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[0001] This application claims the benefit under 35 U.S.C. 119(e) of co-pending U.S.
Provisional Application Ser. No. 61/279,784 filed October 26, 2009 and entitled “COVERING
WIDE AREAS WITH IONIZED GAS STREAMS”; which Provisional Application is hereby

incorporated by reference in its entirety.
Field of the Invention

[0002] This invention relates to the distribution of ionized gas streams from an ionizer
over a large target arca. More particularly, this invention is directed to novel methods of
unequally dividing, and apparatus for the unequal division of, ionized gas streams to promote
more uniform delivery of ions to a large target area.

Description Of Related Art

[0003] As is known in the art many ionizers, the ion emitter(s) may receive a positive
voltage during one time period and a negative voltage during another time period. Hence, such
emitter(s) generate bi-polar charge carriers including both positive and negative ions and these
charge carriers are directed toward a target through a manifold of some form or other.

[0004] Conventional ion stream manifolds to distribute gas ions (see, for example, lon
System 4210 In — Line Ionizer and Japanese Patent JP 20070486682) typically comprise an
elongated cylindrical tube with multiple holes distributed along the length of the manifold to
permit ions to exit the tube. In such devices, hole diameters have been sized to create an over-
pressure within the tube and that forces ionized gas outward through the holes. These manifolds

equally divide ionized gas streams along the longest manifold axis so that roughly the same
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type that converts a non-ionized gas stream into an ionized gas stream. The manifold may have a
gas transport channel with an inlet that receives the ionized gas stream from the ionizer and at
least first and second outlets that divide the ionized gas stream into first and second
neutralization gas streams directed toward respective first and second regions of a wide-area
target. To achieve at least generally equal ion distribution across the first and second regions, the
ion flow rate through the first outlet may be higher than the ion flow rate through the second
outlet and the first region may be further from the first outlet than the second region is from the
second outlet.
[0006] Further benefits are achieved by minimizing ion recombination during delivery of
ionized gas streams to regions of target surface. Recombination is undesirable because it
consumes two oppositely charged (useful) ionized gas molecules, and produces two neutral (not
useful for neutralization) gas molecules. As charged ionized molecules are consumed, the ability
to neutralize charges on a target is reduced. By reducing recombination and by compensating

for anticipated recombination in certain ways, the invention is able to more closely approximate

uniform ion distribution across the charge-neutralization target.
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curved interior surface and plural outlets may extend from the curved interior surface of the
transport channel. Further, at least one outlet may be at least substantially tangentially aligned
with the curvature of the inner surface of the through-channel. The inventive manifolds may
have a small footprint if used with tool and robotic applications, and may be compatible with a
high-frequency ion sources.

[0010] Inventive method embodiments include methods of delivering plural
neutralization gas streams to respective plural regions of a wide-area charge-neutralization target.
Such methods may include steps for receiving an ionized gas stream flowing in a downstream

direction, for dividing the ionized gas stream into plural neutralization gas streams, and for



[0009] I n sone enbodi nents, at |east a portion of the transport channel may
have a curved interior surface and plural outlets may extend fromthe
curved i nwonpwrossissf ace of the transport channel. Furt heCT/isR010®8396 one
outlet may be at |east substantially tangentially aligned with the
curvature of the inner surface of the through-channel. The inventive

mani fol ds may have a small footprint if used with tool and robotic
applications, and nmay he conpatible with a high-frequency ion sayrces.

D0 0 s B D Prreieams Her i de e aLT g caers Do R e al
neutralization gas streans to respective plural regions of a w de-area
char gdardeiut Fapshiens 4 feastagegetally sged iomdingdytipmyerpische wadosarep argesrthe e vi ng
an ionized gas streamflowing in a dowstreamdirection, for dividing the
i oni zdbvwgase ctaneamthententrplizatiah gnesitaassinzagt bednglypashat the amsf]ovarede 66the WO
2011/ 053556PCT/ US2010/ 053996 directing the plural neutralization gas

St r eanmhdr QV@FiZEREDEA i@ Phid b nb@ilRASor0fastsheantvd r he @Rshtan@eflow Tate
achieve at | east generally equal ion distribution across the w de-area

tar geﬁnafﬁéediieﬁ{édfd) %ffflﬁh‘%t Qé(gicﬁﬂ]?ft%w'i&@ r@a’?'cétr%e%.' | zation gas streams rmay be

hi gher than the ion ow rate o e other neutralization gas streans and
the n l'ization gas _streamw th the hi ghest 1iop flowrate may..b
i r et ¢ he 5 apPrRadFIESRHbGE «tdEr (rBETEbL ety - SGad Y B
mani fQl d structures and/or distribution nethods in accordance w.th the
i nventPGHRUPHERRRNC Retitaligtionagas sheya delirer v BrTdung 08 ope gyMog 9f they BV epe or
more of the follow ng four guidelines (1) mnimze the pressure drop across
at | edeur guigebined dn nofinihethewndstot dropt ansdss at [eayt amponiien elethe hanifelkliitbelic@) t i me
of ions within at least a portion of the manifold, (3) direct nore ions to
di st amtintraizg ete rbadaick ong dfieds within@alcatagabtians! the maeifoldc@ydiraatman idmsses
will be greater at distant |ocations, and/or (4) enploy air or gas
ent r ail ARt A SchBAMY tBin tNRaMRBAERK dink® rdc@HbEitibR Tosd@NSHIILBE greater at

distant locations, and/or (4) employ air or gas entrainment downstream of the manifold to reduce

ion density.

