismippodierie reedlts. dethictsss. | ibsel sealpals, knives,
1mplaB{a%r9 dd'lf?ceg,r SMBges, electrodes, surgical instruments, food preparation equipment,

drug delivery, and cannulas.

28. The device according to claim 2, wherein the device is selected from the group
consisting of: needle shafts, hypodermic needles, catheters, tubes, scalpels, knives,
implantable devices, syringes, electrodes, surgical instruments, food preparation equipment,
drug delivery, and cannulas, balloon catheter, urinary catheter, guiding catheter, ablation

device, stent, and implantable device.

29. The device according to claim 22, further comprising an interlock switch, wherein the
interlock switch controls the transition of the first section and the second section between the

first position and the second position.



consi sting of: needle shafts, hypoderm c needl es,
cat heters, tubes, scal pels, knives, inplantable
W@I200906882 syri nges, el ectrodes, surgical instrRCEOS208/084378

food preparation equipment, drug delivery, and

cannul as, balloon catheter, urinary catheter, guiding

catheter. ablation device, sent, and inplantable

device. 29. The device according to claim22, further

conprising an interlock switch, wherein the interlock
control s the itjon of the.first section

ransit
30. a &et 108 GG IR 49 i© iﬂﬁm g s §9Tfase 9BEsEi B Fngpore first

electrb® HBGROEInPOS hilokOBecdRd e%@@o@e%vdré: fcaea Yndi ﬁ%t ts@ctﬁ)ha{vﬁérem the
2, wherein the surface and the one or nore first

first se¢tmataan de sx@nded tig odneseend mtwnséamdiemeewph e duramgegeneration
er ej

of theyitsEle Stafts ch Bt S0 502 ST SudibhSe b OBk e eation by

the phE@h Whakindtiel At GeRRMAtdNOPe @btrdchl PARSHR ties®Uhd @6&ion after
can be noved over at |east a portion of an object for

steriligateon; qfithegliient by the pl asma, wherein the first section
can be retracted back into the second section after
sterilization of the object. 31. The device according

31. t dheldavioe 3@ ordiheredlnint BE visrdiace daefcahay dyfiddi@akhape.
shape. 32. The device according to claim 30, further
conprising an interlock switch, wherein the interl ock

32. S"T’h% ABvico Q&‘rop(hﬁ Eﬂaaﬁ%@ qﬁftﬁ& & nsfﬁ aﬂﬁhfcﬂ@dpgwﬁ&e herein the
first section w respect to t section 3

interlddkesviehi @atralscbe dxmrgswm and adtracBon mhﬂreeiﬁnst sdeeos withaeepect to the

an inner surface of the device. 34. The device

S“”“Qé@ﬁwﬁlng to claim33, wherein the surface is
cylindrically shaped. 35. The device according to
claim 33, wherein at least a portion of the surface is

33. cdiheavace 3@ordihgtaddyintd drron diawyrace ol aaiinng 3yrfadearfehadevice.
the device is a beaker or flask. 37. The device
according to claim33, wherein the device is a drug

34, delhi\ievi¥e ROEIRE tACIBinPES, tvehered the HiefableM i cGBn @GNy dhped.
to claim2, wherein the surface is a flekible surface.
39. The device according to cIa|n12 wherein the

35. JTlﬁé ?&?ce' a%c&\/\% 8'?:131%1#{[]3261%5? el et l%ag?a ?813(1855 %.ﬁ_a)fe %ﬁ? concave.
4 1. The device according to cIa|n12 wherein the one

or_nore first electrodes %1d t he one
36. The device according to claim 33, wherein the device is a beaker or flask.

37. The device according to claim 33, wherein the device is a drug delivery port or a
pipette.

38. The device according to claim 2, wherein the surface is a flexible surface.

39. The device according to claim 2, wherein the surface is a woven surface.

40.  The device according to claim 2, wherein the surface comprises Teflon™.

41, The device according to claim 2, wherein the one or more first electrodes and the one

or more second electrodes form a pixilated electrode matrix.



or nore second el ectrodes forma pixilated el ectrode
matri x. 42. The device according to claim4l, wherein

w0 b@9jé7682 at ed el ectrodes have a crosssecti onaPCT/US2008/084378
di aneter in the range of 1 nmto 100 mm 43. The
devi ce according to claim4l, wherein the pixilated
el ectrodes have a crosssectidhal dianeter in the range
of 1 mmto 10 nm 44. The device according to claim 2,
wherein the one or nore first electrodes conprise a

first wire electrode, wherein the one or nore sec

42, ofhetdeyie SoERBE Weclainy dd o peheyin dhe pEdiateddgectipdst F‘YF a cross-
he second wire el ectrode
Saﬁmg?ghléﬂldeghgﬁggé§ﬁfLgﬂsﬁggqg%cordlng to cl ai m 44,
wherein the surface is an outer surface of a tube,

