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WD 2005/ 023319 PCT/ |1 L2004/ 000799 1 OZONE PLASNVA
MEDI CAL STERI LI ZATI ON FI ELD AND BACKGROUND OF THE
wo DMENTIXON The present invention relates to  PCT/IL2004/000799
sterilization of nedical equipnment and, in
particular, it concerns st er| lization of nedical
equi pnent usi ng ozone pl asmh. 5 OF nost rel evance to

the present iny
SterilizatiQ#O @étMﬁ@TmIé@&SQNom
Johnson & Johnson Conmpany. The STERRAD(r) Systemis
s L§fBRf ature gas pl asma
per at ure gas
'Pl‘f‘é@rés!’é‘h't Lﬁﬁ@énﬁ%‘l‘l rr@ﬁl'té‘sa'@ Mﬁl%tll@ﬁr bPriEdiesl equipment and, in

sterilization of the nedical equipnent. The system

particules, incéndeems/stetibization elSiddies] equipfentiugihgatzone plasma

i nstrunments and e prrent, elimnating the need for
| dAgmept éféﬁ%ﬁflC@ﬁO %h%ﬁ@sentdnae@t@ i1 the STHRRALNDS OHﬁﬁterlllzatlon
d | |
SystSR sBnstaTaDh avuale o JPoc; Toptph (ifpany. The STERRAD®

Syst%ﬁofseHEs@d' SH%esgéﬁé%ghéﬁ o‘fuﬁw&-?eﬂm afiff€ géésoglﬁ%ﬁla from hydrogen

ydrogen per oxi rst drogen per

perogiXipe ThieViow &8 Féﬁturby sogle.@maemoludrés OHessli¢als ehich perform the
treated carefully. Third, a supply of hydrogen

sterilizationi af the cuxlieal Q;Bll]pjmﬁmh él&@dsyﬁﬁ@m dogsynot) Baye toxic residues on
rate the system Th fore
surgight Bimipioncs 350 FHURMON, Sjainelinghe pecd o ﬁ?ngtﬁmeﬁﬂéwn phase,

s ST RS EC ROt AP, 5Bz

cyclé@m %KQﬂé‘orBi@S sRtHEsfotctherftidiet | sygRin gNdsy/ &5 @18 @ed to use hydrogen
met hod of operation thereof. ACcording to the

peroxigacRirsiy by dfogehepepoxide i expensivei Secdrite hgdrczgeprpma)}ddd needs to be

a method faor steri I izing at |east qne itemjn
treat@dw sarsdilly.conphiassuply RE hydrggen dreredyle desvi h@pm@am specially
¢ %Bg%one itemin the chanber; (b) punping the
°°p§f L om t he chanber until 25 the at nosphere of

t r S ;

A g aReretB & RO e Lo R RRRAE o} R0l arf Ipethod for

medigaheq %mregt aélﬁgtche@jﬁhndir@dnyragailabletshpph@anber, such

that the electrical discharge produces OH radicals

fromthe water vapor and the o0zone so as to

S Eogt E{(bgé%égmﬁﬂéﬁ“on of at least part of the at

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; (¢) 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 2005/ 023319 PCT/1L2004/ 000799 2 According to a

further feature of the present invention, the step of
w@owsiozs319 s perfornmed by punping the at nospherBCT/II04/000799

the chanber until the atnosphere of the chanber has a

pressure of less than half a torn. According to a

further feature of the presen invention, there is

oy eseiien G fiher b8 ReBgRE Mvipifond HRE Steb’ S bumping is
perfdiRicdr B 99?]@?% ﬂ&@ﬁﬁﬁ&%&w@ Rlon?The themBes 8nfll 8 atmosphere of the

provi ded tep of producing the water vapor by
chapites hag a pressaressf lpsy thaathalfetwzone over a reservoir
of water. According to a further feature of the, )
pr esegnrdingvtern fusther featurs elpthefpreseait iayeangion] there is also provided the

f d, h that th ddi [ th
steftpt P USkiaBE REPRE Rorh PRy SIS IRRARBEPOZRE Cor di ng to a

fur f ] ' there:d :
ARSI Rl SR SRR ARG I o provided e
stepflbf pRAT@ oM RVATRE VR SSY bessthg bhRasd ars bR elieeoxdridbver a reservoir
the” chanber is between 5 torn and 15 torr. 15
of watenr ding to a further feature of the present
inventiqQn, the step of addi is erfornmed, such tha ..
t he Aefiig {one rBibes Teasire pEdie PEcnt REETEIORp SBR I OF adding is

pertirbitt shOF BT RHIAL thEBHen, B srst iy e lemogplyrg within the

chaffbekhe present invention, there is also provided the
step of performng a cycle including the steps of
purésigdingadi anfiirthge fieatate othanmtesedd imventionnthere is also provided the
According to a further feature of the present .
stept o/ breaking the iedectrieq] dischgsgs whan itlie prassureyadithe pinosphere within the
rformed at | east i mes. According to a further
ch Tg’ffﬁggt&fce{lﬁetoﬁ'r%géﬂq {qrﬁventi on, the step of
per ' ' f . 6 i ..
D AQLTR 1 RGP TS PLIRE TR iheRlon0 Tt ot adding i
perfordfAdl is@eh thdiethe Adlifs SQcreasesl the dprefitire ifefhe Aftmosphere within the
allowng the OHradicals to diffuse in the chanber for
chambepatldastaahtiithé sepad breaking g pedierniédyher pressure end

of the cycle. . . . .
Accord%ﬁg to a further feature of the present invention, 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.

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

wo e@yobizng at | east part of the ozone whi ch waBCHue 000799
to the chanber. WD 2005/023319 PCT/1L2004/000799 3
According to a further feature of the present
invention, there is also prov3ded the step of

L

steg Qﬁ'ng&% gi‘adfcﬁfé'lﬁﬁiﬁlec'ﬁaﬁ%wdl ng to a further feature

ent invention, the at | east one item has
an Aéﬁo@dlﬁh@ tovep Furtieer batutdrof sheepresént imveatiomathesadicals include OH
performed by injecting at |east part of the radicals
radicalso the i nternal volune of the at |east one |tem

kot 8 B dBREE Oh e B Pty YERIaTH 155 A <GFt one item has

it ' C . '
?eglﬁ%lr\g)glﬁlﬁlg a?)@ethg E%P Jﬁgge%ﬁn%?sc‘ b?&?ﬁgi&g gggﬁj ﬁgﬂ{ﬂ% at least part of the
radﬂc&ﬁshtowh@ ihfe@ialivoldme om@émeltaast%@ ifdmd. 1 nj ecting
radicals into the chanber so as to contri bute to

st ekédordiai tan thef temchingasof ger present Mevetionethste analso provided a
item Accaording to a further feature of the present -
methad dpit $t@ﬂhzmgea%rlwt B¢ ey yehangper Ysig @ Rlasmagun, comprising the

248 b ' Ry FRSHES SRRl g nesing i

into/@le W s & @&ﬁ%u’cé‘t@%ﬁﬁﬁaﬁ&l B?raft Qée&?gaﬁ)’of the at least one

injecting at | east part of radi cal s int
item.nt ernal vol une. According to a further feature of the
present invention, there is also provided the step of
rreoqnmr@@gl tp & Birthestienigre RE the presast inyentiondhetradigals include OH
nect or arrangenent, 20 wherein the step of
radlicﬁsecti ng is perforrred by injecting the part of the

radi eal g lgtnﬁ)o  futther. ngtﬁ%én QJ{ Eﬁ’e fgfga 144 h@eﬁlﬁkﬁn EROQE S one item has

arrangene I Ngs e present

an inf¢RAVlimien@idehe %ts?' (ﬁ‘injb"cﬁﬁg%ﬁeﬁorrﬁ&@ be lﬁljfeeﬁng at least part of the
sterilizing at |ea one item conprising: (a)

radichlsribter thedufengplavolumet door, the first door be| ng

TR, AR U N
steps%%tnel@:fasn%a fy tc&?né’c\:"tltng { Cat® Pe%gp% ftélﬁ to a connector 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: (a) 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



10

15

20

25

punpi ng system being configured to punp the atnosphere

fromthe chanber until the atnosphere of the chanber
whamsapiessure of | ess than one a torr; an ozBOEIIZ0@H/000799

wat er vapor system associated with the chanber, the

ozone and wat er vapor system being configured for

addi ng ozone and water vapor 40 the chanber; (c) an

el ectrode 3 rrangenment di sposed. in,the chanber:;

confieffd 16 B Elee AP 23Ry <L IRERREmG SPafi g an e clectrode

arraﬁggli/eﬂtzﬁéiﬁg d%gﬁéhi'e%p@(ﬁ/ %&Q?a%ﬁleg‘leleﬁﬁfyéﬁ @ﬁs%ﬁa{g% foh@e chamber, such
efFectrode arrangenent, the electrical supply system

thatahel eldetricd] @idchatie praducsso®hbmnididads fronctheliwater and thay ozone so as to
generating el ectrical discharge in the chanber, such

contritarte tthetenlisation ebat laag pattrefdhpablngseenadtemadi cal s

fromthe water .and the ozone,so as tqQ contribute to .
st €kG90TFIAE; torp Syrihgr 1%@%? OE&P? Tgf S A 0n bE GHEIPIE System is

