WD 2011/ 100226PCT/ US2011/ 024010 SEPARATI NG CONTAM NANTS FROM GAS I ONS I N
CORONA DI SCHARGE | ONI ZI NG BARS CROSS REFERENCE TO RELATED CASES [ 0001] Thi s
appl i cat iwo 20l1zioneet he benefit under 35 U. S.C. 119(e) ofrcrarspande4ego U. S.
Application Ser. No. 61/337,701, filed February 11, 2010 and entitled
"Separating Contam nants From Gas lons In Corona D scharge |onizers"; and
is a continuation-in-part of U'S. Application Ser. No. 12/799, 369 whi ch, in

61/ 214,519 111 bSERARN NG GON EANTINANT S RERLGAN RINEEIN ofes and s

| ons in Corona Di schat@QRODA 12ISCHARGE RDMHN@EARSpI i cation Ser. :
61/ 276,792 filed Septenber 16, 2009 and entitled "Separating Particles and
Gas lons in Corona Discharge lonizers"; U S. Provisional Application Ser.
No. 61/279,784. filed Qctober 26, 2009 and entitled " Coveri ng Wde Areas

Wth IROSSREEEREN(E FO RELATED €ASES i si onal Application Ser. No.
61/ 337,701, filed February 11, 2010 and entitled "Separating Contam nants

From Gas | d8@01]n CofbisaapDlisathoar geimsoti Aenefit under 65 GSETi EEX¢oviscapendand
hereby incorporated by reference in their entirety. BACKGROUND OF THE
| NVENTU.ON Alpphicgtich Sbr.t Ne. 161¥33at700n fl&DEpiihey i Ny e2itloonnd ehdtles ‘Sepdrbnd i el d
of static charge neutralization apparatus
Contaminants From Gas Ions In Corona Discharge lonizers”; and is a continuation-in-part of
U.S. Application Ser. No. 12/799,369 which, in turn, claimed priority from U.S. Provisional
Application Ser. No. 61/214,519 filed April 24, 2009 and entitled “Separating Particles and Gas
Ions in Corona Discharge Ionizers”; U.S. Provisional Application Ser. No. 61/276,792 filed
September 16, 2009 and entitled “Separating Particles and Gas Ions in Corona Discharge
Ionizers”; U.S. Provisional Application Ser. No. 61/279,784, filed October 26, 2009 and
entitled “Covering Wide Areas With Ionized Gas Streams”; and U.S. Provisional Application
Ser. No. 61/337,701, filed February 11, 2010 and entitled “Separating Contaminants From Gas
Ions In Corona Discharge Ionizers”, which applications are all hereby incorporated by reference
in their entirety.
BACKGROUND OF THE INVENTION
1. Field of the Invention
[0002] The invention relates to the field of static charge neutralization apparatus
using corona discharge for gas ion generation. More specifically, the invention is directed to
producing clean ionized gas flows for charge neutralization in clean and ultra clean environments

such as those commonly encountered in the manufacture of semiconductors, electronics,

pharmaceuticals and similar processes and applications.



usi ng corona di scharge for gas ion generation. Mre specifically, the
invention is directed to producing clean ionized gas flows for charge

neut r al i 280i20n/1002261 ean and ultra cl ean environnments su®bTas2thoz®1comonl y
encountered in the manufacture of sem conductors, electronics,
pharmaceuticals and simlar processes and applications. WO

2011/ 100226PCT/ US2011/ 024010 2. Description of the Related Art

[ 0003],Pr ocesses and .oper in.clean environnents are specifically
inclirded to credlSCHR 0‘58{:{“?3?‘3?@‘1& th rostatic charges on all electrically
i sol ated surfaces. These charges generate undesirable electrical fields,

whi ch at t r 48Q03dt mos Brrsesses adt ereaations ¢ ¢lnen iPABER!S At weeiéisaldy welingdcal
stress in dielectrics, induce currents in sem -conductive and conductive
mat er icadas arralmdcﬁlrnhllateadl@:tr@buadc chaads o Bcdlertgeslyapdattd/kurifares. Nithepr dougtsi on
environment. [0004] The nost efficient way to nediate these electrostatic

hazar gendrétetuddéesiapleleldc@idaZ 66ldgashith ei@ct Ambbithetibac@esls fditht 36€5ces FSduce
ionization of this type pernmts effective conpensation or neutralization of

undesiqfapt c%l GRAL & c?e@&‘ijics 91%1%@%&%% n sﬁﬂh ToRIRIGE afi®@ 08 RTLAA hmBriale! &t r ' cal

fields, EM ef ects associ ate hem One conventi onal metho

d di sch Co based
o 26t LAl AP shd PR SRR GaP SRR ons s 28830006478

JP 2007048?&0()3[ are deS| r abl e in that they may be energy and i oni zatl on
efficient ilA0M]snal Thepostetlipisiieyay to @?f@atﬁﬁ]éﬁﬁﬁelf?té%%b%aéﬁfdéﬁ%tﬁ SERRIBNna

di scharge apparatus is that the hi gh vol tage ionizing electrodes/emtters
(i n t henifask gas dfowsHaths qheiget sudaces Hias innizatgdn gfdhie tyeepcomiesifecityt e

contam nants along with the desired gas ions. Corona discharge nmay al so
st i mulcainpeiidagoi or imAitiatiratioh of unyesttablplckigeoindnadequeadesdinfiticheexanpl e, in
the anbient air. [0005] The formation of solid contam nant byproducts may

al so I8adhlindioAMRIERitdl Bfeld UAddACRI Bff8SE HRoAREE Withdh&i OA¢ ciR@klidMNfethod
associated with corona discharge in an anbient air/gas at nosphere. Surface

er osi o }O%ukllﬂg éaﬁoﬁ Ztatlglfl %s%%Wnnag c8fon§%?stchﬁr§é % Bha- Gﬂe&ﬁ.o%ze@ %al f during

cor ona ISC ul ar cor ona char ge creates oXi tion

N I e ST
as oz C‘EITe%/ mg;] ‘ge erletréf gn%nlogégt?oensgfﬁglggt 1?121' slngallds%gc?es IHto%ve%gr torrllf? krtlolvx?n c?rfawtbgc?k of
such corona discharge apparatus is that the high voltage ionizing electrodes/emitters (in the form
of sharp points or thin wires) generate undesirable contaminants along with the desired gas ions.
Corona discharge may also stimulate the formation of tiny droplets of water vapor, for example,
in the ambient air.

[0005] The formation of solid contaminant byproducts may also result from emitter
surface erosion and/or chemical reactions associated with corona discharge in an ambient air/gas
atmosphere. Surface erosion is the result of etching or spattering of emitter material during
corona discharge. In particular, corona discharge creates oxidation reactions when

electronegative gasses such as air are present in the corona. The result is corona byproducts in

form of undesirable gases (such as ozone, and nitrogen oxides) and solid deposits at the tip of the



WO 2011/ 100226PCT/ US2011/ 024010 emtters. For that reason conventi onal
practice to dimnish contam nant particle emssion is to use emtters nade
from strowgl2g11¢00226si ve-resi stant materials. This appro&cChushawe®ny has
its own drawback: it often requires the use of emtter material, such as
tungsten, which is foreign to the technol ogi cal process, such as

sem conduct or manufacturing. The preferred silicon emtters for ionizers
used to.neutralize charge duri t he nuf act ure af sem conduct.or.silicon
warf er STHRTdio" g8 S b epiia) Bpetiecc i oo B B particlsraissine i 10

[ 0006] An al ternative conventional nethod of reducing erosion and oxidation
ef f ectuse eitien Mady Bomstrepgly carrpyKe-ssissant afesialsohhis RNBPaLt hewerduhas iftshe
emtter(s) with a gas flow streanisheath of clean dry air (CDA), nitrogen,
et c. fowomiragbadk: itloétes aarpirds theatsé oherastet hmtemal, suges tsgseanwhichi is fgeign fid ow
sheath is conventionally provided by gas source of gas as shown and

descr itge@chiidl gkl psdeess, dapan 8s@icepdldieiahimifachiting) 762 gRl&Fdmiconenieat ent
5,847, 917. [ 0007] US Patent 5,447,763 Silicon lon Emtter Electrodes
and URoRBhBls e PRtz drbRMubifl afethid Fhcifl e LEARBRAMAIRSR Wapliouant
emtters and the entire contents of these patents are hereby incorporated
by r ef o glce, (0u Nk d Xl dan Lo el semgenduct or wafers manufact urers
utilize %Rnnsp ere of € egtrop05|%7ve gasses |li ke argon and nitrogen.
Corona ionization is acconpani ed by contam nant particle generatjon in both
cases and, [P‘?Pf’tl he | AfEmag¥econgn ey mshodiohfedusing, euhEIRKIgAfIo8| ect r on
em ssion and el ectron bonbardnent. These particles nove with the sane

st r earffgéts Shemitierygiasomand iamiecrali te cootivwnslasinat bbpodtes(sofvitinagagélow
neutralization. Thus, in this context the cure for one problem actually

cr eat sgeanhdu of clean drfy QGABPRIehrogee ego fBwingiarthasimaddifdcdoeacs ningd yeen an
AC in-line ionizer and an AC or DC/ pul sed DC ionizers operating in the

ambi entregh! TAIs AaflowshBsh & &vEARInal) pEdVRicl byl JaB8our8NbEZEK ak ShdwwPhRt ed from
anbi ent at nosphere (or gas) and there is no électrical field froma charged

obj ectyef i1l P FibIRRed ABhAREL LONiGES TP 2006236763 and in US Patent 5,847,917,

[0007] US Patent 5,447,763 Silicon Ion Emitter Electrodes and US Patent
5,650,203 Silicon Ion Emitter Electrodes disclose relevant emitters and the entire contents of
these patents are hereby incorporated by reference. To avoid oxidation of semiconductor wafers
manufacturers utilize atmosphere of electropositive gasses like argon and nitrogen. Corona
ionization is accompanied by contaminant particle generation in both cases and, in the latter case,
emitter erosion is exacerbated by electron emission and electron bombardment. These particles
move with the same stream of sheath gas and are able to contaminate objects of charge
neutralization. Thus, in this context the cure for one problem actually creates another.

[0008] There are some important differences between an AC in-line ionizer and an
AC or DC/pulsed DC ionizers operating in the ambient air or gas: single emitter of the in-line
ionizer is isolated from ambient atmosphere (or gas) and there is no electrical field from a

charged object to affect an ionization cell.



WO 2011/ 100226PCT/ US2011/ 024010 [0009] I n contrast, anbient ionizer
emtter(s) "see" electrical field fromcharged object and this field
partici pawveoimopz2a cl ouds novenent. Moreover, the em tPET(ESPpoliM240Me

anbi ent ionizer is not isolated from anbi ent atnosphere or gas.
Consequently, in the anbient ionizer vacuum fl ow al one does not solve the
probl em of emtter contam nation. In fact, vacuumflow i nside an ionizer

coul d creat draggi ng effect. (sucking). for a portion qf the apbient air
Shich cout d00®R°E ooHh Cfhugt FEbiehRoREr itk bt o Beit M uERTee ound
the emtter point known as a "fuzz ball". SUMVARY OF THE | NVENTI ON

[ 0010]obitst Prdethisriteld pyERIPRISH MY cladp sToyempet. aMevesver, Hreaamifedtlsn ditd over cone
t he above-stated and other deficiencies of the related art by providing

ul t r a aoibéant iangaerr 24 my idodated frbmtangrientiadeospherc@r gao Kdnedqueindgy, firotheaumbignt
benefits (1) provide static neutralization of charged neutralization

t ar getisdigd)vashiim Wolviete %P asH 930/t the ptodlgebSémitleLedarhPagot Sinaadtl Adcutmnber s
particul ate contam nants inevitably produced by corona di scharge el ectrodes

| N0 A idfer cbl LAY &%gﬁg@%&ﬂg@%ﬁ@ 521 hAopbr BEARBRA o

targeLs/o jects w thout ?XEOSIng char |zat|on_targetsfobgects
erc.) vatg v RLARREar R By OHE I RsorT 38 OB ETa BT PE srby SR e be o

the ionizing bar; (3) prevent or decrease fuzz ball and/or other debris

b

f or mat® 8nf¥EMeAm nati on on corona di scharge el ectrodes in the ionizing bar
to thereby prolong the nai ntenance-free tinme of such corona discharge

el ectrodes; and (4) inprove ion delivery to the charge neutralization
targets/objects by conbination of air (gas) assist techniques and/or nulti-
f r e QUSTOMMARYNAFI KHEANMENTI@NhNni ques. WO 2011/ 100226PCT/ US2011/ 024010

[0010] The present invention may satisfy the above-stated needs and overcome the
above-stated and other deficiencies of the related art by providing ultra clean ionizing bars that
provide one or more of the following benefits (1) provide static neutralization of charged
neutralization targets/objects without exposing the targets/objects to substantial numbers
particulate contaminants inevitably produced by corona discharge electrodes in the ionizing bar;
(2) provide static neutralization of charged targets/objects without exposing the charged
neutralization targets/objects to substantial amounts of byproduct gases (such as ozone, nitrogen
oxides, etc.) due to chemical reactions inevitably produced by corona discharge of the ionizing
bar; (3) prevent or decrease fuzz ball and/or other debris formation/contamination on corona
discharge electrodes in the ionizing bar to thereby prolong the maintenance-free time of such
corona discharge electrodes; and (4) improve ion delivery to the charge neutralization
targets/objects by combination of air (gas) assist techniques and/or multi- frequency corona

ionization techniques.



