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i 1ok hosERle aand te the pesntt inwdnitivhriathe § TORRAP@ 1008 Sterilization
| engthy aeration please._ and sterile instrunents

Systepe wmmrpinﬂerdamibl%;e from Jetinsgn wadobasen fiempany. The_nSHfABRRAD@D
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Systeg d5 hasfiei Ghhe Eéein'p%ﬂq%s SR JRM e @ plggaa from hydrogen
53 SEh o
pero 3L PHE TP L8 i ok S 561RE, RALSHINEI i perform e

~ sterilizb86h F @R’ Rkdiday -egﬁiﬁméht. Ths Wpbtern GfoeByrbitdgeve toxic residues on

per oxi de needs to be purchased specially 15 to )
surgicgldnsthemeiis mybseqiipmEhi eiinisatite fef need fome tehgthyr aepation phase,
effective sterilization system an thod_for. nedical .., ..
ﬁy?@{nﬁm@oﬁh@ Wappnyte sterilization

conprising the steps of (a) disposing the at |east

.. to oparate theaystem.t he chamber; (b) punping the atnosphere

fromthe chapber untjl 25 the atnosphere of the )
cHaptsers Heselgre meaead foran pEEetYH awr@x«'r@tl% rsystepg pnd method for

. agddi wat.er. vapor and ozone t he chanber; (d) and
medicll rafihpfs aing. ERPD AR dr e Rl S i amber  such
that the electrical discharge produces OH radicals

fromthe water vapor and the o0zone so as to

SUMMMRY OFtEJEONSVENTIONat i on of at |east part of the at

reast one item ) o
The present invention is an ozone-plasma medical sterilization system and

method of operation thereof.

_ According to the teachings of the present invention there is provided, a method
for sterilizing at least one item in a chamber, comprising the steps of: (a) disposing the
at least one item in the chamber; (b) pumping the atmosphere from the chamber until
the atmosphere of the chamber has a pressure of less than one torr; (c) adding water

vapor and ozone to the chamber; (d) and generating electrical discharge in the chamber,

~ such that the electrical discharge produces OH radicals from the water vapor and the

ozone so as to contribute to sterilization of at least part of the at least one item. |
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WO 20051023319 PCT/ 1L2004/ 000799 According to a

wo badslogis feature of the present invention, thecsiepeafoorsy
punping is perforned by punping the atnosphere from
the chanber until the atnosphere of the chanber has a
pressure of |less than half aztorr. According to a

further, feature of fhe pr nt invention, there is —
AR D01 ek FeeEt BB g L hE GRERRIC FRYEHING 43 REDTPpmpIng s
QX n ing ap o I 0 e

pert R B BB RO, BEEP I COnbeP it fiSHmosphers of

chariPePihdI® Brdsbere Y188 Bbn RaEUGIIY the water vapor Dby
passing at least part of the ozone over a reservoir
ofActeiding tdachiitien edtareanithe phesent eaentionpthetdis also provided the
present invention, the step of adding is 10

step qfeprodueing the azone fiam exyceadingan AEPEERs t he pressure

O e TR M B ARt BN pfoviae e
sep G MR R EBE R 0 bAoA Scr o v

of withe chanber is between 5 torr and 15 torn. 15

According to a further feature of the present o
i thceotding, tot dduthep fesfuredofl Hp presepeifvenbiod, thaistept abadding is

the adding increases the pressure of th t nrosphere
perfoyped; onthat dhe A INCTEAEs L PrPsSFR of the agrosphere within the
h greaki ng is performed. According to a further feature
ChamBei-t he present invention, there is al so provided the

S LR RTin 96 b FuFhBOfan ¥ diShe gﬁégﬂﬂt'zi%ﬁghﬁﬁ StheRsisiso provided the

punpi ng, ~addi ng, generati ng r eaki ng.

step oRiesldhaghd elcatridal Uisehafgeavherethel presstre bf sienstmosphere within the
- invention, the step of performing the cycle is
champer isdbetweems tomand 120otd. mes. According to a further

. featurg of the present invention, the step of ..
pécrerdinado a Helthsiofeatime olroPTreantinyealion, g Ficheef adding is
25 According o _a.fur r { I
pertoffiACKRBCHAP ¢ adolit HBSGasbE Tt gt BE g Blphere it e
i i i j in the chanber for
Chamgéﬂs%\e%:ﬁ{h?flggﬁgﬁ_%tﬂgﬁgﬁf%mﬂ 5 t&{&h%ﬁﬁi gher pressure end
o ctbelisy ¢ & furheofestng of chapfasenthiavefitton, thereols alsveprovided the
present I nvention, there is also provided the, )
step of performing a cycle including the steps of pumping, adding, generating and

breaking.
According to a further feature of the present invention, the step of performing

the cycle is performed at least 20 times.

According to a further feature of the present invention, the step of performing

 the cycle is performed at least 60 times.
25

According to a further feature of the present invention, there is also provided the
step of allowing the OH radicals to diffuse in the chamber for a specified diffusion time
at the higher pressure end of the cycle. '
| According to a further feature of the present invention, there is also provided the

step of recycling at least part of the ozone which was added to the chamber.
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step of recycling at |east part of the ozone which was
added. to the chanber. WO 2005/023319 PCT/ I L2
WO320000 38 ng to a further feature of the preglge)é;{’yﬁ%&‘%%w99
invention, there is also provided the step of
injecting radicals into the %an‘oer, According to a
further feature of the presernt invention, the radicals
i neloggrlifkito ndtithet feattie Adtbe giesgnt mvantion.tthers iselsaprovided the
of the present invention, the at |east one item has

.' stepaf injecting sadicals imbe thaghtmbest ep of injecting is

per.forngd il ecti.ng at | east par,t. t he |

" sooREn i arsthey SPe o EEreeR infndalf ghp F s Snctude OH
diéﬂcordi ng to the teachings of the present invention

ra ®re is also provided a nethod for sterilizing at

| eagboigy td @Murther featlRndfetheysbsent dnvdmivmaigua least one itern has
conprising the 10 steps of (a) disposing the at |east

| an iemal velumeand eacstepiof injecting {Sperfouad: by ipjecting at least part of the

into the chanber so as_to contribute to sterilization

radiesls latt? teeintepat volyme pthgial Ieast PR HEM. | tem Accor di ng
t .t h : { tsd i .
- adeearting i e deapiing qf BeCbeSER, iyt aPh RPrs 15"S1so0 provided 2
metlidt foti‘%{er{kazﬁsg‘ bf1eabt 6&%&}&‘?& Athahibée ‘ﬁ%in%‘h pﬁaﬁﬁaégud, easiprising the
one Item has® an internal volunme and the step o

steph RIFE@) idigpostagP el ar Ieast bue itoredt irgclamber sindrbhtinjetting radicals
the radicals into the internal volune. Accordin

. to a
into fthe chanbérse as dogfonitutprteséerilizatipaned ahleeshpaw qisthe at least one

al so provided the step of nmechanically connecting the

termiat | east one itemto a connector arrangenent, 20

wherein.th t [ 2.0 ectd ' r: : :
pegorting .8 BRpE SRRl B8 disr QR h AR, Mo padicals fnclude OF
a% une via the connector arrangenent. According to the
gdchings of the present invention there is also .

pr acieidngto s)fatther fanwstefrheipreseyt ventiont thenat jeagimne item has
conprising: (a) a chanber having a first dqor,

radi

do t he
' an intems voluone twd Hip Sopdf fjeding pmianmed hn i etingakleast part of the

one itemjs enfrgred into the 25 chanber via the first
Pl y st em associated with the

chanber,. the j ' QU .

TS AT B B B B 6k i Provided e
step of mechanically connecting the at least one item to a comnector arrangement,
wherein the step of injecting is performed by injecting the part of the radicals into the
internal volume via the connector arrangement.

According to the teachings of the present invention there is also provided a

' system for sterilizing at least one item, comprising: (2) a chamber having a first door,

the first door being configured, such that the at least one item is entered into the

chamber via the first door; (b) a pumping System associated with the chamber, the

| 'pumping system being configured to pump the atmosphere from the chamber until the

atmosphere of the chamber has a pressure of less than one a torr; an ozone and water

“vapor system associated with the chamber, the ozone and water vapor system being

configured for adding ozone and water vapor to the chamber;(c) an electrode

arrangement disposed in the chamber; and (d) an electrical supply system electrically
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- Vaporamtqmﬂ@eludv&ao?esgwléﬁ%ﬁgwsg c#eﬁ%’f‘&m% dater. jhe fizone and water
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at nosphere of the chanber has a pressure of |ess than
e orr; an ozone and water vapor syste 700
wogdsa%jg%iﬁzft ed with the chanber, the ozone and \?\Pja(%q.éﬂrm?/%‘gg? '
system being configured for adding ozone and water
vapor to the chanber; (c) ary el ectrode 30 arrangenent
- disposed in the chanber; and (d) an_electrical su %y
connesyest enthel detirodaabirgngwnedp tieodeerrs! Pauply st 300 703 electrode

4 connected o the.el ectraode arr.an n t he
arranggraentrheiag conEmPdsiat SeRrIatRs, eoteal dispharee 1 the chamber, such

st RGP DA AR B ot soas o

contribuREDALEE PHRRUIRS 1633t E&didf@héaﬁ‘ leasndresitapat er and the

ozone so as to contribute to sterilization of at | .
| A@&brd@ tto @f fitrther featismsf tem préseatinv@ntionpiiti pyupmgsystem 1s

further tTeature of the present invention, the punpi
- configyred dm pempcther igoespiierco Somnghe rhambeas sphéy gm BRRViREre of the

chanmber until e no ere of the chanber has a
chmb%ri@lﬁgeggurﬁgggﬁsﬁﬁéﬂlﬁ@??tgﬂt ort. According to a

f d t j ' : kh

a%{gﬁm S8 Bl f{&&ﬁf@ﬁ%gﬂé\éﬁf‘ﬁ%ﬂoﬁ, eh&#2BRe and water

vapor system i nc S an ozoni zer

vapor%?@feiﬂﬁfcﬁ?dés%ﬂiz@ﬁw cbhfigesdne prodmeothygeone fbm oxygen.