rej n. the braided flrs wi.re el ctro
5. Wi st eaEna § BOST oL i (BF AP By BrosenBave a cross-

sectwﬁzﬂQﬁ‘amét@r in ThEradBY bELuMABQ0NGh.Ng to claim 44, wherein
the surface is an inner surface of a tube, mhereln t he
brai ded first MAre electrode and second wire el ectrode

a osi tione t he tube

4. 05 98RLE REPEMREN Soth 2 WRGEhmPe oh P St feg comprise o
first wig@etecRadd, \Qﬁer@mn“ﬁhgl(ﬁ@' ordR¥H& Secofll @3dcBddéy Bdhpiie frseetd wire

consi stin a ball oon catheter, urinary catheter,

electredg, Wﬂ‘ﬂ@lfbg‘? Westerire dpttende ond thavsceand e Plapiresetaapbraided.
device, and a stent. 48. The device according to claim
2, wherein the device is a cutting board. 49. The
45. daYe deviac acsording té olath aldmwBerah eedunfatdies 4 aste@surface of a tube,
substantjally elimnates one or nore of the follown g
wherepy g e fitplowie eéFCH@fl? Ath Sefong neire gleptieds apipesitigned within a
bodyﬁf ? s, tissue, gerns, bacteria, pathogens,
ogi cal agents, viruses, netabolically inert
agents, pyrons, organic matter, and nicroorganisns
The deV|c accordin m 2, wherein t
%ag BVt T TR0 b ST R e Sir ARG Tt 1T Surface of a b,
Where‘fﬂfI ﬂfea&%lcféa firdih @8 %Yéc%d@ﬁﬁ@ 'E;Qdoﬂg Wioe &lcRirdBare WiRTRLA] within a
device automatically sterilizes or decontam nates
bOdyoﬁ@eﬁdwface upon the one or nore sensors detecting
potential contam nation of the surface or
contam nation of the surface. 52. The device according
47. t qheldavite decofdifg REElai@OIR RIS tide ©Batls A Peavighit sthemedial device

or nore
selected from the group consisting of: a balloon catheter, urinary catheter, guiding catheter,

ablation device, an implantable device, and a stent.
48.  The device according to claim 2, wherein the device is a cutting board.

49. The device according to claim 2, wherein the plasma substantially eliminates one or
more of the following from the at least a portion of the surface: living organisms, tissue,
germs, bacteria, pathogens, biological agents, viruses, metabolically inert agents, pyrons,

organic matter, and microorganisms.

50. The device according to claim 2, wherein the plasma sterilizes or decontaminates the

entire surface.



first electrodes proxi mte the surface such that the
one or nore el ectrodes are not exposed to the
wepovoesent . 53. The devi ce according to cl ai PCIWBS2008/084378

further conprising a coating over the one or nore

first electrodes proximte the surface such that the

one or nore electrodes are né® exposed to the

envi ronnent. 54. The device according to claim13,

51 wideedavidehecoudif@ace ddint Be vdicediecthe i deviveatiitngatidady sterilizes or

woul d be exposed to the environnment .is coated g@%ﬁ a. .
decontaspigates tFsuppCE AN Re AU SRS felFcting Rot@H plgoatgnination of

the su'irﬁ@e Qle%"tﬁﬁlh%rp(gftﬁgﬁnpicésm 55. The device according
to claimb54, wherein the conductive or sem -conductive

naterlal conprlses on or nore of the fol |l owi ng: carbon

bes, OMAre tive mers,. and
e ER sl SR o MR BRI SinE B exyths e pr more
first e‘lé&@fo@&eprﬁilrr@é thefsuffade KRB etk @dlesnd & rﬁ&@t&&trwéshara not exposed to
conductive or sem -conductive material that enhances
the envirengierfer at i on of the plasma. 57. The devi ce according
to claimb56, wherein the conductive or sem -conductive
material conprises on or nore of the foll ow ng: carbon

53. nametd¢bes actradiapits ekim dQNfuttict Y& POdiNgRIcSatird 6l er the one or more
nanorods. 58. The device according to claim 13,

first jgeEpdesProR@anbestag woh iha theprscapereslqegodesare got exposed to
onductive or sem -conductive material that
them%%%ﬁ%@%ﬁ the generation of the plasma. 59. The device
according to claim?58, wherein the conductive or
S conducti ve mat conpri ses on or re.of th
>4 gf[ﬂrécflﬁvwa aceooffiﬁl(gﬁorfiad SR {Bise A disce coating that
Woul(PQJeygﬁfo%d dhd %HQIE‘%CH@QS cHageddaythes c%ﬁ&ﬂ,&lqzbn& Eé?m conductive
claim8, wherein the one or nobre sensors are coated
lanmﬂﬂhuamumndubtgm@namnséMMﬂ@amdmct|ve mat eri al that
enhances the sensitivity and/or specificity of the one
or nore sensors. 61. The device according to claim 60,

55. Whakedd ¢ QeaRMlidb Clol ¥R 54 eWhe@BNUMC b ¥@icABE &Jrl 8dmi-conductive
conprises one or nore of the foll owi ng: carbon

materted FOmpbess, o anawire @f the rikvuang vearpol yanetubes.arpowires, conductive
polym p h8 gxgnorods

56. The device according to claim 2, wherein the one or more first electrodes is coated

with a conductive or semi-conductive material that enhances the generation of the plasma.