' j r rf.e : §
confik B, o, HERH B dubBshekd R Bt ol BpEeBREHbere of the
chafB@r BASRHRIASHR df11eds thhg halfarteer. until the atnosphere
of the tchanber has a pressure of |less than half a
t orAccoAdingr i agurthen féatutehef the areseat dfiverdionyrthe earone and water
i nvention, the ozone and water_ vapor system incl udes
vapensyYsign ipdpdec pERmaer qantigused tapioduce qniedrem oxygen.
oxygen. ..10 Accog din a further feat.ure of t
o G0raihR 05 Tuthef ety kB b FresePR aBin. L8 cgppe and water
vapb'§ ﬁ&?ﬁgﬂﬁ&%% Y&ekv&iP %hﬁgﬁféa fr stéﬁﬁg!wgtemh%r@z&ﬂaeand water
ozohe and water vapor systém being configured to
vappr oghtean behey vaifigured poprdancp diss ivateratapbebs papsing adleast part of the
the ozone over the water. According to a further
ozohe gverrheoratehe present invention, there is also
provided a 6 15.cgntrol, system configured.for _ actuatin .
 heAPEHBE AR HETET oayER OL a3 BHPCRL I CPigh: e 1pglaherovided a
r
confi 8o BRRted T pEMRRPAC T B R ARE WA oBEr M, such that the
ozofRé dnldewatcrOsdpor!sgsein thads chaehe aind grsSivatdit Vdpdrh® the chamber
el ectrical discharge is broken. According to a further
thertbntincreasiigt the presseatofi theeatmaspheten ef dhetahainbey st deast until the
iIs 20 configured for perform ng a cycle including:
electragal sischargais b(rﬁ]éelburrpi ng systemto punp the

changer o, (ELELTETe P phEAF RERRIE, Gy copfi systom i

congg&ﬁﬁt 1?0? g)leffﬂ%ﬁn?ﬂge& tyéeahcRURY: YaathAlid hedRBpRESySRE to pump

ectric
the atmosphere of the chamber until the atmosphere 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; (c) 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 of the atmosphere within the chamber; and (d) actuating the
electrical supply system to 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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di scharge in the chanber; (c) actuating the ozone and
wat er vapor system such that the ozone and water

WO ap602B8yst em adds ozone and water vapor to theCT/H200e00799
thereby 25 increasing the pressure of the atnosphere.
wi thin the chanber; and (d) actuating the electrical
supply systemto break the elgctrical discharge when

boAREHIBE AR TBIGH PR B B g6 n TRFERr CIoEPpFdl system s
g : I .
conflniedFoP pEFpRhirgE T LR 1L CORBREL, SVELT 50 11 s,
WO A2Q8pd A2 33 LOATRREr b 20LA 6D AR BResbnt Aventioh,heteisaalso provided a

further feature of the present invention, the control
biolsgeakrilies comfiguedetd fibter pair famtering) thtechayahies en ¢omapletion of a

60 times. According to a further feature of the
sterilizeenPreeesent i on, there is al so provided a

:3 quslxcg%gﬁgllg rtg%%%gﬁg&g%t:u% Bgﬂ‘letagregéét{ @&Fﬁlé%ﬁf%lﬁer {s"so provided a
ozoRé QE&RR:t Ctt?@élﬂédﬁgisghg?@tof Hibkshtialle Brevdt afpath6f the@FeRt exiting to

Invention, there i so provided a ozone destruction
a sutidub@ingcatafdspheedvhen theatmapingalybtenpisactdted part of
t he ozone EXItinghhﬁ a_ surroundi ng atnosphere when
er

t hé\geongingg tey 6t deate caf thec argseny Leveationy t ther electrode
" feature.of the present, inyvention, the electrode .10
R E A ROk ST WHED: tsoRupIkAREfd 8 fhifast Strioqf the first
dooftS at least part of the first door. According to a

‘urther feature of the present invention, there is

al Yooderdndath furtlegdentiré 00 the priseguiredntisnicthetd it albd provided a
at least one itemis renoved fromthe chanber via the )
secastdont ahodiguosd, soolpitet ithmatdeast agredtan iseenaeddiomdbe chamber via
15 According to a.further feature of the present
the peppagidoss onqeanrlptier phasteriizaiAp PFRIRSS| ncl udes a first

o S, ol SRR roa bR, iAGpt, B clecode
e SREHEN NS 0O R mUec e, SRRt kg of e
secqed 8omf the 20 first door. :

According to 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
electrical 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 further 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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According to a further feature of the present

i nvention the el ectrode arrangenent includes a third
web@snepde and a fourth el ectrode and the el eceeDUe004/000799

arrangenent and the electrical supply systemare

configured, such that when the electrical supply

systemis actuated there is gt | east one central

region of zero field gradient within the chanmber. 25

Ac g@rcardiggtt@ aafupriier Aeaturecaf theeprssenthigventisrthe radicals include OH
d.i vention, there is also provided a secondary punping

Ia lgé)é‘t em associ ated with the chanber, the secondary

PURESRISS S SR i RIS ) 8980 provied o

confte girgpenter coufibhadd, keeh ti thé pldiendds®@ fifects at least part of the
invention, there is also provided a plasnma gun

radieanintguanduternal voljmetofithe atltastadre itetho t he chanber. WO
20%%02&3319 P&[l L2004/ 000799 6 Accordi,ng to a, .

f ufCREFIRG Py chings sHehenpreperficHiveBHon therer ifdplsq) provided a
I.JAC r.adi . JAccordi.ng. a further, feature .
plaslii i Ssibin, kB ARl (ARE BORIG: 13 Sl REeal tofited with the
houﬁﬁ@,rt;ﬁ@_tsap]to@rgy@fea%@iﬁg R ]cﬁét{ﬁygprﬁ{i@@ﬁfﬁ gﬁsnst A RcBRlTons in the

gun injects at |east part o 5 radicals into an
housing e thal firsblion® levindie dirst gaddritynehe t @rondciomsdhigngoa second
the . teachings of the present invention there. is

pola‘éiltﬁééd_c b 'aomcgl@én Aump l&@ﬁﬁla%“g'%ﬂ@ﬁml@f@mdgjrwh@iqa (gt arrangement
confSh 18 o e Qe NySHE BRI G sttt fons

] by AGOE 209 RSO Sy OUFL I L 5 v

pump; ard (iflthcifiratiob at ldagt 5¢%)ofahy s6¢oHd DHERhe%HYPrad®éng radicals.
with the housing; and (d) a first arrangenent

coAccoetingl té arfubiben featimar efcthevpresent Havdntiosy, thereas ialgo provided a

in order to: (i) repe he first ions, . such that at .
Secorlaaaéfaf@é%eef chpttRRdor o shuted it the sesendipolarity in order to
repef g8 sk i B, Mo Tec 1338 0 b BEiARigfhE 2bond ions are
remdvadll Béinsthe ASGOING VAL tHeOvAuliH hixah. f eature of the

present invention, there is also provided a 15 second

ar Asogrelimegnto adifthen featureaof theiprgseit dngadion thert e also provided a

. second polarity in order to repel_remaining the ) )
dispersgrairangesnent gentigwred tadispsasn ths disbions aad tersgasindgons in order

o e bR e RS BT e hBHSLg, v 2, e
Pr 836XV HirthbPefeandE BESHP YA difention, 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



10

15

20

25

di spersing arrangenent configured to disperse the
first ions and the second ions in order 20 to reduce

w0 e@smisnat i on of the first ions and the seconPCT/ire804/000799
According to a further feature of the present
i nvention, the dispersing arrangenent includes: (a) a
conducting arrangenent; (b) ap insulation |ayer
conf |

syStE P b fsctitie] BTRRSMFL G RRarD 15 RueP LT ogfl (©) @ pover

t 4 [ nagt
supily, EEOFAY BAHEGed tBh¥ HARIde SPdenfRRNAR Fon b shilfly and the
elechiodt léfﬁngémbﬂlebéiﬁ% gonfighfedefor ioeferating eteendet idistdarge in the supply
arrangenent includes two cross-aligned grills. ,
systémg audh rihat thea elactticedr diselzrge eproflucaseOpt éemmifrom the water vapor,
i nvention, .the first_aryrangenent includes a nesh.
whergiadharadjcals include @Em@%ﬁﬁur e of the present

vadsordie ) "CuR el b B Ateb i EFon Bbrd i P brovided a
dry FHERIA gp@m 8@%@%@?&9@4&9@&3%& theSM(lfSﬁsEiﬂg. (b)

ange posed in the supply
system and (c) a power supply electrically connected
t 0 t he el ectrode a gement .t he power supply and the

HIREHES6 A PAd Odh b AnY i gured for generating
l ectr.ical .discharge,in.th | t h..t hat
o LR 5. e R b et e
accmégﬂcyiﬁggp Wingé Whel&i:n the radicals include OH
raticals. ACC

rding to a further feature of the
prggent i$ aveshiehitic diagfamiof ah Hzope-Plasied sterildation system that is
vacuum punp configured for punping the radicals from
consthected asidneper@fe BR DESORIRE| WNhGE preferr/ambeimant Tifethe present
. invention is herein described, by way of exanple only,
InVeRtIon; r ef erence to the acconpanying draw ngs, wherein:

Fi q. .S .a h i i aqgr f - .

