WD 20091158249PCT1US2009/ 047631 PARTI CLE TRAP FOR A PLASMA SOURCE Field of the
I nvention 100011The invention relates generally to plasnma generati on and
processi ng SYAPYWHEIR4? 5 In particular, the invention relP4Tés5200%04etlhods and
apparatus for renoving contam nant particles froman activated gas Background
[ 0002] Pl asmas are often NG qFessMhasdiiRcghem i n an activat ed
state such 10 that the ggégilggﬁ% en ancedésclﬁeﬁ‘l&%a reactivity. In sone
cases, the gases are activated to produce di ssoci ated gases containing ions,
free radicals, atoms and nol ecul e ielﬂﬁﬁe iv% Oql gases are used for nunerous
industrial and scientific applica processing solid materials
such as senetnducEerinwafi@r $]atgs guteally, to ahsina pdneratiga sresprofsopeequipasno f

acti vat ses. and . condi ti ons, under ich materials are exposed to the gases
Vary i del JngEBERG G B RE A RLRF AR B PR P Euh e BRREN Cpover ar e
soneti nes rgeidlds dm 4 detieatgd s for di ssociation to occur. [0003] Pl asna
sources generate plasmas by, for exanple, applying an electric potential of
sufficient magnitude to a plasma gas (e.g., 02 N2, Ar, NF3, 112 and He), or a
m xture of gases, to ionize at IeastB&%Mﬂa)n of the gas. Plasmas can be
generated in various ways, .includi n%, scharge, radjo frequency (RF)

di schar ge, M ni drieweey aredfis Hardge activeie gpise RaFige tsiha8 Ap actiyried SEti 8Yed by

appl yi nty a RetRYak&lhaRein@8mctdhealiQf taokles. ThsomelasssBe P@ss &k adlivaebas ge

pl asmas are achi eved either by capacitively or inductively coupli ,ng ener gy
from a powarodigpgisseciaipd@ages spairag lfmscﬁ“iﬁwa‘i;%al%E@W&P‘%}@OEF‘&%BI%‘SS&_P@ “dchi eved by
directly CO%Qés'a%s@a ﬁﬁﬂm&fé‘»u,@ﬂﬂﬁﬁ&ﬁl%ﬁﬁ&Mﬁﬁ@aﬂﬂli@iﬂ%ﬂ@ﬂﬁmﬁﬁa@?)kd%_gssiﬂfg@Ql@dN into a
di scharge chanber 25 containing a plasma gas. Plasmas are typically contained
wi t hi n chanmhwerials fugh assemicondyroy eerfess, prwerd.|ang othar gas¢sa Psopstlich ohactiEatedi num or

st ai nl ess s}.eel [ ' j $o AN 8hdeZ vars IRRN dBendifd i um
oxi de, zirc aﬁ%lﬁgé&n:agg%g%‘%; gzpﬁ‘g u?]dlﬂ%ilf%qre?]él*?%ege? Fgooda&?kn%g\%‘m e%reré)blgtem in the
art of W aswmethganpéicaionoigniicaitamopats of pdves agsemefimesirequingd irethapasmaorch can,
for exanple,. co 1N t he pl asma generator or chanbers coupled to 30 an
out put of t(}%sesg%l%a@%o%gnber. A need therefore exists for decreasing the
nunber of cl@AX N Neladmarantcecepsraterplachs by fedxgaslespghimraateldirigypofshta wh
Igﬁcg:]ta ;[ Iogn s%%lijclie%%géﬂitude 0 a2p gs%algg.g eé.lg,P(S:zT 1629%%%1‘93{ ﬁ;‘ ZnGdSI-%’e),S S TR M I)f é[a?e%,

to ionize at least a portion of the gas. Plasmas can be generated in various ways, including
20  DC discharge, radio frequency (RF) discharge, and microwave discharge. DC discharge
plasmas are achieved by applying a potential between two electrodes in a plasma gas. RF
discharge plasmas are achieved either by capacitively or inductively coupling energy from a
power supply into a plasma. Microwave discharge plasmas are achieved by directly coupling
microwave energy through a microwave-passing window into a discharge chamber
25  containing a plasma gas. Plasmas are typically contained within chambers that are composed
of metallic materials such as aluminum or stainless steel or dielectric materials such as
quartz, sapphire, yttrium oxide, zirconium oxide, and/or aluminum nitride.
[0004] A known problem in the art of plasma generation is that particles are often
generated which can, for example, contaminate the plasma generator or chambers coupled to
30  anoutput of the plasma chamber. A need therefore exists for decreasing the number of

contaminant particles in activated gases generated by plasma generation equipment.



[ 0005] The invention generally features apparatus and net hods that can provide
reduced particle counts in an activated gas. One advantage is that the

i nvention nmiVWPR128¥2t%he 5introduction of particles or détEBPRYMHe nateri al

(e.g., a sem conductor wafer) to be processed. Another advantage is that the

i nvention provides a higher yield rate in the manufacturing of materials to be
processed (e.g., a sem conductor wafer). Yet another advantage is that the

i nvention provides an appar at us Supmary sfithednyentionceabl e to nini m ze

manuf act ur i o] i 0 ' ' ' es
particle co@ﬁqsﬁi 1\(,)mltv%}? iq?vé: nf’r“in&n e%gl%%lﬁge\éﬁ%%%gﬁﬁrﬁg %ngﬁﬁ%é&r? H[leapgag‘[%{)/‘g%e%&%gg

[ 0006] The ipaxtizietdoonts iri an atieatabgre.c One adattageis thamt tha invientien thinapizésghe a r enot e

pl asma ur.ce., The rticle trap includes body structure i an inlet for
oupt tng gt Ragets St ddrhontie ¥R Tr PRttt Al e U BY Sounling 1o
a process qgheoeked. AnbtRér.advdieagpad thatcheinténsipn plosides Mhighdeseldiragaia tikthannel f or med
in the body structure_.and.in fluid copmunicati.on wit%he T1,5bo structure
inlet and tAEVHRSHING PF MAETiFY ORFIreEssed (Rl miEORMNFLT YR nY HG ¥ Fat h t hr ough
the body stddugiiapees thitahe ©eBR8 pRAides 64 Gfalatus thafas HRasslhdaghlé tfingmizé r st portion
of the channel to strike.a wall that defjnes _a.second Rorti on .of the gas