According to a further feature of the present
i Acentding to teh futhem featire ofather presepoinepsicamthe ozgaeand water

capor S SRR B, BB b B A o e

lpyention, there is also provided a 15

"Ozomg%‘ge??ﬁ;%wsystem configured for actuating the ozone and

WABSrNRP S ashisthemfesuenof hat present invembomritiensaiseaiso provided a
vapor system adds the ozone and the water vapor to thg

contralrsysteat configmeyfor acinating thy eaenepndsyaics Vapor pistem, such that the
at nposphere of the chagber, at | east

il 1h
ozonee pad (V38R VAP E¥RPRe 248 HiGoREMe apd g Wﬁg VEROF 1Py g chamber

f eat .of th . ' t t .
oerehE B8l S BETED AP 0 o
electrfé:?inggg%éi%iié‘grtﬂ%ﬁ. punpi ng systemto punp the

efe "of the chamber until the atnosphere of the )
cheshiding 136 afintlessfeatirefof thespresémninvahfion, ther apntfdl) system is

actuating the electrical supply systemto generate the
- configired foi petformingcheiraje inaluding: @%@.@é@ﬁmg( ¢ PAGRRIAESHgfern to pump

' t he ozone, and water v system such,that the
the atmosphere of fhe chamber until the a¥mosp erg of the chamber has a pressure of

less than half a torr; (b) actuating the electrical supply system to generate the electrical
discharge in the chamber; () actuating the ozone and water vapor system, such that the
ozone and water vapor system adds ozone and water vapor to the chamber thereby
increasing the pressure éf the atmosphere within the chamber; and (d) actuating the

electrical supply system fo break the electrical discharge when the pressure of the

atmosphere within the chamber is between 5 and 15 torr.

According to a further feature of the present invention, the control system is

- configured for performing the cycle at least 20 times.
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ozone and water vapor system adds ozone and water
~vapor to t he chanber thereby 25 increasing t%‘mue
“Opzlﬁ Wit of the at nosphere within the chanber; "and
actuating the electrical supply systemto break the
el ectrical discharge when thS pressure of the
at nosphere within the chanber is between 5 and 15 .
- t Of beorfRROt¢ anflurtieer fehtint RErthe gatsene infenthen, plhesemiirol system is
invention, the control systemis configured for
conflrgrédfor peyfaréng et eycle at lagh6QOmesres. WO

20051/ 023319 PCT/1L2004/ 000799 5 A ' . .
f ubeonIaingetn ,fgrti;?r q@@lrﬁr&géﬁ PrEsent E}%{r) ! i,orﬁ? ﬁlié%g dg lsg provided a

0.4/006799
¢d)

'biok% aEl?ﬁ]g'QIS cﬁgﬁéﬁ% gg t%ﬁ%r ?ﬁ{ {angeﬁhggﬂfeh %hﬁﬁ‘l?l&le il cbfptétion of a

S
c er teature of the
steri I;ﬁi%gg ention, there is also provided a
rofogical filter configured to filter air enter.in(I:] )
t hgesdraiteto @fusthepfatirerfdthe pregns invdntionathess is also provided a
process. According to a further feature of tggttﬁresent iting ¢
ozonerdestructéon fiithecenfiguraide splasmtéﬁéfy prevenioh par O the, pzongexiing 10

filter configured.to 1§ubst anti al k%aqggvian ~qa part of

SPUBPIR IS

pspher e when

ggg_?@ﬂlf i ng&osyastﬁﬂﬂé FEhR! &fF tﬁ@fﬂfé@bﬁﬂ ﬁ:@eﬁ‘ti&h{&%h@f electrode

he” present "I nvention, e el ectrode

| énmﬁ%eh?c{ﬁg SHERHe: A6l dleeFodd viiees i Gaiploshéntbd i = atnjeastpat eof the first
a

'east part of the first door. According to a
doorf urther feature of the present invention, there is

al so provided a second door configured,.su that .the .
2t Abesrding trea.fuher foanselcomreint Heveiign, Jiorg; 1 aliq frovided a

R0 AR B P 88 B s
e KU 5 P B, 1l e 2 11t

- SegpRskdefPT o AfCARtiend feguge foff ther pfesahtir mvehtiome the electrode
present invention, the electrode arrangengnt includes .
arrarzestentridckaidesta Giust elecirnde svhiphlie iglencaedaes abJeast part of the
part of the 20 first door. According to a further
secohddpor.e of the present invention the el ectrode

A hee %ﬂlegntto a further feature of the present invention, the electrode

arrangement includes a second electrode which is implemented as at least part of the

first door.
According to a further feature of the present invention the electrode arrangement

includes a third electrode and a fourth electrode and the electrode arrangement and the

" elecirical supply system are configured, such that when the electrical supply system is

actuated there is at least one central region of zero field gradient within the chamber. |
According to a firrther feature of the present invention, there is also provided a

secondary pumping system associated with the chamber, the secondary pumping system

" being configured to recycle at least part of the ozone which was added to the chamber.

According to a further feature of the present invention, there is also provided a

~ plasma gun configured for injecting radicals into the chamber.
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includes a third electrode and a fourth el ectrode and
e trode arrangenent and the electric o]
woé@&'tegﬁf%re configured, such that when the e?{é% ’#tl“"cezéé\ 000799
supply systemis actuated there is at |east one
central region of zero field gradient wthin the
chanber. 25 According to a further feature of the
PRSIk Y ANk ®Ry fddddetof theQiretam' ér%% ealdahdude O
pé‘npl ng %yst em associ at edf% ?%1 %ﬁe L@ﬁa er"f%h?agdi s 3h H
radicdgecondary punpi ng system being configured to recycle
at least part of the ozone which was added to the .
chAsntusiing Ae eclunthan featurg gilithehwesend dnverdiast, thers isradseprovided a

i pvention, there_i | so., provi ded a | asma n
connael AR CoRTEgEq: Fer ot L8 Blasmactumn BUeria dbdsast past of the

edature o present I nvention, the radicals

| Aetordendib ftﬁgitﬁiélﬁn%s OF qBE YirBSkrit Oindefitiéd IBErel BAhMb Eprovided a
of the present invention, there is also provided a

radica?éaﬁﬁég%ﬁﬂe eﬁ%’[dxlfx@tggé{eog:ngﬁ e ifeggording to a

* plasima gmmesyistem acompisingnia) @ohdising;€0) assupplyt bpdtemhessptiatdawith the

gun injects at |east part of the, 5 radicals into an

housing, the mapply S8 bying Fendgureddeprofece Miskionsanssecand ieps in the
bousing,ieGERL I SertndgantgcPbiniibons Meobf fas WA o second

| ._pglariﬂfg g@: ﬂgfacglﬁ%m @%g%&éfciﬁﬁéﬁt \%Eﬂéalﬁé qfdl&rfgg uérﬂéit df&t) st Jirangement

'y system bei ng con 0 pro

confighivéd forl belagahdraedcaitt therfirst polabiey i @uddrn: (Depél thet first ions,
I ons havi n(g%la first polarity, the second ions having a

such theicainkeastoSPil eff theyfirst tnsaancaremoweduirpmatheckousingl via the vacuum

: t he, hQusi ng;, an d) first arrangenent _configyred _,
pumpagnd @ﬁmg ¢ @@&g% % of thg $q69f13¢em5amqr9by Brofusdng padicals.

o o SuoerbRB e 0% Vishebh Byebbions e &7l provided &

_ e ol P tr
15. second 8f4HFmBH b erg%'fbt) b&gg ddlddEwalh heattord ﬁgfl’iﬂl‘éﬁr{‘igl order to

second 1ons, t y prodticing"radi cal's. Acco
repel renfaitiihfahe bendrienyfsutlh ¢hatrae deist S0veftheaematdiageeéond ions are
al so provided a 15 second arrangenent configured for
removpdifiogn Erahousingwisrhe vecwesananpol arity in order to

repel .remai ni.ng the seco i ons, such that _at | east ]
osdingfe 3 Surthex ﬁamg%e PEsent pentignyothege 45 aiseprevided a

dispersify phPle ol AR D BifBep M R B At i bl ons i order

to reduREQ¥EARBImtiofIoTRES Sl Gy ARNRRBbnE Rsi gur ed to

[
di sperse the first ions and the second |ons in order
According to a further featire of the present inmvention, the dispersing

arrangement includes: (a) a conducting arrangement; (b) an insulation layer configured

- to insulate the conducting arrangement from the first ions and the second ions; and (c)

an alternating power supply electrically connected to the conducting arrangement.

According to a further feature of the present invention, the conducting

arrangement includes two cross-aligned grills.

According to a further feature of the present invention, the first arrangement

includes a mesh.

According to a further feature of the present invention, the supply system

includes: (a) a water vapor supply configured to produce water vapor in the supply
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- dry vanvpny pegpteeniigured fos praua

20 to reduce reconbination of the first ions and the
ons. According to a further feature OI;CfIfL%oouooow,’
“’@?@s@g’t‘i nvention, the dispersing arrangenent
i ncludes: (a) a conduct| ng arrangenent; (b) an
i nsul ation |ayer configured o insulate the
conducting arrangenent fromthe first ions and the

syst@Reddan elstrodedrianyement dispesedin ibe supely syspphy and (¢) a power

el ectrically connected to_the conducting atrangenent d i
sup;ﬂ}& elentricallyn gonnected tr the elaciada asraggement, thgspayver supply and the

et S G R Y i oo
syst&%ﬁﬁsﬁ%&@ﬁfﬁﬁ@t ﬁle cco &ha.tc%% p&baﬁﬁes ORISR the water vapor,

|ng urther teature of the
wheRiE e fadicitenichale Ophedssdda! y system 30 includes: (a)
a water vapor supply configured to produce water_ vapor

i nAicherdsnppd ¥ ﬁmejoﬁmmamﬁaeamsantznwtmm@ens also provided a

system (b) an el ectrode arrange gf d in the
€ raghiggls {Fopt e iqusingy

connected to the el ectrode arrangenent, the power
supply and the electrode arrangement being configured

BRIEPDESCRIPHION OF HEIRAWIsGRAr ge In the supply
——sys]%ern—srrc al di scharge produces CH
i OTRe fivtibhgs heledt deapilied, b wheotexahple oy withgeference to the

i ncl ude OH radicals. Accor di ng to a further feature of
accotipmnyimsduawings ovitereim; there is also provided a dry-

vacuum punp configuyed for .punp e radi cal s.from
{ hBimdui fgchanpis diemers of ANDE o PRESTRARBEof Shatem that i

 const ﬁira.tr PBH‘E?Z’T‘? iﬁ ggrsd;agggqglgﬁ a(ém %igﬁ;dﬁﬂf n?gfﬁ:ile present

inve t is a schematic diagram of an ozone- pl asna
er I i zation systemthat is constructed and operable
i nF%COOISdQFBP@vV\&Hdm shpwéfiethe dtepsbofliansterilishtiomeprocess using the
present invention; 15 Fig. 2 is a flow chart show ng
stenhhmm‘ts‘;sfsb‘:mbfﬁ'lgtlerl l'i zation process using the

;iﬁ%l}:éaaz 'g\%ﬂpf f;g%[snﬁgtacd;vgﬁgg]thsfcﬁﬁﬂ@eg tOZrtﬁ? %iegﬁ %lﬁlon system of