BRIEF SUMMARY OF THE DRAWINGS

[0012] Figure 1 is a diagram of an in-line ionizer having an emitter and being attached to

a first preferred manifold;

[0013] Figure 2 demonstrates that the manifold embodiment of Figure 1 provides an

unobstructed path between the manifold inlet and the orifice that passes the largest portion of

ionized gas flow;

[0014] Figure 3 shows another preferred embodiment that utilizes ion guide tubes

wherein tubes close to the manifold inlet and aligned to the manifold inlet axis are ideally

situated to capture momentum, and transport the ions to distant locations;

[0015] Figure 4 shows a preferred embodiment in which ion guide tubes are used in

conjunction with a flared or generally frustoconical manifold;



BRI EF SUMVARY OF THE DRAW NGS [0012]Figure 1 is a diagramof an in-line

I oni zer having an emtter and being attached to a first preferred manifold,;
[ 0013] Fi gwioeo/wdessonstrat es that the manifol d enbodi nenPCofUSEIGOS9A

provi des an unobstructed path between the nmanifold inlet and the orifice
that passes the | argest portion of ionized gas flow, [0014]Figure 3 shows
anot her preferred enbodi nent that utilizes ion guide tubes wherein tubes
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| ocations; [0015]Figure 4 shows a preferred enbodi nent in which ion guide
t ubes aanen e il b ElIcHRdwistincaPIRigddefosn igentramapifelduyheetni cal
T 2|ecccl)’mbination 1s minimized and efficiency is improved by shortening the distance between the
emitter and the manifold outlet holes;
[0017] Figure 6 shows another preferred embodiment which the manifold outlets take the
form of tubelettes to direct plural divided neutralization streams exiting the manifold toward
respective regions of a wide-area target surface;
[0018] Figure 7 shows another preferred embodiment which employs outlet tubes that are
at least substantially tangentially aligned to a manifold curvature to effectively capture
momentum by enabling the ion flow momentum to travel through the short tubes and continue
on a straight line course; and
[0019] Figure 8 is a table showing discharge times and ion distribution (ionization —
neutralization coverage) results for a preferred embodiment directed to a 1400 mm by 400 mm
wide-area target.
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
[0020] Figure 1 shows a manifold 1 embodiment that has proven performance. The inlet
of the manifold 1 transport channel 3 connects to a gas ionizer 7 by mating with the ionizer outlet
8. The means for mating an inlet of the transport channel 3 to the ionizer outlet 8 may be any one
or more of a male-to-female slip fit, a threaded fitting, keyed fitted surfaces and/or other means
known in the art. In this example, the ion emitter 7E may be a corona discharge electrode with a

pointed end that is oriented toward the gas transport channel 3 of the manifold 1 and wherein the

electrode 7E is disposed within a non-ionized gas stream which will be converted into an ionized



WO 2011/ 053556PCT/ US2010/ 053996 [ 0016] Figure 5 shows a further preferred
enbodi ment in which an ionization cell, with an ion emtter and reference
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the emtter and the manifold outlet holes; [0017] Figure 6 shows anot her
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anot her preferred enbodi nent which enpl oys outlet tubes that are at |east
subst IO pirangential ly aligned to a manifold curvature to effectively
capture nonentum by enabling the ion flow nmomentumto travel through the
short [0@M¢s and It ost thaumicm recesies abgdnitddrgas stweans GasanpthhOddBpFagure 8 is a
tabl e show ng di scharge tinmes and ion distribution (ionization -
downstream direction and produces ions 6 to thereby form an ionized gas stream. lons 6
produced by the ionizer 7 are carried by the ionized gas stream (air, nitrogen, argon, etc.) through
the ion outlet 8 into the inlet of through channel 3.
[0022] As shown, the manifold 1 includes an outside surface 2 and an enclosed gas
transport channel 3 bounded by an interior surface denoted by dotted lines in the various Figures.
The ionized gas stream 6 within the transport channel 3 flows toward the plural outlets/orifices 4
where it is unequally divided into plural neutralization streams. The plural neutralization streams
exit the orifices 4 (which may be spray orifices) and are directed toward a wide-area target along
arrows 5 to neutralize charge on respective regions of the target (not shown). In certain preferred
embodiments, the enclosed gas transport channel 3 may have a varying cross-sectional area that
decreases toward one dead end of the channel (i.e., the channel may be closed from one side).
This way, gas pressure inside channel 3 may be increased and the ion flow may be directed to the
outlets 4. In certain preferred embodiments, the gas transport channel 3 may comprise a
dielectric polymer with a charge relaxation time of 100 seconds or more and the inner surface of
the gas transport channel (see dotted lines) may have a surface roughness not exceeding Ra = 32
micro inches. Conventional materials of this type include engineered thermoplastic resins with
good manufacturability (processability), thermal stability, temperature resistance, chemical
resistance and/or fatigue resistance such as thermoplastics and thermosetting polymers. Some

conventional polycarbonates resins with some or all of these properties include PEEK®,

Polycarbonate, DELRIN®, and ACRYLIC®. The inventive manifolds discussed herein may be
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momentum of the ionized gas stream flowing through ionizer outlet 8 is continued through the
top outlet/orifice 4T. lon flow exiting orifice 4T will, therefore, be greater than ion flow exiting
the middle outlet/orifice 4M and the lower outlet/orifice 4L. Outlet 4T preferably directs
neutralization ion flow toward the most distant region of the charged target to be neutralized
because the preserved momentum of the gas moving therethrough is capable of delivering ions
greater distances with fewer losses.
[0024] Note that the middle orifice 4M and the lower orifice 4L do not lie along path 9.
Considerable gas momentum from the ion outlet 8 is lost before the ion flow exits middle orifice
4M and the lower orifice 4L. Although fewer ions exit through middle hole 4M and the lower
hole 4L (compared to hole 4T), outlets 4M and 4L are directed to mid-target and near-target
regions, respectively. This is desirable for uniform ion distribution at the target surface because,
even though fewer ions exit middle and lower outlets 4M and 4L, recombination will destroy
fewer ions over these shorter distances (compared to hole 4T and the more distant target region
associated with it). Thus, a wide coverage manifold intentionally delivers unequal quantities of
ionized gas through all holes 4T, 4M, 4L. The cross-sectional area of each outlet may depend on

itsposition (distance) from and the dimensions of its targeted neutralization region.
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intentionally delivers unequal quantities of ionized gas through all holes
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itsposition (distance) fromand the dinensions of its targeted
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cross-sectional area than outlet 4M because it's positioned closest to
target and ion flowis the lowest. This arrangenent substantially
conpensates for inherently unequal ion reconbination to thereby provide
substantially uniformion current density at the charged target surface.
This makes the inventive manifolds nore effective than a nmanifold that

di stributes gas streans evenly due to i1 nternal pressure buil dup.