[ )
channel at BHvGHrias fevaims Aqqthes adyaptege is thit therfavegtien redycsyparislh caghe

enbodi NnENt SwhilehBind@king k@ oRbRAIH SFhctiddleddhdst ruction that is interior to 20
exterior walls of the body structure. In sone enbodi nents, the particle trap

i ncludes a [P0 al i e inyentien i erorasenss feafesemBidarpdPhefmote RINEAGBYCF uct i on

i ncludes a BROLIRE HHBHRAdel B bbdyesABhiredRAVIY Bh Gt QR oUpiEnd tb RBnadiet 8ce of the
wal | of the obstruction. The cooling nmenber can include a cool ant channel to
recei ve a frempig plasme svirce 4nd aggptlelder conplingdo guatopess hanpher iled+ Therariéie traps[ 0008] | n

some enmbodi BN Gy ek P%aﬂgxg}u%l koimPE Ifn\gﬁg?odg%sru cdfg fnefﬁ?d cdrimSRPRioR WagdidTent s,

the first portion of ~t channel stantitally normal angle to the
second Por thodp stodctirh il laedthe bodyTdtaicyeesoutibta v ghs dhanneh defining a path thrygh theon and

particles inth I I t or k| i nd wal | that
defi nes thebotdﬁ Istﬁyﬂ%%?{&?%ﬁkeﬁ% a%lcgg}:nog]n% Si%séﬁlg%ro& %{h:s%n?%{%ﬁgee%on (Pg)ur face of

t he second staltel a wdlnthsgtakBnamzechndpnttion of the gaerthamdt] atraglasgl8 Gilaivio dd sverface

appr oxi matelf 45-135 degrees. I n sone enbodi nents, the first section and the

second sect?\élhe‘ﬁaé‘i ne a curve. The surface of the wall can be at |east one of

irregul ar oj00RXt UnSGme kibsdifients il atpstioh beabetdyrudion et isristetiar tdi sposed in
ngyr gt ngt l%l%?%ﬁ@s?o%gﬁfgiqdlﬁ gtl'lfsfg%g. nngr%%le&%géigl’entg, tfl)t'; ga%tslc ét%apd{n(gl%debs%t ween the
plurality of obstructions. In some embodiments, the obstruction includes a cooling member
in thermal communication with the surface of the wall of the obstruction. The cooling
member can include a coolant channel to receive a fluid to cool the surface of the wall of the
obstruction.
25 [0008] In some embodiments, the angle is between 45-135 degrees. In some
embodiments, the first portion of the channel is at a substantially normal angle to the second
portion of the channel. The gas channel can have a third portion and particles in the gas
passing from the second portion strike a second wall that defines the third portion at a second
angle relative to a second surface of the second wall. In some embodiments, the second angle
30 is between approximately 45-135 degrees. In some embodiments, the first section and the
second section define a curve. The surface of the wall can be at least one of irregular or

textured. In some embodiments, the body structure is disposed in the remote plasma source.

In some embodiments, a pressure drop between the body structure inlet and the body



WO 2009/ 158249PCT/ US2009/ 047631 structure outlet is |ess than approxi mately

100 mlliTor. In sonme enbodi nents, the particle trap includes a depression in
the wall of 4P 20083¥24%ne of the first portion or the sedSAdSPEPP4’6H of the gas
channel , the depression adapted to collect the particles in the gas. 100091In

some enboms‘ﬁ%&tu%’ou{lg% REY hbElrddiffell 68 Hﬁﬁ?o@ 17 95hd QEbdRABRL tlebatRR! M
comuni cati on wth the gas channe he coo er can i'nclude at Ieast
one cool anttraphmhmbaﬂ@prwe@numﬂrprwellbéelyeagt ongeof dleeﬁr&tmort@c@rﬁesepmﬂ pétion o cool at
embodi ment &1 (RS L, Mo o A R0 LLRARE bR i W O abod ment &
t he cool i ng[OﬁﬂSr}berImsmde cmbdzduyxemtsmlh@paatcld twsncludeparcbcblmg mn‘mliehmthatﬂal of the ,
the body st Tlnhieal Iy e e EOCRGR I oD R A S PraSER PELEe BRI ool ant
channel i s dhnrebfoshedsi st lmdtylsahdu;«e pareediveed flid td dvel aaéaht oportidreofgswahehnel .
100101The i pven n not her a STl f eat yres icle r a renote
pl asma sourg‘e %*}ﬁigboﬁté fg}f egaPF}?fﬂn i’f??&&se g‘&lﬂ}tss ﬁ% mggqué\?fﬁglugﬁa, nlet for
coupl i ng tQ:oalrlmlfé”;ﬂﬂbe{n s{aﬁle%ibe&iaie?tsnlhasmgn?ﬁwmal 1ﬁd1ftcﬁyllc@glﬁdteéastfaqfortﬁmUpl [ Pg to
a process er inle e particle rap, al sqg incl udes s channe
formed in t %%%Wéleer%ﬁeﬁqﬁirp@ﬂ i 6 (PPl e b %évoaeﬂ‘y

structure iwmé E&dy@ﬂdctﬁr@ehb@%é eiﬁuouﬁ{eufseapewﬁbﬁhe attléta@t &fé&o@lhﬁruﬁe{neﬂ@fat lBasig a path
through the body structure, gartl cle trap also includes a cooling nenber

in thernal %‘Bﬁ%ﬁﬁ‘ﬁﬂﬁcﬁ%r?%t%ﬁl?ﬂaﬂﬂﬁ thg gas pkhel . 1001111 n sone enbodi nents, the

cool i ng nenfggfo)i nofﬁéqﬁ\%nﬁ&n £ aRkheP e&%&t@r@&aﬁﬁﬁ&@%p ?(Qfa%rﬁﬁg plaE}nﬁ he body
structure to réceive a uid to coo | east a portion of of the gas

channel . |rﬁ031@ﬁeT1@ﬁrmmlmem1§clu@qﬁe b@émtmglrmmranulmq fw@slplangcteclctlﬁgb%l ate. The
cool ing ne | ., bldsObhaftbefinle! Thefarfcle. gas
channel . T@cooﬁ%lamagﬁgére%gﬁgg@ dl%osrp():o egg Sﬁ é]mgtpucturéH [00121In
some entfodi trapralse mqhhies paasehaimebioghed inghdwdy smcmucmme fhlecb@esmpmatlmcl es in a
25gas passi t. [ Stri pt hat
defines a 8»8%10{}]1%8938'35 ttllglghl%&?lgfﬁltdtgé;%og anne?getpa @%e %a%&%eﬁ%le ?mé@p 0 a surface
of the wal Ithrohgh the bed)eﬂ’uﬂuotdrerréﬁifcgartitzheragabo mhldtmi cootisg memhérrinl theondli on and
particles in t in the second portion strike a second wall that
defines the frﬁnurn%fg?%nr‘&q}bﬁl §?s%1 rTgond angle relative to a second surface of

t he second fjeel 1) . 'Illnemhedmbahmemt iieeco0 Ky lhemhﬁrﬁrmmedatileastm coelatittobarmkins e

vl | ot PERG UREoR TRES forti sy Bold BB dhuitr SaSell RUERM no gas

channel , t hehatlRPrIas$sine BmBstapERsl thecoolhd Membdr e 1yias 4 tavliag piate. e caimg WO

2 158249P 2 7
009/ 58 gmecr-nréeyganolggllre%ﬁy ggojl at least a portion of a wall of the gas channel. The cooling

member can be disposed in the body structure.
[0012] In some embodiments, the path through the body structure causes particles in a

25  gas passing from a first portion of the channel to strike a wall that defines a second portion of
the gas channel at an angle relative to a surface of the wall. In some embodiments, the gas
channel has a third portion and particles in the gas passing from the second portion strike a
second wall that defines the third portion at a second angle relative to a second surface of the
second wall. The body structure can be disposed in the remote plasma source. In some

30  embodiments, the particle trap includes a depression in the wall of at least one of the first
portion or the second portion of the gas channel, the depression adapted to collect the

particles in the gas.