[ 0011] I oni zing bars in accordance with the invention may include a single
shel|l assenbly or, alternatively, plural shell assenblies with AC ionizing
el ect r odesoconp@bizel e with AC hi gh vol t age power suppl i @ST({USUREN24010
Alternatively, ionizing bars in accordance with the invention may include
bot h dedi cated positive el ectrodes conpatible with positive DC HVPS and
dedi cated negative el ectrodes conpatible with negative DC HVPS. [0012] The
present in Lon .t.ake the formof anp ionizing bar. for directing a

1 ean i oni 00 Yas o (UERE bis dnacsordbics MIB B T T gneRde b el R d of a
charge neutralization target. Inventive ionizing bars nmay receive a

non- i @fieAddy gasltenpiéwhy, phirhlalist agseabhesaith vt logszsng@k@m%&mp&ubé@rwah char ge
neutralization target, and receive an ionizing electrical potenti al

suf f i A@hightvolthgedpmecrcopiza (HVPShaAgernativgdy Lo@ikingbacstin ad@sdanda withvwbat | ve
ionizing bar may include at |east one gas channel that receives the

non- i QiNeAB6h gag isdieaBpiRBeited psbitheCleubbes &IngRlibleanit? Bski@asDEH RSN t owar d
the target and at | east one evacuati on-channel that exhausts the

cont anj : : koni.zi target. An inventive
ioniz?%gaﬁgﬁgﬁg?%%ngg%ﬁ% uéEB%@%@QfW@ﬁg%%ag%ggggpﬁgg, each of which

i ncl udes a |, at.least one j.onizin ectro and_at .| east,. one

evacuat s on [BUA " bt AR AT b e Feel i gal-Bs e AT PBie awi «
the shell ~and the gas channel such that a portion of the non-ignized gas

st r earfiSHRYOHARISTS thiend fetn attragiiveingRiioniA e et iode ohaghigs Beuraizyianh at
produces a plasma region, conprising ions and contam nant byproducts, in

r esporigeet olnappivedaniziog befs minereceine 2 ingr-ieizask gas satamoixbaust alcontTménanbgiszi ng
el ectrode may be di sposed within the shell such that the tip is recessed

f rom tstrears hehy fioki 4 tleegdyev@ralliBioanaget, hiad recSivatn iasitig geceicdlpoyengigual to
the size of the plasna regi on whereby at | east a substantial portion of the

pr odugedicicn & MHGEAlBoratdi@hhibe af PRirdl QRicEB8ksOaRn $hVeRAMR foRiAdes#lyayf orm the
cl ean ionized gas streamthat is drawn toward the charge neutralization

t ar get. t -1.0ni .zl f I . .onl Zi . | so may
be. oty 85260 8RR ERERRLG b} BBl OSSP e e Tor
sam#togth.ban . _The evacuaéion ort nai be in 8as.co nifﬁ%iéﬁgmﬁt t he
evacudtBnt S SIS (v Biedaieht and 4 S SYar B tgReATet hat et Bid in
the vicinity of the orifice that is |ower than the pressure of the

non- i GANABNGASasstieaRAWRYTErY gherippizigigdiar anghi@rgeh ARNKENEYHiopiZing bargay
orifice, whereby a portion of the non-ionized gas streamflows into the
shel | asodndwirepsrahthdllemsdmidies dash ahihah ipdnddsershefl, at heastcortiamizmgnt
byproducts into the contam nant gas stream exhausted by the

evacualdcabdehaniedast ¢f03¢dation poel dhedhdIPmay hiwen difRRtA i doymbxdcalionect ed
to an ionizing bar that directs a clean ionized gas streamtoward an

at tr agliiVge ORI §ANhE LA Hah &G khdiCihhi £psHioh oPine fﬁaﬁgﬁﬁg@gars b ZAWMQRnlR gt -

This inventive |on|z?ng bar receives a non-ionized gas stream eéxhausts a
cont anj as. stream away fromt.h harge neutralization target, receives
o posi Pife hecRza Tl Moy Opu il To afb e iy E8 Blhuedidglonnalé

di scharge at a positive ionizing el ectrode, and receives a negatijve

i oni ziCRBABIRAOE PYRIGHUGHL iR FEPYISC SURRALICRIERH Oft1Be jiRiRECIEGFEHP OISR e at a
negative ionizing electrode. The invention may take the formof an ionizing
bar wieiziag elestiede marbgdispessdnvitiin theahelt sushithaigha tipiseressadrirome thegdslist r eam
and that directs the clean ionized gas streamtoward the charge

neut r akifizaby anidtarcy eiat &nd lasist Fenatally @gsil toie sxcaduld plasme aivrelbhdrbiat at
exhausts the contam nant gas streamfromthe ionizing bar and away fromthe

char ggeReytiRlanaat jodiiorf & t8€produced ions migrate into the non-ionized gas stream to

thereby form the clean ionized gas stream that is drawn toward the charge neutralization target

by the non-ionizing electric field. The ionizing electrode also may be configured as a stretched



[0014]In this form an inventive ionizing bar may al so include at |east one
positive shell assenbly with a positive shell having an orifice in gas
comuni cawpanimiodizét he gas channel such that a portion @®CTiuseomoeoi®Ni zed
gas stream may enter the positive shell, and with at | east one positive
ionizing electrode with a tip that produces a plasma region, conprising
ions and contam nant byproducts, in response to application of the positive
ionizing electrical otg ial, the positive .el ectrode being diﬁsl{)osed within
the p t‘YllfFeorsSﬁ&(rtPo@ﬂ’&H t St VAP BOTT NIyl SBY CYPRIHMERRCENER 1 i fi ce by
a distance that is at |east generally equal to the size of the WO
2011/ Foe2pEECThaygebat/ ppUpreEnh p gaherer it wihinibe eis)l and ip gwsiicipity gbdeant i al
portion of the produced ions migrate into the non-ionized gas streamto
t her ebyificothat isHewet tham theqmeszert of dlse sin-eaired hat stregmdrgsate thewbeltiartdhie thhar ge
neutralization target by the non-ionizing electric field. The positive
shel | vassieydt e BRYc@ vaRrdbyGl padigorast theash-iciedaastiain A6wpaftd thel shelyasd
comuni cation with the evacuation-channel and the shell, that presents a
gas PLERSHIE 1 f Dl BRRIdH SR AmARE tyBrdddio G IR dofuBhinbia0r i Fi ce
that is l'ower than the pressure of the non-ionized gas stream out’side the
posi tiS rganslh%lla!ust%g% iﬂr11e évheuzyt{o%i_cni ;[11¥10f the orifice, whereby a portion of the
non-i onf Zed gas st Feany P oW A The positive shell and sweeps at |east a
substantial _portion of the contam nant byproducts into the contam nant gas
stream exha{@glt?)@d by tihé 'e9ise doiin dhe WNEHia may brodisgersd to pp doigp patgfat
i nventive ionizing bar may further include at | east one negative shell
assenfsligctpjatckean iorazral gay stredre kdwdid wi agraghiveordnt-iopeingelemsc Solminichatgeon wit h
t he gas channel such that a portion of the non-ionized gas stream may enter
t he negatrilizatishekget. ahd inwehbivatoniAasbarearivees gabhMeniva@hgwisngare) @dhtigde Wt h
a tip that produces a plasma region, conprising ions and contam nant
by pr odugtafhindn g 4SRN oy FrtR Bl hatdeHRu@fliahon NRGAtbVEvdsQNiAiRE igligiakr i cal
potential. The negative électrode may be di sposed within the negative shell
such t : 1B 1LSeel f.r I Y ' that is
ei‘@[rlctabgortgn}ltpag/ E%&lﬁ%ﬁ?&%ﬁﬁ@ﬁe B8k Qi?sfcﬁ{ﬂﬁé atp %’ g(gsflﬁ\%elog%m e\%}c%ﬁ%caﬁd

at | east gen e sl1ze O sSma reglo ereby at | east

a substantial paorti.on of the.produced ions migrate into the non-ionized gas
ot r oanveoes RarBE er SRl EieBL RS swbGallodi it e Lol At over d
the charge neutralization target by the non-ionizing electric field. The
negat ingAtEIEaPNiZiRg stegBpde. nHlie invientivamayifake e foum plisionigie kay 3athaat least ¢sr t |

in gas conmuni cation with the evacuation-channel and the shell, that

pr esenrhsclmngelshprressvasahevmdrhionize ganggat and thitalijecmnltt ¢leant inpized gasmtteymof

the orifice that is lower than the pressure of the non-ionized gas stream

out si dewiraehdegadd @ tishigltion adidet dnd twith atil€isndrieyevatuatibg-cainrel ¢at exagstethe a
portion of the non-ionized gas streamflows into the negative WO

2011/ Jsggt%g@rﬁgé&&%@&ﬁi/ Bt dQonizin g bar and away from the charge neutralization target.

[0014] In this form, an inventive ionizing bar may also include at least one
positive shell assembly with a positive shell having an orifice in gas communication with the gas
channel such that a portion of the non-ionized gas stream may enter the positive shell, and with
at least one positive ionizing electrode with a tip that produces a plasma region, comprising ions
and contaminant byproducts, in response to application of the positive ionizing electrical
potential, the positive electrode being disposed within the positive shell such that the tip is

recessed from the shell orifice by a distance that is at least generally equal to the size of the



shell and sweeps at |east a substantial portion of the contam nant
byproducts into the contam nant gas stream exhausted by the

evacuat i onocharmed2s [ 0016] Natural |y, the above-descri be#Craishad®20fo0 t he

i nvention are particularly well adapted for use with the above-descri bed
apparatus of the invention. Simlarly, the apparatus of the invention are
well suited to performthe inventive nethods described above.

[ 0017] Nurer ous ot her adyant ages agﬁl features of the.present invention wll
becond MBPArERE B PKGCEITE ParHal §OERNY TRrp s ea TR gYE 1 PRIeBi ng
detail ed description of the preferred enbodinents, fromthe clains and from
t he adeWmsasnyishepdiaticregy foprberlprgrRETgaeRtreym thatispRaye e dridpmEse
preferred enbodi nents of the present invention will be described below wth
r ef er emutealizatiothar gt Op tipamopi-iogizdreaalatgs fiel e flde Ippkie varshedraatesnblg pragsitot | i ke
steps and/or structures and wherein: [0019]Figure la is a portion of an
I oni ziiGudeadt 1éRt @eCaLElanon pvit! i AneommehRafi@dwith the evacuation-channel and the

shell, that presents a gas pressure within the positive shell and in the vicinity of the orifice that is

lower than the pressure of the non-ionized gas stream outside the positive shell and in the

vicinity of the orifice, whereby a portion of the non-ionized gas stream flows into the positive

shell and sweeps at least a substantial portion of the contaminant byproducts into the

contaminant gas stream exhausted by the evacuation-channel.

[0015] In this form, an inventive ionizing bar may further include at least one

negative shell assembly with a negative shell having an orifice in gas communication with the

gas channel such that a portion of the non-ionized gas stream may enter the negative shell, and

with at least one negative ionizing electrode with a tip that produces a plasma region, comprising

ions and contaminant byproducts, in response to application of the negative ionizing electrical

potential. The negative electrode may be disposed within the negative shell such that the tip is

recessed from the shell orifice by a distance that is at least generally equal to the size of the

plasma region whereby at least a substantial portion of the produced ions migrate into the non-

ionized gas stream to thereby form the clean ionized gas stream that is drawn toward the charge

neutralization target by the non-ionizing electric field. The negative shell assembly may further

include at least one evacuation port, in gas communication with the evacuation-channel and the

shell, that presents a gas pressure within the negative shell and in the vicinity of the orifice that is

lower than the pressure of the non-ionized gas stream outside the negative shell and in the

vicinity of the orifice, whereby a portion of the non-ionized gas stream flows into the negative



enbodi nent of the present invention shown in conjunction with a portion of
a charge neutralization target/object; [0020]Figure Ib is a cross-sectional
vi ew of awotzhawviom2ef erred ionizing bar, with the bar exremdisegiouoiof the
pl ane of the page and with the cross-section being taken through a shel
assenbly with a variant design; [0021]Figure |c shows a representative
radi o frequency AC ionizing electrical potential that nay be applied to the

i oni zi ng. el ect r od depicted in the embodinents of Figures la, Ib and Id;
U0 201 BSEBSBTI DS TP OSHOTLP P23} BF S0P ] BITIoM<ASErLBE | onal “vi ew

of still another preferred ionizing bar, with the bar extending out of the
pl ane cORtaRANG aRfestigA@ axhaystadrhy the evacuaéi-chsnglei ng t aken through a shel |
assenbly with still another variant design;

[0016] Naturally, the above-described methods of the invention are particularly

well adapted for use with the above-described apparatus of the invention. Similarly, the

apparatus of the invention are well suited to perform the inventive methods described above.
[0017] Numerous other advantages and features of the present invention will

become apparent to those of ordinary skill in the art from the following detailed description of

the preferred embodiments, from the claims and from the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] The preferred embodiments of the present invention will be described below
with reference to the accompanying drawings where like numerals represent like steps and/or
structures and wherein:

[0019] Figure la is a portion of an ionizing bar in accordance with one preferred
embodiment of the present invention shown in conjunction with a portion of a charge
neutralization target/object;

[0020] Figure 1b is a cross-sectional view of another preferred ionizing bar, with
the bar extending out of the plane of the page and with the cross-section being taken through a
shell assembly with a variant design;

[0021] Figure 1c shows a representative radio frequency AC ionizing electrical
potential that may be applied to the ionizing electrode(s) depicted in the embodiments of Figures

la, 1b and 1d;



[ 0023] Fi gure 2a depicts a portion of an ionizing bar in accordance with
anot her preferred enbodi nent of the present invention shown in conjunction
wi th a powoizon/wH22a charge neutralization target/object PCau$2§10024010-i gur e
2b shows representative pulsed DC ionizing electrical potentials that may
be applied to the ionizing electrode(s) depicted in the enbodi nent of

Fi gures 2a. DETAILED DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS [ 0025] The

i nventive pt of.a ferred ultra-cl ean. AC corona joni.zing bar 100 is
1 et ar ed 00 P he Fiddgb b ba i ot Bl bt Baher el S ManeRe: shown
therein, a preferred linear ionizing bar 100 may conprise a plurality of

| i nearyi{h fhpggro@@@dme@qt o §weityici dshopnee agé Withale pigsuapecdnn beige takeand a shel |
4) which may be separated by a plurality of nozzles/ports 29 that are in
gas camough g shdllorssemblly vathnoml-another ediat dégas channel 2' and that are
directed toward a charged neutralization target/object T. Air/gas

port(s)/noZedx3s) 29 Fi@ye as aé;_?&m \éﬁgbl’r‘tidnf'tﬁ“ aAGbhiYiRE baPin BaUGRGRf Arifer 10/ 11
toward charged target/object T. Additionally, ionizing bar 100 nay contain

| i . i ) .
a Owgﬁéeﬁéélérﬁb@d{ﬂﬁ 'tﬂ@%ﬁg@@ ﬂﬁjen&odn S V@llclﬂ%t)hj?ﬁcgfdﬁ%@lﬂl})%ﬁlow a%ﬁar e .

