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I nclude an encl osed reaction vessel housing at Ieast one pair o par allel,
spacgd-apart el ectrodes defining a flow path therebetween. The flow path
wi || be cdiyefuVepornRerdé&ions:reduce the size of the reactor and enhance
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order to reduce the size of the reactor and enhance the structural strength of the structure. Depending on
the geometry of the electrodes, two or more pairs of electrodes may find use. The vessel will include at
least one inlet and one outlet, and the spaced-apart electrodes will define a flow path from the inlet to the
s0 outlet. Preferably, the electrode pairs will be arranged as concentric spirals or rings, and the flow path will
be from the outer periphery of the reactor to an inner collection core at the center. By arranging the
elecirodes in generally concentric spirals or rings, the electric field is focused at the center of the reactor
which forms the downstream portion of the waste ‘gas flow path. Such focused energy enhances the
excitation of the vapor molecules, facilitating their romoval as their concentration in the waste gas stream is

s§6 depleted toward the end of the flow path.
Although the preferred electrode arrangement is in a spiral or concentric ring geometry, flat parallel
plates and other geometries may also find use. For example, flat plates, circular discs, and cones may be
interleaved or nested in parallel to dsfine a reversing serpentine path having the desired ratios of electrode
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The PER : o GAVESL Ja8 3By crhrﬁ']ﬁbhelﬂﬁ @I@@Gt;%?&ieﬁd?aﬂpﬁoo Qatts? afebiv09%bst ahe &ﬂﬁb?wijDCVD

react or (&dve® &bm tsooRRerh ol OB 9480 Had RfMoVEACIHAR 11600 sdoMUBIR] Bl dbaGENasd whsg
short vaGshdved RN asobissoasfionf sufficient size to provide a mni mum pressure

drop. A resFiglual a gaph aned e SHREEK hamyht il siianechs laiinetbnat dlaye dassmiow. Toormisaf

t e PER. lifdai Seshnde, idicatiRetiiatt the emsitioneoft dianesddeamet falh aif hith Snograsings loads An linear

f unct i @n reporishef rehctqy Pressura witht flow iSPEEHR. obtainedh as isimaww p Fig: 10TTe imreass nmeesguiRIYith was
pl aced i mm@ebrainebyfimpthe partiahdisdociatiop oFEHR, is pansistent with Ihg ke sigal angiysis pbays.ed

t hr ough t heTHeRRpesitechfitarpoviie elpapdasarae anglvzad andecontsmed taoer anaspheysogficera The Slay o
signal . Mw@sedhewnyand arsly disrosardkoh ogetearuiih the glectiody Bbslateyas | ow rates and power
| evel s were repeated, and the results were found to be reproduci ble. The
out put45of°"!'ﬁ'é RGA was in the form of mass scans covering the range of

I nt er est is a library mass scan of silane al one

4 R "
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[err] om curv ows the?
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since the backaigtidig ﬁ‘@%ﬁct od (84,5540 58, B4 20 €108/ @Z&aaﬁ'adl@lfeqﬂbﬁcy kJeldclhically
backgr ound g@afe ¥sbOspdéistin HIGRE bikeAG HREHHE eiwdsn L olbidSds 12 foacta the Gifacdd teTBSS
32). There Yadirodestd Gépositiidokétér inttndrétine)Sity in the spectrumfor H2 (mass 2)
whi ch gas subtracted fromthe H2 signal's. 30 A record was made of the
nNeasur ement & pladith Gettabin tréltor dgiardaie Nf witesrDe pair off sppued@part, paraliel, lextrodes ¢20:22) ve
signal, H2 aehak spiral fidivpaia therebetiveandroi titeinlbt{14) tethelautiel (t6)8 per m nute (sccn)

RGA gain, RGA pressure, and TC
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“gauge pressure in nforr. Fromthis record, graphswere prepared illustrating
the performance of the PER. Fig. 8 shows the change in[err] (proportional
to silane) for rf power-off and : i vided by the signal with
power-off. This represents the a%%\?#s%% | ane renoved by the PER as a
function of rf power. It was 35 found that the gas |oad changed the