57. The device according to claim 56, wherein the conductive or semi-conductive
material comprises on or more of the following: carbon nanotubes, nanowires, conductive

polymers, and nanorods.

58. The device according to claim 13, wherein the one or more first electrodes is coated

with a conductive or semi-conductive material that enhances the generation of the plasma.

59. The device according to claim 58, wherein the conductive or semi-conductive
material comprises on or more of the following: carbon nanotubes, nanowires, conductive

polymers, and nanorods.



62. The device according to claim52, wherein the
coating is coated wwth a second coating of a

w@wdietoBre or sem -conductive nmaterial that ePCEHOSWE8/084378

the generation of the plasma. 63. The devi ce according

to claim62, wherein the conductive or sem -conductive

materi al conprises on or noré%of the follow ng: carbon

nanot ubes, nanow res, conductive polyners, and

nanor ods. 64. The device according to claim@8, further

Cc rising a coating . over the one or nore sensors such

60. ¢ ﬁgig Kise %ﬁ@r gﬁarcgal@e%melaﬁ AR ORRBES RS afhepated with a

condifeiiVe bP Q%MMdQéivemﬁeﬁﬁ\{hﬁeenﬁg&% HeNQndifvi Qﬁ(m)ﬁs‘beciﬁc'ty of the
wherein the coating is coated with a second coatli ng o%

one opmeongtnedrs.ve or sem -conductive material that enhances
the sensitivity and/or specificity of the one or nore
sensors. 66. The device according to claim®65, wherein

61. t I’l@lec@é‘géé‘:tab&@diﬁ% Rellaik OFHUGHhENS TR @b cti¢ONRY b&8iSconductive
one or nore of the follow ng: carbon nanotubes,

matenid reomiPriess, onsoriduete efethp dbNereing; catheh nenvdutsdsnangwireTheonductive

ol q§¥i%gng&%gﬁging to claim4l, further conprising one

POLYIGTS 70F 888 Ror s f or detecting potential contam nation
of the surface or contam nation of the surface. 68.

The device according to claim67, wherein the device )
62.  alhssyice apqopdisg & ¢lpiny 83, whergia demeariing it @etadheiths g pecqpd coating

ofa cHR@.P:ti(/Q &r —C%B?MRIQ n?‘a%lfa? bitht gﬁ{a‘ﬁgési 1 Qr%%zﬁ[&l' oqr:‘th lasma.
cont am nation of the Surface or Contannatlon of the
surface. 69. The device according to claim68, wherein
the device is capable of sterilizing or ) . .
63. ¢ ng‘é"r‘ﬁ% AEFRGNE nioy Cl3PRt Pon¥heein K& sopqugtise { Yaperpingonductive

materMd] CoffpridQY &n SEURAE Df qﬁé ?&Iovﬂﬁ%:e&trﬂ) n&%&&g} ﬁ'ﬁl%m%s,oéonductive
th f sur by

e surface or contam nati on t he ace
polyngorsianil ngnqrods. | at ed el ectrodes in the portions of the
surface that the potential contam nation of the

surface or contam nation of the surface occurs. 70.

64. ThEedRVice QcaiRkdb Rhif08, Cufth&R dmpMigigel Bodifig HARY tifCodeSor more
capabl e of sterilizing or decontam nating one or nore

sensogpjush that gysineion mede smsey arsnatfeapesed vd the Pheirelréne
according to claim 70, wherein the device
automatically sterilizes the object when the objects

65. arkhepiesict heddedin@to tlaen s4igeein the coating is coated with a second coating
of a conductive or semi-conductive material that enhances the sensitivity and/or specificity of

the one or more sensors.

66. The device according to claim 65, wherein the conductive or semi-conductive material
comprises one or more of the following: carbon nanotubes, nanowires, conductive polymers,

and nanorods.

67. The device according to claim 41, further comprising one or more sensors for

detecting potential contamination of the surface or contamination of the surface.

68. The device according to claim 67, wherein the device automatically sterilizes or
decontaminates the surface upon the one or more sensors detecting potential contamination of

the surface or contamination of the surface.