conne to an I ntoo /pr uction vacuum i ne shown to a pullt-1n
vacuun%soq{Cﬁligpktoﬁﬁgﬁ% or to any of the many simlar arrangenents known
in t h&CRF 14 HY H%yﬁ I %ﬁn a pressure that is |ower than the gas pressure
inthe vicinity of the emitter shell orifice 7 as well as the %as pressure
external td0Q#lt ¢ er Frgyes $b showsygpigeantstve pylsed DCCIgRag dertiichl Ro€atiple ghapy
hi gh-pressure gas (not shown) that may supply a stream of clean-gas 3 to
channehayde applied toohe mmijing eletrodgiy depitted b the ednbbdireer2 ©f HigurasBa.
2011/ 100226PCT/ US2011/ 024010

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0025] The inventive concept of a preferred ultra-clean AC corona ionizing bar 100

is illustrated in the fragmented cross-sectional view of Figure la. As shown therein, a preferred

linear ionizing bar 100 may comprise a plurality of linearly disposed shell assemblies 20 (each

having an emitter 5 and a shell 4) which may be separated by a plurality of nozzles/ports 29 that

are in gas communication with a non-ionized air/gas channel 2” and that are directed toward a

charged neutralization target/object T. Air/gas port(s)/nozzle(s) 29 may assist with the delivery

of charge carriers 10/11 toward charged target/object T. Additionally, ionizing bar 100 may

contain a low-pressure evacuation channel 14. Evacuation channel 14 may be connected to an in-

tool/production vacuum line (not shown), to a built-in vacuum source (not shown), or to any of

the many similar arrangements known in the art that may maintain a pressure that is lower than

the gas pressure in the vicinity of the emitter shell orifice 7 as well as the gas pressure external to

emitter shell 4. Channel 2’ may be connected to a source of high-pressure gas (not shown) that

may supply a stream of clean-gas 3 to channel 2’ at a volume in the range of about 0.1 to 20.00



liters/mn per ionizer and/or non-ionization nozzle/orificeljet 29/29".
However, rates in the range of about 0.1 to 10.00 liters/mn are nost

pref erredwOTha/wex6may be CDA (clean dry air) or nitrog@aT(useoianetoner

el ectropositive gas), or to any of the many simlar arrangenents (such as a
hi gh-cl eanl i ness gas (e.g., nitrogen) source) known in the art. [0026] At
Ieast one hi gh-vol tage bus 17 may be posi tioned, for exanple, on the | ower

cuunfevacuatlon channel fer non- condqucti ve at
east e AHE PP oG A aEant At et st BIE0E Pburtaiay i e range
el ectrical communication with a tube 26 which may take the formof a holl ow
conducéf phautOuble 1949 lHasp/misragemgst nrefgged + dderaneay das:DA éclpanadiy @d) ef ect ri cal
comuni cation with emtter 5 and to exhaust | ow pressure byproduct flow
( cont aiitnogeg (cromofier gleneo@tsetie @os)t antorsanto§ jhefmamy simdaeniangemersh éuch 4s a Tube
26 may have one open end that term nates in vacuum channel 14 and anot her

end t hadh-Eleddmed 0lEbngiteeekabuite’ idwii théa@ corona di scharge
el ectrode/emtter 5 may be received. Tube 26 nay be formed partially or

ent i rely_ofjo@igret I cal b SROBENoNE:OhusIETha A dg&g%rdgég,hﬁ? Sl Anfe al so in

el ectrical ni cation wthoioni 27 ng e ectro at an 1onl zi ng

voltage a S 17 .M ecel

oni 2 dov el 8 v RyrsSadolbe e SRk SRR REW HoR Rt G g s
supply (HVPS - not shown) exceeds the corona threshold for the emtter 5.

As knd’\ﬂﬁlqnﬁ agljjgend fq bus by sBlrSe%lﬁ peefeblyHa elseBigalctanyRuyeatipasyith ¥ &1bgRE
negative ions 10, 11 by AC (or, in alternate enbodi nents di scussed bel ow,
DC or whsmdy D&y tlmmﬁoomapfdihsﬂh‘arcgedﬁqhivat@@m@dmaywewraéildas:tatlworfua@mszrtegi on 12
in the vicinity of and generally emanating fromthe emtter tip. This

cor onagreliidckiactgealabsonunicsitibh svithrentitter pambiocikhant biw-predase balbéud dlotvam nant
byproducts 15. It will be appreciated that, were it not for protective

em tt Eontd1Rink céronla?@ﬁeqtéatcenééum% GhoR DM iepH@LShYIl HDYELS ouafad nhas Gt / obj ect
T due to ionic win di ffusion, and electrical repulsion forces emanat i ng

into © Egn E‘Qi%h%tf%ﬁ%%g%%&%@ﬂ‘%? 6%38%8‘%%%?‘@2. DTS mIRE e erﬁpt

W th ne [ ated |o and d|r cte t he .ch utralizati

tar getV gt} BBIRR ol Gl uarTs dﬁ&é@&%ﬁ%@ﬁ&?@dﬂ@% Si ng

t he goal of clean charge neutralrzatron) [0027]Due to the presence of

eni t t dartiaHuor entirglyopf| edasiiicaliy sopdustisg %semlé@ewrc‘élde BAteizh adalso H deirerdl 14,
however, the gas flow pattern within and/or in the vicinity of plasm

r egi orcrommplricmdun sdthhyniemgtelestrode preshahitsainoomzimgivioingesappbed toobmseltverlli adgp t he
gas stream 3. In particular, the configuration shown in Figure |a creates a

pr essweeeddivetidy@miiital 5. b€lawesizaibe snel whenhd e gatgs buantrom 4 Kigh voledgri ty of
orifice 7 and plasma region 12 (within shell 4). Because of this pressure

di ff ergel &lpplyAEPPPS LBt Ho 295&&5@& e 'cb%ngft‘lﬁeiﬂo‘m’\fo? {RESR%ef 5.0RL khannel 2
t hr ough orrfrce 7 and into s his gas streamcreates a drag force

:)Ihgts n;n?agrgﬁﬁls %%J_sgﬁs mnttnle %lgo{;%lgtboa os1 1% %H% Hggaﬂ}lfe g%en%o bYIO O%g@% 1& 2 tT:rfn!‘ﬁ%m
appr eci t hat bypro ts are s ect to the sane ioni¢c w nd,

di ff ugr@ﬁgﬂ%rﬂéﬁ @F%Eff‘rdﬂj@ ’f]%é GEBUIE"W;&&F%H? giichaier npreengtdy shRetiel n gas
stream as di scussed above. However, the present invention is intended to
cr eat @lasgrdegipong iy Agencingy @fharrdr@ngraﬂy smapafingdon itherenigestip. ohleis epeugh t o
over conme such opposing forces. As a consequence, ions 10 and 11, and
bypr odischargd Slsareuhe inodly peoducadd §f ardsiedb&cdantaaahhnt byppanett ad. amzlillrtmve in
different directions: positive and negative ions 10, 11 into the

non- i QppzedtcdaBatSiveRaMdtdort foteehye it ﬁféuupﬁy%@dua@ss ot RBIBn i h@WisRY
downstream toward the charged object T. By contrast, byproducts 15 are

evacuglt s CO%V O[5r %ctt'locﬂﬁrtg iSRG 'dffﬂlsﬂ)glr Bntgéle&ﬂgal r&ﬁfﬂl@ﬂ aRles to

bypro iI'ter or trap (not

emanating from the tip of emitter 5. Thus, contaminant byproducts 15 would be swept into the

10



[0028]Wth further reference to Figure la, tube 26 may have at |east one
openi ng(s)/aperture(s) near the emtter-socket end thereof and in cl ose
proxi m t yWwoaoamovz2er 5. As shown, emtter 5 and the em PCersSsaacketoliend of
tube 26 are preferably positioned inside of a WO

2011/ 100226PCT/ US2011/ 024010 hol |l ow shell 4 and di scharge end of emtter 5
is spaced inwardly of (or, synonynously, recessed from orifice 7 by

di stance .R. ure i The rea he reces i stance R, the
oy e d9gipye bt i bR ratehy RS TR S EGHST SR RERETES st
toward evacuation channel 14 by a | ow pressure evacuation flow._ It has been
det er micp@dlization taseat ehjept b and)tle igeest phisct warlé bg ponipainated (Fempreaniying dee of
about 0.1 to about 20 liters/mn may be adequate for this purpose. Most

pr ef ergabl of cldahehfiigowewratizhgorabout 1-10 liters/min per ionizer or ionizing
assenbly to reliably evacuate a w de range of particle sizes (for exanple,
10 nanonet §oe27]0 100RenanePeéens) of diaBVAEL 41aA8 IGH@ dag brdsfife pRE&RE] BY St ance
R, the nore easily ions fromplasna region 12 mght mgrate through orifice

7 and (ahg 181§‘€hdn9§'l o hB&zeJ&%Q?a@ﬁo@h@erg%ﬁmﬁ LRAS iR tl?eswgﬁ’lgg 0?91 sHQr

opti num ance of these conpefing nsi der at | ons It has term' ned

t hat oqpt.i nb ct Sep arat i eved i.f the dlsace Ris
sel ectpioy o pislee BLEREL S BRARRS R e A7) S Ee Min R E0ar “to t he
size of plasna re |on 12 produced by corona discharge at. the tip of emtter
5 (pl &8ttgvledghemel ¥UE?§19§|SF9W%%EB“€F I 9re3pret RIESHES @gfgyenﬂﬁlnbeé\a%ﬁntth%ﬁon-t he
preferred distance R may be generally conparable to the dianmeter D of the
ci r culigirizask gas istreary ir( tha vidieity efngdicsf/ adalasn@ miohildgwithin sholl 3).nBedauseeter s) .
Most preferably, the DDR ratio may range from about 0.5 to about 2.0.

[ 0029]tMk plresaoatiffareml, ragfoeti@nefehiglo vélbgur gaslfow B Bape fioin cdradhdla@ ythakighl i n
the art will readily appreciate that the ionizing bar 100 shown therein

cont aigngice 7186 il 10 MR ArTHNSas B RAR SRAs AU AN B ré B ahHTRE ¥uldamtih I P¥S offOVi Ng
t her et hrough a gas flow 3 which noves around shell 4 to thereby urge

charg %o ﬁérﬁ%e?l QJMQE%@ dfr%;ﬂ gga%h{aqpélgﬁ t12 lnthERfQC@athR w'glqugfs 46

sucti on cont am nant gases a parti C?GS t hr ough

evacuat i.on c 4 due_.to the essure di fferentl al. hetwe acuum
channér lﬁ%yaﬁﬂp b e e TR ATE R esia§ TaR jpus g AR
suction/vacuum flow 15 at |east substantially isolates the WO

2011/ Rod skemicy foses thet gregeaqes 10, 11 into the main gas stream as discussed above. However,

the present invention is intended to create conditions under which the gas stream portion is
strong enough to overcome such opposing forces. As a consequence, ions 10 and 11, and
byproducts 15 are aerodynamically and electrically separated and move in different directions:
positive and negative ions 10, 11 into the non-ionized gas stream to thereby form an ionized gas
stream flowing downstream toward the charged object T. By contrast, byproducts 15 are
evacuated and/or swept toward evacuation port 14 and, preferably, to byproduct collector, filter
or trap (not shown).

[0028] With further reference to Figure 1a, tube 26 may have at least one
opening(s)/aperture(s) near the emitter-socket end thereof and in close proximity to emitter 5.

As shown, emitter 5 and the emitter-socket end of tube 26 are preferably positioned inside of a

11



tip of emtter 5 fromthe anbient environnent. Mreover, and as noted
above, suction/vacuum flow 15 entrains solid contam nant particles and

ot her corwoaohyporduct s/ gases and del i vers them t hr oughPCwhis2@6/024vd0 i nt 0
vacuum channel 14 (and, inportantly, away fromtarget/object T).

[0030] I n practice, the relationship between the nmagnitude of gas flow 3 and
t he magni tude of gas/particle flow 15 (for exanple, the gas flowratio

3/15) i i ant in definj cl eapl.iness of the jonizer and the ion

el tvapfourhiLs b gt i S gRuP sotratd oate) ob Qs hahe Reeved
optim zed performance under various circunstance/ applications. For exanple,
i f chdrgedrifie gty depecetR fep.c-okignreoka dlhengreaterstbe pregss distageethy themiord ng bar
100 (as is often the case in sem conductor fabrication applications), the
vel ociebsilyofongpasindrtdwpiDdséte tiloch pesrha regtaad]2 tght b swgpteowdrd emaalboon chidnélt / mi n
to about 100 ft/mn. [0031]At a certain gas flowratio 3/15, plasnma region

12 of 14my Aeint predsufe) evacimivn PR w. S0 had iedn ide@pminbe tarhilenbraturegpese so
debris build-up on tip of emtter 5 is largely inhibited and substantially

al | Ofthﬂoﬁg} ?Mnﬁ&%gl?&%%{ gﬁab%ﬁ 2T s 2?¥i¥€r§?ﬂﬁh¥hﬁﬁ%%%d% VigfthiS0, in some

nost - pr ef ed enbodi ne both of gas flows 3 an nd, in particular,

the ga% folsg w %@%tﬁeééa%? the olxgﬁlagqje%ﬁtgﬁtdl—?@ g%rr]szgmg'gg%?‘&ili%el‘}sor fi(%‘ﬁtirq [s (such as

the diPSthaite en ‘ioni za sse i'es n e charge a%get/object

T) to thereb inage cont am nant byproduct novenent. [0032] By contr , if
the c ﬁaﬁeg@gy e LROLY FHR0RGR ¥ é@’ch&g jpagiclepizes (‘;%Bgi‘%mﬂﬁe]d) HaFP PSS %Zfobf rom
ionizing bar 100, gas flow 3 should be increased because, under these

condi tniaaersctersheHewewarr the amall¢rgheirsessivianeg Royha merechisilyyods diojeplesmar get T
will be weaker (i.e., lower electric field intensity will be present at the
i oni ziragoba? mightdniigoate theduigherrificed7l dnd bieto plicoionh dieidit regionloy nayn gdasrstigas 2fdsow 3.
However, flow 3 nust not be so large as to permt contam nant particles 15
t o escrARJ MMRMLPATHFHaERAE Bf thscdtingehiaWch Q@ £lidnd i9RLY 1¥BH @6terntined Wt

2011/ 100226PCT/ US2011/ 024010
optimum ion/byproduct separation may be achieved if the distance R is selected to be at least
generally and preferably substantially equal to the size of plasma region 12 produced by corona
discharge at the tip of emitter 5 (plasma region is usually about 1 millimeter across). In
addition, the preferred distance R may be generally comparable to the diameter D of the circular
orifice 7 (in the range of about 2 millimeters to 3 millimeters). Most preferably, the D/R ratio
may range from about 0.5 to about 2.0.