0 i 80 RSC 5Bl 80 Bbn s oE oty e he
Sterﬂ{kaﬁgﬁgg,geﬁlc&fwgg T; a preferred enbodi nent of the

present” Invention; 15 Fig. 2 is a flow chart show ng

t h&igt s a gfraph of grédsuza(withirpthecessnbeyi oijthehsterilization system of
_sterilization sgstem,of,Fi g. 1, )
Fig. 1) against time 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

sterilization system of Fig. 1;
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Fig. 3 is a graph of pressure (within the chanber of
the sterilization systemof Fig. 1) against tine for

wo b@sseBid | i zati on process of Fig. 2; Fig. 4 iBCHIL2004/000799
schemati c di agram of an ozone-plasma sterilization
systemthat is 20 constructed and operable in
accordance wth a first altergate enbodi nent of the

prese i nvention; . 51s schemati c di agr f e e
AnTagdhds @ sehPalics diaeimcob RpSpangih dor e With the sterilization
n c nd operable in accordance with a second
SyStgﬁéﬁﬁrﬁ]@tl %}Fgodi ment of the present invention; 25
Fi gig & I8 3 Sqheeimid Qishrasy I tHe PlaBPNAuP! G5MRg, 8 operationall
st er| I zlatl on system t%at is con?tlr uct Q%Iand gg%rabop Y
connécted totheamedlimition system ofiFad. tler nat e enbodi nent of the

present invention; Fig. 7 is a schematic di agram of
an ozone recycl i ng systemfor use with the

023319
b@&@m c di agram of

IETlh%s BPes gﬂq’]_.ﬁ%ntgﬁe 1§Mahh % fa@fﬂ | iﬁé@ﬁéﬂ%t@?ﬁ%&t‘%ﬁ Qystem and

iS a sc agram 0

metﬁb@@ﬁ@p@iaﬁoﬁfth&iegf 8 operati onal I y connected to the
sterilization systemof Fig. 1. 5 DESCRIPTION CF THE
PRE@EmlﬁMsmldvamtwneo pe zAneiplasema imedical %tﬁnhzatlon system

ozpne sma nmedi cal steri atjon s d t
accRign b by &res%r@apnumm@héa biferalndgialao w4 thjetence to the
eration of an ozone 10
&aﬁ@%%ﬁﬁ%@?c@c{rﬁ@%ﬁg &glntl on may be better
unglf SiBP b MikodiRtdhe r’cﬁ@ g@térﬁ eandirA¥ihdds ofndhet PResent invention
acconpanyi ng descripti on. way of introduction, the

gen&yaﬁdsee‘lwtmdahdisbhﬂgeﬁntcharrﬂuee sentaining gri¢smm of gznee ané svater vapor

electrlcal di scharge _in chanber containing plasma
to psodiise QHdraginads farssienilizing. The chemical reaction is given by the following

',m

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 19809.

Sterilization system 10 also includes a pumping system 16 associated with chamber 12.
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to produce OH radicals for sterilizing. The chem cal
reaction is given by the following 15 equation: 203

w@ awsoez3s1r 3H20 (wat er vapor) = 60H (equati on RQT/IL2004/000799
Ref erence is now nade to Fig. 1, which is a schenmatic
di agram of an ozone- plasma sterilization system 10
that is constructed and operaple in accordance wth a

P S PO SR et SR 68 oabSEURSR cpamber 12 uni the

60 B 314 At et i) Gty s

than| 0t5e Ft@rra']!"ﬂln’&hﬁé esfy@férﬂ 16egaredllypGnelnde? B0thitl wad soutlet filter (not
|s 64 are typically constructed fromany materi al
showh) cPunitihgt aystslmlﬁxanmhrdes Poor or4 merec @hédtymiedpressure  sensor

MM T T O R ——
b ' |

B0 B, B A Sy o s

pres@ﬁ‘xtegr G hﬁ%égfrﬁ%tr%lb}ab' #Rht Riast THOL M. 19 WWIr be gapprec1ated by those

operati on ngenment 38 is typically formed
ordiha61y siYleddn ehi¢ aft thuhatcleasti driesotthetselactvamio qm;ss(nﬂt sensors needs to
corrosion and plasma di scharge conditjions,
sensexmmressummcn@atqu intthe repge vfmrmmaﬁelr/SO to 20 torr. By way of

xS R Bt Aok R O Ao S of 5

cubljcgrﬁgt%rs é lﬁr\bhéflé 'c'\%nuli\é%tfg;ﬁ'aﬁ'l%e?'l 9s 1068 SPfi'mpmg system 16

urnpin associ at W th arrber 12.

tﬁﬁ@il}ga %ﬁ@ﬁ&ﬂ baRIM /8P XA a: Hﬂurrmtrlgmﬁy@tte,rrpmﬁpu B1MS80 with
confi‘gured to punp t he at nDs ere from chanber 12

foreambuttapshehlchump‘anmlaﬂy & from RQRC Edwards wfS0dfBallardvale

Strekbr PcpAARGS S ko N IEHgEner vy O oo SETilizafiap epystem 10 also
and outlet filt

inctfih Gkt ol et Dobar SRRIRS HAGBL00, 48, BBe 12. Ocone and

watéf 6@5&%@%&?& 1§ i§ reeﬁﬁguﬂeﬂ b aH8HY; éioﬂeoénd%fd#r\}aﬁﬁr tdehamber 12.

press e at nosphere of arrber 12. The

Ozdglkeegiid opater prapes lﬂyeteﬁeh& anchldeamge weohizenrsysteon30 gundedn oxygen
to sense pressures from apprOX| mately O to _at | east

supFlyB k. §)zonizer syptem 3 issgnftesived tuprauch oZenc Gom ﬁ%ygqrysupphed by

TN e v o
sup@&%v\’;aié gk@fm&&‘ 5y 18erh A0 B 1P lvaF PR SIREEbYorflzE0syatkrh 80'is generally

configured to produce ozone at a rate of 200 grams per hour when chamber 12 has a

capacity of 100 liters. A suitable ozonizer system 30 is commercially available from
Ozontech Limited of Technion Hamama, PO Box 212, Nesher 36601, Israel. 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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voltagarorputef befiveen Hizad %

10 exanpl e, punping system 16 is generally configured
to have a punping rate of 80 cubic neters per hour
wok@s/0tize vol ume of chanber 12 is 100 liters. RUIYIL20@4/000799
system 16 is typically a dry vacuum punp, for
exanple, but not limted to, punp EIMBO with foreline
traps which is commercially ai | abl e from BOC Edwar ds
of 301 Ballardval e Street, e Edwards Park, )
shows) mibigh arvodmaesotigg wats erppi. zSteridization t syisteno 18] slso1Bicludes an

ekl SeEn O SRR PRI, B g e 20 i
5§85 IO LR AER0S RIS \EPRA®, B Mo o

plas@d0liseRirgty 86:8ditidhs, afst aRaMp¥eBut HHPPIiMiRd. 12 Mimeds steel. In
system 30 is configured to produce ozone from oxygen

accosdgneki withbthis gy feereds ambodiBént Alectrdfe strediigemenlt 20 BRludes two
control s _the_ supply_ of. oxygen from oxygen 20 suppl

clectpglos n; 2t 5SeIA 2. ispymmgmeniogx et o dosdd, Sterlization
systci¥ J0GEb e} B SRR stpr st 2R S SrBUR SRR dbotrode 22
of eleeR8Es biral er l@th 30 YRf 8 -wife 28 E?é@tﬁcﬂzﬁ?hﬁeﬁys?é’lﬁm&&picaﬂy an

is comercrally available from Ozonte Limte

AC peshia powidansuppdy, piefdsably2i? th&Neaber fi2G6edcy (RFaahnge, having a
Ozone and_ water vapor Séstem 18 i ncludes a water
Be olty endra powesoutpst afibstvecen 400 and

eservaLy 34.configured ., for storing.water, Ozone and
1250, gvalls” Hlssirod &f oy gunged Ghamher 43 15 ustes ot noleBpe layer 40
whick IS LR Or PN AROCt PP forle 87 ARLEEde L YR layer 40 is
genefABN foraivd Meie bﬁ W06 xdapisle) Bist riot linkivéd ®2PNVIDF, Teflon, Silicon or
configured, such that the ozone and water vapor
HDBR. inhsuletiegdayer 4f is natrivaschaficalsisconnbetad do tchainder 12 oA dditionally,

. approximately 99% In_accordance wi.th a nost preferred
msulagng nBYeh %h@s &1 texised suEfene. Wﬁv&wﬁc@ﬁ the geadls\efi phagpber 12. The

I nel a trasopni evi no .2005( 023319
x4 AU BRSE) SaflE RS IR RORACRRE i e wans of
r 3 - . .
charkRE% nSy8E 1 B8 LA YRIAEIAA PO BEORR ) e e prese
of thel #tgiosphierearfrdngeeell i2@edsced! Upiecakiuyed surfaet ncbudes, by way of
non- magnetic material which w_ thstands OH corrosion

examyrg, by refimited émagrgevesowithta depth andrwislta o lapprasimatedy 0.5 mm.
Elecl5cl) sibal nbnPhon JPuEis Aeay GfoR oo b fugenerating
elect%i\;}?lt dg%cﬁgt%?ﬂg}h%bgﬁﬂ%,i ZEllg.fqlPg%ﬁdﬁlezélebﬁidaMiWéee%r@&uces OH
radicals from the water and ozone so as to contribute to sterilization of at least part of
the one or more items for sterilization. Sterilization system 10 also includes a biological
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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system 10 i ncludes an el ectrical supply system 26

electrically connected to electrode 22 of el ectrode
waeooaogBsnent 20 via a wire 28. Electrical suppP@T/Hy2e04090799