72. A nethod of sterilizing at least a portion of a
surface of a device, conprising: providing a neans to
wee@dioewsn pl asma proxi mate a surface of a devPCEHPS2008/084378
causi ng the neans to produce the plasma to produce the
plasma for a duration sufficient to sterilize or
decontam nate at | east a por%Qon of the surface. 73.
The nethod according to claim72, wherein the neans to
produce plasma proximate the surface of the device
Cc ri ses: vidin nore first el ect
9. | SERsHER s ecton et e &GOS hieUPtEs preR I nBzine or
decon@mifiBir; SRS YAk GlsesH thodeFadeohal 8 0t MBLschits @RcOpotential
nore first el ectrodes; wherein causing the nmeans to
contarpn@dgm; ef thq:esupﬁagﬁsmacquﬁanpm@m@f thh @u}ﬁa@shjyae)fcmngaplxﬂated electrodes
at i on . ,suff e _.or
in e gFfis 37 o3 e B SRl i adiE R B AP 5B e fgination
ofﬂw@uﬁﬁkhﬁQQSacrOSS at | east one of the one or nore first
el ectrodes and at | east one of the one or nore second
electrodes SO as to create a plasna that sterilizes or
e e dkihed r
70. i gﬁg {Hg@%}e %‘:&%n{rg{f %fﬁgrg%r\l?v}é%grél &Irgo(\i/ dé Rdc %%81% 9f| g]tgnhzmg or
decong@misgig dnefor deire objettg ppsitiemid @l the emnifaua) nat ion of t he
surface or contam nation of the surface.75. The nethod
according to claim 73, further conprising: exposing
71. UhSe S&é(/fcgca%c&ﬁu%nto Pl Mink %“%&;Hergiﬁ\fh@ QeWiel %B&)Fdaltlgalfgﬁgtteﬁﬁzes the
cont am nant's ter sltch exposure, supplyinga
objectvehdnate objecte s @mtsitlomad bn drwesuohcd. he one or nore first
el ectrodes and at | east one of the one or nore second
el ectrodes so as to create a plasnma that sterilizes or
72. d@\%@ﬁl@&bﬂﬁ%ﬁﬁzﬁ@ ot eM fdf'}‘)%ﬁlon7(§" -a SI%CWM1&C%ﬂ%
to claim72, wherein t means for generating the
pbryiding @mnswradmmamprdxmaém pirgachaf pideyice;
di schar ge. th cording to claim73, :
WREPUR, B, 1B 3, PR | et R el for @ auraion
sufficlént foagernze OF dedd@tantn gk at Rhsf 3, poktibit Sfethe G@MRE] Si Ng
provi di ng one or nore sensors for detecting potentia
contam nation of the surface or contam nation of the
73. ﬂ%rélgeglﬁ eéchgrdll Sé‘on ahrz?ﬁ\ﬁlg 85%&?9165% t%lqugﬁcg%lasm%rgil&ate the
surface of the device comprises:

providing one or more first electrodes located proximate a surface of a device;
providing one or more second electrodes located proximate the one or more first
electrodes;
wherein causing the means to produce the plasma to produce the plasma for a duration
sufficient to sterilize or decontaminate the at least a portion of the surface comprises:
supplying a voltage across at least one of the one or more first electrodes and
at least one of the one or more second electrodes so as to create a plasma that

sterilizes or decontaminates the surface.

74. The method according to claim 73, further comprising providing one or more sensors

for detecting potential contamination of the surface or contamination of the surface.



conprising: a first electrode |ayer, wherein the first
el ectrode | ayer incorporates the one or nore first
webk@evewers; a second el ectrode | ayer, wherei nPETIES2008/084378

second el ectrode | ayer incorporates the one or nore
second el ectrodes; and a dielectric |ayer, wherein the
dielectric material of the dilelectric | ayer is |ocated
between the at | east one of the one or nore first

75.  ellbe medwdsicanrdingtie chim|78 aBttheneongfrisitge one or nore

second ectrodes that the voltage is .supplied acros

¢ SR eThESHTGE RRar 85 robRgny BB e BaRUR Rl E6n ERiRp: and

7 3ferieh @kpodulre s@f)pl!;fﬁ?sat vaa@e fabfost a€leg@tdneds RO nd Bemore first

at | east one second electrode are configured such that
electredee apdpt kege cappif ithedongcarasere sheongtelcirgdes soras th icragte a plasma that
SterﬂiZeéSeO%t r((l)()% an?‘lrr]lgt ‘S: Bfe S%tfaéeeaSt one second el ectrode

resuﬂfs I'na dielectric barrier discharge. 81. The

nmet hod according to claim 73, wherein the device is

capable of holding a fluid in a container portion of
76. ¢ ﬁge desfhed acoprdingith dHE Shr vhersin Gieamsinst R ecpgratipge the plasma

comprg%g%?ﬁ;j&ﬁg f(ﬁ%él}%&ﬁcg 1Tep<\%%grﬁ¥ec e. 82. The nethod

Ing to claim erern the surface further
conprises: a plurality of apertures extending through
t | am nat e terial froma first side to a secand
77 s Eg%“ﬁrﬂﬂgﬁéc?rgflﬁgﬁatc THeP eV Pgrm tg% dEWEE SPpYEE S‘bf?acf:he
lam nate material fromthe first side, wherein the
vol tage applied generates a plasma di scharge through
78.  t Aee plethraall dceyrdofg apdgitnu’le syrtwin epmprisinp ereiidiigore psmare sensors

ur.face of .at | east. one_ of the plurali.ty. of ertures.
for defifind il Rom SRy R cu oo BB iRt ARt
plasma is ejected outward toward the first side,
wherein the plasma ejected toward the first side '
79.  silbe imdthed agcordipgtto slaimy 7S uvhereie BF suhecd iy en aslagenate material
C0m<§%h_The nmet hod according to claim82, wherein the
pp?a%na di scharge is also ejected toward the second