rel ativg of fikshia@RfattionAbactP 8in\eRind 6 or citim b Sdlein % et Bhnkidh Bariliel sMER0de8 f80f AEOVEd
from a 90GnsReaY WiVE sedart barfRAso pirlel " ERNRE! (620 to Qethid 04) réverking Tsbrpditing Paih about
83% was T agpsbesledrOfomtheHABOGEHAE T bltetse)i 9. 9 is a graph of the
relative[err] peak height for silane as a function of silane mass flow.
There | & & plasw@aéxtraction esaster, ad inddlabattl, rigint Bair claive 3deiEpan theomaticodf the leknterddoes
not fall d2052260,62)102104) eerfaceged 1o diwh. volome betesan thb(blectraslep israt leasd Abopelaent Br
pressure with flowis also obtained, as shown in Fig. 10. The increase in
pressur & Wi plesmafeximstigar reaptor @® inf any preceding qiaim.t whatsindthe lopath aft the flovopetieis e} lepst

consi st entabeyt 180 ahe H2 si gnal anal ysis above. The deposited filmon the

el ecft odes was anal yzed and confirnmed to be anmorphous silicon. The filmwas
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(12,52,]0 efinin art 14 5 and an. ar.t 6 for a
gas i%r% a%’?al defc;ra ;jxtgaci ava orr’frorR th i aI eﬁm oa/{n’g ?as thr?? Bdaégr)of
102, (o) % g:ﬁ %sofbosg@gar&g@md%plw the gas streamto flow
in aflow pajfinh#e gf%dgﬂhtoﬁfcallpgﬁéitﬁ %'v&%r thereh: ﬂlt&‘tres‘éii
means for sdﬂs&aﬁﬁaﬂﬁal Etheeéx@ﬁdr Stt(t ot thestoctr&ife i t a%Stabf@ fiitdi O

f requency tiefsoR Wby ietst Irb Mol ¥E brltid \3pdé AtRiracteld A6 & dxﬁhustttﬁs a&smst ream
passenng between the el ectrodes to react at the surface of the electrodes to
deposi t 8.a Acobwscas irf tlhimn 1, ehe@DNthe .clebitodds ad BPI&BOafterXthé dilxi itHicRngse Rdedds &S | N
claim1, hestedmined apaint. of spaced-apart, parallel electrodes (20,22) define
a spiral flow path therebetween fromthe Inlet (14) to the outlet (16). 7
EP 0 29% A0t a8 in daip|7z08 nlaimes whereit the matip obibe elpctiade area tolthe veluhetye flow @ternf 2,
wher e n a tifej exkaustigan itregrm ignt feastiabqut ¥ minkmodes (60) are interleaved with a
second bank of parallel electrodes (62) to define a reversi n'g serpentl ne
pat h t h# &yBetiedan i glaim 7 ¢laim 89y elaim( &y 9'?"6)“‘9 [qlectrpdes qke drivep gt radip freguengy
extractiof H"@%fdg | of gt lepst abqut, 0.0y watts ppigr, ob elgptrode areqSoyas tgexirach 4t Iqaptab ‘5??0 of
t he eI ectl"l? * (° ® P60, 62, 102, 104) surface area to the vol umre between the
el ect o.giaqe thess I east about [err] 5. A plasma extraction reactor as in
any prece ngpc arm wherein the | ength of the flow path is at |east about

100 cm 1Q,,a§m &u&lncﬁé ggr%%nhon reactor as in any preceding claim

wher ein't e Ho &0 %ind Whasififing {14 89 ARd eﬁu@%ﬁ&k%tﬁﬁ ds}/se
I Nt epsi fyeﬁ,gng Wadﬁm rttel d therebetween proximate a port in the ow pat h.

7. A net hqg AbfindSSieinafdet %e&dﬁéﬁpﬂfemgﬁd@ma?d"lelgléhﬁ%a&n @652 6ble2 GG R0 TBIb Mrbg t he
pl asma exthainabd BehaReROSigedrdnef sifkbund den Ghs3irdi® soleifschrérikes] BB bR dinér GBWInGdnBA) !

passi ng t [sesmurgawegizwgcton bartgermnte BipIaESEoung andAdsrBsmalctrsaties; and dri vi ng

t e el ect winel Eictituny 2o Befrélisn Lipn Elgktatich @4,26,30(58)64, 001|106, 108) mit teinagRédivtrequamen r

t her ebet wemneiteo Dampfspezie s tzavisthien| dep Elbitrodsh Hidderchgediinttend Gesajpam efekiraniseh swr f ace
of the el evegenderdahpid anhdar Qpprildiche odor tElektratiom indagiet.i inmeinke kehdirenteh diilmbgearayf