Fig. ﬁ agamstgcnne for the sterilization process of Fig. 2;

Fig. 4 is a schematic diagram of an ozone-plasma sterilization system that is
constructed and operable in accordance with a first alternate embodiment of the present
invention; _

Fig. 5 is a schematic diagram of an ozone-plasma sterilization system that is
constructed and operable in accordance with a second alternate embodiment of the

present invention;
Fig. 6 is a schematic diagram of an ozone-plasma sterilization system that is

" constructed and operable in accordance with a third alternate embodiment of the present

invention;
Fig. 7 is a schematic diagram of an ozone recycling system for use with the

- gterilization system of Fig. 1;
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1) against tinme for the sterilization process of Fig.
_Fl 4 is a schematic diagramof an ozone;
woé‘%ﬂé}loz%:‘gpzati on systemthat is 20 construct ede%(gf({ﬂfzﬁﬁmoonw
operable in accordance with a first alternate
enbodi nent of the present ipvention; Fig. 5is a
schemati ¢ di agrm of an ozoné plasma sterilization
SY§d @Md hadchefatieodidifaiat¢fda gﬂabl:@@ qruabler upe asitrilantarilization
with a second alternate enbodi nent of the present
systednrofdiigi brgnd?5 Fig. 6 is a schematic di agram of an

ozone-plasma_ sterilization gystemthat is onstryucted ..
afig. Gpds ob| sehpmatis c dragERBe Oan' fflﬁ glasmar EuR togr ﬁi&- operationally

nmbodi f t.h -] ion; Fig. [
conneg:&%&qgggglt.eaﬁlgaﬁlgﬁ]sg%t%ﬁg%@gh2-\/?22;8?i ngl' gyst7 elmsf gr use

wWth the sterilization systemof Fig. 1, WD
20051023319 PCT/1L2004/000799 8 Fig. 8 is a schematic

DESCRBITON OF THE PREFERREDEMBODIMEBNTRe sterilization
systemof Fig. 1, and Fig .9 is a schematic diagram of
t he pprasendt inwentipn Fisg angozmerplesma amedical grig@lizaiipn, gystem and

t he steri,lié%tio systemof Fig. | . 5 DESCRIPTI ON OF
meth GRS r@%ﬂ] MENTS The present.invention is an

o ol di ’ L . " ’
of e SiehER, PRcpedpigh e o ERARPIRHE! RRARDH wtlRhARON system

accor@MgOkP e PraRAR inPatithll nidyebe | Beteer i 10fiesstabd mwithOreference to the
acgordl ng'to the present invention may be better

drawitpsisndthecatconipanyafgedeseription. t he drawi ngs and the
acconpanyi ng description. By way of inptgoduction, the, .
sByt wayand wiodugtion, the Sﬁﬁégbrﬁﬂdi ﬂ"éﬂ?‘a oﬂ# t&j@n@feﬁ?@s mvention

O RN T R ——

il I el . ; . )
to protiufl Ui Fadgls f‘gg SERAPE THE AR R ehcibl 8 gl B the following
equation:

20; (Ozone) + 3H,0 (water vapor) = 60H (equation 1).

Reference is now made to Fig. 1, which is a schematic diagram of an ozone-

plasma sterilization system 10 that is constructed and operable in accordance with a

preferred embodiment of the present invention. Sterilization system 10 includes a

chamber 12 having a plurality of walls 64 and a door 14. Chamber 12 has a capacity of
generally between 1 and 10,000 liters and preferably between 50 and 2,000 liters.

Walls 64 are typically constructed from any material which withstands a vacuum.

" Door 14 is configured, such that one or more items for sterilization is entered into

chamber 12 via door 14 in order to undergo sterilization. Door 14 includes a seal

arrangement 38 configured to ensure that air does not enter or leave sterilization

" system 10 during operation. Seal arrangement 38 is typically formed from any material

which withstands a vacuum, OH corrosion and plasma discharge conditions, for
example, but not limited to, VITON which is commercially available from DuPont
Dow Elastomers L.L.C., 300 Bellevue Parkway, Suite300, Wilmington, DE 19309.
Sterilization system 10 also includes a pumping system 16 associated with chamber 12.
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203 (Ozone) + 3H20 (water vapor) = 60H (equation 1).

w@%ﬁfd?ﬁ‘i@ I's now made to Fig. 1, which is a seagmpigfonrse
iragram of an ozone- plasna sterilization system 10

that is constructed and operable in accordance with a

preferred enbodi nent of the esent invention.

Sterilization system 10 i ncl udes a 20 chanber 12 )
PuuifﬂY% RgsterPl 6ialcohfigatdval pump aherdumspbere fdm dreamesrl2 wntil the

12 has a capacity of general Ify bet ween | ﬁnd 10, 000 ah
atmospheres of ciasber b2 485 v BrEsEe PIxgenarally, lase dhay A dpiy, preferably less

IJs 64 _are  typically_construct.ed forom an rj
thanfi% o ERSHGS3 e L6 artereig ginceS ot e Ap et fier (aot
h - Qne,ar s f el by i i:
shorfE P DSy ol T SRS, e i b Sanate prose senor
arraSEREAS r?ﬁé%ﬁﬂsbﬂiiﬁ Fhh@ber DO dor ifbasahydes peesserl o2fhe atmosphere of

arrange 38 configured to ensure that air does_not
charabéel2 ol heeelestrenier plesgurei sensos yawangemends rarpgeonfigured to sense

operation. Seal arrangenent 38_is typically,f d.
prestitem ﬁt}m mr@mteimﬁ?feha qaﬁ%ﬂléﬁd@.ﬁﬁ%a‘m\fh?oﬂbrﬁ%ecmted by those
ot TS0 3 LR, £ SR U R0e e sensors needs 0

9 Il ' ; t@MHEY $orr. By way of
sensf Y s Y QNRIeLF 3 T Ko g oy 0 e o o
exarIR0 PundSinSt Bistdns 16t s ogereysity wofigaresb to havadepumping rate of 30

punpi ng 'syStem 16 associ ated wth chanber 12. W |
cubi2 afEEA2Ea I uPaTidn hovohooo pishambepddis A0 dijers cRympingsystem 16

is tygreally & (Y VACHBELRURE, dor CRARBIE D TRJTRNR S0 AP E1MBO with
Ly, han 1 . , .

x5 B B P0G S it

Stre&?tg g?ggt Eatvabdd 1oL Wﬂ@{%ﬁ)k@%m Siesilionid® system 10 also

es one or nore € tronic pressure sensor 5

inchades 0 esss and venasespor systeani8rastacitted withsiaimhgr 1Re Ozone and
pressure of the atnosphere of chanber 12. The

watez! vapor systenpl 8 s configuad dor addnggeanme: andayvates o@ppy ip shamber 12.
to sense pressures from.appr.oxi mately. 0 to_at t o
Ozongomdated vanp FYEETD aandes (g 2ohizee STuih AE Y = oxygen

' suppi)lf glslls E)%gh@zgﬁ E&t ﬁﬁge{);fé?op@tgu}&fﬁ)t epﬁ'&ﬁcé’ bzb e aBhfeky M Sipplied by

SEense’ al r pressure
by, | 106 3BPEBAIG1TRRE kipflytef @Fgearfrom oxygen
Oky%&cwﬁlgfulﬁeé E}Sﬁt?g%npi ng system 16 Iljlgygen%?{a ly .
suppP 31l ubAshiter dyatem 30pBypway afabmnyfle SGzonizeri systase 3bsis generally
per hour when the volune of chanber 12 is 100 liters _
confRuurpd tg preduesrozome at a rate of 200 grams per hour when ¢ amber 12 has a

capacity of 100 liters. A suitable ozonizer system 30 is commercially available from

- QOgontech Limited of Technion Hamama, PO Box 212, Nesher 36601, Isracl. Ozone and

water vapor system 18 includes a water vapor system 32. Water vapor system 32

-~ includes a reservoir 34 configured for storing water. Ozone and water vapor system 18

is configured to produce water vapor by passing ozone produced by ozonizer system 30

over the surface of the water stored in reservoir 34, Ozone and water vapor system 18 is

‘typically configured, such that the ozone and water vapor mixture entering chamber 12

has a humidity level of approximately 99%. In accordance with a most preferred

embodiment of the present invention, reservoir 34 includes an ultrasonic device (not
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- chambeph2 e @nder to pravatingulamng

is typically a dry vacuum punp, for exanple, but not
I to, punp EIMBO with foreline traps piighodsooroo
wo %’8%?% ally avail able from BOC Edwards of 301
Bal | ardval e Street, One Edwards Park, WI m ngton, MA
01887. Sterilization system 10 al so.15 includes an
ozone and wat er vapor syste]rﬂ 18 associated with

| hﬁp’&@i dBOME Wafkr WG MteHEFatius sgedBl0 salso includes an
Shmmgon |gurpé§dt1ré or addi ng O%e and wat er vgpor to chanber

electroie. arfarpement @0 wdisposadiphy ehesulenlls Electiodes aarangement 20 is

typically gﬁg:aﬁag%o@gét & IR aERRlia S I B Bitbstaridh QR Geiosion and
[ b | 1. ' | 3

T T T M

accordé@gc? é{&nﬁg Z@s DYkt ﬁ%{b&%’o t%ctgéf&é’ffakﬁnc&ﬁ@ﬂt 2@8rincludes two

0 I's*genera nfigured to produce ozone at

electrodiet 226 D, Hetardast [ier ithiplememteh ashqapierof1dobni4a Sterilization
capacity of 100 liters. A suitable ozonizer system

0

systerri 50 dmoiudescimelegirivehsupady systeon26 elestricadly aonpeeied f@fe%ectrode 22
Techni on Hanm PO Box 212, her 36601 Sr . .

of eleatmsHioramREsoEa a2 E{CTio: SpR st a s typically an

pc kGBS, oiEl SRS, PR R ng KRS Ry () 48858 baving o

voltag%hgiutvcﬁ%m%%ﬁ@@hﬂ@ 2,000 ¢Oné hadagshvier dutpsiueRbymicen 400 and
vapor by passing ozone produced by ozonizer system 30

1250 ames. Hlecteodel B ds ghrotindedraChambeni 2 dntindes sy wosulatiag layer 40

Ozone and water vapor system 18 is typicall ) )
which poeNangy othey ssifaeestaimhamber d20a(éingras @Am@da%a%@fﬂafmg layer 40 is

generagljg)&ft)glr;lg . ctgﬁ;}l)jgfg@g( i&%g‘gg&)@ t%,cpé:ﬁh ?f’gt ﬁf{.\@r}ﬁ@gg%@%\r‘@f&% éSé%icon or
ros AL I 5 bR GaRRbLy BUBRE e FERAREYY, Abaconaly,

insulatﬁ%’ééﬁe%%ﬁ&o D188 sisiTave)) whifehcfacey dauealls tdfechmnber 12. The
\/ .