[ 0025] Furt her, reconbination can be mnimzed by reducing the density of
ions and by reducing the transit (travel) tinme to the target. Al so,
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with walls of manifold. [0026] Turning now to Figure 3, there is shown a
tubular manifold that utilizes an alternative configuration and is capable
of distributing ions over a 6 foot square area that is 20 inches away from
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sinplicity. [0027] Tube 11 is positioned close to the ionizer outlet 18, and
i s ali[ge8d wi t h Ib keneembodimeassi theafibasHe, 1 Dmay bavaoditfeent &8ss-Botibnat hexaeness
and alignment contribute to a preferred ion flow path through manifold 19.
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[0029] Figure 4 shows a preferred embodiment that is closely related to that of Figure 3.
The difference is that the manifold 29 has a flared or frustoconical shape. In this embodiment,
tube 21 employs momentum and positioning to transport ion flow to a long-distance region of
the target. By contrast, tube 22 receives less momentum and is oriented oblique to the main
flow from the ion outlet. Tube 22 is, therefore, directed toward a short-distance region of the
target.

[0030] Figure 5 shows a manifold 51 that has an ion emitter 55 and one or more
reference electrodes 58, 58A incorporated into the manifold 51 itself. The reference electrode(s)
may be electrically coupled to ground 59 or to a capacitive circuit 56 and, through cable 57, to a
control system for controlling a high-voltage/high-frequency power supply (not shown). In this
configuration, the bi-polar ionized gas is produced closer to the manifold outlets 54. This gives
significantly less time for ion recombination to occur within the manifold (compared to various
other embodiments described herein) so the harvest of ions is improved. The inlet port 52 serves
as a conduit for incoming non-ionized (and possibly compressed) gas and as a conduit for
electrical cables and/or connectors 53. In the preferred embodiment of Figure 5, the ionizer may

be a corona discharge electrode with an ionizing tip that is oriented toward the gas transport



and tubes 11, 12 are preferably fabricated from non-conductive materi al s.
Further, the exit opening of manifold 19 may be elliptical or circular (or
ot her geowebpu1)y0sB3F6Ccr 0SS- secti onal shape, dependi ng on Phe/usariges39ehape.

[ 0029] Figure 4 shows a preferred enbodinment that is closely related to that
of Figure 3. The difference is that the manifold 29 has a flared or
frustoconi cal shape. In this enbodi nent, tube 21 enpl oys nonentum and

posi ti a |lon n of the target.

oS oiehirapof P BEAgaR, bbetePrue cBieb e Rane i B AC S SpERB T Bhaeier o Che

main flow fromthe ion outlet. Tube 22 is, therefore, directed toward a
shor t Partendae euteighans glcashpartiall ydisposed oathFihgeas ransprBwhannchani f ol d 51
that has an ion enmtter 55 and one or nore reference el ectrodes 58, 58A

i ncor gaeH]ed i nthagurbié shews & aladifbltl Gltisevlich diikt heltenencegaaldexitl doe( s) may be
el ectrically coupled to ground 59 or to a capacitive circuit 56 and,

t hr ougibs allcetRd 64T 064 .COMNS, r1ala \ayisti@ntioshoaambdlalds AT, é4M, 64L are inserts

hi gh-vol t age/ hi gh- frequency power supply (not shown). In th
confi gUiAldrOflo A€ s&iioRR Alas! fth & ALPBHCEE Vit A8RE: &BulheodtRi f ol d
outlets 54rﬁTﬁfs gfve? %igﬁ?f?cansﬁvg?%sé ﬁ?ne ?%r%?on reéS%%Mnat?on to

occur th d S o odi nts descri bed
ner of rhead P SRighBt RaposGRERRL T bbb iR ok PR BBV adhbhs "o o
condui t for i ncom ng_non- |on|zed (and i bly conpres gas and as a
conduittbes GAMelqdl;. cHits eigpies Eméﬁ%ﬁl%‘%t é@ﬁ&fgawgsansiédltll%altwimm ef apbigyt
enbodi ment of Figure 5, the ionizer may be a corona discharge el ectrode
Wi t h aas tooviird thegvide preafergetite fomi plurad devteabandon $tevapasThe addgpmat vaidne of
2011/ 053556PCT/ US2010/ 053996 channel of the nanifold, wherein the el ectrode
I S posinthi@ngak dinststae donstedldas wicih dacreeiAC teabmbinapion toseRd I@tizaaudak €fowt hat i s
at least partially disposed within the gas transport channel. [0031]Figure
6 shovgayahdBihd @hge 83— 200 Wikl pRUhSE cboloes/afi€ repl aced with short

[0032] Figure 7 shows a manifold 71 with short tubes/tubelettes 74T, 74M, 74L that,

unlike at least some of the outlets shown in Figure 6, are tangentially aligned with the curved

interior surface of the manifold to utilize the momentum lines 75 where they are positioned. As

recited in classical physics, momentum is constrained to a circular path by applying a centripetal

(inward) force. In this case, the centripetal force is provided by the shape of the interior surface

of the through channel. When the centripetal force releases (due to the presence of an outlet), the

momentum continues as straight line momentum 76. In this diagram, the outlet

cylinders/tubelettes 74T, 74M, 74L serve to remove the centripetal force, and provide optimal

straight line momentum 76 toward the respective regions of a wide area target.

[0033] Industrial applications commonly call for the charge neutralization of an area that

is long and narrow, rather than round or square. As is known in the art, one example of a wide-

area charged target of the type generally encountered during semiconductor wafer production is a
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tubes/tubel ettes 64T, 64M 64L. In a variation, the short tubelettes 64T,
64M 64L are inserts with varying cross-sectional areas. In this way, ions
are di strwbupsadssdseh greater angul ar control. The vel ociPCY/Uskoi0®B9Hé ow

t hrough tube 64 T is higher than the velocity of the ion flow trough tubes
64M and 64L. This creates entrainnment effect draw ng an additional vol une
of anbient gas toward the wide area target to formplural neutralization
streans. The additjonal vol .aof anbj en dilutes the ionized S, steam
cecr edsisiby weomst oo n UL BT bembo A8hmck o onac serieocadis S0
200 L/mn, preferably 60-100 L/mn. [0032]Figure 7 shows a manifold 71 with
shor t disianss fiogpbeapield. 74T 74M 74L that, unlike at |east sone of the
outlets shown in Figure 6, are tangentially aligned with the curved

i nt eri[0034dur f ac&Vbific thhénveatiod ol it so@liotiticdl iz kastieen mmpeivhliyndttcmeised hanher e
they are positioned. As recited in classical physics, nonmentumis

const radneide frandolds Kethl 3t PaHiteh)cadPRANANY ciRcd@drddsRet@dnal hlayai®) force. In
this case, the centripetal force is provided by the shape of the interior

sur f ace, Rliers B?PétWleﬂglgﬁugtB;’l@@t che¥ a0 I B irfe RO 4l gﬁlti%hlaf(l TWef. shﬁ!t:&ﬁisc‘r’e‘fiv&due to

t he presence of an out e nomentum continues as Straig i ne

moment um. 76. I n this.diaagr the .outl cylinders/tubel ettes 74T, 74M 74L
serve UBvfRiany nita i DREReah O 4R e s ORI GHAT RIS Lfilag o e
nonentum 76 toward the respective regions of a wi de area farget.