| east 75 m@bAulegsyy-of the vapor is extracted fromthe exhaust gas stream 20
8. Anmethod as in claim7, wherein the electrodes are replaced after the
filmth# cl?ﬁ@ﬁ?%é’&@% ?'\eﬁ%ﬂp@F’Pn'né'Ef'"aﬁ'BtP 3gr. img Abstangopgingndes angpogdnelery, 7 or
cl ai fA 8, \H’Pé'}a gﬁ;ﬁ] P (Q022) fischen eingrder pigen $RialBHRIGNFHIMYPISVEI Yahw

rate of 2§'"'a" ¥t St ream | s at Ieast about 10 min/cm 10. A

g:at ?ggl %s fPiagma(t:elxta akngrb%(F ?ﬁiTWA§ slicn G/ o%lar wbr ste R a?ahz er?e&ﬁof;%éf ‘%jmﬁl ;Ir ven
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4. Plasmaextraktionsreaktor nach Anspruch 1, 2 oder 3, worin das Verhiltnis zwischen der Oberfifiche der

vapor .
Elektroden (20,22,60,62,102,104) und dem Volumen zwischen den Elekiroden zumindest etwa 1 cm™'
betragt.
55 :
6. Plasmaextraktionsreaktor nach einem der vorhergehenden Ansprliche, worin die Linge des Strémungs-

weges zumindest etwa 100 cm betrigt.
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"1. Pl asmaextraktionsreaktor, unfassend: eine BehAlterkamer (12,52,100),
di e ei ne EinlaB6ffnung (14, 54) und ei ne Ausl aBdf fnung (16, 56) far 36

ei nen Gasstrom definiert; im Abst Eg%;ég Eqnder angeor dnet e, zuei nander
paral | el s El ektroden (20, 22, 60, 62 3%’ die inner-: halb des BehAiters
angeordnet sind und den Gasstrom so ei nschr Anken, dae er in einem
gewundenes) BlasnibdiiraBtoneshkiei @emeané%erde@em%easma NAr@5Ha¢He Uktein UtE  Elektroden
AusT aB6f f nupn,25,102604) kombmAsclrizivinafdel HRiBoransinsing tuirebil SlaktabefestHoRIdabvastash in der
(24, 26, 30, 5RuHAinbPAtmlRHiIMIStBmungsiveiunmensiiehof r equenz, 40 um ei ne
Danpf spezi es i mzwi schen den El ekt roden hi ndurchgefOhrten Gasstrom

el ekt r eni7s c Merfatwer zure dratrahieso chinBs Phrepfes aud caine@bAhighdsitanin entereVenkenduag rdoel €lasmaex-
reagi ert, umaktidnsreaktdcoiragh Ansparh B/ wobel slaagdnarats\(erfatyenrumfasg .

Pl asrmaext r aftasiHinduicksghickon dercAbigasan syjscherheiniandepgegentbeifiegepdgnrpaialinlenfiaktioddn; und
vonei nander dasrfiptreipeinder Ejektragen mit Ragdipfesaprnn Weg dasogiekirpnisches Frreppre Hes Batpfps(dpDni22)
zZWi schen ei fFApH&M '@l"‘f?é‘?ﬁ‘t"§'ﬁﬁ"rda'l' pespmiop ereatan Ramahsdee Goerticheyias Eleigrademymausahy
Aus| aB( 16) 20l Spyeh eingn istagilonfildarayt sbgHagPBaRPdIch FUBIRdSRH SH Malch des Berapfes
worin ei ne Bfdem ARgaspiomyadraligriyyesdene| ekt r oden (60) mt ei ner zweiten Rei he

1 el trod t h
Ckohr endn agiver A5 ﬁg@ 7SI §8 Fachn it BT GRDFE B oty
defini gren. S A NEeXt T ok Ionsreaktor nach Anspruch 1, 2 odor 3, worin

das Ver h'%' t Vérf%hrgr‘(\"nﬁéﬁh%pgaé ﬂ%ﬁ&rb edag e\ferlﬁlt%l%&p dgrzglela%d%ﬂécﬁg ’UJI(P %gr104)

und dem Vol yikiduéiHes St
Pl asmaext r akt i onsreakt or nach ei nem der vor hergehenden AnsprOche worin die

LAnge deso.Stérafum béch AMRBRA 77 B 5bét 5 Wbrintdie\BIek@fenCiint R&idiréglienz und mit einer Leistung