[0029] With continuing reference to Figure 1a, those of ordinary skill in the art
will readily appreciate that the ionizing bar 100 shown therein contains directional arrows
representing the two primary gas flows moving therethrough: a gas flow 3 which moves around
shell 4 to thereby urge charge carriers 10/11 toward target/object T; and a low-pressure
suction/vacuum flow 15 which draws contaminant gases and particles through evacuation

channel 14 due to the pressure differential between vacuum channel 14 and ambient

environment. In this way, low-pressure suction/vacuum flow 15 at least substantially isolates the

12



[0033] Referring again to Figure la, and as noted above, when used with an
AC power supply, ionizing bar 100 may i nclude optional reference

el ect rodeye)od/mm261) facilitate ion generation at the PCp/uskolgmR4ot@r 5,
and (2) provide an electrical field for noving charge carriers 10/11 away
fromthe tip of emtter 5. Electrically insulated reference electrode 6 is
preferably disposed as a generally planar face that forns one outer surface
of i1onizing.bar_ 100 to thereby. present a relatively |ow intensi

Cnon. B 2GS e e ehPiees PGt ot 4008 TDisdaheve. ShPPAGCM Bt r i ¢
field that formed the plasma regions 12. [0034] The el ectrical potential
recei VW byeririns sohd soppingat ptiglspandyeiher eorobyiprodycteigasssomnd sleiveradsm 15
kilovolts and is typically about 9 kilovolts. The electrical potential

r ecei vieguply tubh@6 med erte ne@iuel dennaddd (Bndyaypbearithy, ey framgergefotgbm ). 0 vol ts
to about 1000 volts, with about 30 volts being nost preferred. Were the
non-ioni zeqo@ed} | S & practidd, enORLibMRIFZbIGetOht AG@nITRI FWalBoREI £ BET O
volts. It is noted that a radi o-frequency ionizing potential is preferably
appl | > : N ) '
refergﬁg%ggE%@P%%ﬁgﬁﬁgﬁﬁﬁgqg?ggg%n eggﬂ%%?ough?%kgg%2§F?% ﬁgﬁ%n}% ﬁ%%%ﬂ (a
passive LC cirguit) .fromwhi.ch a.feedback signal..can be derived. Thi.s

B r ang GRSt Pt dnir S R oy sl FREReL) H B AOuRlt HES e BtFbae s
and non-ionizing electrode 6. Wen the potential difference between

el ect @ AdUeYeOPSRiFGdResr MERFeaghYarioNs elsriumianeraepligagans aFeiseamie- Wi 1 | 1 ow
fromemtter 5 toward reference electrode 6. Since emtter 5 and reference
el ect rcbaigedtaggas/obisen iispisitondd bycloserokinotysto ieniriak doi U (s smilen BC-5¢f set
voltage is automatically established and any transient ionization bal ance
of f setin tdmaicotithy td €atpicegenipphichliord), Mheved beityoofaag lo@steuldsiediritaf, fabout zer o
volts. [0035]As an alternative, ion cloud novenent to the charged object

CouldngﬁgkpMBQ@@OQWﬁﬁ@@ﬁﬂgfmgﬁ@lﬁdg%m5r0n1dediCated nozzl es 29 (see al so
nozzles 29' with velocity caps in Figure 2a) which are positioned near

and/ or bet t he i,Qni zi | i . . .

5011/ 100226 8E uszoﬁ?ﬁgﬁ%géﬁlﬁgé%lrﬁé%? ’r%g%ﬁ%%&‘?ﬁm\gqgsdé%nn%”ﬁ?e{: 7 SRR

hi gh- pressure/ cl eans gas channel 2'andt cross-sect.ional ~area.of. each
ooy Braey i BRRRRT A Gregners sEadls vulinPan Bl he B s Se SR Eh ar ea
of each shell orifice 7. As a result, each nozzle 29 is able to create

hig herand p@l@@pﬂ@g_gy all pEfgorona-generated contaminant byproducts are removed. So, in some

most-preferred embodiments, both of gas flows 3 and 15 (and, in particular, the gas flow ratio
3/15) may be adjusted depending various factors (such as the distance between ionization
assemblies 20 and the charged target/object T) to thereby manage contaminant byproduct
movement.

[0032] By contrast, if the charged neutralization target/object T is positioned
further away from ionizing bar 100, gas flow 3 should be increased because, under these
conditions, the electrical field presented by the charged object/target T will be weaker (i.e., lower
electric field intensity will be present at the ionizing bar) and ion delivery will be provided
mainly by air/gas flow 3. However, flow 3 must not be so large as to permit contaminant

particles 15 to escape from plasma space 12 and flow toward target/object T.
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(as conpared with the shell assenblies), efficiently entrain the anbient
air, harvest (collect) ions, and nove themto distant (for exanple, 1000 mm
or nore) wbhangeworar get s/ objects T. In this way, gas fl @arfuseoninewzd es 29
help to deliver ions to the charged neutralization targets/objects T to,

t hereby, significantly increase the efficiency of the ionizer. This concept
was disclosed in U S Patent 7,697,258, filed Cbtober 6, 2006, issued Apri

13, 2010 a t|t| "Air Assist For A Ionl ers", the en ents of
ani cn are NOVERy ' | nEShemrGhet By urdnetites Ty PPas et Wi A
conpatible with the |nvent|on(s) dlsclosed in US. Patent 7,697,258 as
descr iPewar suppbdienieng babiemay wolet pptienal feferquearrisctiigh) ¢ i tadeciliagdpor ms
may be applied to the inventive ionizing bars disclosed herein as the

i oni zigagereti@ciatrtheap opanetet DalndgAp@vide pnetenicat fisld fexamphe chirgs vohea
waveformis shown in Figure |c. Waveforns of this nature are disclosed in

det ai 110/1N dwa$. frdmienip of, dhdider D2 Eldchi@dy Myutiediferd¥Blectissdie s foefeplty 12,
2010 and entitled "Prevention O Emtter Contam nation Wth El ectronic

Wav ef

referg% e&ﬁﬁ%Q§%§§%H§ﬁgéggﬁgﬂHﬁhgégm?gﬁgﬂ?%ggﬂﬁéSﬁ L g égggggigﬁgxgoltage
conponent (12 r.ovi des ef.fi.cient atlon l.i t ude of
Che SPgar'd SR I8t e e et e bRt Ahp BT b e Bt L e

i oni zi ng el ectrode(s) ﬂthe owest pOSSIb|e voltage). This al so decreases
em t t EFECHIC1S Hhagborief thegRlaspbregiang 18f cor ona byproduct generati on.

Mor eover, frequency ionization neutralizes possible charges of solid
particles a[ﬂg%l/al | s Thé elepsicelriatensial wheived by\emigteir § naaychsr iddhewngs ohatone3
teachings of the aforenentioned U S. Patent 7,813,102, the ionizing

el ect iloabltsxotabouiti lalkilaiﬁyltshaldas Wﬂi@ﬂyfab@ﬁl@kihyoﬁﬁ rﬂjlﬁmﬁ&ttritzﬂ@btenﬂﬂ received
2011/ 100226PCT/ US2011/ 024010 "pol ari zes" or "pushes" ions toward a target.

The v@htRIRIGERII Ad48dOb nid}i v if HPARENST dbdubE PSEAbla¥od 08D %th Rviff atole

di stanCe between an ionizing electrode and the target. In this way,
I d I
o e AT R i g

(throu | et ori owar et/object T whi]e also V|ng

ot r SPIGE DAY pe et Gt 5‘5 b draarp la@géaotengﬁifé@fﬁfﬁréb nt ensi ty
of the electrical field is lowin proximty to electrode 5, ions 10, 11 are
swept aPRies REPHZINASHCIod T BuyugiescapasitoamSanilarhy, therrefeatiipe elserpde wREAR

ioni zed gas stream and directed toward a neutralization target surface or
obj ect“gioundet chidiugly b yapsomearenbdaitoreiatpsssife L@ eirprieSemn wihmhenfeedbackaignals e
both gas flow and a | ow frequency conponent of an AC ionizing potential to

urge ic@be HEivEaY hid SAnkOH@eh tOMuZ,Presefts An Cleafr@efield Betineah idhadih OBlet tddBes -
Further options for providing ionizing electrical potentials conpatible

with the nbﬁ‘Y&fﬁlh% BledSE d. R NRE ?b@nfmﬁlﬁﬁeﬁ&%@vééﬁ dibcRod Bak htricfRPld cation
12/ 925, 360 Oct ober 20 2010 and entitled "Sel f-Balancing Ionized Gas
Streans conte L are her.eh orate

o cr anebi i Be A EaBEGh b Bin b PRSP ERIE SRR v o
a tapered pin with a sharp. p |nt be appreciated.that

di f 1 orBNeraANdBtersshE feglirda ﬁﬁ?omweﬁ&m%@a%@fs ardadyly b DL e i n
the ionization shell assenblies in accordance with the invention. Wthout

|i mi t avoltage, is ahtesatindly dstablishpd:and ahytransigrradriizatioarmetaaee ofifses d1at wiaydel oops,
etc. Further, emtter 5 may be made froma wi de variety of materials known
i n t heraeht willdinirdsing avptiedesntante cbatducidry eoland sem - conductive non-netal s
like silicon, single-crystal silicon, polysilicon, silicon carbide,

ceram cs, 3pessyl ass AdarRapfhfice, idH A6y VbR D afeldhg @bbject could be
appllcatlon/enV|ronnent inwhich it will be used). [ 038]Channe|s 2' and 14

may b ?)r(g@&ie% 153}’ MBufer \Qaaéjﬁmg ?M&ecﬂéat@@%le@é E(lgee afso nozzles 29° with velocity caps

in Figure 2a) which are positioned near and/or between the ionizing shell assemblies 20.
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and non-netallic materials (depending on the particul ar
application/environnent in which it wll W) 2011/100226PCT/ US2011/ 024010
be used) wbi2otwmeaz6i ncl ude pl asnma resi stive insulating mardarsc@ahs2euch as
pol ycarbonate, Teflon(r)' non-conductive ceramc, quartz, or gl ass.
Alternatively, limted portions of the channels my be made fromthe
aforenentioned naterials as desired. As another optional alternative, sone
or all t nnel s 2' and/ ot be coated with a skin of plasma
s s 6o AL e SRar PAC S iorgeh PEd P oo a0 s 4o Shauh be Ra el Do
made froma w de nunber of known netallic and non-netallic materials

( depenstivgalonea pfecagh ppzdePdis papfsrabbati gL amlyi sthaethan the gipgscsctiqnahper pe
used) which may include plasma resistive insulating materials such as

pol yc af bamathell ofitit¢ dn (A9 4 resaln-cadnoerzta 20 iscablawi agatgbizhtizspeed gaf disgms
Alternatively, only the portion of the shell in the vicinity of the shel
orifi ga domypabel WK thefshelMisb@baéOr GTEiRh il Y@ rhi e airASard&0{dodEctp Mins onal
alternative, sonme or all of the emtter shells 4 may be coated with a skin

of pl agABdvetheth [V @istaRSd At ?le”@@(ﬁf i or &&foglla}_%@%ﬂ:agg%}sgflwl\écttﬁ Fipwie |0,

there i's shown therein a portion of an ultra-cle g bar In

accordance fer d enbadi.nent of se vent.i
g R S e N A O S

in Figure I b, jonjzing. bar 100 na have sone g¥s|cal char cterr tics
si mi | & tb?rershafgn&ffcarlgmrfr%e @areffm@l%rfof HhegiGPEer ADPLONC TR MASCBEI85A the use
of like reference nunerals) and the principle of operation of this

enbodilBnRateny 7449, 208 nled Octdher 6 AWOussEed Aydvié, 2Wdcanddintigeds,“Atithdssdit Feussi on
of bar 100 above al so applies to bar 100" except for the differences

di scusg@toniraredihateative dvakemwy. of Aviich site hdiebly ene@noeatet Oymeferenés. ghiteepredent S t hat
the walls of channel 2' and of shell 4' are slightly different than those

shown i Renfib® W @npatib Ut in R ticn (BRit@6se@fin desiraRne Nobees9apsesbaval been
added between the wal |l of channel 2' and reference el ectrode 6'.

Addrtrggah%' JeOni zing wire 5 (mhrch is not in electrical conmunication
wi th tube é:yg is in electrical communication with

[0036] Multi-frequency high voltage waveforms may be applied to the inventive
ionizing bars disclosed herein as the ionizing electrical potential and a representative example of
such a waveform is shown in Figure 1c. Waveforms of this nature are disclosed in detail in U.S.
Patent 7,813,102, filed March 14, 2008, issued October 12, 2010 and entitled “Prevention Of
Emitter Contamination With Electronic Waveforms”, the entire contents of which are hereby
incorporated by reference. In accordance with these teachings, a high-frequency AC voltage
component (12 - 15 kHz) provides efficient ionization when the amplitude of the signal is
approximately equal to the corona threshold voltage of the ionizing electrode(s) (the lowest
possible voltage). This also decreases emitter erosion as well as the rate of corona byproduct
generation. Moreover, high-frequency ionization neutralizes possible charges of solid particles
and walls of the emitter shell. Also in accordance with the teachings of the aforementioned U.S.