26 is typically an AC plasna power supply, preferably

in the radio frequency (RF) range, having a 10 vol t age

out put of between 400 and 2, @90 volts and a power

out put of between 400 and 1250 waits. Electrode 24 is
“surgpunihing crtmospherer 18 2d¢imad, herein fo; nsliida ithg atmpapherg external to

s ESOE T OSLE P59 16 BRM 17, 0L M 42 e

valvk O 48 HEYSET SEXBEPITBbe DitwidPL b Mid GAllveR 44DVIF, 48, 50, 52, 62

ef'l bn_, SiTitcdn or HDPE. Tnsulating | ayer 40 is not

opefiEiofaly eahhyctopedet Edrrtp@ng lspstorr 16, 2zoAd dindi water | wapofl System 18,
insul ating layer 40 has a textured surface, which

biolbgivels ftes Sdedrics opene Hasiestiorn filivns6. {ke debnoBiE de connected to
chaigr LaVi4 0Bp CREREIBAS. 3. VAT o B Uee we eeibfally solenoid

i nsu i I | i ' r- . .
v 8 YR SR 1883 Y 4B GBI, e soeno
valvENSoriffotirtd @6l adlitist A6€ ratBCOUAEW: obyzdRylealingesaimir e, sydtdm 30. The

not lrmted to, grooves with a depth and w dt h of
methp@rfoxipradediyg 00H radicald il dutmberal2 sudpsgribadsiemorg detail with

and el ectrode arrangenent 20 .is configured for . .
refegrneer it Figg. 2eand 8r ilbg mgthadndesgaibe %ﬁﬁﬁﬁ&reﬁcﬁ to; fiigs- 2 and 3 is

pertogit: fnged Sonlsbh s FisE 38, SuRERE ST, Pl 58! omponents of
sterﬁlgzgﬁngh;sgﬁkm% BFS&fvoeh%%be Aattudale vAlDes a04648180E52.

_ r sterilization. Sterilization system 10 al so
| nterdiezationbisghteei £0l alsbi liheludést, a f plasmearguined8 baitd nat connector
limted to, a High Efficiency Particulate A r_ (HEPA)
arrapSeimieht 60.. PBisoieo @uodI8 fand: epnmerters agienegegenee0 (are configured for

L ofilte ir_entering. chanber, 12 .on coppl etion_ of .
INjeGHBE | VH, apdigals p%%g@g msgrgp] IWOQ‘QPFoﬂPp%t Qi g, o pthe items for
. (o) i i ' i . .
s DR o8RO 58 FEHRAY b o ¥ VBREY cre deal
witltfefefehes ¢o FEs. B'a&lﬁ_g,@es’peéﬁ{rélwndi ng at nosphere when
punpi ng system 16 is actuated. The term
'f'sllmmm’mri sistem B0eisetestedi prioeto mee Hyereiuating ozesizegesystem 30 to
iltering ozaone,  such that only an_ 30 .acceptaple ] evel
prodiceo pzre M |exight stestlzation syater 19 a‘flf“o‘f??g%/ e lyS 44, valve 48,

valve S A5 R RG SRS R e 7O QERRAd ey TPsludes dpone sensor
(noﬁs%}gor\?r?)%? %@a@ﬁriﬁ%% &@éntiftg of z8hé biei%@ﬁr@ﬂuéétﬁbf Brdfizer system 30

i zation system'10 cludes a tube network 42 and
to ensure that ozonizer system 30 is operating at full capacity.

Reference is now made to Figs. 2 and 3. Fig. 2 is a flow chart showing 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 Fig. 2. Reference is also made to Fig. 1. The sterilization process using sterilization
system 10 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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val ves 44, 46, 48, 50, 52, 62. Tube network 42 and
val ves 44, 46, 48, 50, 52, 62 operationally connect

WO o@sibsi9 punpi ng system 16, ozone and wat er VBEDIL2004/000799
system 18, 5 biological filter 54 and ozone
destruction filter 56. Tube network 42 is connected to
chanber 12 via two openings 6ﬁ3 68 Val ves 44, 46, 48,

o 18 O 28 Y55 TE ghlBem 56 st
pu ?gﬂ{xgsé}%?#ﬁ lﬁojcoe th\éahfﬁ?osﬁ)‘ﬂ@fé %Frc‘ﬁgnfb%r 34 Mﬁg fHé_?%tmosphere of

ow of | eavi ng ozoni zer system

chafcad Hara pfdsdm&l tpicatlyriadhe ahsgd of 0farbs ot bistk 506 line 200).
described in nore detail with 10 reference to Figs

Nextn doﬁrorrs'ystemeﬁﬁmﬂosd:esral\rdsew Bt . hc@ﬁen@ﬁh@smn Sﬁga@ruazes electrical

and 3 is erforned u r ol
sup@bhfsy@te%%g 0 rgeeraige] %P%ea ot gfl%lgker 12 (block 508). Next,

ri I r
cor@g‘fvsé/g eﬁxﬁgb i&)eﬁ{? ?\ggoglgsj‘?é% dé)?lﬁ% g?t\éiéln 3§;ﬁg:%&é%§q gzone and water
Zsﬂeﬁ?hﬂdﬁ&haﬂﬁ't d%68e GMA @&eﬁ% 8r PNAGIdd®@ to chamber 12 thereby
arr ngement 60. Pl asma gun and connect or
inceoasingobeResfilde arfethe(mfnogplheﬂd dfochamberi 13 @ubch @1091 “at least” until
radicals into the internal volume of_ one or_ npr
contied systers36 eptugiesralestyigel BppLprysipm 2uip breakihe Catirical discharge

(blqﬁ?{]ﬁff Lo 2{1& %négégﬁg &ﬁag%%clrp ﬁﬁ%&b}r/] @ﬁ?@?ne% fod'dbout 5 to 10
secoR@N AR s gﬁt em %x%)ldeﬁ WSt gg: C[El’e‘sﬁfre é%trﬁ%ﬁlﬁf;eﬁ'é‘% cR&mber 12 is

ozoni zer pro ozone |ch e
ger&l"aﬁly lih 2B¢ irenNgs YStEw 16 1w lf@tﬁb@/Zm vied yangbdof Vator@0- torr. The
20 val ve 50 and ozone destruction filter 56.
ele@moal dischargstis braen b@ﬁou@lése alnctsmh dischargsr staripto cause damage to
for surlng t uan f QzO0

Sterga%pawsw Wi 2apy,of, gg r s £l @ﬁg% gleh D! ng “added” “at least”

are%? QFé ﬁxgléeﬁﬂ 25 ﬁg@l&gea%&mﬁg %égﬁé 559(%%1:& LUg&)oln‘;Qﬁ@t‘:t'ifeye:lectrical discharge

hasf bQYW Bftkch, BPAIRGuhHE R ﬁfé‘ésur@fofath‘ét @chidspﬁék‘el @ithin chamber 12 is
process usinfg sterl lization system10. Fig. 3 is a

betngG@hSczfnde(E&&u(ldocE 51dwiné |204): Hardaeh c;z@leofwater vapor and ozone are
sterilization system 10) agai nst time for the
generally piided forma piesiodsel betvsey. 1) anghedlepesondsi B shogld be noted that,

1. The,ste |I|zat|on

optiifly) gitoR7ons SRdnvals VB0 dBo I o ShcRaenggd before the

irst,pihe. e o] [
eleGircal dlwﬁgrgf{) %é‘r%gzbt?& While 3411% OBleRrfaf! FiRARREC | B sustained, the
eleb‘@w@l gisehargh |pi?6&1ucfe@2)H ra8icats frozptheowatey shpor 4d tltteazone so as to
perfornms a nunber of sterilization cycles, typically

cortibutettwesterilptionco B lcgatlp@st ofpihefasead poeDitemps|fos stealélzatlon The
fol l

tenpocgprgq\i\_% @%ﬁg@?sn%r[)&l the \%Exteerrnvggoygn Oh éggnse%]ig 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 items for sterilization in
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12 opens val ves 46, 48 and cl oses valves 44, 50, 52.