[ 0013] The invention, in another aspect, features a nethod for renoving
particles froma gas output by a plasnma source. The nethod invol ves receiving
at an inlet 92081 ed gas generated by a plasma in aPERARHEPI47¢He net hod
al so involves directing the activated gas through a gas channel forned in a

body str UCt[PﬁBACO“fHeQHJeﬁﬁ ﬁ%&%‘dﬁﬁ s%@éttfegthx%%h{% toﬁ?or@@rﬁ{nhﬂ%eﬁgﬂ&aﬁmr?‘}ss' ng

froma firs rtion of t as c nel to strl e a wa efines a second
portion of gaheutgetsby@msmlsome abheamghasl inedletsireceiving ah as inddt ag ectivhted g wal | . The

ot hod 21 SOueh ek KEB L5 Aeblie 1REHHRY Sl 9RBLEXLLG RS AARa GRSl Lo @

process ch can |nvo Ve €00 Sortlon of
the wal | t dhoagseggahiinel fosmedintatbedpsitucinnt eufigasd to(raasaq:armleahrethen the wall. In

sonme e di hod nvolves O dir e activ as through
The gas ohaRTEILe BRE Sa5 s bRl TRt ERER b p SRR SR oGPhe channel
to strike ase&ﬁld(plﬂlomf’[hetgh:aéhadﬁfﬂ hte@ingle rdlative t@o Elrfaododthe Wak. Thamewbd at a
second angl? 3 seco %Hfurfacehof t he cond wal | Ihe nmet hod can

i nvol ve codi§orifvaayes Fig?fé’flg CHEYAL RS PX et ggﬁﬁﬁnﬁgﬁolaﬁrﬁceé dembethe particles
in the actioatsd gﬂﬁrﬁ@hmmvb%eo&ﬂlgtahﬁaﬁag&mﬂn‘éﬁihk wall i@ cdieé padelesan i nvol ve
flowwng a fluid in a cool ant channpel in the y..15structure to cool at | east
a portion JfeqhgatGhess o peruaylels Wi upieliiseme eraodipentsthe mehod WYOIVES cool ed. The

nmet hod gaN JiRVigiMBe 4B89MbAEAsIBroagH BEPARlnHeEofAhe 6JA§ sWidthre flofh BOERoRITDOdI ment s,
t he met hod involves %ener ating a signal when the particle count exceeds a
C

pr edet er mi rROFiqn; ofihe channektotriks pserpnawiat shat defmesya dhird partion|of thgbagelat pr essur e
drop betweep.aQ ahé:lb RlatRE td P&echRMNrBld dHeldieEor@RehIaThE HetiBll c&f inbhlee BN

structure | ess than approximately 100 mI1i Tor. 20[0015] The |nvent|on in
anot her as Rédeest afertioniod thegeopnd ekl tq eause Berburtielgs ipdhe ackvated gasdormesuglsteout put by

a pl asma 5O&rtﬁ@seCJﬁ%ﬁPtﬁ%%e{t‘%‘&%ﬂ%ﬁ@ﬁ%%{}ﬁ%gltng maa%hfahféh aftld] AGhd yil,ed gas

generated by a plasma in a SO 1 nvo directing the
acti vat Ed g@mctunrt@ugih atlegphs patiam nithe fval.nindsoing embbdmlynts,tthuwalm tsandifebdy net hod

al so involv 0 t to cause
particles i n ﬁeﬁééc ca&qﬁ’\?otlvefr Sé{g%:t%: ?Igéer&m\é%gglt QJaH Ii]ﬁ%%@%@?&% Sone
enmbodi nent sthe mbthbdsmsblves meﬂatmma ofnal bvhenth partisle cowchit emeds;a preﬂeteedmedl n sone
en’oodimantsli %hp net og 4 s re t|n a tegFe gre of t. ||. In sone
enbodi ment s, " t'hé SHEE f54° "ﬁ\/’b?\} o [ °ﬁ ? HBA eéwaeé‘sa“t‘ﬂ ¥ the gas
channel of lioldg sthccd;te aitd anctutleteof ket @ sthictisd lepsathiin approsimatéle 1ommmmbr to strike a
second fi.nes.a second 30 portion of .t channel at an

et ar AT JoblL, FelifRch, S G el thinRoa Mt RO r OB S B SE €] cast a

portion of dabeutp@agnchlwalalsoirge. cnw&@etwaanﬂﬂvaslr@demgaﬂaﬁ et ag hdtivate@gasgas to
t he t hod i1 nvol ves

i g\lfmwnl;a;effeg?rtatgg B & DRGSR M HEmAn dbe FTTAGD a”%@ vet digreting Ge peivalBEaat | east a
portion of thi@gh@bds ch¥R-PRAREIRE 2 GtichdR2 OBR/MB4Hf3ds0 involves cooling at least
a portion of a wall of the gas channel to cause particles in the activated gas to accumulate on
25  the wall.
[0016]  In some embodiments, at least a portion of the wall is indirectly cooled. In some
embodiments, the method involves regulating a temperature of the wall. In some
embodiments, the method involves directing the activated gas through the gas channel of the
body structure from a first portion of the channel to strike a second wall that defines a second
30 portion of the channel at an angle relative to a surface of the wall. The method can involve
cooling at least a portion of the second wall to cause the particles in the activated gas to
accumulate on the second wall. In some embodiments, the method involves flowing a fluid

in a coolant channel in the body structure to cool at least a portion of the wall.



[ 0017] The invention, in another aspect, features a system The system i ncl udes
a renote plasma source. The system al so i ncludes a body structure having an
inlet for cOUPPI®ESSY a chanber of a renote plasma sour FETARIYPOUL | et for
coupling to an inlet of a process chanber. The system al so includes a gas
channel foryggpgh i n 1116, RO $t dddfleHEPed Wathids § Ldieth, STHeQUMAIifAlde QA rpiotd) t e
body struct[gﬁ;‘”l nl et rzlang lhe %Hg{e Sﬁﬁuct%r eS m#eet the aé chann{ael Odefl ning a
pat h t hr ougtiastiasowod yThstsysiem alse lltCIthS @b&dy@@ugmethmhesn iniﬁt forgauplinadsd ng from a
first porti f. ond portion of
t he gas chefﬁ%gﬁgrggpgeﬁ& 02%@5%%%’%? %%ﬁfolﬁlgy\@tlr"(fughgé tc?%g t Qted%a%foscg 0018] The

i nvention, qhambmoffhesys&spfémmclfl@tatgaedlaanair&rm@dhmhe hedystractuagrand gp Buiparticl e 10
trap. The nethod. | voI vie ating a e Yins b I UGLUL t he gas
channel awoﬂién jpaf ?ﬂ‘glt @5%8‘%1 Y g’reclg dc[ﬂa? Qiy Stm urrrt())w{l)é:é tP 2 Cﬁamtg pl asma
source and (R:ﬁnmghbﬂhﬂﬁa@tﬂl(i‘bmfy sﬂﬁctpllelthhgcimemﬂ(ﬂﬂseﬁ a @is pasygit@s 8 fiechanber, the
gas channel bein C rtlcles in.a assin fromaflrst
Bort 1 onof REBTRABRTELoSHkeRandl i P ateciid pituth 8 Be BERHBH #58n of t he
gas channelangle réliivangh eurf:ek af theevatlo a surface of the wall. 15 [0019]1n sone
enbodi nents, the nethod involves therna upl.i cooling nenper to the
gas channel (0038} s obhe IRYrRERR Respother ?WECtrFlE‘[’tﬁrG F{%@BB%EE‘*“F‘E? 2RAYCEast  one
cool anty(c haﬂﬁe lThé ﬁleﬂ)b@ iR@R¥s &Eitﬂfgtalgraﬁcﬁaﬂndl BCEHOS sBudtlnd] e b dh@miel matwdge ast a
portion of t of the secon portl on of the gas channel . g] The