Sterilization system 10 al so incl udes an
textured) eotfuos enableanuietongni2n htitepers dosulating dayserd01 2nd the walls of
El ect:rode arrangenent 20 iaa typically faqrned, fro

; _ Wt“l@ﬁ% singppward ggqegr,t%e pressure
of the ASonleiS TP hSEIFER% SUflel’ 8 xekBleRIRE Spelifes By way of

I : [ I .0, [ Gl
cxampll FR 8 SoSE0E, BE50 PR MR IRIEDY affhh 0o 0.5 mn
Electribal $uppfly 498eml26 andleRidiiddeadrraipentint 20N tonfigntadifor generating

el ectrical supply system 26 electrically. connected to

electriedledischatge 2R chdmlbérel®, roumd #iat athgecheriricab dischargenpreduces OH

28. Electrical supply system26.is

_ . typically an _
~ radicals from the water and ozoné so as o confribute t %tenq{zat\{on of at least pait of

" the one or more items for sterilization. Sterilization system 10 also includes a biological

25

30

 filter 54, for example, but not limited to, a High Efficiency Particulate Air (HEPA)

Filter. Biological filter 54 is configured to filter air entering chamber 12 on completion

of a sterilization process. Sterilization system 10 also includes an ozone destruction

 filter 56, typically a catalytic filter, configured to substantially prevent any ozone

exiting to a surrounding atmosphere when pumping system 16 is actuated. The term
“substantially prevent” is defined herein to include filtering ozone, such that only an

acceptable level of ozone is allowed to exit sterilization system 10. The term
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| valvephabing tver states, gpen vt slagedh V@I‘éﬁ‘e@ B

AC pl asma power supply, preferably in the radio
d (RF) range, having a 10 vol tage out Obo4/000799
W(E)ie‘}%ﬁ}/ggr%%oo and 2,000 volts and a power out putpé“lfca)l%L bosros
bet ween 400 and 1250 watts. El ectrode 24 is grounded.
Chanber 12 includes an insulﬁ;ing | ayer 40 which
prevents other surfaces of chamber 12 acting as
«qurRthBEhE O desospiget b | dfirledy Berel tosincheteetle laymbsphead external to
rom by way of exanpl e, but not limted to, PVDF,
sterifiedfiom, syStdmdén Sterilisphen syeemak rigcluspsr aatube jywork 42 and

mechani cal | y connected o chamher,12. . Addi tign 1
valvEnddi 461 g, 15y Aba0h-n4ubs Tebeoty 21 i PARES 4hhTig, s, S0, 52, 62
~faces.,the walls c SAah f
opergfini i Puher DD ol o, A Mol gy system 15

i 59f dTdnOfiter 56.0Tabe ventvork 42 is connected to
bwl%}%@b}aﬁa@la{f\lﬁ%ﬁ&eg% apsinng1 i nward when the

charfFGSELR tw6 cbbeingt 665 BBeMalvds 4hathd8, 50, 52 aregeserplly solenoid

The textured surface includes, by m@gg%éprgﬁﬁﬁq%plﬁhsggfe solenoid

. approximately 0.5 .nun. 2 | ectsical I,

valvarerdcmsel Guadust Bttt Jovi & Cane SHRE o fELe System 30. The
e atineg .el rj is8 Cngsr! 2in shisre detail with

meﬂ?q;{;&{){ W§°®°£? r??%{a*a%@%aslgr%r%e pré&gcgsja%@ibregd}ncal s catl Wil

refefeﬁn@@?t?fﬁg&‘@? endandTRE GRethed desctibed onitl ireferendeoto Figs. 2 and 3 is
sterilization of at |east part of the one or npre

s e ot ot ot o B s o
sterfioation nystan Mojesaribpa pberd.iorladiig valve 4615 B8a50. 52

*{ oStenizafion: sYERRCR) notn dnbeses o ety SR, IE Yy, connector
axraﬁéegﬁlﬁrlgg .;hﬂagnﬁr %g%% aﬁﬂ%&ﬁﬂ&?ﬁﬂ Qﬂraﬁ%éih@ﬁ@ 4@ @kseonfigured for

0Zon& destruction Ilter 56, typically a

injeGRIA I Fadiédls Sinto GRS ingthed violuaebsf anei af Imyorer ofethe items for

any” ozone exiting to a surrounding at nosphere \Wep, .
steriigalibnoPlayah em BB asd ectnextedarrangsmest 6 are described in more detail
"substantially prevent" is fgefi ned herein to include

| witlf ieiferencentp Bigsn® and Fc FeSPRElVER vy an 30 acceptabl e | evel

o TeRt verBEba) 08 dsSietrior ISt HOhyHRiTY BAMAR system 30 to
proc{q?%r é:?oﬁ;%g%ﬂgcha%fﬁﬁg Q{%H]ﬁ"zaﬂi& §?§ R0 Res Blalvd 62, valvedss, \'aljfe 48,

ere eéxternal to erilization system 10.

valveldty hhd 636ALBesihion Hifer 36: |Otadzear dysteen 36tinchukles 2na0mpne sensor

val ves 44, 46, 48, 50, 52, 62. Tube network 42 and .
(notwhbves fédmedSyriniBthesgantizy ob pzowpbeiagiIAGuesH i pRIMEZET Systemmn 30
t oget her punpi ng system 16, ozo&eﬁlgnd wat er vapor
to es3nge &t DRONEEp BRI X015 aperatdle f3P8%bhe

deglruction flhiside FiiPs A19R5E #s 4 RoWPEREE SEGwWY the steps

of a sterilization process using sterilization system 10. Fig. 3 is a graph of pressure

' (within chamber 12 of sterilization system 10) against time for the sterilization process
of F ig. 2. Reference is also made to Fig. 1. The sterilization process using sterilization

| system‘lo includes the following steps. First, the items for sterilization are disposed in
* chamber 12 (block 500). Second, door 14 of chamber 12 is closed (block 502).

Sterilization system 10 then performs a number of sterilization cycles, typically

between 20 and 80 cycles, preferably 60 cycles, as follows. First, control system 36
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chanber 12 via two openings 66, 68. Valves 44, 46, 48,
wo§ m%l@re general ly solenoid val ves havi ngp¢¥.200.4/000799

states,” open or closed. Valve 62 is generally an

adj ust abl e sol enoid valve configured to adjust the

rate of flow of ozone | eavi ozoni zer system 30. The

nmet hod for producing OH radi¢als in chanber 12 is
openslemtvésot] 48 amdr elosst splveniddh 3@ $bf Themceoniol pygiem 36 actuates

s ST B B g RSP, 4 W bt o
fiqured f t uat | { ] ,
chamiyeg 12{has 4 pgﬁ&g@?yﬁ%&@ﬁ%éﬁ% F%%g‘?ﬁag%yte%; 9ift%rg|(81(ﬁc}]\9506, line 200).
Neﬁ%ﬁéﬁét?@ns?ﬁaegf% cﬂ%&s vea 46, FEThén SantreMsyaiesh 86 atfuates electrical

es a plasma gun 58 and a connéctor

suppB/ EpstepBto ?hnefﬂt@ﬁ@ctg’uﬂ 8Rchargecionoeanber 12 (block 508). Next,
arrangenent 60 are confi gur ed for 15 ipnjecting OH
controhdiystatis 36 opens velvend4y When contek syste Gcluaissoozane and water

he | i ontion _ " |
vapor GHHeE Ui TeaGLAERRS 800 ATCHIBET BodmidhtngPeohgygy 12 thereby
. i.th f i i @ 2 :

o, B PRI 1305 S P O IR 10 il
conttgt? gﬁtﬁﬁf 36 4S8es 3ediGeal HUPPHE SypE@Bs thbmwhkeake slextrical discharge

I zation system 10 via valve 62, valve 44, valve
(blockss12, Ahev202)e The eleciricabdischargeis ¢ypisally isnsteinedgfor about 5 to 10

Qzoni zer system 30 includes an ozone sensor (nhot, 12 i
secomdsoand) ist pieablashroker whea thedressuye @E tﬁ; gHeospherg in chamber 12 is
d d b [ t 3 , :
genefaliynin fhe ggﬁe‘iﬁf 5ot ggg%gfgqqeﬁeéa@& i e 2%5%2{’{ )7 to 10- torr. The
elecﬁ?%l\?\}ﬁig%a?gé 2% Epd‘lﬁeﬂa?ﬁbféj’td@ éﬁctg' aPAfkcBarge Gart? td Sadse damage to

“show ng the steps a sterilization
sterilPFaPRASYstenh 10 of b8y iofitEaitern foy stegilization. Tl tedmis$‘added™ “at least”
graph of pressure” 25 (within chanber 12 of ) .
are defired heredt twinchydet aidingd pzenspend watar vieppoafteme electrical discharge

sterilization process of Fig. 2. Reference is_also :
has hrgacbrolsers picellyTWellloter pepsire; af (g, SmiesEhicrs W&hm chamber 12 is

v 5 2 R 50 8Tt 2031973402504 MM 888 one

, I . ¢Znoted that,
geneflB P8Led Rt F SRROH) e S T g A s o 10 e e

optioﬁﬁﬂg,o hABing Bzo¥Reandfwateenapor abi drancher|ids js copineided before the
30 between 20 and 80 cycl es, ei&;eferabﬁl@g 60 cycles, as,
electfioall discharger s¢ gemeratedh] Vélyide dhe 3elepimicabodisglpree sisgsustained, the

clectrisahischage stpdusss Ul aabicain Fom Gpsvelsr JeBohed g Elone so as to
contr%ﬂg Ir‘i{)] i%perﬁi%@{an rpéfﬁsaﬁ ﬁ%qsg ﬁg?t S B BrtoiR RS 10fh s oA MRElization. The

- term “produces OH radicals from the water vapor and the ozone” is defined herein as,

producing OH radicals from at least part of the water vapor and at least part of the
ozone. It should be noted that even though the ozone and water vapor added after the

electrical discharge has been broken are unlikely to produce a significant amount of OH

" radicals, the ozone and water vapor has a sterilization effect by itself. Then control

system 36 terminates actuation of ozone and water vapor system 18 and closes valve 44

(block 516). Optionally, control system 36 allows a diffusion period between cycles

“thereby allowing the OH radicals to diffuse among the jtems for sterilization in
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chanber 12 has a pressure typically in the range of

0.5 to 5 torr (block 506, line 200). Next, cgPtf9boseoo799
““é%@#@ﬁﬁ%b cl oses val ves 46, 48. Then contr ol @@@ténl
36 actuates electrical supply system 26 to generate
el ectrical discharge in changgr 12 (bl ock 508). Next,
control system 36 opens val ve~44. Then control system

chadBer 2 Uk es speafied adiffuviahetimevalptiie djgheerpresyure g of each cycle

that ozone and water vapor  is_ "added" to chanbegr 12

(block&i8biine 206).cEhs diffusia priadfireash cyple igEperlly P 1oy 10 minutes.