Patent 7,813,102, the ionizing electrical potential may have a low frequency component that
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WO 2011/ 100226PCT/ US2011/ 024010 an ioni zi ng hi gh-vol tage power supply) has
repl aced tapered pin 5. Further, tube 26' nmay be fornmed of an insul ating
mat eri al WOrosa/iomwzi ng wire 5° does not receive an i oniPZirfus2@otesté al from
tube 26'. Wre 5 may be axially aligned (and, thus, concentric) with tube
26' and tube 26' may be generally "straw shaped" to provide a generally
circular aperture in the vicinity of the plasma region 12. Naturally,
byproducts 15 ma low into this aperfure and, therehy, be delivered to an
o oaPR B ARG, OB SBE P o b bR gle b e S B mienshb e her
alternative enbodi mrent shown in Figure id, a slot ionization bar 100a may
have @ghgralbnefwchayat B disheice baigeniBn yorpgng gleethodsraditimiazgehg lethit wapde
conprising an elongated (substantially linear) corona wire 5" that is

posi t ietacedalMantiimheamt diftinga) éatcsshiediicedit laastt chsubstagtiad puetonad igort0, 26to and
that produces a generally cylindrical plasma region 12a, conprising charge
carri efigraldfrdh pdghacebioa T2rRANb! {En rmduﬁilgh ouranripice I and eslvam tdrg@/bbijeniTzi ng
el ectrical potential. The el ongated shell 4" nay have a shell orifice 7

(such vf}ﬁleaals%l Rb in% Mérafliinethé) BH@&{%(H_ defef@redld SELt QA ) h %tind.esth@htérﬁ?@ bf the
5" (out of

generally parallel to the corona wre of the plane of the page).
with the other, .empodi nent.s.di scusse er ei hi s enbodi nent, may al s

ol uaterRghEg TR O Pu F SR RES, STGE . 41 isSafEhy BRM el
channel ) that_surrounds the el ongated shell 4" such that smal | portion of
the cl2BaNGHs3 HOpRESPREOTThRFIERhIOBIFGH ShnyTaRY aPd dHEcted BNGAt RACKREFRIYo sweep
contam nants 15 through the evacuation port 26" and into evacuation channel
14' . Nueefrsalfage orobiesbdt afe¢aadinglyr sdramerobodiments of Sisaprefeneinaenstoninagysust0/ 11
will still enter the non-ionized gas stream 3 to forma cl ean ionized gas
st r eamodi gBdloadartdm aw facgehcyasomp@enissed AG idnizies peehtidl oo oigeesnsaimosienent s.
The use of one or nore reference electrode(s) 6' is optional and within the

ski |l tRfm tHeQoMLel tBalchadbd h&alRARaRBt.t NR-BeSEHtidRk FQHbreviaMedssziBr oughout .
In a variant of this enbodi nent, a substantially |inear and el ongated

cubet P i bARRA DA RR o e et uechibed Ben iy bofoehd B OSSR
the skjll. of i nar. tisa 421, Tur.ni n to.Figure.,lc, there is
shown et v L e leadoc i 2 Ok R o] el ity ek Boent 40
that nmay be applied to the ionizing electrode(s) depicted in the
enbodiHsAns  ¢he atigaisyentaohyhich gre heehyoreaporgtedibydgierepgenay pref erably have
a radi o-frequency conmponent with an anplitude of about 3kV to aboutl 5kV and
a pref err ed0037¢ quendythofighaivoiringldeditde SACpietmildly kgnfSguyedhhs 4@peray ppr eiter abl y
al so have a | owfrequency AC (pushing) conponent with an anplitude of about

100V taghatpQsint 2k Wik Bel approcigtee thae thahk derbeanienafteiaphiigentiOn siiio windn atkoart
100Hz. As is known in the art, ionizing signals of this general nature not

only CaUSEbRILZALIIR heliOniQSEH shelt YlseMBYie@inSRchi8hietwith MEHVendSNEWASH: | ONS
out of the plasma region and in a desired direction.

limitation, these may include: points, small diameter wires, wire loops, etc. Further, emitter 5
may be made from a wide variety of materials known in the art, including metals and conductive
and semi-conductive non-metals like silicon, single-crystal silicon, polysilicon, silicon carbide,
ceramics, and glass (depending largely on the particular application/environment in which it will
be used).

[0038] Channels 2’ and 14 may be made from a wide number of known metallic

and non-metallic materials (depending on the particular application/environment in which it will
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[ 0043] Anot her preferred enbodi ment of the inventive ultra-clean ionizing
bars may be configured to work in either DC or in pul sed DC nodes of

oper at i orwoOAs1igtie2m i n Figure 2a, ultra-clean ionizing par/use@/opmyo have a
physi cal configuration simlar to that of ionizing bars 100 and 100" of
Figures la and Ib (as indicated by the use of |ike reference nunerals).
Accordingly, the discussion of bars 100 and 100" above al so applies to bar

100" exce for the.differences .discussed i mediately bel ow. As el N

i gur S S5ED BRI 65 e o g R S SRR POLC g E e ot ed
positive and negative emtters, respectively) 20" and 20" in electrical
COMUMCBZONSIFtNE CPrapss idpfiie Ok Al eyHeN ey b, GiRited I Posipss f Seschamislamay b7 a,
respectively. Buses 17a and 17b may be positioned on nonconductive portions
of hi gigoedssw the/atdrenen gasd ohmenrdd aXesaed!/ As asothawptipod altbiaatied, sdde offhlbse of
ordinary skill in the art wll readily appreciate (in light of the

di scl of tieachamivlal ned/drauhd}) bd dbatedivailti Z kiAg ob plasrh Eesistioe msRting afiwTa€aany
non-ioni zing reference el ectrodes. That is because the positive and
negat igug g0 2011/ 100226PCT/ US2011/ 024010 shel |l assenblies 20" and 20" are
arranged 1 n pairs of opposing polarity that induce corona-generated ion

clouds to | at eral. en thes ositive and negative shell

Gscenbi i os 0RLs ™ ¢ ERL AR iy P S BRPHAN G AP S SRRV P it c e

el ectrodes 6 as shown in Figure 2a is purely optional and the reason for

thi s inenaRgirilic fuderaly (darsnding enbe paitigyianppplisatigyenvironment inpvgdgiuit Pl &€ npst
preferred enbodi nent plural pairs of positive and negative shell assenblies
20" andedOvhielr map owiludeqiasthagksigy et ihenlatorgi matagalh suchlg polyscadlenathateftoner y

ot her shell assenbly is a negative shell assenbly and such that all of the
shel | nonicbhdesivatehasiqugener alaky Anaeativety, ohbr e poioh lodiklieztll anthear get . 1 n
this configuration the ionizing electrical potential applied to the

POSi t iv¥&nityPHH thé Qb1 BEdeRAES: MAROTEMAhNAVrdnRMiShAOMELASE " 1AG ahb@bbogtRnhine

pl asma regdgion 12' of the negative shell assenblies 20" sufficient to induce
al | eafb i dRShaBh hifbr ARThliRM Rl e PRIBLINE RIS ot sl alil Nt O L he
non-i onr zed gas stream I'n this regaré, 't 1s noted that, as 1's known in
the art, .ion reco ination rates of about 99% are common and, therefore,
even Ixvlatngmatanealas i ons nay be considered a substantial portion of the
ions produced given the context. Likew se, the ionizing electrical

pot enti al e[@%(ﬁ ed t dufrhee poy i Figarg Uniheraiy sbpwe theseib @ Porrisd ag ukishcleami zi ng
electric field to the plasma region 12" of the positive shell assenblies
20" suérfiriog dat intaocordaheeevitt a tedmisd prafested shdotlinadnt pd theipoesent invdmgiopdlsitt | ve
ions to mgrate into the non-ionized gas stream [ 0045] As known in
the amklpsROHiukirme a@ihibeesSeqiveildit 88t ParltioAd. €A §TEHEBVICIarH &irt NBibnRalttagl es
and debris due to emtter erosion than are negative emtters. In accordance

Wi th geptgh{ hgﬁesﬁlhéa@fﬁgl Ao B ERQALBANS: (Bt BFjdnTN DDA of BEHN {agw 15

for positive enblies 20" (or the gas flow ratio 3/15)" shou

pref erir?‘chl:fycecP gy Elie%rs]g bf fipear%fgrgrll’cer}l%%lae'%z{l%%na hE'l(lael Il)rina(:§p & gP!)}i)e?gtion of this
embodiment is the same as that discussed above. Accordingly, the discussion of bar 100 above
also applies to bar 100’ except for the differences discussed immediately below. A first
difference shown in Figure 1b is that the walls of channel 2° and of shell 4’ are slightly different
than those shown in Figure 1a. Further, as a matter of design choice gaps have been added

between the wall of channel 2° and reference electrode 6’.  Additionally, an ionizing wire 5’

(which is not in electrical communication with tube 26’ but is in electrical communication with
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20" so that contam nant renoval may occur at unequal rates and in

proportion to the rate of contam nant creation in the different types of

shel | asswoizbi®o26' and 20". WO 2011/100226PCT/ US2011/ @24050011/024010

[ 0046] Represent ati ve exanpl es of pul sed DC (positive and negative) ionizing

wavefornms (50p and 50n, respectively) that may be applied to ionizing bar

100" are depicted in Figure 2b. As indicated by representative waveforns

50p and .5Qn, vyoltage anplitude, pul se frequency. or, duratjian be

vari cdniapp i et PR trpab Prant b haaT bt aithehdt 26 ek o ouds

to the target/object in any given application. Mreover, high-voltage

pul sedoirgd Bandyivdaiing maieinl \ince iapaEng wits Ad Aees ipaFscabreanupszinaaicgdal f |1 ow t o

i ncrease ionizer efficiency and mnimze particle generation/debris

bui | dfrom tuks 28ppWiedSt may beaypnky aigned (and) dalis neanterdfic)Rvighutube 28, aigbebe R&e

pul sed DC signal 50p would be presented to shell assenbly 20" via bus 17a

and negatic/@nprllg ectrdNosdpgirato frovidwa bbby pir@sanpeduton gRelidin@psemsl y 20"

via bus 17b. For each of signals 50p and 50n, conventional pul sed DC

anpl i r a xanpl e only,

the a %ﬁﬁnggggﬁzé?g%gﬁgggg%%gﬁggggﬁﬁﬁggw%%%Q%OU %E%Eioy%%%ﬁ?’15kv and the

freduenaye ol anat e RRn AN 200 TBKoRE ABQYLLEL HE Lo about 200 Hz. As is

known Th' ¢ he a#&fllonlzing S|§naPsp PSIEse general’ nature not only cause

i oni zation @ﬁl ccur, but may also help.to "Bushﬁ generated ions out of the

pl asma r egil nd i 0 anodassiafteratiys @rbqdiment shown in Frgare {ghiaisot i¢pization danht

i nventi on has been described in connection with what is presently

consi déPethay hapeonlpengolonggeddiellpaternary 207 withone tonezibp dieptsedesconiprising ano  be

understood that the invention is not Iimted to the disclosed enbodi nents,

but i 2ldnaheddadsthnotidhdorpassrdnaayvived’l s podiidnedatitian an akogeed kival £nt

arrangenents included within the spirit and scope of the appended cl ai ns.

Wt h rgapacdvat@dol 9oRDSY andame pidahiéQn, efn@&ll?%?lﬁﬂﬂri%al bihsthSreofonb@al €al i zed

that the optimum di nensi onal relatloné%lps or the parts of the invention,

| nel UdngVatcRlbOBRER R 7Cund TRl bySRARGS iR BredoHiE iRt RN er
asse fy ee y

of operation; as and use, are readi pparent to one sKilled

i o s OEuE RO AD e R P aRRel 8 Tt 43 58 Bibbpassed
by the appended = ) )

elongated in a direction that is at least generally parallel to the corona wire 57 (out of the plane of

the page). As with the other embodiments discussed herein, this embodiment may also include a

gas channel 2” (such as a larger, elongated high-pressure channel) that surrounds the elongated

shell 4” such that a small portion of the clean gas 3 passing therethrough may enter the elongated

shell to sweep contaminants 15 through the evacuation port 26” and into evacuation channel 14°.

Naturally, a substantial portion of the corona-generated ions 10/11 will still enter the non-ionized

gas stream 3 to form a clean ionized gas stream directed to a target as discussed with respect to

other embodiments. The use of one or more reference electrode(s) 6’ is optional and within the

skill of the ordinary artisan based on the description provided throughout. In a variant of this

embodiment, a substantially linear and elongated corona saw-blade (not shown) may be
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WO 2011/ 100226PCT/ US2011/ 024010 cl ains. Therefore, the foregoing is
considered to be an illustrative, not exhaustive, description of the

princi pl esoabiytee22pr esent i nvention. [0048] O her than i RCThS2apeeaié ng
exanpl es or where otherw se indicated, all nunbers or expressions referring
to quantities of ingredients, reaction conditions, etc. used in the
specification and clains are to be understood as nodified in all instances

by the term"about." Accordjngly, unless i.ndicated. to the.contrary, the
nuner PEBTIEd EdiswoRET T 8r fhad s TR ey ghe e BURR e S Shab ALY ached
clainms are approxi mations that can vary dependi ng upon the desired
properfis88. which the present invention desires to obtain. At the very

| east, and not as an attenpt to limt the application of the doctrine of

equi val ent §0042]t he Joopez odw tdEigoteal arthereeia chown peepireshtapae eadixi-&eqehoyl d at
| east be construed in light of the nunber of reported significant digits

and bys@RpplixhgeleoridhlftantianiNGBh@at BE AsPlRURS the[i@ﬁé&%@lﬂc%&é’(@tcﬁd@djt@ﬂint hat
t he nunerical ranges and paraneters setting forth the broad scope of the

i nveh%ﬁ@an@acﬁnﬁ@ﬁ%@ﬁ 11QN5d Abh%d‘féﬁfzﬁﬁgé%na‘{%b HeS Spi?%erabeﬂﬁeia'}a&iB:e

specific exanples are reported as precis as p e. "Any nuneri cal
val ue cert.ai esul ting

however, inher.ent| nt ai rrors,,necessarily.r

{r om i el aapghUg Bt St SR & DopdsRy VBRI MY eEE L ron .
[ 0050] Al so, .i.t shoul d be understood that any nunerical range recited herein
i s i nttEABRY le&Hzn NG izng sighl - A0dnyerre by Alse e Yeet pnireqsic e R&nprehing
range of "1 to 10" is intended to include all sub-ranges between and
i ncl ugemgondné widcintaeepliviidei afiarrwal 00Y tofaboutky arden pretsirted drequsticpnoinbotaiege of
10; that is, having a mi ninmum val ue equal to or greater than 1 and a
maxi momadoudoof 100#zalAstio kaswh @sthe hltaionizihg SBeedusahishenehbedtas adt onlgrer i cal
ranges are continuous, they include every value between the m ni mum and
maxi Mg abmiestiondloB&#E, but may also help to “push” generated ions out of the plasma region

and in a desired direction.