i nvention, 4ndn1§frféf’ﬁ’é°‘r0fa€§b@6’tg to p ghamhepe! arepaitalasma Seygpandgh oyl ?té ¥ asma
20sour ce. ThepRRM h&lnfet bf @probésg bhsatsr, %@@Marbeﬁg@&aﬁgufw t8tauddpdriidied an
activated gas gener ated pasmaln a chanb particle trap al so
i ncl udes a IFBEASPIBHRE @pm@éiristrpgrtton@f gechapaelda S@l&@aw}}l&?@ﬁefale@%ece%nnel f or med
in a body Sififidfhe &9 a'n @gh&Igleqaué@etearswf&ck%?thwvanhe activated gas passing
froma first portion o e gas channel to strike a wall that defines a second
portionlof O8] gasinshan nlelbocmﬂelaﬁ themyethod invelvésvikermallpconiplinge eooding membeal | . The
particle 23b AR aLiifndf {ARInbolRRARR, H0MeABR M chorh RS 168 BRI Lol Of the
wal | to cause ;ﬁa es 'Inthe activated gas to accunul ate on
[ 0021] The |01numt mcthr; bddy samatra ¢ reasipet flyid teetoliatdeasta pation ¢flthe walhpl theor a renote
pl asma sourc &8s ﬁ ga% |cLlsecﬁa£r§ i ncl udes a body structure having an inlet for
coupling to 5 8??8 88 fénbte pl asma source and an outlet for coupling to
a process cjoeater Thel 1ﬁv‘zentla'men aather adpect3@atturea p parkisle tﬂapﬁdrudasotaplalsmast one
obstruc on in tJi]fFe bodc)r( stru%t#lre. The_ at |.east one ? sttucttion S cPfl gur ed
to defl t RUYEs TR RRFAGTHRHBRIEHE PRPE0T YR8 b st A AL E S FHYT Y es i n
the gas to @dplk@qaanaunaﬁﬁfee Dhhe pafticl O dldodhdlades amaﬁ@mmmhﬂgitheraah&tedt he at
| east one obstruction is | ur I|t of obstructions. |In some enbodi nents, the

at | east onsgpiehides E)fh"ﬂlpﬂ PriftFe dn & D) sYBEeE £8 F%?B%?lﬁ%l}?é@l cool i ng

nmenber in tRavdied g6 pRIMGIfRAL A Bt ﬁurﬁ&l Sk Sadchaael toftrikd & wall thaeasineone
obstruction. The cooling nenber can include a coolant channel to receive a

fluid to cowrondmertiogof %@amhapm atgn gngleaelatgiedo g purface ef the wall) fhepasticle

embodi MENt Syapt MG iAlludes eﬁ{eam%r QRBhE WAbdsPopdrBorPotMRd Wall R3RbudeDabtidfeSid @E tO
exterior wall's of the body structure.
activated gas to accumulate on the wall.

[0021] The invention, in another aspect, features a particle trap for a remote plasma
source. The particle trap includes a body structure having an inlet for coupling to a chamber
of a remote plasma source and an outlet for coupling to a process chamber inlet. The particle
30 trap also includes at least one obstruction in the body structure. The at least one obstruction
is configured to deflect a gas flowing from the inlet to the outlet to cause particles in the gas
to strike a surface of the obstruction. In some embodiments, the at least one obstruction is a

plurality of obstructions. In some embodiments, the at least one obstruction includes a



5 Brief Description of the Drawi ngs [0022] The foregoi ng and ot her objects,
features and advantages of the invention, as well as the invention itself,
will be nor Ve a1y der st ood fromthe followi ng ill ust PAT(UPEYREEH pti on,
when read together with the acconpanyi ng drawi ngs, which are not necessarily
10t o scal e. g%g & o ]ggg | asma
generatlon(fég n%E%%%%é"|nlaygﬁgﬁgﬁﬁhustg%%%ﬁ%%gﬁg ea&C$E?&%ﬁax?hventlon

[ 0024] FI G 121e|csola1gsndmd:rm‘camndudmc®@ut¢mm touieepiveaf fluad 9 cwehthe gafaee afithon system
wi thout a c ccord n tiV

51 00251 1 & 8% Re R, iF S b0Ralelalt vl 15 G ¥ EuR L B s o o

syst em acdetedontg exteri@walls bfige bady stecardodi ment of the invention. [0026]FIG 4
is a scgfnatic cross-sectional view of a particle trap, according to an
illustrative enbodi nent of the invention. [0027] FIGS. 5A and 5B are schematic
cross-sectional views of diffBriefeseHipisli srehé Brawingda particle trap.

[0028] FIG 6 s a sc mat.i c s-secti onal V|e of a ticle, trap accordi ng
to an illusfPZvel %’68‘?1}%?&‘{‘5 eroRigcts, r‘f%????ﬁ’r‘} E?Ef myention Asdtefle pat i c

cross-sect i QM in¥in8¥h RdelfawlBbe hérk Gultyr @ﬂerst@@&ﬁblﬁltﬁh{l’oﬂ@wﬁ@ illdstratsier at i ve
enbodi ment of the invention. 25[0030]FIG 8 s ,a schematic cross- seftl onal
view of a piFiPEPR wheafﬁad&s@@reﬂw%twcwpwymg drawings, which are not necessarl

10  to scale.

[0023] FIG. 1 is a schematic cross-sectional view of a plasma generation system,
according to an illustrative embodiment of the invention.
[0024] FIG. 2 is a schematic cross-sectional view of a plasma generation system without
a cooling member, according to an illustrative embodiment.
15  [0025] FIG. 3 is a schematic cross-sectional view of a plasma generation system,
according to an illustrative embodiment of the invention.
[0026] FIG. 4 is a schematic cross-sectional view of a particle trap, according to an
illustrative embodiment of the invention.
[0027] FIGS. 5A and 5B are schematic cross-sectional views of different embodiments of
20  aparticle trap.
[0028] FIG. 6 is a schematic cross-sectional view of a particle trap, according to an
illustrative embodiment of the invention.
[0029] FIG. 7 is a schematic cross-sectional view of a particle trap, according to an
illustrative embodiment of the invention.
25 [0030] FIG. 8 is a schematic cross-sectional view of a particle trap, according to an
illustrative embodiment of the invention.
[0031] FIG. 9 is a schematic cross-sectional view of a particle trap, according to an
illustrative embodiment of the invention.
[0032]  FIG. 10 is a schematic cross-sectional view of a particle trap, according to an
30 illustrative embodiment of the invention.
[0033] FIG. 11 is a schematic cross-sectional view of a particle trap, according to an

illustrative embodiment of the invention.



illustrative enbodi nent of the invention. [0031]FIG 9 is a schematic
cross-sectional view of a particle trap, according to an illustrative
enbodi ment OVOeME1i8Penti on. [0032]FIG 10 is a schemat PETASHYYILeHt i onal vi ew
of a particle trap, according to an 30illustrative enbodi ment of the

i nvention. [g@i&giﬂ FhG 121 aséh&aﬁsbﬁgpge fﬁ@@o??ﬁ&t&@% Va'cc%%lﬁétoaanpart'de

trap, accor to an ustraplve enb nent o e i nvention:
2009/158249@@Wﬁ0@2®®9ﬁ@mﬂ63@hfGﬂgﬁpﬁlG. 12 is a schematic cross- sectlonal Vi ew
of a particle trap, according to an illustrative enbodi nent of the invention.