R S AR 0 AR g i s

sterﬁ{ggﬁgn E}E gug%tg.ﬁtﬁéllhg %adg%az % PG 20042 50 Théles! dég;@nding upon the

arge 1s typically sustained

durimtg:rn ; tstdhdt AR the Banekrclanebnit®l tsypieandé \ﬁgbmsmdnes 46, 48. Then
en

e pressure of the atnosphere in chanmber 12 is

configheds@tdmy 3i6n dchestesangempihgs sysiet516 ote , ppmpf dheppinesphere from

th f 7 to 10- torr. The electyical.di
ICAC TS AR Ok S
d t il [ .
eGSRk B ARSI 0 1 S gk 30 alow i

o I @ ' | bR nifed 1D oviaZestmeadebtruction filier 56

ﬁ%é?%ﬁ?’é@%%??@?@ﬁgﬁﬁ’eﬁﬁcltgiﬁ di sg%arlge has been

and%ieﬁf‘gfcait HRECS |(WloeRt 512, e p16%SThe stdpst o biaokssPepad 522 are
w thin chanber 12 is between 15 and_20 torr (bl ock

repdatetl Uritid etl20 eyondi reaminingyin shambesd 2y i dela gaw Aseeptable level,
are generally added faqr er. od, of

typiceli Aol parts peh sulbprh PeRgie VTR, O s Pyefdf §lone meter

d . . .
(nob i) Piravies dng dETel I oA REV sl AT REF Biclpeioal fiter S4.
Dootairiglcﬁﬁse Gl Stk léﬂksf‘@r%\#r@ sHidRiNedntroliel bel esitrdlcsyfsiem 36 to

ar ge” produces radicals fromthe water vapor

prei dbbe19 %R Gened wiken therzohbltvel im chanabei 12 & foorhigh.
at | east part” of the one or nore itens for

st Rdfbicnat iipmowrmeade r Fig. g svtichds a-seheamati diagragm of an ozone-

th t t " fi.ned - .
Dl g P OE 2 1, 07 e S N By EPigance with o
_ apor and at |.east f _ Catariliorats
sy AR RUTEE I P2 el Dby fogeiloation
systl ei% Nee Ealxﬁ&ff{gi seliliditrahaysem basFeen) xekpn far ¢he following

y to produce a significant anpunt of

diffERAL&R Grotchagna seriigtiva spstemafbindhadesawo doors 72, 74. Door 72 is
sterilization effect by itself Then control syste

-

e 36, ...
" configuredy atiels that tamatdranowst items der stetiligaiien 15, aperedsyde & nber 12 via

G A 5 R e o st
. 30 i ' i eyeas
e R bESHED oL PO oo o gzt

' progég./ Hhe0H 00 fde two seal arrangements 76, 78, respectively, configured to
“ensure that air does not enter or leave sterilization system 10 during operation.
Elecirode 24 is not implemented as part of doors 72, 74. Electrode 24 is implemented as
part of walls 64 of chamber 12. Electrode 24 is grounded. Therefore, the surfaces of

doors 72, 74 facing into chamber 12 are insulated by insulating layer 40. All surfaces of

walls 64 facing into chamber 12 are insulated with insulating Jayer 40 except for the

region of electrode 24.
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‘configiredpsich thet when eelticabetepply syst

13 chanber 12 for a specified diffusion tinme at the

hi gher pressure end of each cycle (, block 5131,8r [ 90
WO%I%’??:*;%Bﬁe di ffusion period for each cycle is gérlr%lrng‘ 0?/7)9

up to 10 mnutes. The steps of blocks 506 to 518 are

repeated until the bacteria on the itens for

sterilization is substanti alllt'{/1 er adi cat ed, between 20

- arRkieneiak efowl epeltdin§igiforwhich 5 dlyclrrhatic diagima of an ozone-
steps. After the final cycle, control system 36 opens

‘plasmalisterdization 4y steTh 80 . that éhcontrusyed end 3pesrhladneaccordance with a

[ t 16 t th t hanber ... .
secquﬁ 'égﬂﬁgzggéyém P I?qlg? q)g%@y@pgqﬁ 1%10@?1&8%3 r%rg-pl(a:m%a Sterilization

e e

follo%ﬁa%%i@ﬁlr?ﬁdes. f ERArbAE 28 UKS OHAPIeRSENEAOEP LT Stahdalont eklectrode.

via ozone destruction filter 56 10 and
Electhidd 20 isaklebiridadly tdniduted ko5dne bf ne2d0jletsThé sleeipical supply
of bl ocks 520 and 522 are repeated until the ozo

ne
 systemeMavia agvirm86 nadsdectionlei2d seslesirisally conpeded éo s efher outlet of

typical ly 0. rts.per mlldio efore_al |l ow .
etecticdl, St ot 6 afich Bonre - Flectips EnBiestiid Mo inciudes
e ngul ' J hia 4 b i @l
st s U2 BRGS0 GPoor 72
elechVdb®F i iEPNmhetbe hedpagosf dolor 9Ys RIBLIB6dE 82 dfdl clectrode 84 are

prevent door 14 bei ng opened when the ozone level in .
grourctednfite Gifices tofovillnéd fRang iptc chambenl? apeigoveredily, insulating

4, which is a schematic diagram of an ozone- plasma
layerdferi|i zati on system 70 that is constructed and

8RR B HRTECES N 4 el of n oznc
posl S B0 30 TS, oy g bt with

third daltdrasenceeshodinent-¢ff abgrepesent linvaitionn Sysheplasna sterilization
includes two doors 72, 74. Door 72 is configured,
systemufh isTHeet sone asrozope-wlastearstctidization sysienn ) d’g‘lgrs‘i) except for the

Folloiigel Eersnes ISRt B elediade 20 are gleraielly pqpnected to the
same' e G S1HTEH LBRE) sbHEF O A STPLFY, FHETIGPIRRA cfbtectica
supplfS9EERP26 ROSfchnbed aAd it e&#;#gﬁarng%xﬁ%éded% [AIRIRES electrode 84

respectively, con d to 25 ensure that air

via a SEES9HOTheefwe, oleclrody errahigembniz20 and ebocitieah sippliusysigm 26 are
operation. Electrode. Z4 is not inplenented as part
emqgﬁ dsraptuatedatherg i pne central

tegior B asea Held gralich QAT fharei L JEnte) regBR D 1 flained herein

“to in@ﬂﬁ%'gag rggéig\pa{ﬁi&l{]%le?tf& B%ehBStd ¥NR%4 ¥ehattberA?) Therefore,

medical equipment or parts thereof which may be damaged by the electrical discharge
are disposed Witﬁin central region 96 of chamber 12. It will be apparent to those
ordinarily skilled in the art that electrode arrangement20 and electrical supply
system 26 can be configured, such that when electrical supply system 26 is actuated
there is more than one central region of zero field gradient within chamber 12.
Reference is now made to Fig. 7, which is a schematic diagram of an ozone

recycling system 134 for use with sterilization system 10 of Fig. 1. Ozone recycling
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' i,Ng | ayer 40 except for the 30 regi opcEiiL1004/000799
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Ref erence is now nade to Fig. 5, which is a schematic

di agram of an ozone pl asnma sﬁri l'izati on system 80

that is constructed and operable in accordance with a

 systeiR 198 dirallidysnat pueningli sysitmdB6; e twbigemrrangement 638, and two

Ozone-pl asma sterilization_ system_80

is.the sa as .
valvew bifs- Plzenearesyeling i yataed3dy i éﬁpﬁsw(qu dor Jﬁc@ﬁlgppf ozone in

ol A L PR ERED 46 Ty, oo o

'wateigﬁrgﬁ{)f ;fsf: éﬁ&?ggéﬁf/ 8{1@?%%%%'%%11% Qéorinidea %%hﬁgiﬁcl%ing ozone and

via a wre 86 an

wate?'ﬁ'lébf 5leeRr8 Sciphngisdrizc ahd yulsiograedenient 188, Qzoherrecycling is,
outfet of electrical supply system?26 via a wire

_ 88.
optiduatl} eitier perfempenech c3oledfiar the clarirenl dismberes hasfeen broken or

-~ electrodes 82, 84. Electrode 82 is inplenented as rt .

as a sfandwdeneysterfigation prosess- Jacacgardagce ﬁ%&éﬁéﬁ‘i’%&%@“&?‘?@mmeﬂ
f door 74..El egtrod c ar

of BieouPFaEat ﬂ’?éfegﬁ??’ac(g@%%ﬁ%&gﬁg6§s’%g% ]2%4i 1elud san%erconnector

mmﬁvuv?e[?géﬁﬁv% 8&)65'&13%&& tieAf146 Ay & sitipleRaberdng anasifold having

e to Fi ch 1s a schematic di agram of an

mult§AeNeutlelsas Pensédnt | axatgamentybileniso@onhetteds to an  inlet 142 of
constructed and operable in accordance with

' ) )r.aar Fﬁﬁ 15
chantBerr@. Oneconmarecfuibaiitams for sterilizption arr meshanically, connected to

conneagnerapasencl el mithinchambel 12 ceare fid iiesAigr 8 fhen recycled
. . th foll i i f . "

vin o i S A B e S BV tampement 140 so

as to%lugi%%t@fto %te‘%fﬁzfatisgloﬁh@ﬁbms%f LRMl2eHYh. T8 W i mal volume”

er outlet of electrical supply system26 is

is definedndele @btlirhs calagal by dispoyingoplaear sedls overithe opediags of an item
82, electrode 84 20 via a wire 94. Therefore,

 for sterilizntioneAavalungérindisposeshibeteicen valed S, by §4 apd @ariplet 146 to

26 are

oo a5 oS8 0. SIS 4 Yo B e 12
Inletﬁg&z gs{q %é%ﬁ S&ﬂ%lg;q%%gg N VL0 v%BSfTqu Laé%i%d {eeBhi@ber 12 hwhen the

ereiln toInc a region which
elect%g]sdﬁ argé_tiE ggnéﬂtéfﬁﬂ&v@&rofvlﬁﬁméct& arringement 840 is in use,
nedi cal equi pitent or parts t her eof whi ch may be

valvélammde tlgsed e eaket that azoné andawgter 2@ pmr ds diespeleddvia connector
wWithin central region 96 of chanber 12. It will be

arrarsepsné A0 rodires dalet 146.