ShdBst sb@fod Nayidnewpdraisbe €jre &l @totl @ Wakt idcbosfe0Mhd one or more
side sterilizes a second outer surface of the second
first elgegedesgs.  The met hod according to claim 73, wherein

t Q%c(‘?‘dﬁrdfquﬁmi& 1%}%9,%&&@9”&9 Fééoﬁlﬁtek[sc%aés % epfnct')g)%raﬁes the one or
devi ce an t he ne or nore Irst electrodes an t he
more sendelecamrdessacond el ectrodes are
a dielectric layer, wherein the dielectric material of the dielectric layer is located
between the at least one of the one or more first electrodes and the at least one of the one or

more second electrodes that the voltage is supplied across to produce plasma.

80. The method according to claim 73, wherein the at least one first electrode and the at
least one second clectrode are configured such that the voltage applied across the at least one

first electrode and the at least one second electrode results in a dielectric barrier discharge.

81.  The method according to claim 73, wherein the device is capable of holding a fluid in
a container portion of the device, wherein the surface is a surface of the container portion of

the device.



| ocated on a second section of the device, such that
the first section and the second section are noveably

W@ wnecto82l t o each other such that the first SRCI/USI908/084378
and the second section can transition between a first
position and a second positign, wherein when the first
section and second section at®e in the first posi tion
the one or nore first el ectrodes are | ocated proximate

82. t Wbe metlicalcascendity torddimafih whengn thtesuyare Sythenceropgseshe plurality

at | east .one. of e one_ or re.first .electrodes and.
of spefigeesciting i ingieh e B G b L S8 aP EoRr BN of e
lamin&e Nestati 8 JotNQl PhRSHB of fatt labli@lté hiat@ml & e first side, wherein the
decont am nates the surface. 86. The nethod according .
voltagespplied asmesatesymplaging dissbarge thrgegh Hedolwmabityorfeapsrturpsy wherein the
fi. ) [ rst section of the
surfacgad TP OERE o8 S IBRIAR BB AS!  Cdes are
| ocated on a second section of the device, such that
the first section and the second section are noveably
83 cohnatth acsoigo siaers s ne eh e RIpENG Iseteledet v oward the
first sﬁi@,dwh«g‘@instﬁg gﬁgm§ %feueg Rovw & chd AFLP V\i}qik %ﬁh%s“%eﬁgt b dustace of the
position and a second position, erein when the first
first select i on and second section are in the first position
the one or nore first electrodes are | ocated proxinate
the surface such that applying the voltage across the
84. atrnkeAGtho®REcRbinkhe QR&: 8P, WRERif KShla8h8fisRds @NMso cjected
the at | east one of the one or nore second el ectrodes
toward) ereeyeaombsidd evhelas the rlimata geaed foweed thersd¢and side sterilizes a second
; dqgfntgginat§®>t e surface.87. The nethod according to
outer B 85 SRS 9 in the first position the first
section is retracted into the second section. 88. The
met hod according to claim87, wherein in the first

85.  pdsrmedrd srsolengondlamctd omeran Sersepdediisdogatqdoon a first section of
AL r the fi [ [

o oG Y0 (L L T TP 5E0AE i

locateg @@td @BonidSseendentiae dodte, istdhothbhe firdt Séctivaahd die sedéhd section are

The nethod according to_claim85, wherein the first .
movegly 1508Reqie] Kerasdt K Fishh e thir gﬁb S 4 g sspond section can

transil&F ﬁ!ﬁt@ve&tﬂ @fﬁr§t’ Jg}fﬁ)ﬂ [y &cﬁ?@ﬂ&ﬁﬁ’@n, Gatcheh &hen thd B&S section and
kni e

scal pel's, es, inplanta devi ces, syri nges,
seconélsedtononte & theuirgli maltionrib¢ puereniere fivodeprajzanst looated proximate

equi nt, drug. delivery, and cannulas, 91. The nethod
the sugihels g1t GPRYEE NS 301G DR dBbl 0Be PE Tiephit pagrore firs

electrbd QMnl & 8M&44Pone of the one or more second electrodes generates the plasma that

sterilizes and/or decontaminates the surface.