[0043] Another preferred embodiment of the inventive ultra-clean ionizing bars

may be configured to work in either DC or in pulsed DC modes of operation. As shown in

Figure 2a, ultra-clean ionizing bar 100” may have a physical configuration similar to that of

ionizing bars 100 and 100’ of Figures 1a and 1b (as indicated by the use of like reference

numerals). Accordingly, the discussion of bars 100 and 100 above also applies to bar 100”

except for the differences discussed immediately below. As shown in Figure 2a, bar 100” may

have at least two shell assemblies (with dedicated positive and negative emitters, respectively)

20’ and 20” in electrical communication with positive and negative high-voltage buses 17b and

17a, respectively. Buses 17a and 17b may be positioned on nonconductive portions of high-

pressure/clean-gas channel 2° and/or evacuation channel 14. Those of ordinary skill in the art

will readily appreciate (in light of the disclosure contained herein) that ionizing bar 100” does

not require any non-ionizing reference electrodes. That is because the positive and negative
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WO 2011/ 100226PCT/ US2011/ 024010 expressly indicated otherw se, the various
nuneri cal ranges specified in this application are approxi mations.
[ 0051] Forwpunpowexreof the description hereinafter, the terms20muppend,

"l ower”, "right", "left", "vertical", "horizontal", "top", "botton, and
derivatives thereof shall relate to the invention as it is oriented in the
drawi ng figures. However, is to be understood that the i nvention may
assune, variou ernatjyve variati.ons. an ste uen es, .except where

o csuyDssPERHe S @5%@688&1%%19 Pairy O opparing PPBILIGNHENSASEPY hat ¢ he
specific devices and processes illustrated in the attached draw ngs, and

descr igsertated ipp&longs fompYRylatspabi tetwean these pasiéive pppnseasve phsillasserabhssdi ment s
of the invention. Hence, specific dinensions and other physical

char adihes.iisisite be umdleatteoﬂ that thh prespiedif mrefetencelelsctralke d aheh@vmindriguredh i 0 be
considered as limting. WD 2011/100226PCT/US2011/ 024010 What is cl ai ned

is: 1.pARely optictiaNghdXBE réaliéd faithie & &k phuigdderanthéranidzeshrgasptsbdi@am t oward an
attractive non- |on|2|ng electric field of a charge neutralization target,

the ionizi 80 regeh tﬂo\?\% eﬁ%@e Bl t ﬁ?al tafr? os?ciqéaaﬂatn‘s iv@ shell

cont am nant ga streama romt e char utra zatl on target, and

rgace| Vlsn B aeel eoctr| C hlo otteenlt| al 4 i ((}l ng .t eIeﬂd% ersOeI’HOI']a

o scnarGRgs of Gt} 2B BoRPinetE w8 YRSk Bing BP SpALeigY
assembly is a negative shell assembly and such that all of the shell orifices at least generally face
the charge neutralization target. In this configuration the ionizing electrical potential applied to
the positive ionizing electrodes impose a non-ionizing electric field to the plasma region 12’ of
the negative shell assemblies 20’ sufficient to induce at least a substantial portion of the negative
ions 10 to migrate into the non-ionized gas stream. In this regard, it is noted that, as is known in
the art, ion recombination rates of about 99% are common and, therefore, even less than 1% of
ions may be considered a substantial portion of the ions produced given the context. Likewise,
the ionizing electrical potential applied to the negative ionizing electrodes impose a non-ionizing
electric field to the plasma region 12” of the positive shell assemblies 20” sufficient to induce at
least a substantial portion of the positive ions to migrate into the non-ionized gas stream.

[0045] As known in the art, positive emitters are prone to create more contaminant

particles and debris due to emitter erosion than are negative emitters. In accordance with certain
DC or pulsed DC embodiments of the invention, vacuum flow 15 for positive shell assemblies
207 (or the gas flow ratio 3/15) should preferably be higher than for negative shell assemblies
20’ so that contaminant removal may occur at unequal rates and in proportion to the rate of

contaminant creation in the different types of shell assemblies 20’and 20”.
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at | east one gas channel that receives the non-ionized gas stream and t hat
directs the clean ionized gas streamtoward the charge neutralization
target; awol2zenstoorzae evacuati on-channel that exhausts tReTas2taMR4aNt gas
stream fromthe ionizing bar and away fromthe charge neutralization
target; and plural shell assenblies, each shell assenbly conprising: a
shell having an orifice in gas connunication with the gas channel such that
a portion e non-ionized gas s n1en s the shell; | east one
oni 21 g ell0M6Tode BB GG CasmRleh PABHEE Bh BiR EATRIeEH A B E G
cont am nant byproducts, in response to application of the ionizing

el ect r"i’%’éforlﬁél(g}ﬁ ang| 50n¢ KgepacEmely) et mrebe ppRled ieionizielg BHOHE vk cielmqﬁpdt e
shell such that the electrode is recessed fromthe shell orifice by a

di st aktgure Bt Asindicafed gtremedeataant val¢fprregdy artdod(nheolsige anmplititdeepydbeas ma
regi on whereby at |east a substantial portion of the produced ions mgrate

i nto ttheueyy-anenk 2e8Mtigamagbeeantd & igpesprhye M élRlmbepposittrRi 8 the gate
streamthat is drawn toward the charge neutrallzatlon target by the

| |
commut Cab 8 U RAR EaEaE PR PP oAU ER SR R 2B
th ifi t hat
Ve Vorotaadhbdh ek ew@?%ﬁaﬂ%@iap%mgaﬁﬁ%ﬁv e T R

non- |on|zed gas. strean1out5|de the shell and in the vicinity of the

ori f i CRNIMARpaigleLepertipHActst Rupd-Uon AS&ﬁP&@dtoda%P@f%érﬁthéwm Rto the

shell and sweeps at |east a substantial portion of the contam nant

by pr odiigire 2 rmositivh @ulseth D&ndigrah 6 O sroukt hequpseased 4o shedlhspymbl @0° via bus 17a

evacuat i on-channel .
and negative pulsed DC signal 50n would be presented to shell assembly 20” via bus 17b.  For
each of signals 50p and 50n, conventional pulsed DC amplitude ranges and frequency ranges
may be used. By way of example only, the amplitude of signals 50p and 50n may be about 3kV
to about 15kV and the frequency of signals 50p and 50n may be about 0.1 Hz to about 200 Hz.
As is known in the art, ionizing signals of this general nature not only cause ionization to occur,
but may also help to “push” generated ions out of the plasma region and in a desired direction.

[0047] While the present invention has been described in connection with what is

presently considered to be the most practical and preferred embodiments, it is to be understood
that the invention is not limited to the disclosed embodiments, but is intended to encompass the
various modifications and equivalent arrangements included within the spirit and scope of the
appended claims. With respect to the above description, for example, it is to be realized that the
optimum dimensional relationships for the parts of the invention, including variations in size,
materials, shape, form, function and manner of operation, assembly and use, are deemed readily

apparent to one skilled in the art, and all equivalent relationships to those illustrated in the

drawings and described in the specification are intended to be encompassed by the appended
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2. The ionizing bar of claim1l wherein the ionizing el ectrode conprises a
tapered pin with a sharp point facing the shell orifice; and the evacuation
port conpwOges/@morzeénducti ve hol | ow socket within which rhg/usapaenedipin is
seated such that the ionizing electrical potential may be applied to the

pi n through the evacuation port. 3. The ionizing bar of claim1l wherein
the ionizing electrical potential is a radio-frequency electrical potential

et BRELEOheallY, XG5, HoLT, e PO, 145 0, R00R1L U5, COLONE LOLERA O O

el ectrically balanced and the byproducts are substantially neutralized. 4.
The i & Drinedplpaet the PreselitARVEN(iPler ei n at | east a substantial portion of the
byproducts are gases evacuated through the evacuation port and sel ected
from t he gr{0Q48]consiOshdrtiganoh tiozopeeatangdxaimples gewhenei adleswiseSndiddted,iatini zi ng
bar of claim1l wherein the ionizing electrical potential is a

r adi Onﬁlfr@ﬂmﬂ@yp@bse@ﬂsrri:feaﬁnmtcﬁaﬁtiiteds of hdredd@its, Qe cidh k¥ndAEREEc bRkt id e
positive and negative corona threshold of the ionizing el ectrode whereby

the i Qﬂé&fi&gioﬁ LRE LLAAE. RO I G rRO8 I PRSHiiEY T nglsﬂﬁgé‘s‘tbiyvtﬁe {ePAS about.”

Accordingly, unless indicated to the contrary, the numerical parameters set forth in the following
specification and attached claims are approximations that can vary depending upon the desired
properties, which the present invention desires to obtain. At the very least, and not as an attempt
to limit the application of the doctrine of equivalents to the scope of the claims, each numerical
parameter should at least be construed in light of the number of reported significant digits and by
applying ordinary rounding techniques.

[0049] Notwithstanding that the numerical ranges and parameters setting forth the
broad scope of the invention are approximations, the numerical values set forth in the specific
examples are reported as precisely as possible. Any numerical values, however, inherently
contain certain errors necessarily resulting from the standard deviation found in their respective
testing measurements.

[0050] Also, it should be understood that any numerical range recited herein is
intended to include all sub-ranges subsumed therein. For example, a range of "1 to 10" is
intended to include all sub-ranges between and including the recited minimum value of 1 and the
recited maximum value of 10; that is, having a minimum value equal to or greater than 1 and a
maximum value of equal to or less than 10. Because the disclosed numerical ranges are

continuous, they include every value between the minimum and maximum values. Unless
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WO 2011/ 100226PCT/ US2011/ 024010 6. The ionizing bar of claim11 wherein the
shell orifice is generally circular and has a dianeter; and the ratio of
t he shel Iwonbofi/we22di anet er and the recess distance i s beCrasnoiaoawio 0.5 and
about 2.0. 7. The ionizing bar of claim1l wherein the ionizing el ectrode
is made of a material selected fromthe group consisting of netallic
conductors, non- netallic conductors, sem conductors, single crystal silicon
and pol S|I|con t he evacuati on port. is connegt gource of | ow
o s e S TR e YRS b T rPrges B8 PP IEBhE. 20
liters per mnute to thereby evacuate at |east a substantial portion of the
bypr od@Biogim@ionthe j oni zi ng bar of claim 1 wherein the non-ionized gas is
an el ectropositive gas;

[0051] For purposes of the description hereinafter, the terms "upper”, "lower",

"right", "left", "vertical", "horizontal", "top", "bottom", and derivatives thereof shall relate to the
invention as it is oriented in the drawing figures. However, it is to be understood that the
invention may assume various alternative variations and step sequences, except where expressly
specified to the contrary. It is also to be understood that the specific devices and processes
illustrated in the attached drawings, and described in the following specification, are simply
exemplary embodiments of the invention. Hence, specific dimensions and other physical

characteristics related to the embodiments disclosed herein are not to be considered as limiting.
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the ionizing potential is a radio-frequency ionizing electrical potential;
and the ionizing electrode produces a plasma region conprising el ectrons,
posi tive wodonegetr2sve i ons and byproducts. 9. The i oni ecmgisk@n/ogfoiel ai m 1
wherein the gas channel further conprises plural nozzles di sposed between
adj acent ones of the shell assenblies and through which non-ionized gas may
be directed toward the charge neutralization target to thereby urge the
ioningbgas streamtoward the charge neutralization target. WO

2011/ THBBI6BRUY32011/ 024010 10. The ionizing bar of claim1 further
conprising at | east one non-ionizing electrode for superinposing, into the
pl asma region, a non-ionizing electric field that induces at |east a
substantial portion of the ions to mgrate through the shell orifice and

i nto tlhe ndkm iooiripethr ¢fens dgteteanichinainided gds stecinedwaodvan attradtevectvarigeizing
neutralization target. 11. An ionizing bar that directs a clean ionized
gas stlea fiadaf 6 ciitg@hdutRlization thest, iibizig Wl eetiving 4 hel-bnbkd agashar ge
neutralization target, the ionizing bar receiving a non-ionized gas stream
exnaushidg, AnGAthaAAiGRT o3 (L3 ANBHrdih B e CRAAENGY L2l £l i on
target, and receiving an ionizing electrical potential sufficient to induce
corona_discharge, .t he i.0onizi .bar .comprising: neans. f.or receiving the
on- | Ssihate SRS A PR LEIT RS Bl s TRR ar e R BRI P et
toward the charge neutralization target; neans for exhausting the

cont afiSHATESg e 1QRIFIBE PRY UPRFRE | oni zi ng bar and away fromthe charge

neutralization target; and o '
at least one gas channel that receives the non-ionized gas stream and that directs the clean

ionized gas stream toward the charge neutralization target;

at least one evacuation-channel that exhausts the contaminant gas stream from the ionizing bar
and away from the charge neutralization target; and

plural shell assemblies, each shell assembly comprising:

a shell having an orifice in gas communication with the gas channel such that a portion of the
non-ionized gas stream enters the shell;

at least one ionizing electrode that produces a plasma region, comprising ions and contaminant
byproducts, in response to application of the ionizing electrical potential, the ionizing
electrode being disposed within the shell such that the electrode is recessed from the shell
orifice by a distance that is at least substantially equal to the size of the plasma region
whereby at least a substantial portion of the produced ions migrate into the non-ionized
gas stream to thereby form the clean ionized gas stream that is drawn toward the charge
neutralization target by the non-ionizing electrical field; and

at least one evacuation port, in gas communication with the evacuation-channel and the shell,

that presents a gas pressure within the shell and in the vicinity of the shell orifice that is
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plural shell assenblies, each assenbly conprising: a shell having an
orifice in gas conmmunication with the neans for receiving such that a
porti on oWotzhe/moazéi oni zed gas stream nmay enter the shelPCI/use@n®24000
produci ng ions and contam nant byproducts in response to application of the
ionizing electrical potential such that at |east a substantial portion of
the produced ions mgrate into the non-ionized gas streamto thereby form

the clean ioni zed gas streamthat .is. drawn toward.the charge .neutralization
target by tRECTIBN PERFSHHE CLmsdiprianied R aytide e et B TETAE & gas
pressure within the shell and in the vicinity of the orifice that is |ower
t han the proé&sreicss whejgbmppoitionios &g I@aslogltw%a%h Hgrsifhavs ipe theghall awdd i n
the vicinity of the WD 2011/100226PCT/US2011/ 024010 orifice, the nmeans for
pr esent i ng sheepsqt leasgasibs@ntial ipoctaini afrthar dotarhientrhyansiutorinte teaestimiga@nd t he
shel | whereby a portion of the non-ionized gas streamflows into the shel

and sweeps gat sthe@dadéxhaugedby aitdvaduapen thamedf the contam nant byproducts
into the contam nant gas stream exhausted by the neans for exhausting. 12.