Reference is now made to Fig. 8, which is a schematic diagram of plasma gun 58

.for use with sterilization system 10 of Pig. 1. Plasma gun 58 is configured to produce

" OH radicals. However, it will be apparent to those ordinarily skilled in the art that

plasma gun 58 can be modified to produce other radicals. Plasma gun 58 includes a
housing 98 and a supply system 100 which is associated with bousing 98. Housing 98 is

formed from a material which withstands temperatures in the range of 600 degrees

centicrade to 1000 degrees centigrade and plasma discharge conditions, for example,

“but not limited to, quartz, ceramic, Pyrex, electronic glass and metal ceramic. Supply

systemn 100 includes a water vapor supply 102 configured to produce water vapor in
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ordinarily skilled in the art that el ectrode
wo Mok frent 20 and el ectrical supply systemp2fneadydess
confrgured, such that when electrical supply system 26
is actuated there is nore than one central region of
zero field gradient within anber 12. Reference is
now made to Fig. 7, which is a schematic di agram of an
supplyz ystem3000. efypmly neystars o alsa mehudescanaleptrode arrangement 104

dispoaes ity D Ve 1 I 0E-Ba% setenbeme? 184 U8 SYBIsY #ned from

materiafs uSgAcrof (B TSy B BTeof0R ruBed Py BVEGRPE0F Blsp includes 2

.S | gy © callC Yok f t9zehtiode Champemehp104. Power
poS 581 Y e 5  Ehnatea! oz eneute b

are opened by control system 36. A
suppliEUG a@dokechbde arpirgemenpd4iarepoopigured fungeRgyatiog electrical

System 136 around a circuit includi g]gd,o‘é?ﬂr}e and{i 5 oative and
el ey et et e G e e
s Syt G LS 5t G os s iy o
_ i.SC .
G TSRS D EENa0 O ur'y 450 2 ot power it o

proce n acc nce with a nost

wattd ¥ £ freqleityoorh diRBtn 50theithanirXsitbshertavent i on,

ozone-reqycliing system 134 includes a connector,
. arflasige mmt 58 48cludim nedispersingr amepganent 1§ which ds pepfgured to

tube. or -a manifold having 10 multiple outlets, .
dispetemihequasitie AEhgeasive 10mH 1 §idsIRGERE 15ORAIR of fp positive

f _chanber..12. One o they. i R
o SR o B B RN T g pgmr 1
| havir%%@?g&égé‘-hlei%ﬁ% %%#3'(31329 hppepishersifs offariiRehem 108 includes two

via the intefnal volume of the

insulkfiGiiageRs 1362118 icontigared i insutate atrilt 142 randggriBrid 41 sespectively,
SO as to contribute to sterilization of the ite% for,. d
such shet condatingnarrFigementh10i ist deetsically| ipppalated) fropg the positive an

nesivmierolsnlien YpeTga el g aRba BT €068 HBky fymed som

o AR s ORS00 99 s

| Liof inat giselhaad eonditions, for example,
e S BEGEsE g st dsagocon :

zone and water vapor is added

but notClhamher 42 Whenz! herawicciyreal adds ehetrgaic s glass. Dispersing
gener at ed. However, when connector arrangenent, 140 js It
arrangemest 102 dnelatean sbtermatingpewes sy J28. fypieally bawing a voltage

outp&?nojl? ]\&]falt@l%&;ﬁ?sf gﬁ)é;%nrse{ bgﬁ?/u‘% lo%%pvti)aSO%O\QQ% S a RGuBRe I fife range of

50 hertz to 20 kilohertz. One outlet of aliernating power supply 120 is electrically

comnected to grill 112 and the other outlet of alternating power supply 120 is
electrically connected fo grill 114, Grill 112 and grill 114 each include substantially
parallel conducting rods. The conducting rods generally have a length of between 30

and 200 mm and a diameter of 1 mm. The conducting rods are generally spaced with a

- gap of 1 to 2 mm. The rods of grill 112 are cross-aligned with the rods of grill 114, such
‘that the angle between the direction of elongation of the rods of grill 112 and the

direction of elongation of the rods of grill 114 is greater than 45 degrees, preferably 90

- degrees.
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Ref erence is now made to Fig. 9, which is a schematic

' of - plasma gun 58 for use with sterily i
“"gg@tg’é%%o of Fig. I. Plasma gun 58 is confi gullr)%lghfzg&m(mgg

produce OH radicals. However, it will be apparent to

those ordinarily skilled in gl}e art that 25 plasma gun

58 can be nodified to produce’other radicals. Plasm |

gupIBed sl 88 afscdnchdes angcadmapuinp 1322 psbycistediwith housing 98. By

whi ch i s associated with housjng 98. Hoysin

: C 98 is .,
wayf aff erechifle ovacuumnpurpal 2 2bipéeallsi Bassa RHEDIRS O ppueimately 100

by B A g 5 e e
a ct{ggéeé ?é?rgﬁé%p%?ﬂtl gﬁ?éluﬁium é‘%ﬂeﬁlﬂﬁﬂé‘%&sﬁ i€ 6B E from a material

h1'c ass and metal ceramc. Supply 30

 whid¥ Sﬂ?iﬁ'iﬁtégg i bufesioas Weltbin “ansing 98paytidiarly chemical corrosion
i gur e

con _ to produce water vapor in W 2005/023319 ..
fronP @ OERA@ A TI8omesh istorpied fgmy bynwmoof swapple, bysreidimited to,
100 al so includes_an el ectrode arran

- 10 . .
a galil gpeted candusiasp Charged: ampngament %2&"@”@4:5@’ Jordsing positively

k3 et S s P SihpTag Bty s

10

volth i€ bR of uP WT 000 P0kY 2R @ FoREL blif R{f %wq@oeﬂfau@. Charged

€ arrangénment 104. Power 5 supp 6 and

arrafb&RLEIONE BRI dofizarEh forliRdehing therfosiiiveeidntosuch that at least 50% of
génerating electrical discharge in supply system 1

| 0
the iositiviehaonst laee eesuryverlc Atonali benang 88 pyisd a'@égume@b}mwﬁ’--?-_ Charged
and ositive ions,.includin .i,ons fromt.he te .
amangasopSt Wi als0BASION (O RopFeAing Degaln iftyanetcoy producing

 raciffhdrorg i et B9 RS i, RbpbeRidifh EyCi0R SRR e art that
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| cha%gcsl %g{atsnéeﬁﬁﬂt 194 ehh QJEteﬁ%%agv

¢ Bhagea t8\yrobicd padivale $ram positive

ng arrangemnmen whi ch I's configured to
jonsti BIRSHEE gt 88paiot ivdudex anebatgede aimangeinenbl2indeding 2 mesh.

reduce reconbi nati on of the positive and negatiy .
Chatgeusarriigepesmsila§ isracafigersh{oripang negeidealy a‘»%@é%ﬁﬂjg}’ cRgnection 1o
powex by dger Givgecd SRREHAT 12865 SRredRe! [l epelink dny remaining

insul ation,l r 1 L OLLLL - i . ,
res ARk N b SRILIARS AROSA s rmovd fom
houﬁﬁg @ﬁcﬁihr%cﬁhﬁ?@ﬁﬁfaﬂsmz.]ljlﬁsmﬁ A1e88 ihslatiéy aimain powedr supply 130

romt e and

e positi negati ve ions. Insulation |ayer
whidH §s @ettiipaly aohasctedyter pdw8r supplyyHI antlypswensupplyckdé. Power

an insulating material which wthstands eratures .

supply 180eis ma@eaglﬂy'amﬁﬁ preyereapply having a D(E %reT\Pance. Boter supply 130
typically has a voltage output of 400 volts to 2 kilovolts and a power output up to 100
kilowatts, There is a grounded plate 131 disposed within housing 98 at the opposite end
1o electrode arrangement 104.

Reference is now made to Fig. 9, which is a schematic diagram of plasma gun 58
of Fig. 8 operationally connected to sterilization system 10 of Fig. 1. Plasma gun 58
includes a dry vacuum pump 132, for example, but not limited to, a scroll pump,
configured for pumping the OH radicals from housing 98 into chamber 12 of
sterilization system 10 via connector arrangement 60. Connector arrangement 60 is

typically formed from any material that withstands chemical corrosion from OH
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 One ot ¢oome| @falﬂnq/ iteBrnian

~ arran rﬁiql l Ch I%ﬁoﬂ%ﬁg%&lﬁ%ﬁh‘%ﬁ t|§: radicals into the

centigrade to 1000 degrees centigrade and pl asma
S ge conditions, for exanple, but not Lifytgeloon7e0
‘Vofg)ﬁgﬁértz ceram c, Pyrex and el ectronic gl ass.
Di spersing 20 arrangenment 108 includes an alternating
power supply 120, typically gaV|ng a voltage output
of 10 kilovolts, a power output of up to 500 watts and

radic%gf Ceaieany feheagssaf sirplehaibiez of @ AGmkioldhaving multiple
outlet of alternating power supply 120 is

- outle®l Eohhéciet m;tangmnumﬂﬂem 1gpaged ibetwaen plagimangun,$$ apd chamber 12.

outl et of alternati n% gnﬁgéetgﬂqs gfep ﬁqp}lﬂ@qaﬁb’ qopsegied to connector

mterri_ﬁ(f %hﬁﬁﬁng of 8 uc@ﬁlsgfbr %&@%ﬂ”ﬁ@ﬁ@ﬂ&tﬁéﬁﬁﬁbﬁ@mﬁénﬂ 60 so as to

ting rods are generally spaced with a
contrititfe ¢ sferiizafiofirof theeit¢ras Soobtegilizhtion.1 Therefore, plasma gun 58 and
cross-aligned with the rods of grill_ 114, such dical
connédter anghgements@ parfurmiistestizatianopf dherigitnah a?fﬁ‘e of medic

i ol e “éte&%gas@mah%q%@zsas@%a%e volume

) bR 56 i JRABEIFET AR oty

v “ mnda hotsd g A8t nesmtwnventien is
?Pmnb% , %Eﬁﬁf?emglszz typi cal | y hasﬂgy%unp

not libdted tofwhittiapboznt mﬂlﬁl@y shownraadptescribad hereipahoven %ﬂthcr, the
vol unme of housin 98 is liter. Pl as .