86. The method according to claim 73, wherein the surface and the one or more first
electrodes are located on a first section of the device and the one or more second electrodes
are located on a second section of the device, such that the first section and the second section
are moveably connected to each other such that the first section and the second section can
transition between a first position and a second position, wherein when the first section and
second section are in the first position the one or more first electrodes are located proximate
the surface such that applying the voltage across the at least one of the one or more first
electrodes and the at least one of the one or more second electrodes generates the plasma that

sterilizes and/or decontaminates the surface.



consi sting of: needle shafts, hypoderm c needl es,
cat heters, tubes, scal pels, knives, inplantable
W@I200906882 syri nges, el ectrodes, surgical instrRCEOS208/084378

food preparation equi pnent, drug delivery, and

cannul as, balloon catheter, urinary catheter, guiding

catheter, ablation device, st&nt, and i npl ant abl e

device. 92. The nethod according to claim 73, wherein

the surface and the one or nore first el ectrodes and

t one, of nore secopnd electrodes are_.located o L
87. 1 g maihod perdipn &y &3 e PR 18 JRg fiEh Pesifopdhe frst section is
retracBXtigRdedsRbtd @ctign. second section of the device such

that during generation of the plasma the surface can

be noved over at |east a portion of an object for

terilization by the plas wherein the fir section . .
s8. Bleeimgtof 2o g o shErT Fe sl GuBbmg dBisvioBih ffgpt etion i
exten&ddednit kd Zatoduaa tief filkh@cadj.ect. 93. The method accordi ng

to claim92, wherein the surface has a cylindrica

shape. 94. The nethod according to claim73, wherein
59. TRl A6 B 30 LI, W86 B e T R o e Sop Section i
extendad dunditb cled firyt kba@ed. 96. The nmet hod according to

claim94, wherein at least a portion of the surface is

concave. 97. The method according to claim 94, wherein
90. Thendd WdGRcdrding tB %ﬂ?ﬁr%? rwhfe{‘éﬁ e 254 se-EBSn E@%ellj&geél from the group

according to cllaim 94, wherein the device I1s a drug
consigtalgi wér yepe t shaftsa Ipppédringc  BRdleTheatietenp dtubes osdilpads, knives,
. to.claim73, wherejn the surface js a flexible . .
implafp e diCer it ie CHEPRGS SERAUMEIT G B thpreparation equipment,
drug MQER] Bnd @nsMdtface is a woven surface. 101 . The

nmet hod according to claim 73, wherein the surface

conprises Teflon(tn). 102. The nethod according to

claim?7 wherein.the.one,or, nore first electro and
o ¢ e chidtog MSFEnEab STie ol hERactF s ThREMEE Biprt e sroup
consi®ln@Clor:odeedrat shats, HBodckhee MdclRd, aamefedd, NEibky GLaAbdR, knives,
) 102, wherein the pixilated el ectrodes have a ‘ .
implagfablesdeviac.civanges slvstredesi purgical insiigaenss. foognprengratiop equipment,
drug dglive ,4a dT%\h%aﬁﬁ%,hQ%ho%gc&E b9 iR lc‘:”a'tﬁ'gtéro idMIECEhQer, ablation
the pi’xiTated el'ectrodes have a crosssectiona
devicdisanmetaad implahtablerd@nge. of 1 nmto 10 nm

92, The method according to claim 73, wherein the surface and the one or more first
electrodes and the one or more second electrodes are located on a first section, wherein the
first section can be extended out of a second section of the device such that during generation
of the plasma the surface can be moved over at least a portion of an object for sterilization by
the plasma, wherein the first section can be retracted back into the second section after

sterilization of the object.
93. The method according to claim 92, wherein the surface has a cylindrical shape.

94. The method according to claim 73, wherein the surface is an inner surface of the

device.



105. The nethod according to claim73, wherein the one
or nore first electrodes conprise a first wire
webk@evewsr, wherein the one or nore second el eRCT/UMWE8/084378

conprise a second wire el ectrode, wherein the first
wire electrode and the second wire el ectrode are
brai ded. 106. The device acc%+ding to claim 105,
wherein the surface is an outer surface of a tube,

95.  wHée siethadrrecdidaigde dlafim 94t whinem tbt ewtface decydimdrisdyoshdped.
wire electrode are positioned within a body of the
tube. 107. The nethod according to claim 105, wherein