[ 00331 8RASTA e AT Sé%?tl}%l%%ﬁwge\éﬁ- | Thege 3 dpe neanilpliboryisgs pyibsat i on

of an area that is long and narrow, rather than round or square. As is
known loaschimmsnionged anag etiaephae catespomisde Ly mast glistang dafgetarge tAsofsed heretny pe
general Iy encountered during sem conductor wafer productionis a W

2011/ Ob3khh PODAIS2 MO AAR6 ogdn @b Rk o drftanipuloahasuoibecabstddlyalignatet er s
by 400 miIlimeters |ocated at a specified shortest distance froma

mani f Qldhg 4 Q341NN A§uldaenctdiy and PR “batlA0ma$Andlhdd 4 Blle, dntorl1RS, PB&RICd
enpirically determ ned that
orifice, a tubelette (such as a short outlet tube as shown and described herein), an outlet cylinder
and/or a spray orifice. As used herein, the term the term ionizer may include any source of
ionizing energy and may include an ionizing corona electrode, nuclear disintegration, and X-
rays. As is known in the art and as used herein, the term “ion flow rate” means 1= U Ne : where

I is ion current density [A/mz], U is gas velocity [m/sec], N is ion concentration [l/mS], and e is

ion charge which is usually equal to electron charge [C].

[0035] A laboratory example of discharge times (i.e., a standard measure of charge
neutralization efficiency) and voltage balance achieved with a 3-hole manifold is shown in
Figure 8. The charged target area was a flat grid that was 1400 mm long and 400 mm wide. The
results are recorded in a format that shows the centerline performance, the performance at left
200 mm, and the performance at right 200 mm. The data shown therein was taken under
standard test conditions as known in the art. These include tests of electrically floating plates

(preferably with a capacitance of about 20 picoFarads (pF) to ground) which are charged (to test
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inventive manifolds with 3 to 5 orifices, each having a circular
cross-sectional area with diameters of between about 0.188 inches and 0.125
i nches arwoparttiseisbarly wel |l suited to deliver substant ipalfius2amiosispen i on
current density (i.e., uniformion distribution) at a wi de area target of

t he general type and//or size noted i mediately above. These 3 to 5

mani fold orifices nay be | oosely positioned along a |ine that corresponds
to the t distant target area. .As d her ei the term. | oosely” neans
that togireeeinfddarsea by dom KIaiSuadih el \SBLetNERSET al i gned
along a single line. As used herein, the term"outlet"” may include a hole,
an or iYigl¢ ghe datddpmindy cegh inecd theTeklpef Bigpee § sReddings showm it eachlinp of theube as
shown and descri bed herein), an outlet cylinder and/or a spray orifice. As
used Habkiwgrechepilat for r¢peated tests iorwladr thadlat gmnd ivasiehiftnd by adistacobf 2@ni zi ng
energy and may include an ionizing corona el ectrode, nuclear

di si ntcegiraéteRTor @diaktiofr. Ma¥%HowAsSn the TRBRWT Higurt B€a prcferdsdtnaodusgd oieieei n, the
term"ion flowrate” neans | = UNe : where | is ion current density

[ A Mlinyedtibs wldbid e Qistilay Jéﬁg%%gﬂon olalwidd 848a ERAGERAT i@tlb?’ Bex{tﬂﬁéif&% pyadd e is
ion charge which is usual%y qual to electron charge [C|]. [0035]A

| aboratory exanple .pf dis e tines. (€., asstanda re. of .charge
neut r PR ESTar e B ey T 2obd Rhn ouFare g AREFE P TR PA LuChng e

mani fold is sho in Figure 8. The charged target area was a flat grid that
was 14’@@1 HHelta8R §21aner Qfdégsﬁli’ﬁ%bﬂ’é? 16rKlts esul ts are recorded in a format that
shows the centerline performance, the perfornmance at |eft 200 nm and the
per f old@36de at rlihghnvepoge manifaldelesignadistosed hehean acrprokasbhyadomrpatihgerith
standard test conditions as known in the art. These include tests of

el ect ucadtllimitddaatAO gophatoaivetp Fef eraaiply, imiting sowragatkédancrudddarabaony, 20

pi coFarads (pF) to ground) which are charged (to test WO

2011/ GRRP&ARGEH USZBIOLAE3RAR: ih A BalafGert BRRkifs FRgbe atto (REEhanabl y from

1000 volts to 100 volts to test effectiveness) to yield the data shown in

each kﬁﬁﬁmgjgﬁgﬁvgggpgngLO£igure 8. Readi ngs shown in each line of the

Tabl e were ¢ r repeated tests in which the flat grid was shifted
by a gj nce of 20 centineters for iteration. ,As shown in. the Table of