Detail ed Description 5[0035]FIG 1 is a schematic cross-sectional view of a
pl asma generation system 100, acc@etiiled Diescriytion| | ustrative embodi ment of the

i nventi 100 nc udes a te pl.as Y0) 110, a ocess
Charter S13g005 5 S0} f kot SFRs SR LR h piBut Serfiom sihesf L0, oo
source 110 dcsording pd aﬁllh@raave ¢mbodimehB bf thé ivireiopaThe slsent r@Andddes a kém@o e

enbodi nents, the outlet 125 is d|re oupl.ed to. the inlet I n sone
enbod ment S HETEo L epopes Shimied it ded T HRUGERPEIE G s 1A 0ES byt or
eﬁagl e, goﬁﬁ?ﬁlpﬁ{sm@lﬁo@&ehﬂlo 1§wubﬁb|t(9a1§ﬁmreﬂﬂﬂﬂfehe p-E.h&lepdranSm ihsqueoduced ina
chanmber 1 t he pl as rce e ng an electric

pot enti al %é’é’Ffffint?: %‘F\P‘%E% s iect choglylm Gagg( §n50££’ e%fw entsfhe NE3
and He)io OrouﬂetnI'%ﬁMh@ir&ﬂy g&m to tHR 1h1@tnl3§fbyaﬁ)r é}@ﬁﬁ)le acmmtloeathafsu&me gas in the
chanber 120. The %Basna I's used to activate additional gases introduced into

the chanberstigfizeg Th¢ plagmaa is|paedvgedsis g chanber §20 ?ﬁth?:i’lﬁ%j“% warcgdd? by-dtfal gases in an
activated shahfle sehbmlﬂg%telécﬁ% ] ohmmeﬁt%agﬁmm& ﬁglaﬁﬂa gmagcgg Ngactivity.

The acti vated gases "are directed out of the outl et [ asma source
110 and i nt4r Nie HagnéHe) 952 mixtugeof gases, fcionize atdepstigpprtion of the gas in the

chamber 120. The plasma is used to activate additional gases introduced into the chamber

15 120 of the plasma source 110, placing the additional gases in an activated state such that the
gases have, for example, an enhanced reactivity. The activated gases are directed out of the
outlet 125 of the plasma source 110 and into the inlet 135 of the particle trap 140.
[0036] A gas channel 145 is created in a body structure 150 of the particle trap 140. The
gas channel 145 is in fluid communication with the inlet 135 and an outlet 155 of the body

20  structure 150. An obstruction 187 is located interior to exterior walls 105a and 105b of the
body structure 150. The combination of the obstruction 187 and the exterior walls 105a and
105b defines the gas channel 145. The outlet 155 of the body structure 150 is coupled to an
inlet 160 of the process chamber 130. In some embodiments, the outlet 155 is directly
coupled to the inlet 160. In some embodiments, the outlet 155 is indirectly coupled to the

25  inlet 160 by, for example, a conduit or other suitable structure. The gas channel 145 defines a
path through the body structure 150 that causes particles in a gas directed from a first portion
165 of the channel 145 to strike a wall 170 of the obstruction 187 that defines a second
portion 175 of the gas channel 145 at an angle @, (e.g., in this embodiment, approximately 90
degrees), relative to a surface 180 of the wall 170. The momentum of the particles traveling

30  along the first portion 165 (along the negative y-axis direction) of the gas channel 145 causes
the particles to strike the surface 180 of the wall 170 when the path changes direction at the
second portion 175 of the gas channel 145 (then traveling generally along the positive and

negative x-axis directions). In some embodiments, the wall 170 is made out of a material



[ 0036] A gas channel 145 is created in a body structure 150 of the particle
trap 140. The gas channel 145 is in fluid conmunication with the inlet 135 and
an outl et 1%03?09@Wé49b0dy 20structure 150. An obstructi a§TAS70PR47pHcat ed
interior to exterior walls 105a and 105b of the body structure 150. The

gce)m)'ngg't ![ ﬁgegagﬁﬁﬁannefxﬁxﬁ Bf 29 &b &Fbg% {hgﬁlagé%x% 9&%%&6&1&&15%&1&&% ljtep5b

e out 155 o structure 150 is
coupled to lalmqlfnItmccmola@rontthmsupﬁa@fcwyfdwavﬂﬂelﬂO130 sommemm@nmﬂidamémt s, the

outl et 155 dnlet 160. In some enbodi ments, the
outlet 155 qzsﬁ%k&.%ﬁté@?’%%%f% %ﬁt&eg e 25inlet 160 by, for exanple, a conduit

or ot her sui0e3ml e Igttlmsncmbwchmeﬁlfrthe .mhmhmh%lha&dﬂnxd@rtmsl% Patitlet intizugh t he
body struct ur caus ct ed fro st
por t | on #6 Sgaa‘{ilr%che% fJI:' ﬁe?COEQBOI% J(§ Oﬁﬁe %aS Cﬁér.rﬁalsl%g SCCOII nh ?9@

rike #Re8 ruc |on 187
t hat defi nescandsaglodd (ep@r ini thin ethB&dimentf ztp@rq;aﬁateiy an degree”s)’i&lam:tve am sogide (Di

(e.g., in thi rrent a te relative to a surface
180%%1 the e 1030 ncrona ABR 1S T Sontenit 018 BB bl Phe a0t he 1 v st
portion ﬁGSSeécﬁlld@ﬂlﬂlothS Bﬂgagas\/cﬂaaﬁr{]neBMSScadSeE &Iété)gﬂia]!es w;] stﬁlkbethgee&omﬁaai ﬁ45 ]
causes the al’tIC es tr the s ce (0] t.he en t epat
changes dir ﬂf &% sztonﬁ Wéﬁéaﬁwﬁ the pat a#nmdl Wq%ﬂtja@v@m ?SS\MA} HeEHen
travel i g g@aaﬁfeai45y(h}@h%@eﬁn@a1oagmetdegﬁlva@¢xﬁ%eéuow Dhsavk smdbdiﬁeﬁm ams). In
sone enbodi nents Is nmade out of a materi al