The ionizing bar of claim1l1l wherein the neans for producing conprises at

| east one ionizing electrode having a tip that produces a plasma region,
conprissi ng 4,Qns .and, co m nant byproducts, in response to application of

t he ié%iziR&eéIE@P%P@éqa%%FEnWige¥Pthe i oni zi ng el ectrode being di sposed
within the shell such that the tip is recessed fromthe shell orifice by a
di st atleelopHRe Glectodp SPRAL Y t?/Peé%fE%Hﬂ igh § HErRpoiat GFingHee ﬂeﬁﬁ%ww@ﬁon; and

the evacuation port comprises a conductive hollow socket within which the tapered pin is seated
such that the ionizing electrical potential may be applied to the pin through the

evacuation port.

3. The ionizing bar of claim 1 wherein the ionizing electrical potential is a radio-frequency
electrical potential that periodically exceed both the positive and negative corona threshold of
the ionizing electrode whereby the plasma region is substantially electrically balanced and the

byproducts are substantially neutralized.

4. The ionizing bar of claim 1 wherein at least a substantial portion of the byproducts are
gases evacuated through the evacuation port and selected from the group consisting of ozone and

nitrogen oxides.

5. The ionizing bar of claim 1 wherein the ionizing electrical potential is a radio-frequency
electrical potential that periodically exceed both the positive and negative corona threshold of

the ionizing electrode whereby the ionizing electrode produces both positive and negative ions.
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the neans for presenting conprises a conductive holl ow socket wi thin which
the ionizing electrode is seated such that the ionizing electrical

pot ent i alwoaylihworppl i ed to the el ectrode through the mepamasstan/optoesent i ng.
13. The ionizing bar of claim 12 wherein the ionizing electrical potential
is a radio-frequency electrical potential that periodically exceed both the
positive and negative corona threshold of the ionizing electrode whereby
the plasma.regiaon is s tantially electrically balanced and the byproducts
are s staH&F%WP?nﬁéﬂﬁ&gﬁ?gbgwﬁmfﬁl The ionizing bar of claim 11 wherein at
| east a substantial portion of the byproducts are gases evacuated through

t he nekhshetloritise éssgeneiaHy capdasaddas adligmeien: epk gr oup consi sting of ozone
and nitrogen oxides. WD 2011/100226PCT/ US2011/024010 15. The ioni zi ng bar
of cl dhamafid ofttershelh otifiec idomiez¢mgndethe c¢aescdibtapatie hetivakbn asow . 5 adi abobir 2Quency
el ectrical potential that periodically exceed both the positive and
negati ve corona threshold of the neans for produci ng whereby the neans for
produci ng produces both positive and negative ions. 16. The ionizing bar
of cl g m Lirywhelighb vhhér dRANE whekiPr oduci ng conprises a tapered emtter pin
wi th a sharp polnt "that produces a plasma region during corona discharge of
ions, the point facing the shell .orifi and.bei ng recessed.fromthe shel
or1 11 &b ByPRe e Bk LomdiForURugpd sl Y e SFERETEP M ne plasma

region; the shell orifice is qfnerally,circular,and has a_di aneter; and
conductors, non-metallic conductors, semiconductors, single-crystal silicon an.

polysilicon; and
the evacuation port is connected to a source of low pressure and provides gas flow in the shell in
the range of about 1- 20 liters per minute to thereby evacuate at least a substantial portion

of the byproducts.

8. The ionizing bar of claim 1 wherein

the non-ionized gas is an electropositive gas;

the ionizing potential is a radio-frequency ionizing electrical potential; and

the ionizing electrode produces a plasma region comprising electrons, positive and negative ions

and byproducts.

9. The ionizing bar of claim 1 wherein the gas channel further comprises plural nozzles
disposed between adjacent ones of the shell assemblies and through which non-ionized gas may
be directed toward the charge neutralization target to thereby urge the ionized gas stream toward

the charge neutralization target.
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for prodwOngiiy®ozzade of a materi al

net al
si ngl

connected to a source of

the r
subst

atio of the shell orifice diameter and the recess di stance i s between
about 0.5 and about 2.0. 17. The ionizing bar of claim 1l wherein the neans

| ic conductors, non-netallic conductors, sem conductors,
e-crystal silicon and polysilicon; and the neans for presenting is

3007 afhsariiog it of hmul AR S Eeish: STt P R HeBr R 11

wherein WO 2011/ 100226PCT/ US2011/ 024010 the non-ionized gas is an

el ect PBPRIERRISYR. HER thetphasmagrgion nyngiotodivingtlestyc eldfhatdndycggaidpesy ai oni zi ng

el ect

rical potential; and
substantial portion of the ions to migrate through the shell orifice and into the non-ionized gas

stream that is directed toward the charge neutralization target.

11. An ionizing bar that directs a clean ionized gas stream toward an attractive non-ionizing

electric field of a charge neutralization target, the ionizing bar receiving a non-ionized gas

stream, exhausting a contaminant gas stream away from the charge neutralization target, and

receiving an ionizing electrical potential sufficient to induce corona discharge, the ionizing bar

comprising:

means for receiving the non-ionized gas stream and for directing the clean ionized gas stream
toward the charge neutralization target;

means for exhausting the contaminant gas stream from the ionizing bar and away from the
charge neutralization target; and

plural shell assemblies, each assembly comprising:

a shell having an orifice in gas communication with the means for receiving such that a portion
of the non-ionized gas stream may enter the shell;

means for producing ions and contaminant byproducts in response to application of the ionizing
electrical potential such that at least a substantial portion of the produced ions migrate
into the non-ionized gas stream to thereby form the clean ionized gas stream that is drawn
toward the charge neutralization target by the non-ionizing electrical field; and

means for presenting a gas pressure within the shell and in the vicinity of the orifice that is lower

than the pressure of the non-ionized gas stream outside the shell and in the vicinity of the
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t he neans for producing produces a plasnma region conprising el ectrons,
positive and negative ions and byproducts. 19. The ionizing bar of claim
11 furthewocompod®bng at | east one non-ioni zi ng el ect r o®#€TUSR011/024010
superinposing, into the plasma region, a non-ionizing electric field that
i nduces at | east a substantial portion of the ions to mgrate through the
shell orifice and into the non-ionized gas streamthat is directed toward

the charge neutralization target. .20. An ionizing bar, that directs a clean
oni 04 Cad R RTE Bl PHPLE EE i ) ST SRS b BERSES el o of a

charge neutralization target, the ionizing bar receiving a non-ionized gas
stream ex/§abastingand @éﬁh@ghwh%rﬁby 3 Rertion of A HARaPNIZEd fas ga@Hipwgento the
neutralization target, and receiving an ionizing electrical potenti al

suf fi ci ent shdl amdiveeps arloasaa dilsedndin pporadn af the easthmomat by productdieto thhe

ioni zing bar conprising: at |east one gas channel that receives the

non- i oni zedog@firsdnt &PLRAM dxhalstedi Hyalé snehhefo bLiasiigi zed gas stream toward
the charge neutralization target; at |east one evacuati on-channel that
exhausts the contam nant gas streamfromthe ionizing bar and away fromthe
charge neutralization target; and at |east one shell assenbly, each shel

assenqby C%%Bﬁﬂﬁhﬂg%m?ﬁﬁﬁghllp% Lhg an orifice in gas communi cation with
t he gas$’ channel’ sueh at a portion of the non-ionized gas streamenters

the shell; at |east one ionizing electrode that produces. a plasna region,
conpr itR5 MEASHAY BOEHRE FUPRIISEA @t ERY Caf HafRe Blﬁﬁf%@d’éf@,g 5 tp thalspyAwss e o
application of the ionizing electrical potential, the

plasma region, comprising ions and contaminant byproducts, in response to application of

the ionizing electrical potential, the ionizing electrode being disposed within the shell
such that the tip is recessed from the shell orifice by a distance that is substantially equal
to the size of the plasma region; and

the means for presenting comprises a conductive hollow socket within which the ionizing
electrode is seated such that the ionizing electrical potential may be applied to the

electrode through the means for presenting.

13. The ionizing bar of claim 12 wherein the ionizing electrical potential is a radio-frequency
electrical potential that periodically exceed both the positive and negative corona threshold of
the ionizing electrode whereby the plasma region is substantially electrically balanced and the

byproducts are substantially neutralized.
14. The ionizing bar of claim 11 wherein at least a substantial portion of the byproducts are

gases evacuated through the means for presenting and selected from the group consisting of

ozone and nitrogen oxides.
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WO 2011/ 100226PCT/ US2011/ 024010 i oni zi ng el ectrode being di sposed within
the shell such that the plasma region is recessed fromthe shell orifice
wher eby awol2enstoorésubst antial portion of the produced eharugeoiaaesviier s
mgrate into the non-ionized gas streamto thereby formthe clean ionized
gas streamthat is drawn toward the charge neutralization target by the
non-ionizing electric field; and at | east one evacuation port, in gas
comuni cation with the evacuation-channel and the shell, that presents a
gas pressure within the shell and in the vicinity of the shell-orifice that
is lower than the pressure of the non-ionized gas stream outside the shel
and i i3t he Wiedpmzing bayr oftheims Heyhergin the ioaiziggeleehgal pogpaial isan s4dighe
non-ioni zed gas streamflows into the shell and sweeps at |east a

subst dregualcypactiic@hpatntidh ¢hat perti ahe adlarexcdpgdprotidthe tposiktime and hezatent @rpmant gas
stream exhausted by the evacuation-channel. 21.The ionizing bar of claim?20

wher eithre§Hogd 6f @€ enddhifolpratueinly vaseseythé 8Ranee Prosiigink pasiuesdBom pastiane
ionizing electrode with a tapered pin having a sharp point facing the shel

orificgy ,apdiveagR shell assenbly has an evacuation port conprising a
conductive holl ow socket within which the tapered pin is seated such that
the ionizing electrical potential may be applied to the pin through the
evacuati on port.

16. The ionizing bar of claim 11 wherein

the means for producing comprises a tapered emitter pin with a sharp point that produces a
plasma region during corona discharge of ions, the point facing the shell orifice and being
recessed from the shell orifice by a distance that is substantially equal to the size of the
plasma region;

the shell orifice is generally circular and has a diameter; and

the ratio of the shell orifice diameter and the recess distance is between about 0.5 and about 2.0.

17. The ionizing bar of claim 11 wherein

the means for producing is made of a material selected from the group consisting of metallic
conductors, non-metallic conductors, semiconductors, single-crystal silicon and
polysilicon; and

the means for presenting is connected to a source of low pressure and provides gas flow in the
shell in the range of about 0.1- 20 liters/min. to thereby evacuate at least a substantial

portion of the byproducts.

18. The ionizing bar of claim 11 wherein
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WO 2011/ 100226PCT/ US2011/ 024010 22. The ionizing bar of claim20 wherein
there is one shell assenbly having on ionizing electrode conprising a
subst ant ivDI2911Vion=2ar corona wire that produces a gener alPCy/usgéiiockoical

pl asma regi on, conprising charge carriers and contam nant byproducts, when
presented with an ionizing electrical potential; the shell orifice is a
slot that is elongated in a direction that is at |east generally parallel
to the corona wire.. 23. The ionizing bar of claim20 wherein there is one
shel | BSRARN{EeH 835 GNSIFCHERII Y22 ect rode conprising a substantial |y

| i near corona saw- bl ade t hat produces a generally planar plasma region,
conpr itRg wgizétgareientiehisra 1adie-fassgeronioaid ctiigab pelguédlsandphen presented with
an ionizing electrical potential; the shell orifice is a slot that is

el ongahenieans far piodedhg produteata plssnat rep@asbmpeniagaldciropapasitied artdoneghve

ions and byproducts.

19. The ionizing bar of claim 11 further comprising at least one non-ionizing electrode for
superimposing, into the plasma region, a non-ionizing electric field that induces at least a
substantial portion of the ions to migrate through the shell orifice and into the non-ionized gas

stream that is directed toward the charge neutralization target.

20. An ionizing bar that directs a clean ionized gas stream toward an attractive non-ionizing

electric field of a charge neutralization target, the ionizing bar receiving a non-ionized gas

stream, exhausting a contaminant gas stream away from the charge neutralization target, and

receiving an ionizing electrical potential sufficient to induce corona discharge at at least one

electrode, the ionizing bar comprising:

at least one gas channel that receives the non-ionized gas stream and that directs the clean
ionized gas stream toward the charge neutralization target;

at least one evacuation-channel that exhausts the contaminant gas stream from the ionizing bar
and away from the charge neutralization target; and

at least one shell assembly, each shell assembly comprising:

a shell having an orifice in gas communication with the gas channel such that a portion of the
non-ionized gas stream enters the shell;

at least one ionizing electrode that produces a plasma region, comprising charge carriers and

contaminant byproducts, in response to application of the ionizing electrical potential, the
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corona saw bl ade. 24. The ionizing bar of claim20 further conprising at

| east one non-ionizing el ectrode for superinposing, into the plasnma region,
a non-ionwoizog/wbeetric field that induces at |east a skbTtseaiitakioporti on
of the ions to mgrate through the shell orifice and into the non-ionized
gas streamthat is directed toward the charge neutralization target. 25.
An ionizing bar that directs a clean ionized gas streamtoward an

attractive.nan-io |2| electric fi. ld of e neytralization target,

The' ront 1 g bar Ssfudehend Sonesrd il SeduSeRBE e Wi e R ot 68
cont am nant gas strean1ama fromthe charge neutralization target,

recei vi ng arpodiershelborifeg v @fgbﬁeaféé%sméwst%ﬂemrtlam ok presdueed chased nduce

corona di scharge at a WD 2011/ 100226PCT/ US2011/ 024010 positive ionizing

el ectrode, camgry megateiimtg thee meg@hized gaosiieamng tlrelnt formahe gedreiohizad gas

sufficient to induce corona discharge at a negative ionizing electrode, the

ioni zi ng batre4AMRAI isSdrd@h tGWarll @@S¢hapiencgaslizfisn igbettbyahe AL RINVARSe &B&ric
non-ioni zed gas stream and that directs the clean ionized gas streamtoward

the charge fpepyp@l i zation target; at |east one evacuation-channel that
exhausts the contam nant gas stream fromthe ionizing bar and away fromthe

char 9%t {%a&torng‘lelvz%c%%hgnnpér rllg gas communication with the evacuation-channel and the shell,

that presents a gas pressure within the shell and in the vicinity of the shell-orifice that is
lower than the pressure of the non-ionized gas stream outside the shell and in the vicinity
of the shell-orifice, whereby a portion of the non-ionized gas stream flows into the shell
and sweeps at least a substantial portion of the contaminant byproducts into the

contaminant gas stream exhausted by the evacuation-channel.