2 gur OB, i G Bt Rtioghat hen e Ghe JHSTB Wtk Bl Sohar ge any
region of a wide area target, that is 100 centineters by 40 centineters, in
| ess tEsANtbeusiderd te be dirduostwiradicd ad prefgiaed ¢emnbrdimgnts, ibfs tabe yndaeropd i n
and with a voltage bal ance of |ess than about 10 volts. [0036] The inventive
mani f chal thbemvgriends sall losied thehedisclased cprbeflenaitd, putionpandddlte emgdnipassithenot
limted to AC corona ionizers. For exanple, ionizing sources based on

nucl eamrious hadificticdk dn@ By ESAION apfandter@d METudkM ORI the bigit hRNicopE bOMhear t

princi ples may be al so used with di scl osed apparatus and mnet hods.
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

claims. Therefore, the foregoing is considered to be an illustrative, not exhaustive, description of

the principles of the present invention.
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[ 0037] Whi l e the present invention has been described in connection with
what is presently considered to be the nost practical and preferred

enbodi merwe,20i110583%6t 0 be understood that the invention PETASROMIRIPEd tO

t he di scl osed enbodi nents, but is intended to enconpass the various

nodi fications and equi val ent arrangenents included within the spirit and
scope of the appended claims. Wth respect to the above description, for
exanpl ist real ized that the optimm di nensignal rel ationships
For THE03r 5 of Tt HahF RORHER Gh A ht I G VR S BRGSO g o) o
shape, form function and manner of operation, assenbly and use, are deened
r eadi lopnaifipas: eist uscd ip e spRGIfiFaipniand chems axe to Rp gndgrpioad as maridied in all

rel ationships to those illustrated in the drawi ngs and described in the
speci fingtatceoby thegernntabodietAt@rdiegyntempassied payanidiers agtferibl @dthelfallovsing
Therefore, the foregoing is considered to be an illustrative, not

exhauspédiReatide a6 hitddhed clafmd 26 a ﬂoﬁﬁhaﬁioﬂ§ tHaf cdrhearpagsetingiupee id @Rired WO
2011/ 053556PCT/ US2010/ 053996 [ 0038] Al l of the nu ers or expressions

refergh%% fg‘gHﬁHRﬁnﬁ §m91“%&gﬁgﬂkg Sobi£Raction conditions, etc. used in

the s ication and clains are to be understood as nodified in al

i nsta by the term ut t he nunerical araneter set
fortnITRY 1 o ituimyol R inde AFPRIRAR Herbefu A & e &?ém};.s SHEFSat i ons
t hat can var endi ng upon t he desired properties, h the resent

i nvent!? 81§ 1@@@.1 rSég-%%eé Brrtarlwe thsoein] KpEexaninie. apargedly ét‘h h%rersglrt dithat any
nunerical range recited herein is intended to include all sub-ranges
subsuneduddl sibrrangsbebxa@mané inchudizgide refited mingnurg valus of htaad thedeeitedi ncl ude
al | sub-ranges between and including the recited m ni mumvalue of 1 and the
reci t echximymnuaineveEl 10ethaf is likviddainidisunheatingual 1 drigheaartiednueaeual to or
greater than 1 and a maxi nrum val ue of equal to or |less than 10. Because the

di scl m@nﬂﬁrmf‘amec@eqﬁangeﬁre@r fak 0 BAUAUShe HREMsdNRIMIRaBMBE a¥@l ue bet ween
the m ni num and maxi nmum val ues. Unl ess expressly indicated ot herw se, the

var i oy ﬁsﬁﬂ&{%ﬁé'tﬁ intAUYEDerFR %:bet%%eh thet Bl ﬁRPA g%ﬂgbwm% e@p@@%%%h”at' ons.

[ 0040] I'Scussi on here certain preferr

i nventi on
expressqy indicated otherwise, the various numerical ranges specified in this application are

approximations.

[0040] The discussion herein of certain preferred embodiments of the invention has
included various numerical values and ranges. Nonetheless, it will be appreciated that the
specified values and ranges specifically apply to the embodiments discussed in detail and that the
broader inventive concepts expressed in the Summary and Claims are readily scalable as
appropriate for other applications/environments/contexts. Accordingly, the values and ranges
specified herein must be considered to be an illustrative, not an exhaustive, description of the
principles of the present invention.

[0041] Various ionizing devices and techniques are described in the following U.S.
patents and published patent application, the entire contents of which are hereby incorporated by

reference: U.S. Patent No. 5,847,917, to Suzuki, bearing Application No. 08/539,321, filed on
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i ncl uded various nunerical values and ranges. Nonetheless, it wll be
appreci ated that the specified values and ranges specifically apply to the
enbodi mrerwe 2di1gsassed i n detail and that the broader i nPemuse@Im63¥€Pt S
expressed in the Summary and Clains are readily scal able as appropriate for
ot her applications/environnments/contexts. Accordingly, the values and
ranges specified herei n nust be considered to be an illustrative, not an
exhau ription Qf the | es resent invention.

[0041] 9?6665?39 St neter Brlsf ebn s I IR ERE R piufts Arighe.
follomnng atents and published patent application, the entire

cont endehed” Miscﬁatamé\i%ér@éyl 10ntodresb batrene dpplicatien Naced/563. 876, Eiadern Migs .
5,847,917, to Suzuki, bearing Application No. 08/539,321, filed on WO
2011/053@55EEH&LBQnm@ﬂGSEHBGmﬁEndﬁefﬂnﬂijGEskmﬁsuédddﬂd@eﬁeaméﬂls, 1998
and entitled "Air lonizing Apparatus And Method"; U S. Patent No.

6, 563, Plibcatiod NEUS PEEV00084 78R KoaljiOstaliag A@ghéeﬁﬁmw& 10570 e85, GiledVANgudt
2000, |ssued on May 13, 2003 and entitled "In-Line Gas | oni zer And Met hod"

and U»2 blhaGAbigRd ¥ 120964 00084 <84 418niQE>suj i, bearing Application
No. 10/570085 %?ifgﬁ Auéﬁgf 24, 2004 andepubnished January 11, 2007, and

entitled "lonizer". WO 2011/053556PCT/U82010/053996 e claim
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1. Anion delivery manifold for use with an ionizer of the type that
converts a non-ionized gas streaminto an ionized gas stream conprising:

a gas trawmeportossisannel with at | east one inlet that reeerussomwossdeoni zed
gas stream fromthe ionizer; at least first and second outlets that
di vide the ionized gas streamflow ng through the gas transport channel
into first and second neutralization gas streans directed toward respective
first and second regions of a wide-area target, wherein the ion flowrate
exitir}geflﬁgnfirst outlet is higher than the ion flowrate exiting the
second outlet, wherein the first region is further fromthe first outl et
than tlhe se¥biga debysrymangold iorpicnwitls a imires af thettyrerifatgeayafsh paqeionized
distribution of ions reaching the first and second regions is at | east
gener ght yiraaquiaka an PniZ¥head dreackekompnyingrani f ol d of claim 1 wherein the
ionizer is closer to the first outlet than it is to the second outl et