96. g SHhbAGEOrEnAf EIRAEH4 SHaE 8t REstd Joriksh o MR 5RERe th®ncave.
braided first wire el ectrode and second wire el ectrode
are positioned wthin a body of the tube. 108. The

hod .accordi.ng .t o, ¢l aj,m 107 rein. the tube s at
7. I pReRAE R b I kdr e LRGSO Rl 255 oup
consi sting of: a balloon catheter, urinary catheter,
gui di ng catheter, ablation device, an inplantable
98.  ddbp cecthothaccarding i clagp @4, vheraip throdevarecrafiimg dedivery port or a
pqwﬁglain173, wherein the device is a cutting board. 110.
he met hod according to claim 73, wherein the plasm
substantially elimnates one or nore of the foll ow ng
99. - onbaclts scereaido SyB e, “BEETEhF s FarnbOERbl urice.
bi ol ogi cal agents, viruses, netabolically inert
agents, pyrons, organic matter, and m croorganisns. 1
100. 1 The niEfedeetddihgdo ctimigwhereol the euTRe indheogémstrfaec.
pl asma sterilizes or decontam nates the entire
surface. 112. The method according to claim 78,
101. T aht RRELSERBELIFINE chlithoTBlhEeRld e S@YRIRImpRSsTRAIFTH O
produce the plasma upon the one or nore sensors
detecting potential contam nation of the surface or
cogntamnation of the surface, 113, The neth
102, COBEFRRGY 0Pl I8 S TheF Bore e obier SFRaTe Gicprgges and the
one oEMBES JeOsiRiSel itRdLNRIrR 4 fieilaed élaceodeararia. coating such
that the one or nore el ectrodes are not exposed to the
envi ronnment. 114. The method according to claim 79,
103. \Aﬁ(ﬁ% %é%h(%(p GeBPEn Q%o TG fobr %&Ihﬁ%l? ﬁi]er 19i§ﬁ§te@ re?@&'trg@ésehatvged Cross-
surtface have a covating such that the one or nore
sectioahleliimadeia the mnpebf expoedd@Ot gmt he

104. The method according to claim 102, wherein the pixilated electrodes have a cross-

sectional diameter in the range of 1 um to 10 pm.

105. The method according to claim 73, wherein the one or more first electrodes comprise
a first wire electrode, wherein the one or more second electrodes comprise a second wire

electrode, wherein the first wire electrode and the second wire electrode are braided.

106. The device according to claim 105, wherein the surface is an outer surface of a tube,
wherein the braided first wire electrode and second wire electrode are positioned within a

body of the tube.



envi ronnent. 115. The nmethod according to claim 79,
wherein the surface of the dielectric coating that
wowrwwbee1se2 exposed to the environnment i s coat edP@i/UR2088/084378
conductive or sem -conductive material that enhances
the generation of the plasnma.116. The nethod accordi ng
to claim115, wherein the codductive or
sem -conductive nmaterial conprises on or nore of the
107. f dibkomdthgl aczardimntondmiot Lide syhertam g sueface Bandnatr isvidace of a tube,

ol rs, .and nanor.ods.. 117. The nethod according.to .
Wher%l éﬁ{%f%%e‘kﬁ@ &g ?1ﬁér°8ﬁén%rse eWEE elgetrg eea%erwﬂgonﬁé within a

body 6PAk&EbaM th a conductive or sem -conductive materi al
t hat enhances the generation of the plasma. 118. The
nmet hod according to claim 117, wherein the conductive

or.,seni s conduct.i ve t.er] onprises .on or .nore of )
108 TR RSOt T Bt JRERh (B Bitre gt 18] Bbpf ggnedica
devicPQLBRE Frond Ak BANG! QMSistidal 8F: alhgldvat hataC arRA NdtieRr, guiding

claim79, wherein the one or nore first el ectrodes is

catheigpablationidetica andmpliatabledayicesand 2 geiduct i ve mat eri al
t hat enhances the generation of the plasma. 120. The
met hod according to claim 119, wherein the conductive

109. OIThe@mdth&DRBuLkny© EIET, dhe@ANMEIISEiSe B @ittin@rdf
the foll ow ng: carbon nanotubes, nanow res, conductive
pol ymers, and nanorods. 121 . The nethod according to

T?xiﬁ:rplezﬁod %gfcﬁl%/é;tot @ﬁmoff “%%Eegig fh%.p?fs%osruﬁst%tfaﬂsr%g%rﬁgates one or

110. ¢!
W a condaucti or sem-co ctirve materi a
more efithndebowihg fsenshd bvicayt apotion fpleishifadet Yivofe dilgeniome, tissue,

or, nore sensors. 122. The method according to claim
gemslé@f,ct%ﬁeP@ﬁﬂﬂg%ﬁeb@i@&w;[ﬁg@étswr%%ﬁﬁ m@@gaﬂ@ﬂlwvléert agents, pyrons,

organi@h&ftdran LAMRE g 8spNE or nmore of the fol | ow ng:
carbon nanot ubesS, nanow res, conductive polyners, and

nanorods. 123. The method according to claim 113,

1 SRR S W, B A B

the edthesgener ati on of the plasnma. 124. The net hod accordi ng
to claim 123, wherein the conductive or
sem -conductive material conprises on or nore of the

112. f O[lhleor\ﬁmet%gé 2%%51%%% pangty bﬁS? ’mﬂﬁ‘&o%nﬁﬁr%siné: %Qt%llill%lﬁlce\ﬂ?y causing the
means to produce the plasma upon the one or more sensors detecting potential contamination

of the surface or contamination of the surface.