2009/ 158249%iTI V> mady B4 sEBmatedalde.2., gupsis AumigprnenAlypingm 0é1dﬁ)ﬁhﬁm ®xi de) that

has a hi gh §§d gfeking cé‘éfﬁ&f:ﬂtcdaﬁﬂhg th@@hi%bl@gtotaG@tlnﬁlﬁétE b tRSwalla 98C Gi¥Heat € on the
surface 180 of the wal . In"some enbodi ments the angle 01 is between

appr oxi mat eqr@bOZIsneﬂ%hwg@r@@slgle[G@@@meﬁn emrecippBly fSrieAdegrese Iygame hannel 145
has a thir den%ﬁfnke?ﬁ% ﬂa@?mla@rﬁa‘b?&%ﬁﬁé&e& éagjr&&aasprggsﬁ@q}o%doe{vcéemehﬁetsggond

portion 175 of the gas channel 145 sStriké a second wal at a second angl e
02 (e.glS i amldtﬂm autletnt§6 @i therbody sipistues] Y9ethas |xs)/legoh@@gp1@ggm)at¢lg[l@ﬁ milkTers a second

surface 102 hp Cpror@ESgs“éiﬁ@uk &?%cung anne @fﬁ%getngﬁtea%gfit gljeﬁﬁtet ravel i ng

along the se causes articles to
stri ke the daowrsdusei Flaesl the2fond retite tb@«f&ndvmedsland@tﬂlty\/néthephsnpg¢mra@hlanges
direction at the third portion 185 of the gas 10 channel 145 (then traveling
al ong the né’gglfnl ve y-axis direction). In sonme enbodinents, the wall 190 is
made out of[08381at e icadlingenegnber mﬁasirzﬂlemiaummnumwaubn afitt thergastieanad#s5t hat has a

ML S BRcashehetioy SAUEL R MRRRL LSS5 A0 SaRU e an i vl
degrees. | nineel of Aleediyenicture 1308 1p3dhé &hvdirhéis, tie pafidfel tipried idcindpy Vi de a
150t hat | SPBLS of ReEna BRIl 615 HOSMEHI; e poling metmber 1951 cooled b & 7" €
fluid (e.g., water). The cooling member 195 cools the second surface 192 of the second wall
190. In some embodiments, the second surface 192 of the second wall 190 is cooled to
25  approximately 25-30°C. The particles entering the particle trap 140 via the inlet 135 have
been thermally activated in the remote plasma source 120. In some embodiments, the gas
entering the particle trap 140 is approximately 2000°C. The difference in temperature
between the thermally-activated particles and the second surface 192 of the second wall 190
results in a local temperature gradient in the gas. The magnitude of a typical temperature
30  gradient is greater than approximately 1000°C/cm. Gas species that absorb more plasma
power (e.g., oxygen, nitrogen, hydrogen) will have larger temperature gradients than those
that absorb less plasma power (e.g., argon). The temperature gradient imparts a force to the

thermally-activated particles, called the thermophoretic force, that acts in the direction of



Hi gh pressure drops can reduce the activity of the activated gas generated by
the renote plasma source 110, and therefore reduce the effectiveness and
utility of t\W@2MWPABAR generation system [0038] A cool i ngCHERHUEPOHEH s in

t hermal conmuni cation with the gas channel 145 20 adj acent the second wal l

190. In thi g CopadintBile dddié: CPRI 1bR%IRIRGE of the sa—it:c%g@s&ﬁ% i?wofﬂh@steﬁodd” a wal |

of the body structure 150. In sone enbodi nents, particle trap 140 incl udes
a plural it ywaf1¥euodaten therrembrsature gradiend indhegasowi thetemnopheretic foodeiagty torpysber 195 i s

cool ed by gnaIchws %V@a@d e ’cafﬁ?}\a %anfgg%ﬁqug lof e (sa%‘éﬁq) whil %&)5 Jl(% s&&%ﬁéﬁg ond

surface 19 the secon n-sone odi nent s, e seco surface
192 of the semdnufaallp2 40Be ssonbwhle ot apc@beap doxiormombina@én GO chfhge iparti cl es
entering the rticl rap..140 via t.he dnlet 1 have been .thermally activated
n the remord prad FesiBbucadp b et B il RihheR AR, V0% e
particle tréymihdfl okileppfphosecormitvedllyl1 P04 Ehe thérenoghdrbtiy forve@sdoniated ngidartiat ur e

lvated particles and the second surface 192 of the

between th t?g%r mal -acigl X

second wal | °POFPECHT 827 i™a | ocal tenperature gradient in the gas. The

rlrgg (r)uC; ude ng(m]t yp:rt&aibstaﬁﬁp@g)w @h@nc&ﬂiegrclaahgnherﬁt&r g1 ekl cdniaumicdeip oXi mat el y
cm S species absor re . plasm r (e.g,,.oxygen, nitrogen,

hydrogen) with tigé‘%f@c? éﬁg’(b‘gfﬁth"’c gﬁ‘géfoaqr}ﬁﬁ‘eeobgﬁr‘éfﬂlp’éﬁggvﬁﬁﬁéie F%B%%’“F‘ﬁgttheabsor b Igess

pl asma EEWedooli) Membeir@Afiks a ddbBank EHARRK A4 eV AGH @ool TRRAN 286 6ftGe t O the

thermal | y-actjvated particle cal l ed the thernophoretic force, that acts in

| €S .
the direct it BP0 of the operpisham §%s dpeamne espbrsiimensy s padicledpe diclydenp plusalify o
descent. ThgbaMictigzngrature of the second surface 192 of the second wall 190
creates the tenperature gradient in the gas, so the thernophoretic force acts

to push parPPles Adwdhecrctiriodess idiresied Swenshhe pagicleroap 0. bpectivaied gt val | 190.
Particles st hirthdado Hlaﬁ)%&ct%glsceeﬂgﬁﬁéfn@@pﬁec%% pﬁhic_leg @cc%ﬁfﬁ?a’f@oﬁr’;{ﬁé burfb2s @OGHAT| at e

due to a conbination O change in Spath direction, the high sticking
propert1%es 162 of the wrdls &7Q arid 108, igspectiyighys the actiiatedigatentering thd prasesuehagkeide) of the

second wal | f BU LE 4 o Ncly a°r'ﬁ88. ¢ with the | ocal
t enper at ur el%?lgsdlle%ﬂjg.n CP%(S}%] | ﬂe o%sté Sc?tlfeongctﬁgg canlu?%c%bude a cooling nenber
in thermal B&uniloabmeembedimenthdeatures incepd@thggfrintipkes whthe ivEtiasfare he
obstruction 187....n _sone. embhodi nen cpol i i s a cool ant
channel to prr%‘(’:lé?dvuel I&g’ i aLﬁoﬁt l(inooqjctg;g Pfagtﬂaegoggcre 131 gg‘e&légkggy%?ﬁ%%&% tﬁgh]%%ﬁ‘aof t he
obst ruct i orsoli8¢ 110 13 adapiee! te ntrodinneate varidud degnaed dfheepatticgtrapniciou desexampleur al i ty
of obstructjions 187. 04 t t cti.vat ed gas,. irected through the
ot o T 28 et e Wols B apl o0 S o HhdineRfiBtint B HESHT St 1 oy
130. Becausdpdifing 6p@stionsthd WMallal B md 100 earsd¢tinaglas pdfitleautied@ibe@ peliotdtg wal | s
170 and 190, . eslgect i veL%/ . the actiyated gas gnt.er i nq% t(g.e ({)r ocess chanber 130
has |ess palf§itl BsOPRaRoefimenizthe/orlre PeubelPe iy RFReHRIG REt (e 4p 2140,
[0041] I n sopmRticBTQGHaEA S outfetaf tHe EianibBE DIORIT KR! JlAdehaRbIrBE | W) @fea@ig 4 he i nvention
ar e

temperature gradient between the activated gases and a portion of the chamber to cause

25  particles in the activated gases to migrate towards and adhere to the cooled portion of the

chamber.