8~ ~~gy~~| 1ichLdrhihdebildtid 6,01 Wattfto@m2 Blokirbdéhfiliche BetrigBom werasns it alihihdussded ot Md)-
nach ei nem wades Damites Qatedhden. Anspr Uche, worin di e El ektroden

(20, 22,102, 104) konzentrlsch zuei nander angeordnet sind, umein

el ekt ri sceeendfegtichsdazwi schen in der Nahe einer Offnung im Strdnungsweg zu
intensivieren. 5 7. Verfahren zum Extrahi eren ei nes Danpfes aus ei nem
Abgass#r dm Umtéesteuyd'extraction dejplasna comprepasbx- t r akt i onsr eakt ors nach Anspruch
1- 6, wobei dagngenabitde rdgpentih?. 53 109HIgImIssang whorifipedlentréndé rﬁﬂ:qwn °E!ﬂ§8 d%ﬁf@‘&’ses
zZwW schen elﬂgrrf’a}é?m‘ waﬁqgfrqg% enden aral | el en El ekt roden:;

Bet r ei ben der Fé §u%26°uﬁa' 125 189) ctitpges rﬁ'ag

t‘%
des Danpf es®? ‘Wia"t % éaﬁtdeh ‘Q%r? Yﬂ"&ﬂbﬁ""ﬁ@r‘?"ﬁ‘?g‘&%e@fﬁe &P P%fﬁ?%ﬁe'ﬁé % an
der OF8rfl %%Sg Gl ﬁ'{‘?’ °"ﬁnzu et,-

ur.ch e
st abi | en FI %;,ﬁ re onctonner él odes 24 "J q {,9% 10% |}a aus
dem Abgasst.wsia&%fm%t}méﬂw il /'i? %ﬁ% ?’5 ? ot wce'ﬁgiﬁf?n%%'

El ekt r oden erset zt werde md| e ﬁ e| n vor e- Stl mt es AusnmaB

Uber stgi @t . yd@adlour Y@kifaddoh %9 pﬂ&@ccﬁlﬂ%ﬂfab@lﬂ rekerfibafion3; dahd felgiibl UiSpal¥s BibduloBdsS
zW schen degsphdsediarmeleyRo, 20 nini U tlRt d'scalibiidht b Spirlie Bntdt deMialeN@splia I'ehtr8SA )
Abgasst r or ngsquauddondgsd). etwa 10 m n/cm betragt. 10. Verfahren nach Anspruch

7, 8 oder 9, worin die Elektroden mt Radiofrequenz und mt einer Leistung
20~ vV@n Uniréactele sitoxiedctivh d8, glibmE\@brhme Hans darRvdndieltion 0 canfahd la hevetmidationed) @ans

wer deryp um lequel urdpremiee graspeOQélddrbdes Yadiiddes [180)Btaimbriqué gat intalvaletios ravec un second
Revend| cat | grpupe ilectrodet panalitles 1(62) rrowl” dsfinir wre traietrsinteuxpd inyersion: omyor esfieeret denvise
chanbre de lfeaideip4 ivsay2ia sor¥(86)100) defi ni ssant un orifice d entree (14, 54)
et un orifice de sortie (16, 56) pour un courant de gaz; des el ectrodes
espacees payhrepdaued' °’("2€f'°" do P'aﬂt"ﬁ °°6‘2“°df la reyegication 1, sevengigation 2.0urla revendiser ot
cont r & gnan °"$3 edq0s (gAush e ’ﬁﬁ?mga g 'dife §° é'{f@?,ﬂ ‘E?'ecé’ &g 2 9R r PPet0puaelyme 8ent
entre les off '?°(‘,'8 S G818 Mo JavirghT em™. e sorti e, qU| est a Ci rconvol utlons

des noyens ‘5) Sir nct.i opoer | es 4Lectrorg\<,as lé er‘?’l eﬁ ue as
106, 108)* @i&’ﬁ'dita,e ﬁﬁ&&?ggiﬁmm@fgw il pedsei e Sme e e

de vapeur az passant ectrodes pour rdaglr a

la surtage tﬁir??éa@tlanﬁcé &t BQ‘;Bfasr%QS}ﬁrﬁé did drle! BYhABREE Pléciidhte GEbIbIRGSS dans

lequel les électrodes (20, 22, 102, 104) sont arrangées concentriquement pour intensifier un champ
électrique entre celles-ci proche d'un orifice dans le trajet d'écoulement.