113. The method according to claim 73, wherein the one or more first electrodes proximate
the surface have a coating such that the one or more electrodes are not exposed to the

environment.

114. The method according to claim 79, wherein the one or more first electrodes proximate
the surface have a coating such that the one or more electrodes are not exposed to the

environment.

115.  The method according to claim 79, wherein the surface of the dielectric coating that
would be exposed to the environment i1s coated with a conductive or semi-conductive

material that enhances the generation of the plasma.



pol yners, and nanorods. 125. The nethod according to

claim 78, further conprising a coating over the one or
WOorRme/oewssor s such that the one or nore sensorBCHDS2008084378

exposed to the environnment. 216. The nethod accordi ng

to claim125, wherein the coating is coated with a

second coating of a conductive or semi-conductive

mat eri al that enhances the sensitivity and/or

specificity of the one or nore sensors. 127. The

hod accordi to c| ai 6, wherein the conductive .
116. or e%eﬁl‘@gn%fﬁ e St Fga%?cmwps%g BREVGI ey e conductive
materid CobPris@MbNGr ntRE RO BRKHREScarPGNAM s, CARBAMGE ] Maductive
pol ynmers, and nanorods. 128. The nethod according to

polynedrgiamd h@@oroflsir t her conpri sing one or nore sensors for
detecting potential contam nation of the surface or
contam nation of the surface. 129. The nethod

117. aciRrAEtRed bofdifd 19 didigh 75 Urhdiein tEOBRE biSinB&: first electrodes is coated
automatically sterilizing or decontam nating the

with geenidgelevagoami-hendygavomatepplethglesnbencess et geaetakign of the plasma.
potential contam nation of the surface or
contam nation of the surface. 130. The nethod

118. aciter thethgd t coldaigtol 2Bimf LI helicrei@Mbe i Sind@ctBleesd béndi-etghductive
or decontam nating aqnly portions of the surface that i

mateR g COFIBISEY O @1 9 3hs fellorape: srab@npingtubes e, gductive

vk e nsisfbace or contam nation of the surface by
po}mgf%ﬁ%?ﬁb 6%§$Iated el ectrodes in the portions of the

surface that the potential contam nation of the

suyrface or contam natiop of the surface occurs. 131,
119, T%%ﬁhg@ GORBR T a%_[)%l %?Wl?éﬁe PRf %@Prec@%sﬂﬁgtmffgs is coated
with E&dubtidd HGeRi-cHRERATMaRAL] Mg QRENQL IR RBLE %g the plasma.

positioned on the surface. 132. The nethod according
to claim131, wherein the device autonmatically

sterilizes the object. whe he obj ects are positioned .
120. o ehléleélﬂﬁfa‘fggr_dmé & Clatin Pl9t, \Ph O & e SeBatctReSor SN onductive
material comprises on or more of the following: carbon nanotubes, nanowires, conductive

polymers, and nanorods.

121.  The method according to claim 78, wherein the one or more sensors are coated with a
conductive or semi-conductive material that enhances the sensitivity and/or specificity of the

one or more Sensors.

122, The method according to claim 121, wherein the conductive or semi-conductive
material comprises one or more of the following: carbon nanotubes, nanowires, conductive

polymers, and nanorods.

123.  The method according to claim 113, wherein the coating is coated with a second
coating of a conductive or semi-conductive material that enhances the generation of the

plasma.



WO 2009/067682 PCT/US2008/084378

37

124. The method according to claim 123, wherein the conductive or semi-conductive
material comprises on or more of the following: carbon nanotubes, nanowires, conductive

polymers, and nanorods.

125.  The method according to claim 78, further comprising a coating over the one or more

sensors such that the one or more sensors are not exposed to the environment.

216. The method according to claim 125, wherein the coating is coated with a second
coating of a conductive or semi-conductive material that enhances the sensitivity and/or

specificity of the one or more sensors.

127. The method according to claim 126, wherein the conductive or semi-conductive
material comprises one or more of the following: carbon nanotubes, nanowires, conductive

polymers, and nanorods.

128. The method according to claim 102, further comprising one or more sensors for

detecting potential contamination of the surface or contamination of the surface.

129. The method according to claim 128, further comprising automatically sterilizing or
decontaminating the surface upon the one or more sensors detecting potential contamination

of the surface or contamination of the surface.

130. The method according to claim 129, further comprising sterilizing or decontaminating
only portions of the surface that the one or more sensors detect potential contamination of the
surface or contamination of the surface by exciting pixilated electrodes in the portions of the

surface that the potential contamination of the surface or contamination of the surface occurs.

131.  The method according to claim 73, further comprising sterilizing or decontaminating

one or more objects positioned on the surface.

132. The method according to claim 131, wherein the device automatically sterilizes the

object when the objects are positioned on the surface.