Then control system 36 actuates punping system 16 to
WEows/0233¢9 at nosphere of chanber 12 until the apPoDHRO&r®0799

of chanber 12 has a pressure typically in the range

of 0.5 to 5 torr (block 506, line 200). Next, contro

system 36 cl oses valves 46, 48 Then control system 36

cnafit T Bt SPRERER TR R s 15 ik o BSRFE Xl pf cach eyele
(bm%%&@fse '1in§>2;ﬁ62.rfr§@d&ﬁﬁﬁk§n Piﬂrié!& fG%each8R1LR rgfhefalﬁjy £&M0 minutes.

act uat zone and wa vapor system~18, slc

Thed Bedps0adbdockzd 506t tor S¥8pare repeateddedtil tthe diwtdrér ob?the items for
thereby increasing the pressure of the atnosphere of
sterdlizationris spbgtentialky s1mlicated, between 20nand 60 yslasodepending upon the

durAQhRY M B AR HF AL MR R HE S Bk 36 Ppent s 46, 48. Then

) ol di ! : ypic t aj

conff) sl 8 SEHGHSELohagle et 1GVRICBD ! Abhere from

chaiRp 12 heutPs £ SEeHili2a®bn shstedt IPSROZONE Mestrasmel fillriss (block 520,
generally in the range of 5 to 15 torr, preferably in

linet 208)r @ogtrobbystem@B 6l thent doses vialees 40,48 and apeus selvareto allow air
i s_broken hefore the electrical discharge starts to . ‘
fromaihisesuapavaging atmesnbhiers £o snfes chapnhes 1?)1%92%3%%“1%@ filter 56

and BSTei- AL AMRER RN, 38 THEZIBL Tha MGR0ob bcksa® and 522 are
rep%‘!(?%f L%ﬁ’tﬁpﬂ{e "Hzlblﬁi Itelﬂﬁa_ill?i'n i | GRanbE 32D WRlowasn PRRBptable level,

typi ca unt | he pressure of the atnosphere

typivallhionl passiper mMilliors befetenslbowihy dout 120td be opéiddkn ozone meter
514, line 204). In each cycle, water vagor and ozone,
(notskownp mesasitey thedevelf of ozonse lasing chamabeiekh via binlagizal filter 54.

oSSR LRI B TEHEHHB i, OB S0) H oBF e 36 1o
e Spininal o oxhenar s appgeeL e ik

di SeérerdRes GieE e8addtd #e ol whichag 4 Behengdted digpan of an ozone-
and the ozone so as to contribute to sterilization of

plasha |seeardizapiant sysfen 70 that ivconsruetéd end dperable in accordance with a

sterilizatign.  The term"produces OH radicals from e .
first nalteraeter ephosiment afhdhezBresent dnyetioneOrepeiniasiaa sterilization

SYS&E}SQE Cfgg@le%afflgg%f ?t%ﬁ}i{zﬁtg& ?Sﬁfgéeeaiéz@ﬁg lﬂex;cﬁﬁtu}f\%l glie following
diffg%ngrgs{(géénegﬂg&nh%%fﬁ{ka_ﬁBﬁ sg§t‘éﬁle7@ﬁﬂzlﬂ\?ésecﬁvoV@cRﬁ§ 72d48dDoor 72 is

ctrical discharge has been broken are

contfigutdd; |syich thairausiemards itemis ffoe setiliaathomis afte@d into chamber 12 via
radi cal s, the ozone and water vapor has_a .
doos{73rinl ardex toowndsrge sterilizatipePpor Thah cenfigyrsl, suphsthahihe sterilized

ite1§§ gt(e: ::;gl@g)%g& Z&@flgglgatglil@% ]% viai%rc])%r 94 do%toler{plgt%)ﬂ) 'of the sterilization
process. Doors 72, 74 include two seal arrangements 76, 78, respectively, configured to
ensure that air does not enter or leave sterilization system 10 during operation.
Electrode 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 layer 40 except for the

region of electrode 24.
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(bl ock 516). Optionally, control system 36 allows a
di ffusi on period between cycles 30 thereby all ow ng

wo bh@saes3nadi cal s to di ffuse anong the itens foPCT/IL2004/000799
sterilization in WD 2005/ 023319 PCT/ L2004/ 000799 13
chanber 12 for a specified diffusion tine at the
hi gher pressure end of each cyxle (bl ock 518, Iline

upﬁﬁe{%emdﬁﬁi‘i'ﬁgﬁgo ERey BB ok $oagnefe Eagd of an ozone-
plaéifiR ?v.frﬁ?za'ﬁ"&h' ystélf 802HaE %oﬁﬁrﬁcﬂ@d 'ahﬁ?&épdér%e in_accogdance with a

sterilization |s substantlal y eradica wee

secand dferaatel embddheatdi o thpoprestre hvibntiahi WzdHe-plAGMa sterilization
ste After the final cycle, control system 36 opens

systmm gﬁssme sage aﬁw@zonecplasmelst@ylszaémsﬁzswn 78t @g. 4) except for the
follpy TR Sisferenees | Plestol By of b n?é’rﬁgéia%é%msta%ﬁ%one clectrode.
Elegﬁ§{lé yet iéo %hgcltlll&ﬁ{ WnhbLt &ktosi)gl gg Q%d ﬁéﬁs a?l\«;gmcal supply

OSES va Ves

sy sfe%l 26 vid hWrd8h anldr S8 ttAR 3419 &H&‘E‘icﬁﬂﬁ %HH@&E& i tﬁ@other outlet of

enter chanber 12 via ozone destructio [ter 56
eleciridalbsopplyi sydterhida eia 54 wibd 88 k F3@2rodei aﬂaﬁgﬁhen’mﬂs‘ also includes
steps of bl ocks 520 and 522 are  repeated.until the

&QQS n&Ve eheatiodss 82n Sdh drtselrode8? 4s U&P&Wﬂtedc@% @aﬁboﬁ door 72 and

ol EPLoE LT in s  o
grof )T ffég & ca M@farl?gﬁlfa@i‘ggoiﬁ%‘%hgﬁ%f 1) Q%Hpﬁfedll?y insulating

vi a Di filte or 1 as a sa ety
laydrd®. shown) which is controlled by control system 36
to_ 15 prevent door 14 being opened when the ozone
| eRgferance Hameay male o Fig ohivghich Hefae sehmmeatics diagvaneafean ozone-

plassi, stedilizatiet w3tien 30 5o romsricied Ind Crsrate dot sordrace with a
thirPEERefe RSERIETGE b Predent iBRLneRhCoghEpfaema  sterilization

sys@if90 lis #ad ke BYSIRRPlRshe sté?ﬁlz%ﬁﬂﬁ s@r§te§ﬁ sol(ng a48) Qfbept for the
system 10 (Fig. 1) except for the fol l'ow ng

follawirig difiierencesOftleetr plec2drand tededttades24 are SL&etremillleOconnected to the
i ncl udes two doors 72, 74. Door 72 is__configured
samg et jpftelegirical supply systems2G sia atveire P2z Abe ¢rsoutlet of electrical

50 2B R s i, o s
via ta*\@fre oReTHER b %Féitro'd& AN gé&ﬁﬁ?f@‘éﬁﬂ é‘lé&ﬂb%lnhﬁﬁf}; system 26 are

via door 74 on c¢onpletion o e steril1zatl
configords Suc}DtimtSwHéh elédtricat kusislyt s4Rtep®ab i8aCARSRITERS is one central

76, 78, ectively, configured to 25 ensure that air
regigndé @fbler@ rfp add gradieptawichin ehdrhberatd. (Pendsad region P adisrdefimed herein
to 1ncﬁ1de a reglon which does not extend to walls 64 of chamber 12. 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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El ectrode 24 is not inplenented as part of doors 72,

74. Electrode 24 is inplenented as part of walls 64
w@booslozasiber 12. El ectrode 24 is grounded. ThereEDIR2004/000799

the surfaces of doors 72, 74 facing into chanber 12

are insulated by insulating |layer 40. Al surfaces of

wal |'s 64 facing into chanber 152 are insulated with

i nsul ating | ayer 40 except fo he Q regi on of
systemobi4 dnellses Y EBRIE0SHY e ey AL otpFRPment 138, and two

Ref.eke is.n d H -5, ' i S [ :
val GBSO, PO Syl %, oMl SR RENEER 65 ovone i
chafBat 12 Sis TNt UVaBsaa8 ABRALE bycdifdl §3Rrae384 The® ozone and

second al ternate enbodi ment "of thé presenf invention.

watéxz omsorpis gampad byi pumpingaystesy 486 raréond s ¢ihanit amdudisg ozone and
ozone-plasma sterilization system 70 (Fig. ﬁgﬁ except ..
waterovaparesysters|18o whagber 12 andnwbing errapgemaet 138. | @zone recycling is,

o B R AERAES 5L  68 BAFLAR1Sy Bonroen
as a:%tglg -rﬁioog%l Sﬁ%@%ﬁé’f‘ e@%ﬁ?ésgg}rf Qcé’draal?cé’%gﬁtagﬁlﬁf‘ﬂreferred embodiment

y connecte o the other

of QHt! gfre@int aheeitionsalozsuppéyycingt esmstén 34 aineludes8&  connector
El ectrode arrangenent 20 al so includes another two

arrapemenobél @onnaAor Eraeganens B issaisipplarseer asmpaifold having

ofpidSidd, bl EuREe S, SPLSTEY @ B bz o
T f - | ing |

RT3 g VFTES S R AR BB onctn

conREMOPBFEnEGn ERtA406withiH GHanhiSeral 25 ORtEnd WaRekaporok theh recycled
ozone- plasma sterilization system90 that is

via deniitemat edluane ob tler #eaine fon stecidizatioméa wontector arfangement 140 so
third alternate enbodinent of the present_invention.

as toeeneiwie insicslieation ohthedtemy fresierlization: faedemp “Hyernal volume™
s OBRREE A B 00 SR 5 BB o an o
for gﬂgﬁﬁgéﬁ)%ﬁ R £4 ﬁccfg%}icﬁéﬂ Ibérw S48t QalvBe4 a?rg;@l inlet 146 to

el ectrica pply system 26 via a wire

chafiber 92 heflep146 6§ thé nedipcinidtclok ozpuppind swasdrevapd® into chamber 12.
grounded and is electrically connected to_ el ectraode
Inleg 146 eiseusacb vheds ozoney isadawaterevappr Fhedéedite, chamber 12 when the

clecarica GScHgatt 1 BRBTR ety BRVEREL WAGH CERarts! SEEeRIy 0 i in use,
PR, R AR A SRR U i FEBEHN 98 conncctr
arran@ehiRAt P40 had def imadi4ger ei n