scopé of thecmrssent llmmfgﬁdwl&@ﬁd&% gembimations ﬂgﬁq ﬂg’“‘é\mﬂﬁ@@c’m of the
The nmesh | s dfr ma nate I '

vanopﬁ @BW,liqS ?}qgﬁsﬁgeggﬁ }53&}’%%135& ‘ﬁ HBateeRns thereof

that atg pﬁt {;br 5 opérba?t %cﬁ ?&%ﬁ‘l& H&fugib Aﬁ?édr%]%ishlléa‘ﬁa it ipon reading

y way of exanple [Tmted to, "a
iduct or. Charged arrangenent 124 is .
thEﬂ%g%?Fguregnggﬁbeing positively charged by connection '
to a DC power supply 126.  Power supply 126 typically
has a voltage output of up to 1,000 volts and a power
output of up to 100 Watts. Charged -voltage 10
arrangenent 124 is configured for repelling the
positive ions, such that at |east 50% of g't t he
. positive ions are renoved from housing 98 via vacuum
punp 12Z7. Charged



"n arrangenent 124 is also configured for

neutralizing negative ions, thereby producin ’
WQ H4EPY £ rom t he negative ions. It wllbe a%%?%%%?%%mw

by those skilled in the art that charged arrangenent

124 can be negatively charged to produce, radicals

from positive 15 ions. Plasmé@gun 58 al so includes a

charged arrangenent 128 including a nmesh. Charged

arrangenment 128 is configured for being negatively

- WHelreey Aawmeprigecti on to - power supply 126. Charged
arrange-inent 128 is configured for, repelling any . .
r eiai nAnmethndgfi sterilizing, afs laght ohatitean me%dlwg%offompﬂsmg the
the renmaining negative ions are renoved from housing
steppefivi a vacuum punp 122. Plasma gun 58 includes a nmain

i G L e e e
égf@'ﬂigﬁh&%ﬁ@ ¥AGspRerd IWhh SiePEhambavinmgl eheD&tmosphere of the

r supply 130 typically has a voltage
out put clefm¥&thag @ pressuve B késsdhan ose tw a power out put

up to 100 Kkilowatts. There is_a groynded plate 131

i Gposatiling what ogenato dehapHes and

g: @?r odemgazraqrf“:gfﬁaﬁ@. 04. 25 E‘ef Hglegf: iendo%ﬁt ;asgﬁi electrical
to&éi gECnpralig gﬁaclt;écaj é‘é gti eagﬁﬂ@.{'-ﬂﬁ%r s3‘\0§smﬂa gun :

58 of ;Fi [ F b i

oyst erfizohtsp® pROFIcES R TaditabORRRG LR whftrd/oBEt b Bhidbone so as
- vacuumdsiitrifeid o fsedrilaeion! of at Detst pat of tie sidéastanedtemn.

scroll punp, configured for punping the OH radicals

from housing 98 into chanber 12 of sterilization
system 10 via connector_ arrangenent 60. Connector,
ar 2angEhemetbod iof deimyhi whetsm fsgidrsterx pbataeging is performed by
. material that wthstandg chem cal, corrosign fr
 pumpEnHIT2BEWsphere ft{@l@z zé@@gﬂélf&’é ¢ gpaspliere @%ﬁhé’é‘pa ber has a
arrange t i sinple tube or a manifold havi ng
"Presmfﬁtq?g?%%ﬂ%g%&a?fﬁmnn'ector arrangenent 60 is :
di sposed between plasma gun 58 and chanber 12. One or
nore of the itens for sterilization are nechanically
cognectdmelidCONAgRHA Q! ﬁn@héﬁ!&ﬂ%@!iho B8 wep hif prodseibg said ozone
12.@ Pl aSFTIBI.I gun 58 then'injects r adi cal spi nto the 5
fromd St Rrenalsivolnoeoizet.he itens for sterilization via
connector arrangenent 60 so as to contribute to
sterilization of the itens for sterilization.

Theref ore, plasma gun 5 d connect as rangengnt. 60 .
e orPhemetliod Re AR lofuRiAE: ¢HRBRNRE (oe R aapipaneing Said water
: vapor;Pb%(I ;?e%lsing at least part of said ozone over a reservoir of water.

5. The method of claim 1, wherein said step of adding is performed, such that

said adding increases the pressure of the atmosphere within the chamber.

6. The method of claim 5 further comprising the step of breaking said
electrical discharge when the pressure of the atmosphere within the chamber is between

5 torr and 15 torr.



equi pnent, for exanple catheters. The term "internal

volume" is defined as the volunme created by,di sSpesi
“'Oﬂllo’o(ﬁ%ﬁmseal s over the openings of an itemfo]F‘fjll/ﬁ“’&ﬁm)ﬁ'9799

sterilization. 10 It wll be appreciated by persons
skilled in the art that the present invention is not
limted to what has been pa?¥icularly shown and
descrd i lsai ofc@iden®is pdi€ormed, such that
p?“es eiﬁ&ﬁ\@gf?gﬁgﬁg’a@g%oﬁﬁd %:tg%bi nat i o%s gnd )
said sedline DighéaRa¢ Henpreafutehef theartinusphdreavithissthveshambsscat least until
her el nabove, as well as variations and nodifications
- said steapeoflueakingas penfermed. in the prior art which woul d
occur to persons sculled in the art upon reading 15
t he foregoing description. WO 2005/023319
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fromthe chanber until the atnosphere of the (c) (d)
chanmber has a pressure of |ess than one Corr, addi n%
wg! erTvapestheddoforkaim 8p vilieecinhsaibestep 0fdpgdhoning Ay
_ el ectrical discharge in the chanber, such that said
perfophatatleasii20 inethar ge produces OH radicals from said
wat er vapor and said ozone so as - to contribute to
sterilization of at |east part of the at |east one

e e L A S Bh sh e i

perfo%ﬁgdm@%%;otﬁﬂ&.l t he at mosphere of the chanber has a

cycle is

essure o ess than half a. torr. 3. The nethod of
claiml, further conprising the step of producing said
. ozone from oxygen using an ozonizer. 4. The nethod of |,
chai nTHe misthodeof cisimrd, Surther bemprisingothepstep i sllpweiaggsaid OH
wat er vapor b assing at |egst paLt.of .said gzane
radicaly éo dﬁ‘ﬁﬂ@g@r m@?lqh%mb @ specﬁised 31%151011 time at 8130111gher pressure

end of said cycle.

12. The method of claim 1, further comprising the step of recycling at least part

of said ozone which was added to the chamber.

13. The method of claim 1, further comprising the step of injecting radicals into

the chamber.

14. The method of claim 13, wherein said radicals include OH radicals.

15. The method of claim 13, wherein:
(a) theat least one item has an internal volume; and
(b) said step of injecting is performed by injecting at least part of said radicals

into said internal volume of the at least one item.



5. The method of claim1, wherein said step of adding
' f,or med, such that said adding increases+h5g04/600799
we fuSlige etifs

of the atnosphere within the chanber
nmet hod of claim5 further conprising the step of
breaki ng said electrical discharge when the pressure
of the atnpsphere within.the2thanber is between

5
| goiq,h Zﬁqn%ﬁggqg# ste}ifiz zi/ 1845t B3t Th lale%gﬁﬂa(e? Qiglg%g% g&sma gun,

T _ clairm erein said step o
compﬁsiﬁgrth@grg?sofsuch that said adding increases the
pressure of the atnosphere within the. chanber at
| et disposing thi at lsast gnofitent suibiesfambepeaidor med. S.
The nmet hod of ¢glaim 7, furiher conprisin h tep of .
peltor RSN TBgisals Tt s, GhaTgbenstl o8 o sotlabige p Firailization of at
addi ng;, j ing. 9. The nethod of
cl ai mqg?&%%g‘g%%%%ﬁ%%gpé%ﬂ%@'perfor mng said cycle is

performed at least 20 threes. 10. The nethod of claim
8, wherein said step of performng said cycle is
perf.orTRamathddesidlaied) 16] Whereid daid théicaktincludefOMlraditnls.
8, further conprising the step of allow ng said CH
radicals to diffuse in the chanber for a specified
diffusion tinme at the higher pressure end of said
cyi.e Theomethiod afedéion 165 Whetginh 1, further conpri sing

WQ?@EJ leasine erieS andgral BB B hoo of
ol il s ShicEHR G ey F bR iRcfing ENGHEE B of s radicals

13, WHBffédid sitefhdl 3dhaaés i nclude OH radicals. 15. The
~ nmethod of claim 13, wherein: (a) the at | east one item

has an internal volunme; and (b) said step of injecting

is perfornmed by injecti ng at least part of said .

r adl.cdlle methed sxfi dlaimt é8nfrthen compoisingh ghatstere adt mechanically
_ one item ) . . :
o connect?ng the at least one item io a connector arrangement, wherein said step of
injecting is performed by injecting said part of said radicals into said internal volume

via said connector arrangement.

20. A systemn for sterilizing at least one itern, comprising:

" (a) a chamber having a first door, said first door being configured, such that the
 at least one item is entered into said chamber via said first door;

(b) a pumping system associated with said chamber, said pumping system
being configured to pump the atmosphere from said chamber until the
atmosphere of said chamber has a pressure of less than one a torr;

(c) an ozone and water vapor system associated with said chamber, said ozone
and water vapor system being configured for adding ozone and water vapor

to said chamber;
~ (d) an electrode arrangement disposed in said chamber; and
(e) an electrical supply system elecirically conmected to said electrode

arrangement, said electrical supply system and said electrode arrangement



. said water.

WD 200. 51023319 PCT/1L2004/ 000799 21 16. A nethod for

eril.izing at least one itemin a chanber j
wo%foﬁé#l’lﬁlgéun, conprising the steps of: (a) d@%{)}grzﬁ%moom

the at least one itemin the chanber; and (b)

injecting radicals into the_ghanber so as to

contribute to steri Iizationzéf at |east part of the

at | eggingobsmfideed f3r gerdreting eleotiied] ditchangel &y saiiedhaimber, such

said radicals 1nclude OH radicals. 18. The nefhod qf

)

cl ai mili, saihelestrical dipchange qroduenst Obhsadicels haw gaid water and
e Lo TP ARl O Sl g o o s

into said, internal volume. 19. The nmethod of claim 18,
'furthgpsdi%rising the step of mechanically
connecting the at |l east one itemto a connector
arrangenent, wherein said step of injecting is
penf oTHB thyRienh Rifeslhin 0 (b ailtbreiar baidf pwabihg ayiteml & conBigured to
said internal volume via said _connector arrangenent.
pumpthe #nsosphera from saidrihiambenginiil the atmospherptadngaid chamber has a
conprising: .(a) a chanber having a first door, said
pressgreraf leghiban to¥Bnfi gured, such that the at |east
one itemis entered into said chanber via said first
door; (b) a punping system associated with said

chanb. 4. p ' hei i e .
C P2 ot h Rl oA it 20° WO Gpttlq BHACHalG DU system
inclu(gés APbshfihaRAAH B frodacssad dzohe Siont brygame a
or

n; (c) an ozone and water vapor system associ ated
with said chanber, said ozone and water vapor system
bei ng configured for adding ozone and water vapor to
saBd Thandstem (off chrime|28c whsteinapaidngennangi Bgigeyaper system

. sai d chanber; and ( an el ectrjcal .supply syste
includssce TPy ¥OT ConBgHEd by otug o oaend ZPHNEEygpor system
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24. The system of claim 20, further comprising a control system configured for
actuating said ozone and water vapor system, such that said ozone and water vapor
system adds said ozone and said water vapor to said chamber thereby increasing the

pressure of the atmosphere of the chamber at least until said electrical discharge is

‘broken.