wher eby r ecaabidadpoarthhO®s @sthak 1daleoncamcz®e [gasvEtthe mdd @ws sigeaht @oMt he
ionizer to the first outlet are |ower than the reconbination | osses of the
ioni zgg, gascstream flowing fromthe ionizer to the second outlet. 3. The
ion delivery manifold of claim1 wherein the manifold further conprises an
outer surfa at | east, the outer. surface. c rises PEEK(' resin. 4.
The T onders oy adihe rEREH s g PG AR ER EERBT SRRyt orp B Berhng
the gas transport channel to the ionjzer selected fromthe group .consisting
of : a FaPROLL Cgl@wté%gﬁﬂtiaﬁd 18?0[0,119 aovfliadiene SRR dirggief ﬁewécgreﬁl?et%ﬂ frst
surfaces. 5. The ion delivery manifold of claim1l wherein at |east a

por t i @nd efconfecgionsrd govide-arrarianget, wmheralddis ien Bowveald ckiingthohrss oytichese,

wherein the first and second outlets extend through the portion of the

t r ans hagHer taa ninelon Wobhratdhexiting the dedontl @uiler whereinabe firanegishBrietticrdionh d@st

one of the first and WO 2011/ 053556PCT/ US2010/ 053996

first outlet than the second region is from the second outlet and wherein the distribution of ions
reaching the first and second regions is at least generally equal.

2. The ion delivery manifold of claim 1 wherein the ionizer is closer to the first outlet than
it is to the second outlet whereby recombination losses of the ionized gas stream flowing from
the ionizer to the first outlet are lower than the recombination losses of the ionized gas stream
flowing from the ionizer to the second outlet.

3. The ion delivery manifold of claim 1 wherein the manifold further comprises an outer
surface and at least the outer surface comprises PEEK® resin.

4. The ion delivery manifold of claim 1 further comprising means for mating the gas
transport channel to the ionizer selected from the group consisting of: a male-to-female slip fit, a
threaded fitting, and keyed fitted surfaces.

5. The ion delivery manifold of claim 1 wherein at least a portion of the transport channel
includes a curved interior surface, wherein the first and second outlets extend through the portion

of the transport channel with the curved interior surface, and wherein at least one of the first and
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second outlets is at |east substantially tangentially aligned with the
curvature of the interior surface of the through-channel 6. The ion

del i very wannfiglssssef claim5 wherein the transport chanmell/usasloas3sas yi ng
cross-sectional area and one closed end, and wherein the cross-sectional
area of the transport channel decreases gradually toward the closed end to
thereby gradually increase the pressure of the ionized gas streamtoward
the closed end. . 7. The . ion.delivery. i.fold.of claim5 rein.the first
out 1 ered 2ol s det bt b el et vl RnThpes Gh HsHo: r et od
path exists between the ionizer and the first outlet, and wherein the
secondude dithg direpghechiponedr get outlet that is | ocated such that an
unobstructed path does not exist between the ionizer and the second outl et,
wher eldy r eddwbomddlivery mesi§@d obtlatrhé vtendiz d¢ tgaspat cleanelfHaswivagyiig owss-he
ionizer to the first outlet are |lower than the reconbination | osses of the
i oni zegctPpas! ftd Al DMed end, ramwHIcih €l Z6¥s-sk@idnABars£60ihd tabégoetchansl The
ion delivery manifold of claim1l wherein the first and second outlets

CONr i@ chddd g{a%halgsto%gd w@g&%&:&r eﬁ(gf?)l tROBbY PRLEAH, iga%as%tthfgl;&&wef fpges an

el ectropositive gds. e 1on delivery manifold of ¢ m 1 wherein the
firSti%ﬂg(f%POEgMRH§%§t%%n§Xed%L ss-sectional areas, and wherein the
cr oss- SECTI BRar Ay ed 09 Me’T8T outlet is less than or equal to the
rea of tge second out | et :&0. T@e ion delivery manifold
Falpim g ol il

cross-sectional § . ) .
of cl dr m 1 gAehesIvepnprni&la gt slim g aeieren the B2 lopgrdistange pyigetihat st

second and third outlets are not substantially aligned along a single |ine,
and whelositad sech thaisn wabstpfctadipatioeristebeiwicoie thgdeizer dultbp ddsteddet, andl1. The
ion delivery manifold of claim1l wherein the transport channel conprises a
hi gh- tvelrepen dtcceonrdasitiet Bntnchhiergophdattha iclamodbuohithdt aa nbbstgetxigladxat i on
time of at |east 100 seconds WD 2011/ 053556PCT/ US2010/ 053996 and wherein

the | RbZESt kit Bethic@thbiSAUENE REsdBRl B8lct! WArcBPRYBMbmalihe103@Rdran zed
gas streaminto a bi-polar ionized gas stream
ionized gas stream flowing from the ionizer to the first outlet are lower than the recombination
losses of the 1onized gas stream flowing from the ionizer to the second outlet.
8. The ion delivery manifold of claim 1 wherein the first and second outlets comprise
tubelettes and wherein the non-ionized gas stream comprises an electropositive gas.
9. The ion delivery manifold of claim 1 wherein the first and second outlets have cross-
sectional areas, and wherein the cross-sectional area of the first outlet is less than or equal to the
cross-sectional area of the second outlet.
10.  The ion delivery manifold of claim 1 further comprising at least a third outlet, wherein
the first, second and third outlets are not substantially aligned along a single line, and wherein at
least one of the outlets includes a beveled edge.