Reference is now made to Fig. 8, which is a schematic diagram of plasma gun 58
for use with sterilization system 10 of Fig. 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 housing 98. Housing 98 is
formed from a material which withstands temperatures in the range of 600 degrees
centigrade to 1000 degrees centigrade and plasma discharge conditions, for example,
but not limited to, quartz, ceramic, Pyrex, electronic glass and metal ceramic. Supply

system 100 includes a water vapor supply 102 configured to produce water vapor in
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to include a region which does not extend to walls 64
of chanber 12. Therefore, nedical equipnent or parts

wo b@seezd3iawhi ch may be danaged by the el ectri caPCT/IL2004/000799
di scharge 25 are disposed within central region 96 of
chanmber 12. It will be apparent to those ordinarily
skilled in the art that el ecty@de arrangenent 20 and

suppyaeyHREL T oS PP SRD Gl Tl oh e ot dfdngement 104

: [ e I j f I [
s RS Sl Sy AR S SBRAAATE SIS, formed o
matetigls UsedMirahe iefecirodeb@fallédtratl adesnSabplanyseand00 Ao includes a
recycling system 134 for use with sterilization system

povid fupplyyl04. eleetivallye csanneeigd\Wio2 Gdeytores 1@rangement 104. Power
PCT/ 1 L2004/ 000799 15 syste 34 incl ydes a_.punping.. .
supplys1 & angs elegtrogds; W?ﬁén@rwwﬂgw% f7 Zenpigting clectrical

TN T Rt TR e —
positfhe RS, RERIIGS: OH FARUFGh tBY HARER vor.PeRer QADIF 1084s typically an

wat er vapor i s punped by punping system 136 around a
ACcpower supphy hwith agoltageeutput & wmtedS0apdis ayisa powks output of 100

chanber_ 12 and tubing arrangenent 138. Ozone recycling
wattsand @ fraqosrey 9f betmera P Odwrtzamdikdelditzycl e after

the,el ectrical .di.sgharge. has. been broke S .a.

st AR o 3R dRSIRASE, oy PR ingS tanpoment AR wilel s cpnfigured to
disperiD e }gés%fé bed n@%ﬁ% ﬂiglﬁtin oRdlerd 3% eBHES RBLMIMAN B the positive

tem1

Zone-recycl i ng sy I ncl udes a connect or

andofiégfiveriens. DukPersbannest gimaitr1d8deckides bAddndacting ianfahgement 110
tube. or -a manifold havi ngilo mul tiple outlets.

having et arossiatigned rgsills 120 i134.cBisparsing arsangemeantd081izludes two
. of . chanber, 12. e nore of the it for . .
insQptiph Ases 6. 418 et & ysuige @l 41234 gfiddd sespectively,
r - 14 Lt hi e : o I ‘e
sucf B3 ¢PUER o b DR FisS el Ry MhEle positive and
negati®BEoAL TnSE18fibh 1£3 196 P ifsaNIRE! RiyeAl ISA8S MRiltallf®ormed from
SO as to contribute to sterilization of the itens for
an $hedating ahaterial Whech ewithstamdse teraperatiresraty the fange of 600 degrees

defined as the vol une created bi/ di sposi ng pl anar
centigsads v &P0Q Kegrss meRysrade and plasma disehagge copfiiansohor example,

N A A

B L

outh@t hERB6VJIS, Wieiver loatputl ofaip fockl0 watss hed gdrdgaency in the range of
e

501 ?t;;’gt Sg kill_(?ﬁl\e?t\"/f r(jne\Mz)%?lef %rtlnaei‘fegr(l)a{tinagj ;)g\rlfges r;?lgi)lylfgo iig electrically
connected to grill 112 and the other outlet of alternating power supply 120 is
electrically connected to 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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20 valve 144 is closed to ensure that ozone and water
vapor is recycled via connector arrangenent 140 and
wmeaosiopdded 146. Reference is now nade to Fig. BCT/W20et000799
is a schematic diagram of plasma gun 58 for use with
sterilization system10 of Fig. 1. Plasma gun 58 is
configured to produce OH radijcals. However, it wl]l
0.t hos rdinarily skill

R ETRGEE Sk shisn Rehutes g R PP da3 s B bliS o2l bpupine 98. By

ey BELEh g, FARTR R B LR DSy SRty 100

liteﬁ'gié? intgufBwhen thevoREE b Hbﬁlsiﬁ%l%fiis al litehi Rlhsmi tdst 387also includes
tenperatures in the range of 600 degrees centigrade .

a chargddChramgmens 124 rinclpdaye aamdshpl Iberanests ihdogeed from a material
conditions, for exapple, . but not |]

whigbrwrﬂa%tgg%rﬂ&,coaﬂg&nsow:ifénrgﬁlé&@l J@?ﬁl@@ﬁvgﬁéﬁfdﬂ corrosion
. 100,.1. | . .
o RO PR B A0 AT et e BhmPHE o Primicd o

a g%{)ﬂaak%p Qéﬁcg#%rg Thged ‘dﬁﬁhgeﬁﬁﬁf £ i0 @onﬁgkﬁiggyfo% Weli®Mpositively

o1In es an el ectrode arrangenent 1

chatlictlpbg @dnhectiomp ¥ Byspewed 8Gppli 126t PoserasuppigEd@rypically has a
104 is typically formed from materials used for the

voliege srtpieteef vp teile@9Q yolts dsa PSWshIoptRIfselewp 100109 Yntts. Charged
i ncl ude . power supply 106 el.ectri.cally connegted. to o

gL Y it PORGBIEN Hon Jope IR BOFp s SRCHE T ot st 50% of
el ect: rr.an a fol f

e chT0 S I RRETENG HnTREuO00ONE kAl pun 132 Chanesd

arrshidethehh 224 i QIR esifigwel fr sRhatlging nepacies joagatheyeby producing
and positive ions, ncluding OHions fromthe water

radicasofromPtheenegativpl ipnd 08 will by pippa¢digted by Rospakélled in the art that

supply with a valtage output of up to 450 volts,.and "
chapgsbRrreRasmA JR 410 beaegkively chataed focog it ridicalsdrom positive

. 50 hertz an 0,kil.ohertz. 1Q P kgl .

tong; ESRPUT g afbiBniides s etk Frifgf 126 682 a mesh,

Chﬁgé@%h%ﬁ LREHPPES 19 ¥ohPARedF8RbEME feRRfivER a{a@géd b9 connection to
reduce Y%COI"I%I nation of the positive and negafive

powéansippl $PRrChargedrrmangenent 1288 configmted far oapetling amgremaining
arrangenment 110 havi ng twQ cross-aligned grills 112,

negtide iOiss suelks ihag asdeash §OMe ot thomrmainingieegatiyg ions are removed from

o S 122 PR P48 chBet T e soply 13
s RO RRaRY! CORRERA i SLAEE 106kl petsk B 126, Pover

supphP13016s pRFerably of RIAyewet s8pplfychdvig addCybdlaaee Pofwrepupply 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
to 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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an insulating material which w thstands tenperatures

in the range of 600 degrees centigrade to 1000
walegseesizent i grade and pl asnma di schar ge condi PCDIIR004/000799

for exanple, but not Iimted to, quartz, ceramc,

Pyrex and el ectronic gl ass. D spersing 20 arrangenent

108 includes an alternating ggwer supply 120,

radigbhe fi%'@bégg? Va%rf”a%g%lxve%'t 500 msablmats o7 @Eh:a% d Hovfhg: multiple
50
outefty EPp8eving paiar by el tebuged et fin 88 and chamber 12.