56 7. Un procédé pour extraire une vapeur d'un. ¢ourant de gaz d'échappement employant le réacteur
d'extraction de plasma des revendications 1-8, ledit procédé consistant :
& faire passer le gaz d'échappement entre des électrodes paralléles opposées; et
& faire fonctionner les électrodes & radio-fréquence et & exciter électroniquement la vapeur entre

. [0 Iill\l—III|| ||I|| | |II|



*35 ™. Un r~acteur d'extraction de plasma come dans |a revendication 1,
dans | equel une paire d' el ectrodes, espacees paralleles (20, 22) definit. un
trajet d ecoulenent en spirale ?é? &ﬂd%ﬁ_d depuis |'entree (14) jusqu' a
la sortie (16). 3. Un reacteur e ?ac I de plasma conme dans | a

revendi cation 1 ou dans | a revendication 2, dans 40 | equel un prem er

groupe d' el SHIE fird Aagit bepkiBiomérd ) todftd db Vabdiv Bxciéd 2 lauRsce Hed loGtddeVAIC UN
secOnd gr adperchirl @6 peMsiRSstBRIsa dofdsh gfa6ed gl Ul meifs 79% én Mbled dedh GdperitisBrieUX &
i Nnver si on eRidits Bu EtahEd-ak dd@appement. entree (54) jusqu'a la sortie (56). 4.

Un reacteur d' extraction de plasma comme dens | a revendication 1, |a

r eversdi 8.atUnogrocédé torhrae dans dan chverdicatidb 7, danstléqoel 165, élebirodes st uarhpldcées appsoqub de

| " ai re de I'spaissau du tinGixeddd udparft®prédd®dmit®d®, 62, 102, 104) au vol une entre

| es el ectrodes est au noins d onviron 1 cm'. 5. Un reacteur d' extraction
de pl asfa Worreeddél semme densr la yevartlicstiani Hau jar revandiestion: 8qdpnd dagual Uee rappiiinde larguel

| a | ongueffélagioder 3y dbit roluméliinuendifrovlergent sy qewpMsdeggazndiéghenpenerd estray BBING.  Un
react'eur 'eBYIOP AR MSM- de pl asma comme dans une revendi cation precedente

guel congue, dans, | oquel |es el ectrodes (20, 22, 102, 104) saont arrangé6es
concent {9 "e?’@g?é ° {548 %Ief‘ 'EPE'%”UF: 2 icgtjop 8;quj '3[?@"@!’? B 9cganp éagy‘gi n
proche ' i BRTRECMAE TR *;-&onquzl‘;geb% E’éﬁ‘i& oo Somies el o ae padi

ext rqg’ re 8 ?/aaﬁeu g e isLted 33 gaﬁ% ‘ﬂmgﬁ%app%ﬂ?s 8 a8§/"é'nt | e
reacteur d extraction de plasna des revendications 1-6, ledit procede
consistent: & faire passer |e gaz d' echappenent entre des 6l ectrodes
paral | el es opposees; et & faire fonctionner |les electrodes &

radi o-frequence et a exciter electroniquenent |a vapeur entre | [!12ill!
1T¥1311 1liii 11112 BI il EP 0 296 720 Bl celles-ci pour faire r~agir
sensiblenent la totalit6 de |a vapeur excitde a |la surface des El ectrodes
et deposer ainsi une pellicule stable sur celles-cl, grace & quoi au noins
76% en nol es de | a vapeur sont extraits du courant de gaz d'echappenent. 5
8 Un proc~d4 comme dans ia revendication 7, dans |oquel |es Electrodes
sont 25 enpl acdes aprbs que | ' Npai sseur du fil mexcbde une quantité
pr~d~term nee. 9. Un proc6d6 conmme dans |a revendication 7 ou la

revendi cation 8, dans loquel |le rapport de |I'aire d' 6l ectrode au ddbit

vol undt ri queo d' 4coul enent du courant de gaz d' echappenent est au noins 10
d environ 10 rm/cm 10. Un proc~dd come dans la revendication 7, la
revefftli cation 8 ou la revendication 9, dans |equel on fait ‘fonctionner |ea
4| ectrodes a radi o-fr~quence et a un niveau de puissance d'au noins environ
0,01 watts par cnR d" aire d' 6l ectrode, »de fagon a extraire au noins 90% on
nol es de | a vapeur. 15 20 25 30 35 40 45 50 55 10 I
1111311 111111 11111 11111 111111 * c L N s *

40
45
50

56

° ) O O
’ * ¢ L M S *