[0042] FIG. 2 is a schematic cross-sectional view of a plasma generation system 100

without a cooling member, according to an illustrative embodiment of the invention. The

system 100 includes a remote plasma source 110, a process chamber 130, and a particle trap

30  140. Anoutlet 125 of the remote plasma source 110 is coupled to an inlet 135 of the particle
trap 140. In some embodiments, the outlet 125 is directly coupled to the inlet 135. In some

embodiments, the outlet 125 is indirectly coupled to the inlet 135 by, for example, a conduit



provided in (or, as a portion of) the plasma source 110. In sone enbodi nents,
the plasma source 110 is adapted to accommbdate various features of the
particle trapO2Wy158r exanple, 20 the gas channel 145 &&d/URIP84743210 and 190
can be incorporated into the plasma source 110, and, during operation, the
vall's 170 apdlOQiGap sARaHIVAR Rl Balek GleCre@sd AR IF L REMRDSYE @ESlaimdIer €1 n. 1N
sone enbodinents,ltﬁescogﬁgﬁg nenb%% 19§Q?§ incorporate& I nto aﬁgortion (e.q.
a portion obumge WHl dndgfto ghe ivlgt 138tof dfe natisledtepntd8r 120 of the plasma source 110)
creating a erat ure i en 1 i rtion of
t he chanbe”hﬁgwcadég&ﬁgggggkﬁg%ggg%%ﬁ} éﬂgg??%%%ggﬁ§§%%@3ﬁ06ﬁ55F§¥g%fomards
and adher e gagchangeldddisenl flpidrcompninahtidrhveitlcthamberl 35 pODa2JulEG 552  tte badschemat i ¢
cross-sectignal vi f eneration, syste 0. W cool i ng
renbor - accgrarsg o o el | 3R 08 hlshil 1S PR A0 ofné The Syt em
100 i ncl udgso@sychambe 1pD.abn@neembodinikil, thaoyteotEsis dudralyioenpldd}o theaindt a particl e

trap 30 140, outl e 25 of the. r te plasma source 1 IS, caupled to an
et 135 o6y HesneerEepPale ot T Sfre B aRise T AT BERE: *1o5 i o
directly caiphpld, 4 @ntidior dihe@ buitBle. strhdtue 0 Mhe gaxlebgineENISSicfihdsar path th@ugh 25 i s
indirectly coupled to t inlet 135 by, for exanple, condu

2009/ 15824@&@‘%@§%’§ng§8§&°3&?“@%‘§?’¥% %aaﬂ}f‘éct%%tpéf‘ﬁ’&f‘%fséPoﬂe?iﬁ%&ghe gases are
di rect egh oWhartel 1430 Otilck 8twall 450 tHat ddfiRedd RS PAIWNAGS bi fhe @hdchaiiied 149 i nl et 135
of the particle trap 140.. [0043] A gas channel 145 is forned in_a ?gdy
structure m15Gngle ke pitrthis gmbodingsy, apprpxingiely §9 degrprsh felptivede 2 purfacs 189 of g

communi cat i fOwil 110, 1T niddheRbund SOh&pHiass wblilaldnaInfirst fRtdOhs (Ashd et ure 150.
The outl et 155 of the body structure 150 is coupled to an _inlet 160 of the
process chaiwgivey3uis dirqetichpal basedhamst K5 cepses Bgprisicles Sostike the susiaes 180coupl ed
to the inl el 170 wiRHeheSARAHLARS tiFectibh & 1B&id phrton 75100 Helo8E tatindt OUpP! €d to
the inlet 160 by, for exanple, a conduit or other suitable structure. The gas
channel 1514544 éthimeaveling gankralli plong hethgitiyoand negatiye kakis drsgiophatn gameses
particles i } r [l i : hamppel 145 to
strike a mé%ﬁﬁi%%iFg%%Q%E??%ggﬁgkgg%gﬁg&%%%¥&3%QT%@§8$&¥ﬁgﬁéigugﬁanneI 145 at
an angl e (19xidej thathas aihightsticlsngedetittiant waysingphe patiiciestte hscu@latiegy thesdrface el at i ve
to a surfacg,180 of ..t I 70. -Th : i taveling

al ong the fll%P so? %ﬁ(yra%li ll(:)}ﬁ' ?%%A n(‘% “g??&“’f’%é%gg ?%\Pé%}‘g%lgs? @%’%ﬁen%h?%ﬁ [%f t he gas
channel 145egmuses the particles to strike the surface 180 of the wall 170

when t p ha s directign.at the s d rtion. 175.0f t.he .gas channel

10345 (Thodobslariigs HuhERher b teRErS e PRUL R 3sab S AT ¢

?i rections)gas Hﬂecfddrfﬁ)neﬂib@éﬂoﬁﬁlﬁbzﬁpn 1 Pteofnid das lﬂaﬁlnélﬂ4ﬁatﬂﬁeﬁ§lécr?ﬁ<ﬁ wall Eﬂl &nai al
e.g., uartz, a m num Or._.alu um oxl de) tha as a St 1 cKl

Coeft i of oarsebing dudlg . pi riPodigty sl 20 drreduroldvy Bassamd ot he

wal | 170. |dufa@e2enrdedidadiwalllibe Birdhémddun 5f e paaEss fRRIMXAIOELBEY 45- 135

degrees. 20[0044]In this enbodi ment, the gas channel 145 has a third portion
185. Parti csceendipqrtiogd 75 of the gas channel 145 causes the particles to strike the second surface

25 192 of the second wall 190 when the path changes direction at the third portion 185 of the gas
channel 145 (then traveling along the negative y-axis direction). In some embodiments, the
wall 190 is made out of a material (e.g., quartz, aluminum, or aluminum oxide) that has a
high sticking coefficient, causing the particles to accumulate on the wall 190. In some
embodiments the second angle 6, is between approximately 45-135 degrees.

30  [0045] After the activated gas is directed through the particle trap 140, the activated gas
is directed to the process chamber 130. Because particles accumulate on the surfaces 180 and
192 of the walls 170 and 190 respectively, the activated gas entering the process chamber 130
has less particles than the activated gas entering the particle trap 140.