Oné® ?P NRGeHr 1. Fetdd f&lﬁeﬁﬁgaﬂdiﬁ afd B%ch‘aﬂféaﬁ? &nnected to connector

al'ternating power supply is electricall
arra@9ement 60! wichigr cHamBek4.2. GSflashha ®id 58 dhagr uﬁgbcﬂ; 1@Hesaticals into the
i ncl ude substantially 25 parallel_ conducting rods. The
intetah dipduinegof dhis xtgmseiycm storilzagng viae ﬁgmﬁq&vr pEangReE®0 so as to

confJ948 30 1200 & URTELEE B! & BTN FOANEL M sun 58 and

t S :
cor%?c%of %?1?&1’1%%111%5{8 E{): hﬂé'rfchrﬁ{ %teﬁtfel&zlﬁlgﬁebggﬁge i‘gf‘rt]ér?ﬁl REHOLS of medical
equﬂjrﬁéiﬁt foexainpit epaRidroT terive ihtgRalofolamel’lis #¢finedds the volume

he direction of elongation of the rods of grill 114

creatsd by didpesingpanaSsedisgres she ppafiegabf gn dom B stestizetion.
WD 2005/ 023319 L2004/ 000799, 17 Pl as
al 46 wmmmeamwéhn Ao KAt g At erpresent invention s

not %feégﬁ Vﬁﬁta%% beﬁ% (gtﬁ?lgf éﬁ%‘fﬁ‘ga%@?%gf?ﬁa d ﬂlgl%lxba&ove Rather, the
sco#)é be Ehce Eeﬂf‘ RVERIMBRIGARR Hooh @Hﬁb@ﬁatf&ﬁsdﬂdgsﬁcdrﬁblhatmns of the

asna gun 58 al so includes a charged
varidbh M&f&rﬂes&ﬁﬁed hetciitiiboyepasreeh. asTvariatiesls ansl mhodifedtions thereof
froma material 5 which withstands the conditions
thatvire mioh ith thespriey &8 whiel wiowld aequy tensryaniskalind isthg art upon reading
fromthe OH.radicals. The-nesh is forned from by way
the &regoipglescriplitlnot Iinited to, a gold plated
conductor. Charged arrangenent 124 is configured for
bei ng positively charged by connection to a DC power
supply 126. Power -supply 126 typically has a voltage
out put of up to 1,000 volts and a power output of up
to 100 Watts. Charged 10 arrangenent 124 is configured
for repelling the positive ions, such that at | east
50% of the positive ions are renoved from housing 98
via vacuum punp 122. Charged arrangenent 124 is al so
configured for neutralizing negative ions, thereby
produci ng



radi cals fromthe negative ions. It wll be

appreci ated by those skilled in the art that charged
waeooangsment 124 can be negatively charged to PCDUL2O@/000799

radi cals frompositive 15 ions. Plasma gun 58 al so

i ncl udes a charged arrangenent 128 including a nesh.

Charged arrangenment 128 is cqufigured for being

negati vely charged by connection to power supply 126.

Charged arrangement 128 is configured for repelling

egative ions, such that at |east 50%
W}%Wiémh% gegatlve ions are renpved from i
hoysi ng, A8&(bd ﬂ@?&?f}"%g’rggt \]/f\ﬁd%t dﬁeaﬁ BUA K ?' US@Prising the

a main power supp chis e ectrlca

step§@fnected to power supply 106 and power supply 126
Power supply 130 is preferably an RF power supply
hayang despmnlgathaatbastnumtemupplue/chanbert ypically has a
vol t age out put_ of 400 volt

oufblit PUBIRiBS 1he tROFRIRIE t Omtheer @h grl t&?leﬁ E@%@tﬁp%re of the

é?éc?'rfgﬁ B Bt Ll PR e e onb 8PP 2% 0, Trde 1o
chzz) gad&ﬁgc\gatbﬁv ApctHRABHone 16 HRIERMBEr; Bh@sma gun 58

rational ly connected to sterilization
sys(d)a mgtferatingi gectticalPdashargguin $8e chamibedesuch thay said electrical
vacuum punp 132, for exanple, bhut not limted to, a
scrol | rge M@ﬁﬂ?@ju@goraﬂ Is,{rem said p¥atetcyancs @nd spigd ozone so as

o DS B AT Bl B .

arrangenent 60 is 30 typically forned from any
material that w thstands chemi cal corrosion from OH WO
2005/ 03331 9ieilol bt 2044/ @Omeé%alﬂaﬂéﬁ Qifspmﬁﬁﬁl@eﬁst ﬁérformed by
arrangenent 60 is a sinple tube or a nani fol d havin
punipihg itht atmospleed fron@dlmehamberauma]n@mmmosph)emsof the chamber has a
di sposed between PI asma gun 58 and chanber 12. One or
presspreeobless Hanihadhatabr sterilization are mechanically
connected to connector arrangenent 60 w thin chanber
12. Plasma gun 58 then injects OH radicals into the 5

nern vol filhe, i riki [ l48.: .
ornecde B o8 s s e bSp R the SR & hrbfcing said ozone
frmﬁ%@(?,g%ﬁﬁgfnl oOfh &oniZeg, 1 tems for sterilization.
ore, plasma gun 58 and connector arrangenent 60
performsterilization of the internal surfaces of
rredl cal equipnent, for exanple catheters. The term
"i dt er Thie methodwf claimdbf fumther sempiisingothgratep of producing said water

vapor by passing 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.



created by di sposing planar seals over the openings of

an itemfor sterilization. 10 It wll be appreciated
whypoosmeBens skilled in the art that the presenpCT/IL2004/000799

invention is not limted to what has been

particul arly shown and descri bed herei nabove. Rather,

the scope of the present inggntion includes both

conbi nati ons_and sub-conbj nationg of the, .variou

f ode ur dc daatbed DEEIGY & WagSULsald starof adding i Psitprped. such that

R0 GO SRR ot BBy Phgh 1 SR t ot um

: [ : or egoi ng description. WO
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1. Anethod for sterilizing at |east one itemin a

chanber, conprising the steps of: (a) disposing the

at 8. eaThe anethod exfi dlaim e fottherbeompiising ghenstapgof performing a cycle
_atnosphere fromthe chanper until the_atnpsphere of
including seihsteRy OhRYMRINg égéllﬂrge gemerplng ang gﬁe ‘torr; (c)

addi ng wat er vapor and ozone to the chanber; and (d)

generating electrical discharge in the chanber, such

th S gi I rigah, .. di d S W : ;

from o Tl b Mpind 83 DAGEH BARCMER ol WP Seid cycle is
perfé%%ﬁiaméagt, 2@tififegr i | i zation of at least part of the at

| east one item 2. The nethod of claim1l, wherein said

step of punping is perfornmed by punping the

at nosphere fromthe chanber until the atnpsphere of .

t hd Oc hdhbemetiwd af ohaies furwherin said sieanoh erfosming said cycle is

é*lTBe g%%h .of claim1l, further conprising the step
periormsg 34 4AShe B8ISS- ozone from oxygen using an

ozoni zer. 4. The nmethod of claim1, further conprising

the step of producing said water vapor by passing at

| eagt t i ' i

Tha el R opoR it cEAE, AYr SoLPIRIKE W ol lowine said O
radieglsftor diffkse Swielie thehbers forch sptabified diffusdars ¢isné hethe higher pressure

pressure of the atnosphere wthin the chanber. 6. The
endrdtsabicysfie.cl aim 5 further conprising the step of

br eaki ng sai d

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) the at 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.



el ectrical discharge when the pressure of the
at nosphere within the chanber is between 5 torr and
wQa 2005023319 WO 2005/ 023319 PCT/ 1 L2004/ 000799 20 PCT/11E0@H000799
met hod of claim®6, wherein said step of adding is
performed, such that said adding increases the
pressure of the atnosphere Wztlhi n the chanber at | east
until said step of breaking“i's perforned. 8. The
met fodAchethiod; for terflizing at leagingmel is¢mdn rahchasley wsing a plasma gun,

erformng a gycle including said steps of punping,
Comgﬁllémggtg]eégeﬁ’é ting and breaking. 9. The nmethod of

cl al\m 8 j j r 1.Nng idcycle is

pe )orﬁggw%ﬁélﬁé@a%@%% Ot%lteﬁ%%ﬁfiriﬁ% éﬁ%é%r%t ﬁ%‘g of claim

8, (Whelfedtifatadisil € intefthe @hhRibet B8 a§abTopushiRets sterilization of at
perfoornmed at | east 60 tinmes. 11. The nethod of claim

8, f ur ldastparooptlicsatrigast loaesteap of al | owi ng said OH

radicals to diffuse in the chanber for a specified

diffusion tine at the higher pressure end of said

cycle. 12. The nethod of c¢lai.m 1, fuyrther co i sing
hireiE ¢ frethosk gL riafg 16 wheseip spidhadicefs inefadedobvadicals.
whi ch was added to the chanber. 13. The nethod of
claim1l1, further conprising the step of injecting

r aglg cafge hf&l‘l)od %ﬁraagﬁng%ere’; . The nethod of claim

13, wherel n sal adicals 1nclude OH radicals. 15. The

me{d)odthefat tdaat ond Benmvigr i interhgl) vilb@eabnd east one item

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

i s(tper sadd whap o/injeqtingt is mgrimrmied dyt injentingodt least gart of said radicals
radi cal i.nt.o sai,d internal volune of the at |east

one i+ B0 SHE IBIERIIGINDS. PCT/ | L2004/ 000799 21 16, A

met hod for sterilizing at | east one itemin a chanber

using a plasma gun, conprising the steps of

19. The method of claim 18, further comprising the step of mechanically
connecting the at least one item to 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 system for sterilizing at least one item, comprising:

(a) achamber 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

(¢) an electrical supply system electrically connected to said electrode

arrangement, said electrical supply system and said electrode arrangement



(a) disposing the at |least one itemin the chanber;

and (b) injecting radicals into the chanber so as to
w@oemsiedu e to sterilization of at | east partPOI/IIE20@/000799

at least one item 17. The nethod of claim 16, wherein

said radicals include OH radicals. 18. The nethod of

claim 16, wherein: (a) the atyp) east one item has an

R AR R e
08,3,y o T g e an

connectgaifosdife & ad BREOniPIBAt teHetilizaiGPBNAE 1Akt part of the at least
arrangenent, wherein said step of injecting is

per f on-onedtdmy. i nj ecting said part of said radicals

into said internal volune via said connector

arrangenent. 20. A systemfor sterilizing at |east one
a.first door

item ri sing: a.ch er hayvjn ,
st ¢ 6L Sxrn oo Rimealiry Beretn Said, Bmping Syiie B configured to
easl It ' ol ' Vi i
purh 5 o SRRE At et IRIDELr 458 dhgmoer s o
pre&hATBLless BRinthAAPAReRY System being configured to punp
t he atnosphere from said chanber until the atnosphere

of said chanber has a pressure of |ess than one a

torr; (c) an ozone and water vapor isﬂgstem associ at ed
wi t22.sdihe sysiemepf daiml Y ovleerenn gaiaoepne Apdr eyt ¥apor system

. being conf.igured. for addi ozone and water vapor to

inclagpyiie AaBERE CoiEurd Bt BradleR S NG HaR OxaESbosed | n
said chanber; and (e) an electrical supply system
electrically connected to said el ectrode arrangenent,

saifk ehgelt 4 t i 0
ar r%ﬁggqn% n? y%hzggg;ﬁ %%é?l% W{}ffg@ﬁ% (Z)g%(% g%lrdZ g‘%t%.e i"%%or system
incledsd aas@sofroforineedifbn stogingCivhies abaidi oharagpd watesaiagor system
chanber, such that said electrical discharge produces
beigHcomfigurat $o pradncsasatt watesvapadby pabsing ableestspartef sajd ozone over
.contribute to sterilization of at |east part of the at
said water.