25. The system of claim 24, wherein said control system is configured for
performing a cycle including:
(a) actuating said pumping system to pump the atmosphere of said chamber
until the atmosphere of said chamber has a pressure of less than half a torr;
(b) actuating said electrical supply system to generate said electrical discharge

in said chamber;



22 being configured for generating electrical
di scharge in said chanber, such that said el i
WORWMAER L produces OH radicals fromsaid wat ef&ﬁ/}h&%@ifﬂﬂﬂﬂ&)
said ozone so as to contribute, to sterilization of at
| east part of the at least one item 21. The system
of claim20 wherein said purrﬁ-’r-”ng systemis configured
o to %gugemm%%@ Ph&s erdr Wakgavshorhaysbeah, bindli khdtheaid ozone and
at phere. df. said chanber has a pressure of |ess
than hapdtepvipor systiR .adtbeozonstand whier Napor 20 saiteekamber thereby
sai d ozone and water vapor system i nc|

des a
ozoni zéncreasing gy pesswyemidhe sunasphgrowaRm ﬁ‘recfgﬁ%% epnd
23, The system o | ai.m,20 erein _sal qd.0zone: . :
i@ " apng i e ey <5 e@ar b b0 R Btctyical discharge
for-stQrin F L PZANS %5 isehetween 5 and
bei ng é’%@?ﬁ?pgggs%égﬁ gncﬁj ce sg?xgﬁv\)a\e}ﬁél?f %/aggglr%lkl)l? a
passi ng 5oyl €ast part of said ozone over said waten
24. The system of claim 20, farther conprising a
control system configured for actuating sai'd ozone
~and wat er vapordls%stgem such that said ozone and ,water £
‘vaps: Thestysteradefsclaimnd2 bz Brereincsaidionfiel sysiegpds Gopfigured for
sai.d..chanber_ thereby_ increasing the pressure of the
performmpsaid €yele at %aséégﬁ’é%?s-at leas t until said

el ectrical discharge is broken. 25. The system of
claim?24, wherein said control systemis configured

' fm. ng%rg;&s?érﬁ G2 rg! ?ﬁ,‘ Herth Nehid (ontrdt tsy8idni ds Séindigured for

p emto punp e atnosphere of said chanber

' Jiho bA8 REIARIOREEO thhesai d chanber has a prt. -ssure
perfg)?ﬁ'i]%%é than half a torr; (b) actuating said

el ectrical supply systemto generate said electrical"
di scharge in said chanber; WO 2005/023319 . od
PCDS.| Theayieanadolapa 2Q, dprthet comprising biolpgipd filter configured to

e S s3oE svdBeshe Shemmtlet B S BEEPATIGRH S
chanber thereby _

29. The system of claim 20, further comprising a ozone destruction filter
configured to substantially prevent a part of said ozone exiting to a surrounding

atmosphere when said pumping system is actuated.

30, The system of claim 20, wherein said electrode arrangement includes an

electrode which is implemented as at least part of said first door.

31. The system of claim 20, further comprising a second door configured, such

that the at least one item is removed from said chamber via said second door on

completion of a sterilization process.

32, The system of claim 31, wherein said electrode arrangement includes a first

electrode which is implemented as at least part of said second door.



i ncreasing the pressure of the atnosphere within the

chanber; and (d) actuating said electrical i\%pﬂ
wo %‘E}’é’f’@r}rﬁ'o break said electrical discharge enh%ig&(éw(m799
pressure of the atnosphere within said chanber is
between 5 and 15 tors. 26. The system of claim 25,
wherein said control system2i43 configured for .
pekf Om%sﬁ?ﬁ%f‘jmhﬁ 30, Wherin 20id elsesrod8 Tarrdifpement includes a
system of “claim 25, wherein said control systemis
‘secomibelbiioodedhialr is implémemtied gs shledsioyart ef saidifzakdo®o
times. 28. The system of claim 20, further conprising
a biological filter configured to filter air entering
sai d chanber on_conpl.etion of a sterilization process.
284. Tﬂ'ée§y§ﬁe@hﬁ>%‘ﬁla@z§5rﬁ"%@¥m?urt her conprising a ozone

destruction filter fi t ' de;
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at nos re when said punping systemis actuated, 30.

The system of claim 20, wherein said el ectrode

alppNEgide ndlebtpede dmsapgemaiteandodeidihelentrical supply system  are
inplemented as at | east part, of said first door. 31. d there i
The syenfigured, steh thapwhensaidelec FRERLY §ysicbisdipiated there 1s

door configured, .sych, th th | e | '
r enov &8 lqa,sgﬁsl% & ﬁgglggro%tz\g}‘%ﬁg%t gaggeix% N 0o 8?828# atber.
conpletion of a sterilization process. 32. The system
of claim 31, wherein said el ectrode arrangenent
i RGl u ' r i H&int Sithidatyl pampitg system
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assodtata w30 0440 Whadber4 said3secbhdaryy pimping  sybtsinnbeing configured to
wherein said el ectrode arrangenent incléggg:l a second
recyodé acleastdmringd s#id iogonerpiléstewesadded to the iﬁﬁﬁn of
. said first door. 34. The system of claim 33, wherein:
(a) said electrode arrangenent includes a third

g B LR G, A B coniged o
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37. The system of claim 36, wherein said radicals include OH radicals.

s}

38. The system of claim 36, further comprising a connector arrangement
“configured, such that said plasma gun injects at least part of said radicals into an

internal volume of the at least one item.

- 39, A plasma gun system, comprising:
{2) ahousing;
(b) a supply systemr associated with said housing, said supply system being
configured to produce first ions and second ions in said housing, said first
ions having a first polerity, said second ions having a second polarity;

(c) avacuum pump associated with said housing; and.



at |least one central region of zero field gradient

w(ﬂ&o%ﬁﬁﬁi d chanber. 35. The system of cl ai m&8sn1.2004/000799 .
er conprising a secondary punping system
associ ated with said chanber, said secondary punping
system bei ng configured to 5§cyc| e at |east part of
sai d ozone which was added to the chanber. 36. The L
" syghem $fsicaredngedient tomfigeredciombeing nbarged vatimsaiguliest polarity in
configured for injecting radicals into said chamber.
37. Therdsyérem of claim 36, wherein said radicals

i ncl ude, OH radical.s..38. The syste ' o o

furt heﬁ) cor’rp’felpgf F@aaﬁ@gﬁ%t%‘: la%g]ﬁgi??éﬁs b% 2F'said first ions are
confi gured, i : kB4 .

east Tpart ol Hm3RldheARE WA WBuReh puly; and

of thegpt | epsiratine dtt RaEst 30% Afpsddnscond isyst tereby producing
conprising: (a) a housing; (b) a supply system

associ at ed wwadivalsaai d housi ng, said supply system bei ng
configured to produce first ions and second ions in

said housing, said first ions having a first
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second 'iGits, RALRIthitall RastosEH of Said(feindifi@l sesshd ibhy &fe removed from

Ions, ‘'such that at |east 50% of said first ions are
said hewming ¢id saidvaaiwtnlpongi.ng vi a sai d vacuum punp; and

(ii) neutralize at |east 50% of said second ions,

t hereby producing radicals. 40. The system of claim

39 further conprising a egg d arrangenment .configured

; .

oH.beilwg syrisiged aim 3% oREMPSSHE Ay dSResie arrangement
X | ) i :
oot St R, S A e 3, B o o
recothb ioﬁac#f%ap?ﬂfs't g%mv Sfd ey punp. 41, The
VS clarm 39, fur

em o ther conprising a dispersing
arr angemnent

42. The system of claim 41, wherein said dispersing arrangement includes:

(a) aconducting arrangement;

(b) an insulation layer configured to insulate said conducting arrangement from
said first ions and said second ions; and

(c) an alternating power supply electrically comnected to said conducting

arrangement.

43. The system of claim 42, wherein said conducting arrangement includes two

cross-aligned grills.
44. The system of claim 39, wherein said first arrangement includes a mesh.

45, The system of claim 39, wherein said supply system includes:



configured to disperse said first ions and said second
L AB9,4;fy order to reduce reconbination of sapcir/it0eH000799
wolédgh@ﬁg?}bd said second ions. 42. The system of claim 41,
wherei n said dispersing arrangenent includes: (a) a
conducting arrangenent; (b) 6an i nsul ation | ayer
configured to insul ate sai d2 conducti ng arrangenent )
' f(ﬂ)ma sk $postsupphs canflgamiddtc eeadutei Water apor (18) saifl supply
alternating power supply electrically connected to
sai d gysteguct i ng arrangenment. 43. The system of claim
.42, wherein said conduct,ing attan [ t Wo
*dbhs aesloqds aFmpiens dispond by SRERRNY SPEel 7
rein said firs [ g bLGh UARB cRcHFBES arddBgement, said
%i A/ BV B‘Fppéyaeltlem: Eﬁ@%&'ﬁgléﬁé@aéﬁ suppl y system
i ncl udesc, \ébpglgz%a/ QRRB1ReREIdd Lifihokinn 786ing6 copfipured for
a water Vvapo upply configured to produce water Vgﬁo{hat said

i n sajghepatipl wleydtantischingeain esaidt supply tHRde
di spoSed in said supply system and (c)..a power e enl
el ectelectricalydischange Peeiucss Gigoss g%g* 8%‘5 V&?‘P&P@Bﬁ‘; %‘%m said
said power, s | yv..and. sai d el ectrode arrangenent
bei ngted ﬁ@ﬁﬂ%d@rxﬁg’d’éﬁ%r ating electrical discharge
in said supply system such that said electrical
di scharge produces OH ions from said water vapor, f i
r ef ' i S fiAREUEEmPHsingdi ¢8l vacudin plinp conhigurs

g@te oﬁgﬁgioﬁw%g%ﬁ?%?t her conp?liigi %g a dry vacuum i
uﬁ%ﬁ]ﬂ codihaaRErothasidboming said radicals fromsaid -

for p h u3|gng.