11.  The ion delivery manifold of claim 1 wherein the transport channel comprises a high-

temperature resistant thermoplastic channel with a charge relaxation time of at least 100 seconds
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12. The ion delivery manifold of claim1 wherein the inner surface of the
gas transport channel has a surface roughness not exceeding Ra = 32 mcro

i nches t owohenelsyssseduce the residence tinme and reconbi raTitsaoos®es of the
ioni zed gas stream flow ng through the transport channel. 13. The ion
delivery manifold of claim1l wherein the ionizer is at |east partially

di sposed within the gas transport channel whereby conversion of the

non-ioni,zed gas stream int n ionized gas streamoccurs within the

T ans B01 PR oA 1 b Bl R A C S B R B o ot g tliam
ionized gas streamwi thin the manifold are mnimzed. 14. The ion delivery
mani f oM@ adfi-pelaiionizedgis s6¢am-t he i oni zer is a corona di scharge el ectrode
with an ionizing tip that is oriented toward the first outlet, and wherein
t he ell@ct r dde 1or5dgosiyt meméald iohsliathe 1 aviseh thewntdr sarfasvadbagasamngpert and an
outlet that is at least partially disposed within the gas transport

channehannel bas aldfigfat®roudihdsy abyexFBEih©RE =0 rhiced ichesvib €lic@éty debecertaai f ol d
further conprises plural tubes, and wherein the first outlet is connected

to a tb&ntbae h&\g@?{hbg%nghgéﬁés 41Qnd lb%izteal%assapera&n g&@fﬁg%mhgg B FNEbANY

ot her tube. 16 el1vering plural” neutralizafion S streans to
respechive plural regions of a w de-area charge-neutralization target,

-channel. .. . . : L : !
conprising. receiving a bi-polar ionized gas stream dividing the ionized
gas streaminto plural neutraljzation gas streans; and . directing the
pl ur all3neut Hag iopde 115%‘/@}1@1@{% e lowaFain B IR bt fash RT3l HiaRRsedt t he
w de-area target, wherein the ion flow rate of one of the neutralization
gas stwitamiheigs hiaggpert ohhenel wiezdy tp033866 PCTE US2OAOZQIERY 9Gcam into an

ionized gas stream occurs within the transport channel and residence time and recombination
losses of the 1onized gas stream within the manifold are minimized.
14.  The ion delivery manifold of claim 1 wherein the ionizer is a corona discharge electrode
with an ionizing tip that is oriented toward the first outlet, and wherein the electrode is
positioned inside a shell with an evacuation port and an outlet that is at least partially disposed
within the gas transport channel.
15.  The ion delivery manifold of claim 1 wherein the manifold further comprises plural
tubes, and wherein the first outlet is connected to a tube that originates closer to the transport
channel inlet than any other tube.
16. A method delivering plural neutralization gas streams to respective plural regions of a
wide-area charge-neutralization target, comprising:

receiving a bi-polar ionized gas stream;

dividing the ionized gas stream into plural neutralization gas streams; and

directing the plural neutralization gas streams toward respective plural regions of the

wide-area target, wherein the ion flow rate of one of the neutralization gas streams is higher than
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the ion flowrate of the other neutralization gas streans, wherein the
neutralization gas streamw th the highest ion flowrate is directed to a
| ong- di stwiocelwmsgison of the wi de-area target, and wher eiPOTIUS201di0S3996 but i on
of ions reaching the plural regions is at |east generally equal. 17. The
met hod of claim 16 wherein the step of directing further conprises

di scharging, from 1000 volts to 100 volts, any region of a w de area
target, th is at.]east about. 100 centineters by 40 centineters, in |ess
o Aol Tooeahi 6T SRl s e anSLcisi e e A b G T v ol £ 5.
18. The nmethod of claim 16 wherein the step of | di viding further
conpr ivgdsthghighgstaen flpw rptgns gisesteskis adpngdistange wefanrafithe wideower @rgsttamfr d
neutralization gas streans, wherein the ion flowrate of the first

neut r avhiezat ilenligabutsinr daoms sadhighide pluralregions isan ldabigzeneratly egdalt he second
neutralization gas streamand the ion flow rate of the second

neut r al7i zathemdRsd SitdlfaM 4 whére@hie stepandirdt@ink G tHdr ovmpatee dfchidgthgl Road
neutralization gas streans; and directing further conprises directing

the fi1psh voRELOH \ﬁ_ﬁg{ afnpiré o@spégv?dtéa%@gﬂagét,geaﬁ iS41ERTEJuf MG Qelﬁl%%gpii,v&

first second and third Fegions o he w de-area target, wherein the rst

neutr gl zati on gas, _stream i irected to a long-distance region the
e 20SER Gy MgRaPEP PR SEEAG e P TelsR BLERPFRARM D s lEct e
to a md-target region . of the wide-area_ target, and wherein the third
neutrd@izaﬂﬁ@ﬁm§%¥g§5#%ﬁhV$§ﬁﬁPW@§?QGPPB a near-target region of the

W de-area target. 19. The nethod of claim 16 wherein the step of dividing
t he ioni zedigg@g@m@wmri@smiﬁd@g theignizaf igassticom igteslist, second agdtpid ses

di viding the ionized gas streaminto bi-polar high-velocity, nmedium

vel ocinkytrairdtibopaswalcmns.twhaneu thiceidoh v e @abe Stst eautmlizaith ghetreim id he

hi gh-vel ocity neutralization gas stream has the highest ion flowrate. WO

2011/ @Rdp ARETHUSA ALY QRIAe sc2Bnd AthaBiRAZInNGhs RBEHN Bhdthb96n 116 Rht¥ionthea

non-ioni zed gas stream and for delivering plural neutralization gas streans

to a wdey reﬁt?aﬁzqggﬁa %as s?r%%gé ﬁfgﬂgr tlsan the, ion ft eloPeAfild Hgﬁ(tkﬂﬁﬁt?or?c%gna

di scharge electro or producin I -pol ar charge carrirers wt
non-i oni zed ﬁas streamto thereby forman ionized gas streamflowing in a
downstHEHH & ecti on;

directing further comprises directing the first, second and third neutralization gas streams
toward respective, first second and third regions of the wide-area target, wherein the first
neutralization gas stream is directed to a long-distance region of the wide-area target, wherein
the second neutralization gas stream is directed to a mid-target region of the wide-area target,
and wherein the third neutralization gas stream is directed to a near-target region of the wide-
area target.
19.  The method of claim 16 wherein the step of dividing the ionized gas stream into plural
neutralization gas streams comprises dividing the ionized gas stream into bi-polar high-velocity,
medium velocity and low-velocity neutralization gas streams, and wherein the high-velocity

neutralization gas stream has the highest ion flow rate.
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a gas transport channel having an interior through which the ionized gas
stream flows, wherein the electrode is at |least partially disposed within
t he transwonroiigisaisael ; a reference el ectrode at PeagtS2@ansioas |y

di sposed downstream of the corona discharge el ectrode; and at | east
first and second outlets that divide the ionized gas streaminto first and
second neutralization gas streans exiting the transport channel, wherein

the i flowrate of t. first .neutralization gas streamis different than
the i ol £1 O PRSPt RS Rbaroa s De Bn gt evd Bkt e vl
ionizing manifold of claim20 wherein __the first and second

neut r ACPFHZABAN GHSUSANE fhs Wilceared taegat. MBI r espective first and second
regions of a wide-area target, the ion flowrate exiting the first outlet

i s higher taha(C idnézer bavihg eworoat diselkdrge elgctrdie feepoddciogibl-polar charge catras f i r st
region is further fromthe first outlet than the second region is fromthe
secondyithifi lRtnonadsizENgasBim itd Uict Dy 0fm bR RshiZc@aaR LRGN Néwingriata and second

regions is at |east generally equal.