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;



one item 21. The system of claim 20 wherein said
punpi ng systemis configured to punp the atnosphere

wo e@si0sBi19 chanmber until the atnosphere of sai BCT/H20000799
has a pressure of less than half a torn. 22. The
system of claim 20 wherein said ozone and water vapor
system includes an ozonizer gonfigured to produce
sai d_ozone from oxygen. 23. The system of cl

im20 .
whdedi megmtiag OZORY ANk I PR ors§,3§9{eépn SV%!: ithafesaid ozone and

reservair, configur f orq.storl , '

wator vigst “apby SRt U8 ne BB o L do SEREErAter thercby
viat er Viﬁ&%‘ésiﬁ tREPRIsESeAf the afthosete MithRile dH@iler; and

over sald water. 24. The systemof claim 20, further

con) i sichgtidgcsHid redéctaiyslt suppdprdystpun ¢d Hreak saitk eketirimgl discharge
sai d ozone and water vapor system such that said,

ozone awbemttespressuse of the atnedsphareswithinisaid ghambst isshgtyyeen 5 and
wat er vgpor to said chanber thereby increasing the

pressur Wt he at nosphere of the chanber at | east

until said electrical discharge is broken. 25. The

system of claim 24, wherein said control systemis

COM4 gufifd s§s‘%§n PECIAMTRY vhet¥in! &aill NEntdl NGisteh@)is configured for
actuating sald punping systemto punp the atnosphere

per€raak daidhaeledt leant0Itihbe at nosphere of sai d chanber
has a pressure of less than half a torr; (b)

actuating said electrical supply systemto generate

said electrical dischar i.n said.chamber; WO .
20081-0 w1 sysheny ok shomy 880 7dren Sa(lg)c%liq}a%ﬁsﬁgn dgj gpfigured for

zone angd, wat er. .va em such that said ozone and
paﬁEPEPg§3 dpm‘§§¥8W$g%H%%%éone and water vapor to said
chanber thereby increasing the pressure of the
at nosphere within the chanber; and (d) actuating said

el egg r iR systRRlof chalft 200 fuethf e@hﬁﬁaiug £bibgicalafilter configured to
di scharge "when the pressure of the atnobsphere within

filtewdid entesingsaid chanstermarcdnpletion of a sterilization process.

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.



15 torr. 26. The system of claim 25, wherein said

control systemis configured for performng said
Weywbm21319 | east 20 times. 27. The system of clBETII2804/000799

wherein said control systemis configured for

performng said cycle at |east 60 tinmes. 28. The

system of claim20, further cgnprising a biological

filter configured.t ter ai.r e in ai d chanb
on Bordier pAeBrof oBier Bi FERIR o EREDEoaTARER includes a

f_cla A r

seca%ci%%%“%89%W#ﬂ%l@zﬁnb@uaéeg'P?Jg‘[ B S SRR F goor

prevent a part of said ozone exiting to a surroundl ng

at nosphere when said punping systemis actuated. 30.

Theg4sy FttRyafent bltiAGB3, Wirkehn sai d el ectrode

arrangenent includes an el ectrode which is

i e meaidecleatsode atrazgsmendiinclodesaihird elestrodoand agourth electrode;

The system of claim 20, further conprising a second

door ccird gured, such that the at |least one itemis

re ed from sai a i c r

(ool B CHRIERRHR S0 SR, B, piem o
of cl ai iy eueh ﬂlaw&neéa?&bree&?ca@g ﬂlslgeswan is actuated there is
|ncludes Irst electrode which is | eménted as at

| east rmrléasobns akntrslaegivn afomro fidld gﬂﬂﬁrﬂzﬁﬁﬁﬁ said chamber.
PCT/ 1 L2004/ 000799 24 33. The system of claim 32,
wherei n said el ectrode arrangenent includes a second
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ystem ar configured, such that when said electrical
supply systemis actuated there is at |east one
central region of zero field gradient wthin said
cha%ﬂoerThe35ystéliheoi§9]mmra(bfﬁld1hax eoaPrising ahasma gun configured for
conpri sing .a sec punpi ng system associated with

injesting radigalsdnto gﬁgﬁ‘@%%dary punpi ng system bei ng
configured to

37. The system of claim 36, wherein said radicals include OH radicals.

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:

(a) ahousing;

(b) a supply system 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 polarity, said second ions having a second polarity;

(¢) avacuum pump associated with said housing; and



recycle at |east part of said ozone which was added to

the chanber. 36. The system of claim 20, further
wa@oempnesing a plasma gun configured for i njecPCTL2004/000799

radi cals into said chanber. 37. The systemof claim

36, wherein said radicals include OH radicals. 38. The

system of claim 36, further ggnprising a connector

arrangengnt configured, suc tggﬁt_ sajd plasma gun L

in @ct 3 st praangemeay copfigegdyfar I%péangﬁdovm said first polarity in

intern {dev%,urre of the at |least one item 39. A plasm

gun sy ertn ‘conprising: (a) a housing; (b) a supply

syst en”(izs_socfe}k?@?i@ ﬁPst?@hQ, QRPSHHAY af $&sf SHYPRIYsaid first ions are

system being “configured to produce first ions an

second i ons remewdifrbousiidbousiapdid said tvacigngpungy:idngd a

first polarity, said second ions having a secon .

pol ari fiy} ( cpewraligeuaimleashnd0%s sefc paidestopndhiona ¢hereby producing

housi ng; and wﬁOOS/ 023319 PCT/ L2004/ 000799 25 (d)

a first arral?\g/ig fit configured for being charged with

said first polarity in orderto: G repel said first

ions, such that at |east 50% of said first ions are

r eagVv r i deh hNGoVi L d p .

(i oPhe T rad B NI Brihet eofAptiME d%‘?‘éﬁ%@p arrangement
confiheeé fyr beinguwbiang:d wittisail secofd. poliretysiisirden tf r?bhfdmaining said

39 further conprising a second arrangement configured

secongriopai sitshcthat geleast gﬂ‘%s af saiseraspaining sgcongd ions @releemoved from

.d%g r.e%el. r%;;iai ning said second ions, such that at
Sa16 MOUSNESR P H G H I RBPni ng second ions are renoved
from said housing via said vacuum punp. 41. The

system of claim39, farther conprising a dispersing

ar LaNOPRE N stefPH BIERA300 fHHERC SR ug’g?g fal r?gks‘?ﬂgi arrangement

and said sécond 1ons 1n order to re reconbi na

confidursdi th fdisimirsd gakl didt Sansl arCaaill iseosnd 43ns Tie order to reduce
system of claim 41, wherein said dispersing
recogyimatifsneisaid figstidesand said second ions.

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

(a) aconducting arrangement;

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

(c) an alternating power supply electrically connected 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:



(a) a conducting arrangenent; (b) an insulation |ayer

configured to insulate said conducting arrangenent
woe@si2sad d first ions and said second ions; aPdI/{I2Po40v0799

alternating power supply electrically connected to

said conducting arrangenent. 43. The systemof claim

42, wherein said conducting 4 r angenent i ncl udes two

cross-aligned grills. 44. The system of claim 39, . )

wh@) eian vedérdvaparssupply epdigered o groducs watgssyaparsin said supply

The system of claim 39, wherein said supply system

i ncl ud®Se{O 2005/ 023319 PCT/ | L2004/ 000799 26 (a) a
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di @§osLdolver SapslySslesititally Toafitctdddo(sald @lde@vde atipgement, said
electrically connected to said el ectrode arrangenent,
said power supphl yarshdashi deetreds radmgemenhgbeisgt configured for
bei ng configured far enerating electricgal discharge .
in sai genengmg edgaitiesh %gﬁggﬁrgehé@ gaa& dsum‘i)gcqyfs;qpa4 such that said

wher o Hogaftar drERTeg ProMiEs (48 B Hon SR UG8 Yangr, wherein said
syst en}a‘&?caﬂ ﬁkﬁl&%ﬁ%ﬁhﬁ!ls. conprising a dry vacuum

punp configure for punping said radicals fromsaid
housi ng.

46. The system of claim 39 further comprising a dry vacuum pump configured

for pumping said radicals from said housing.