21. The ionizing bar of claim 20 wherein

there are plural shell assemblies;

each shell assembly has one ionizing electrode with a tapered pin having a sharp point facing the

shell orifice; and

each shell assembly has an evacuation port comprising a conductive hollow socket within which
the tapered pin is seated such that the ionizing electrical potential may be applied to the

pin through the evacuation port.
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at | east one positive shell assenbly conprising: a positive shell having an
orifice in gas comunication with the gas channel such that a portion of
t he non-iwoi2zapdiogres stream enters the positive shell; arCrasgtiion®ipositive
ionizing electrode having a tip that produces a plasnma region, conprising
ions and contam nant byproducts, in response to application of the positive
ionizing electrical potential the positive el ectrode being di sposed within
t he pgéiti shel | @%%hai%ﬁ tipis recessed fromthe shell orifice by
a di stance éﬁ“@gg Wsmgﬁhal to the size of the plasma region
whereby at |east a substantial portion of the produced ions mgrate into
t he ndRre Hrangshely &%e@b]rdeﬁmftchntlﬁ@ﬂ%)FlﬁfC@Pﬁ? EpraPitiann sPRskAnsialdy Haear serogam
that is drawn toward the charge neutralization target by the non-ionizing
el ectric fivaeltathagmddates h gastralyneyledeacalgldson rpgipt,, comprgag aberpegairecat amin wi t h
t he evacuati on-channel and the shell, that presents a gas pressure within
the positi ven@h@idnt Bpstodwetd, h@lewpedsemtb&\x@ﬂh ahhen@rngfele@mdahpdtemt&ll ower than
the pressure of the non-ionized gas stream outside the positive shell and
in theuw éh%ll%'rltfﬁée afa §19ﬁh9tr1's Hoﬁgateme%{ &P iBn Rk §d £ Mea0f gél@ﬁllg%graﬂlgf‘ﬂoztﬂg gas
streamflows into the positive shell and sweeps at |east substantial WO
2011/100226PCT/U82011/024010 portion of the contam nant byproducts into the
corona w.
cont am nant”gas 9t% eam exhaust ed by the evacuation-channel; and at |east
one negative shell assenmbly conprising: a negative shell having an orifice
in gas conmuni cation with the gas channel such that a portion of the

non-ioni zed gas streamenters the negative shell;
23. The ionizing bar of claim 20 wherein

there is one shell assembly having on ionizing electrode comprising a substantially linear corona
saw-blade that produces a generally planar plasma region, comprising charge carriers and
contaminant byproducts, when presented with an ionizing electrical potential;

the shell orifice is a slot that is elongated in a direction that is at least generally parallel to the

corona saw-blade.

24. The ionizing bar of claim 20 further comprising at least one non-ionizing electrode for
superimposing, into the plasma region, a non-ionizing electric field that induces at least a
substantial portion of the ions to migrate through the shell orifice and into the non-ionized gas

stream that is directed toward the charge neutralization target.

25. An ionizing bar that directs a clean ionized gas stream toward an attractive non-ionizing
electric field of a charge neutralization target, the ionizing bar receiving a non-ionized gas
stream, exhausting a contaminant gas stream away from the charge neutralization target,

receiving a positive ionizing electrical potential sufficient to induce corona discharge at a
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at | east one negative ionizing electrode having a tip that produces a

pl asma region, conprising ions and contam nant byproducts, in response to
appl i cat iwo 20f1/fob26negat i ve i oni zing el ectrical potenti &CI/ush@tnegati ve

el ectrode being di sposed within the negative shell such that the tip is
recessed fromthe shell orifice by a distance that is substantially equal
to the size of the plasna regi on whereby at | east a substantial portion of

t he produced ions mgrate into the non-iani.zed gas.streamto thereby form
Lhe cIPasis e G, Sulif HaE i SRS C Bkt RLP ORI S HEF B § 24t f on
target by the non-ionizing electric field; and at | east one evacuation
port , IRicg§eroaa fraiiredtt PP S Yhionrén cetleriipde | the IiAR: BT CRRPIISHE: shel |, t hat
presents a gas pressure within the negative shell and in the vicinity of

t he onit feagteont [gas chiagnélahmredeiman thedeonpioessd gas gfeatnhmdrilat-directs Zledclepms st r eam
outside the negative shell and in the vicinity of the orifice, whereby a
portion of jsheed@Rsiredth Z8fhrg@f Gaf@afufthiontion Blrget! he negative shel | and
sweeps at |east a substantial portion of the contam nant byproducts into

the cqmeamda@@;a&aﬁo@&mm tﬁmﬁ%s%dth@_xoﬁt&%nﬁﬁ@%m%%f%ma%nm bar
2011/ 100226PCT/ US2011/ 024010 26. The ionizing bar of claim25 further

conprising plural .pairs pf positive.and negative shell assenblies wherein
t he positi@gdgﬁﬁyﬁgah Fﬁgmgﬁg?Fn%%gg)q?ﬁgg are arranged such that every

ot her shell assenbly is a negative shell assenbly and such that all of the
shel | 3lEpstiogeLogve thedliasyrardy 8PP 1iB%e t he charge neutralization target.
27. The ionizing bar of claim26 wherein the gas channel further conprises
pl ural nozalpesitivdiskgdbeth i uieas indpaecannuoinaonofith e sohehhnied seahishites

t hrough whi ch non-ioni zed gas nay be directed toward the charge
neutralization tpartgetofttioe idreioalyd gngeardaheentdredre gositivzehkelgas st ream t owar d
the charge neutralization target. 28. The ionizing bar of claim26 further

conpri si ng a@leRG%Int ipY &It GO AU % Mectas halBetartiptdhd prodRPh Bhsin® rédisn, pl ural
positive ionizing electrodes Tor receiving the positive ionizing electrical

potential and f %Bmgfllg}lﬁg%rﬂ%nhg ntgﬁlﬁ{aé}itezﬁ)rgﬁ.g:itg 'H{]gélg(%r}%g Té({ %}ﬁsﬁilgatpo% &hdal to

the plural positiv ofit zing electro a ne uctive bus

el ectrically coupled to.the plural ne i,ve ionizin | ectrodes for . .

Fecei vi ng the. ndgsiTG NN SPHHCEIPSET AL e SLBREIANOSH FHIBPEY TPy ¢ he
negative ionizing electrical %ptential‘to the plural negative ionizing

el ectrodes. 29.themppsitiverthell prshhat the tip Isgpeess sl f\?ﬂ»rérﬂaﬁ fhell orifice by a distance

that is substantially equal to the size of the plasma region whereby at least a
substantial portion of the produced ions migrate into the non-ionized gas stream to
thereby form the clean ionized gas stream that is drawn toward the charge
neutralization target by the non-ionizing electric field; and

at least one evacuation port, in gas communication with the evacuation-channel and the
shell, that presents a gas pressure within the positive shell and in the vicinity of
the orifice that is lower than the pressure of the non-ionized gas stream outside the
positive shell and in the vicinity of the orifice, whereby a portion of the non-

ionized gas stream flows into the positive shell and sweeps at least a substantial
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t he evacuation-channel further conprises an electrically insulating
surface; and at |east one of the positive and negative busses are disposed
on the elwotwiwg@mbizg i nsul ati ng surface of the evacuati oRCThsr01/0240M0D

2011/ 100226PCT/ US2011/ 024010 30. The ionizing bar of claim25 wherein the
ionizing bar further conprises a positive conductive bus that receives the
positive ionizing electrical potential; the positive ionizing el ectrode
conprises a tapered pi.n and the tip conpri.ses a s@g&ga oint at a . free end

of the tapered pCHIOTEHANE $RO UV HRRIADPERUEG T dnisnt BHNERAR PBuHET | ow

socket within which the tapered pin is seated and which is electrically
coupl ed with t h@ygeasetacyaionghgealiapd bus such that the positive ionizing
el ectrical potential may be applied to the tapered pin through the
evacuat least opemtgatve shdlbagsasblyicoenpoissg: 31. The ioni zing bar of claim25
wherein at | east a substantial portion of the byproducts are gases

evacuat ed tahiegutgfe shble heMag uabiifife POfak caMechunRhaast @athfiiogast (iRingéIGUEh that a
consi sting of ozone and nitrogen oxides. 32. The ionizing bar of claim25

wher ei n portion of the non-ionized gas stream enters the negative shell;

at least one negative ionizing electrode having a tip that produces a plasma region,
comprising ions and contaminant byproducts, in response to application of the
negative ionizing electrical potential, the negative electrode being disposed within
the negative shell such that the tip is recessed from the shell orifice by a distance
that is substantially equal to the size of the plasma region whereby at least a
substantial portion of the produced ions migrate into the non-ionized gas stream to
thereby form the clean ionized gas stream that is drawn toward the charge
neutralization target by the non-ionizing electric field; and

at least one evacuation port, in gas communication with the evacuation-channel and the
shell, that presents a gas pressure within the negative shell and in the vicinity of
the orifice that is lower than the pressure of the non-ionized gas stream outside the
negative shell and in the vicinity of the orifice, whereby a portion of the non-
ionized gas stream flows into the negative shell and sweeps at least a substantial
portion of the contaminant byproducts into the contaminant gas stream exhausted

by the evacuation-channel.
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t he negative ionizing electrode conprises a tapered pin and the tip
conprises a sharp point at a free end of the tapered pin; the negative
shel | oriwpeelyworeneral |y circul ar and has a di anet er; pamaSeéig/oeaté o of

t he negative shell orifice diameter and the recess distance is between
about 0.5 and about 2.0. 33. The ionizing bar of claim25 wherein WO
2011/ 100226PCT/ US2011/ 024010 the negative ionizing electrode is nade of a

materigl selected fromthe consi sting .of netallic. .conductor.s,

ons Pl 1 e U b IS DR G S Gk PE e oF R Bl shel
pol ysilicon; and the negative evacuation port is connected to a source of
| ow pragssgplies wherepy e ipaas veaid agaivg vhellpeserbdiss pigarggsd such thap every aEer of
about 1- 20 liters per mnute to thereby evacuate at | east a substanti al
por t i chelbéissemblyby pmeghiiot shelBasseniibly andmidh thgt dbof tbé stelllairices atlhast generalhe
positive and negative shell assenblies are positioned along the ionizing
bar sugde thdalarge neutralization target.

27. The ionizing bar of claim 26 wherein the gas channel further comprises plural nozzles,
disposed between adjacent ones of the shell assemblies, through which non-ionized gas may be
directed toward the charge neutralization target to thereby urge the clean ionized gas stream

toward the charge neutralization target.

28. The ionizing bar of claim 26 further comprising

a positive conductive bus electrically coupled to the plural positive ionizing electrodes for
receiving the positive ionizing electrical potential and for providing the positive ionizing
electrical potential to the plural positive ionizing electrodes; and

a negative conductive bus electrically coupled to the plural negative ionizing electrodes for
receiving the negative ionizing electrical potential and for providing the negative ionizing

electrical potential to the plural negative ionizing electrodes.

29. The ionizing bar of claim 28 wherein
the evacuation-channel further comprises an electrically insulating surface; and
at least one of the positive and negative busses are disposed on the electrically insulating surface

of the evacuation-channel.
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the ionizing electrical potential applied to the positive ionizing

el ectrode inposes a non-ionizing electric field to the plasm region of the
negati ve wbebly/msexenbl y sufficient to induce at |east aPsuhst@niop@io portion
of the negative ions to mgrate into the non-ionized gas stream and the
ionizing electrical potential applied to the negative ionizing el ectrode

i nposes a non-ionizing electric field to the plasna region of the positive

shel | sseg&%y suff'ci%pﬁ.tqggnﬁuce at least a substantial portion of the
posi tiVe i IWBmﬁgéﬁﬁfé:?ﬂi YA€Won-i oni zed gas stream 35. The ioni zing

bar of claim25 further conprising at | east one non-ionizing el ectrode for
super ithgie8izitg bar hrgher semprises kePosisige spndugtifpbus hafi ipevesdhepesitive ipRiging t hat
i nduces at |east a substantial portion of the ions to mgrate through the
shel | ori f ieetranatpotatalit he non-ioni zed gas streamthat is directed toward
t he charge neutralization target.
the positive ionizing electrode comprises a tapered pin and the tip comprises a sharp point at a
free end of the tapered pin; and
the evacuation port comprises a conductive hollow socket within which the tapered pin is seated
and which is electrically coupled with the positive conductive bus such that the positive

ionizing electrical potential may be applied to the tapered pin through the evacuation port

and the positive bus.

31. The ionizing bar of claim 25 wherein at least a substantial portion of the byproducts are
gases evacuated through the evacuation port and selected from the group consisting of ozone and

nitrogen oxides.

32. The ionizing bar of claim 25 wherein

the negative ionizing electrode comprises a tapered pin and the tip comprises a sharp point at a
free end of the tapered pin;

the negative shell orifice is generally circular and has a diameter; and

the ratio of the negative shell orifice diameter and the recess distance is between about 0.5 and

about 2.0.

33. The ionizing bar of claim 25 wherein
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the negative ionizing electrode is made of a material selected from the group consisting of
metallic conductors, non-metallic conductors, semiconductors, single-crystal silicon and
polysilicon; and

the negative evacuation port is connected to a source of low pressure and provides gas flow in
the negative shell in the range of about 1- 20 liters per minute to thereby evacuate at least

a substantial portion of the byproducts.

34. The ionizing bar of claim 25 wherein the positive and negative shell assemblies are
positioned along the ionizing bar such that:

the ionizing electrical potential applied to the positive ionizing electrode imposes a non-ionizing
electric field to the plasma region of the negative shell assembly sufficient to induce at
least a substantial portion of the negative ions to migrate into the non-ionized gas stream;
and

the ionizing electrical potential applied to the negative ionizing electrode imposes a non-ionizing
electric field to the plasma region of the positive shell assembly sufficient to induce at

least a substantial portion of the positive ions to migrate into the non-ionized gas stream.

35. The ionizing bar of claim 25 further comprising at least one non-ionizing electrode for
superimposing, into the plasma region, a non-ionizing electric field that induces at least a
substantial portion of the ions to migrate through the shell orifice and into the non-ionized gas

stream that is directed toward the charge neutralization target.
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