downstream direction;

a gas transport channel having an interior through which the ionized gas stream flows,
wherein the electrode is at least partially disposed within the transport channel;

a reference electrode at least partially disposed downstream of the corona discharge
clectrode; and

at least first and second outlets that divide the ionized gas stream into first and second
neutralization gas streams exiting the transport channel, wherein the ion flow rate of the first
neutralization gas stream is different than the ion flow rate of the second neutralization gas
stream.
21.  The ionizing manifold of claim 20 wherein

the first and second neutralization gas streams are directed toward respective first and
second regions of a wide-area target,

the ion flow rate exiting the first outlet is higher than the ion flow rate exiting the second
outlet,

the first region is further from the first outlet than the second region is from the second
outlet, and

the distribution of ions reaching the first and second regions is at least generally equal.

22.  The ionizing manifold of claim 20 wherein

19



22. The ionizing mani fold of claim20 wherein WO

2011/ 053556PCT/ US2010/ 053996 the transport channel further conprises
an out si d®o0riEss®s at | east a portion of which is formedTafS2@opsdsgerer with
a charge relaxation tine of at |east 100 seconds, the ionizer is a high
frequency AC ionizer, and the reference electrode is disposed on the
portion of the outside surface that is fornmed of a polyner. 23. The

i oni zi ng ni fold of claj 0 wherein the reference el ectrode i.s.integrated
tothe ¢ EnEPeY EHERRLIT GO B PHEn oAty Jet HBYTSR PLEMBdRpr | ses
an electropositive gas. 24. The ionizing manifold of claim20 wherein at

| east farmsgrafiagwlgnerrniéh ¢ ehaispislaxatpmtmelol phleptid89 secoads-ved i nteri or

surface, wherein the first and second outlets extend through the portion of
t he transpadhdioohranisealhigh frbquchey AUl wetter, abéri or surface, and wherein at

| east one of the first and second outlets is at |east substantially

tangenti al liye @ffdrgie@lodtrblic ishiBsposddv@t the @oRfontdTehd Mitsidé Qirfaad tfaaaefonhed b0
t hrough- channel 25. The ionizing manifold of claim20 wherein t he

firstz§5ﬂ§ﬁ%ni s a long-distance outlet that is |ocated such that an
unobstructed path exists between the electrode and the first outlet, and

23.  The ionizing manifold of claim 20 wherein the reference electrode is integrated into the
transport channel and wherein the non-ionized gas stream comprises an electropositive gas.
24.  The ionizing manifold of claim 20 wherein at least a portion of the transport channel
includes a curved interior surface, wherein the first and second outlets extend through the portion
of the transport channel with the curved interior surface, and wherein at least one of the first and
second outlets is at least substantially tangentially aligned with the curvature of the interior
surface of the through-channel.
25.  The ionizing manifold of claim 20 wherein

the first outlet is a long-distance outlet that is located such that an unobstructed path
exists between the electrode and the first outlet, and

the second outlet is a near-target outlet that is located such that an unobstructed path does
not exist between the electrode and the second outlet, whereby recombination losses of the
ionized gas stream flowing from the electrode to the first outlet are lower than the recombination
losses of the ionized gas stream flowing from the electrode to the second outlet.
26.  The ionizing manifold of claim 20 wherein the first and second outlets have cross-
sectional areas, and the cross-sectional area of the first outlet is less than or equal to the cross-

sectional area of the second outlet.
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the second outlet is a near-target outlet that is |ocated such that an
unobstructed path does not exist between the el ectrode and the second
out | et, wNeretyossseonbi nati on | osses of the ionized gasPsTSamofosays ng from
the electrode to the first outlet are | ower than the reconbination | osses
of the ionized gas streamflowing fromthe electrode to the second outlet.
26. The ionizing mani fold of claim 20 wherein the first and second outlets
have c¢ross-secti.onal ar .~ and the cross-sectipnal, area _of.the first.

out 171 5 MELoninag g T Thendr Bale SEdiagariofaa tBrfrstigebighi
outlet. WD 2011/ 053556PCT/ US2010/ 053996 27. The ionizing manifold of

cl ai mig® thipescend ovid Whicedbyrerpenbisationdgsses olgthe Fuizadrags sisean Bewingdiomihg s t o
t he second outl et whereby reconbination | osses of the ionized gas stream

f 1 owi ngniterdonthehesi @nliczar lowertthan the retondunidtion lasses dfaheroniedigas steeam

reconbi nation | osses of the ionized gas streamflowng fromthe ionizer to

the sawengs AuinltBé ionizBto thesedodiogtierg mani fol d of claim 20 wherein at |east
a portion of the transport channel includes a curved interior surface,

wher eijg th qh@i&ﬁ%in@ﬂ@m%f@&%lﬁfﬁti RorEla® ﬂgstteﬂ%&ff&b of fi€ tﬁﬂé&;‘o%aﬁﬁel the

transport channel With the curved interior surface, and the first and

second _npeutralizat.ion streams .exi.ti,ng-the transport channel ve toward the
First s A na g analr s ot Mol S ssReeEsalibr e thop Ul B POMER e

by the curved interior surface of the transport channel. ..
y of the transport channel with the curved interior surface, Fe)md the first and second neutralization

streams exiting the transport channel move toward the first and second regions due to tangential

and centripetal forces created by the curved interior surface of the transport channel.
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