10



gas directed fromthe second portion 175 of the gas channel 145 strike a
second wall 190 at a second angle 02 (e.g., in this enbodi nent, approximtely
90 degrees) WePHPIFR% 0 a second surface 192 of the secd&d/URAPOHOHE. The
moment um of the particles traveling along the second portion 175 of the gas

channel 14 Oﬁzgx Sex Ibh? ﬁpaagcﬂé-n%tﬁ %szQ s&:h{)jﬂéf @w%vh)? a%ﬁgﬂg gelﬁ tlfoﬂ t(g'rli_’ il&)Z of the

second wal | when t changes direction at t ortion 185 of
t he gas chamcmﬂlnatt&n(lﬂmatlvfrm@dlmt af ‘fbﬁgw@rh@nn'égm}istﬁm l,ﬂﬂaml edpreedtd on). In

21 i num VR aonrhe L b8 ploes Dol T oL ol Bl o Dot ki g e

particles tremate@lmmhalmceolrionheamﬂlto drgnﬁlet 139 cﬂ‘dma)aetmbﬂchprﬁéﬁt $n ¢de second angl e
02 is betwee r OXj, ma After t activated gas is
irected + iRogReReng B LR e RN Run iRl DAY a SRt b B RELL IR, T o e
process Chaﬁftleu’12$3d)indi%dﬁt1&g)lqdabthedhl@ﬁl%(b@uﬁ@ﬂéﬂt@l@ﬂctbﬂdﬁltsumﬁlat(mﬁablfBO and 192
of the walls 170 and 190 respectiv C gas enter process
chanber | 130 HEL AGbvaici ey Beoiriey obhel Be RSl Bes e aptriy. FHe g5 ol o
trap 140. _tH@nFe@@Qj&ﬁﬁ%W{rmw 047631 [0046] FIG 3 is a Zchematl c
cross-sectional view o S eneration syst accor di to an
i Ilustrati v84kbodh %%ﬁha‘BFP?‘ﬁsels CisoEn i %de @93?@1%0 ﬁwmﬁerram enot e
pl asma gPUrge cHahiel 3&5 F&ﬁ@ﬁﬁﬁlﬁzoﬁrﬁiﬁﬁﬂwﬁorﬂs@ﬁl the idleta 3pand dcdvllet 1583Rf dbodAn out | et
125 of the renote 5 asma source 110 is coupled to an inlet 135 of the particle
e

trap 340. |5ueBiss8ekboettisehoof thehody srycire ?Lf'zoslsi"%upéﬁdrt%é’i‘l”s]/etéé@ﬁf@%l to the

inlet 135. JnesOBme8e] MERhR en{beemeﬁisltﬁ& o&t?e@wﬁs Uﬁ@’dﬂ"y%{%ﬁﬂléfd Rehrd to the
inlet 135 b for exanple, a conduit or other suitable structure. Activated

gases are d Pedn @@e@mboélﬁneﬁlﬁe’fhemﬂﬂeétl5511250(@1e°tb’rfé’uplle@1@r\the B A6@bR 1T and into the
inlet 135 of, a&ﬂ%sag&%?ﬁl?{;] tltlerr%‘&ha%r&tru&%“ﬁ nPAntolRag! théééﬁbl% wapgated in a

body structure e particle trap 340. The 10 ga$ channel 45 isin
fluid cthmueoenfigredi pravide a pressimeldedp beBSeen tht inlat HétahéthemgetdﬁSpﬁ@eb@@y structure

350. The Oustulugtgrﬁ;éé t@ggtﬁg ﬂ%%&l&%&i nf?ﬁPro gﬁgssge gyg)ge g&e& 160 of

the process ¢C Irectly
coupl ed t o théactivity efthdﬁcﬂwaﬂedgmerewtbbyithmcmae ptalsrea surdedtl 0155 is indirectly

coupled to i nl et b f X le, a cond ot her
structure. @E&Q Eé?é@éi“}?é‘hbfé%t‘ﬁé“atggﬂa QYA &o Wotﬁéhec%s Fhagd uéfltegggjt o provide
a pressure aﬂigaamlae&amen ThecdotihgmemhBé 390dodlnat leustdpdmdxﬁﬁ thnd walhm(body structure

reduce dhe BUE0S £ T0F TRESTAR 1oLt Do T Aeneentsraran Y et BBl iR e Sour oo

110. 370 is cooled to approximately 25-30°C. The cooling member 390 has a plurality of cooling

channels 395. Coolant (e.g., water) flows through the channels 395 to cool the cooling
member 390 and the wall 370. Particles entering the particle trap 340 via the inlet 135 have
been thermally activated in the remote plasma source 120. In some embodiments, the gas

25  entering the particle trap 340 is approximately 2000°C. The difference in temperature
between the thermally activated particles and the surface 380 of the wall 370 results in a local
temperature gradient. The magnitude of a typical temperature gradient is greater than
approximately 1000°C/cm. Gas species that absorb more plasma power (e.g., oxygen,
nitrogen, hydrogen) will have larger temperature gradients than those that absorb less plasma

30 power (e.g., argon). The temperature gradient imparts a force to the thermally-activated
particles, called the thermophoretic force, that acts in the direction of steepest temperature
descent. The low temperature of the surface 380 of the wall 370 creates the temperature

gradient in the gas, so the thermophoretic force acts to push particles toward the colder
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[ 0048] A cooling nmenber 390 is in thermal comunication with the gas channel
345 adjacent a wall 370. The cooling nenber 390 cools at |east a portion of
the wal | 370Y02@911#%84%udi ng a surface 380 of the wall 37FCTU28¥HE"nbodi nent s,
the surface 380 of the wall 370 is cooled to approxi mately 25-30C. The cooling
nmenber 390 %ce@S@loP'{h@WamW@f Incs%fHe eﬂﬁoﬁﬁéﬂt@e&éwﬁ?@() ccd‘ﬂ%le?rféhe é@c ofa, Wat er)

fl ows through the channel's 395 to cool the cooling nber 390 and the wall

370. Parti ohderia(rerduatz ehenipems drelueninyne pxide)ghay has atlh&h stivkiog codBciprive been
theimal |y &L Bimie S hd sone enbodi nents, the
gas 25ent e?cfé%‘l% @%@9 gﬁ@lé trap %ﬁ%ﬁm&c g}ﬁ%ﬁf‘mgﬁ@oooc The difference in
t enper at ur 004A \A/eehfthhl@ atctmartﬂbgdsys camcied&trecghplmpaﬂml@saw%@ thhectateflgae 380 of
the wal I 370 .re |naI a r at adi ent f a
ypi cal % erpSrred b el Pfber 30R LA R S B Ay PR
speci es t hahe wmmmthmmvapdd@mtamhe precays chaobygE30, hamleBS’pIgiﬂmes thandhogen) w | |

have | arger te r at those that absorb | ess plasma 30power
(e.qg., argoaﬁg % %Fﬁ’)‘@%& ?’rga ?rﬁlﬁl?@t inparts a force to the
t her mal | y- 80030y at eiGpaisd @hﬂﬁatlc(wdsk-@&tlblﬁuiwiehﬂif la‘(pﬁﬂ”mﬁre&iab@AO ac@gding tvadn acts in

the directi.Qn of st est t erature ce ure of the
surface 3808Wraf1%e'§%ﬁ}m@?®F%$H§F@?nt ﬁg aéH‘B‘éFQf‘ﬁ ecaﬁplﬁﬂ?e h‘fala’f‘?“?‘he gas, SO

t he t hergrophaésiidnGybtenGegatkpldsPa peifehatipa kistesd 800 dfeV@8.d, bha 3§.01kkearticD

2009/ 158249PCT/ U82009/ 047631 surface 380 of the waII 370. In some enbodi ment s,
the wal | 37#P¢4R hisernBlge! loubat 6rn be srapler fon quciyl a repeplf plasma,squFReA e By ther

al um num omlﬁ@mtsfa%ehaﬁm@ RN sckdeak b BEFIERET f1, 6f tThe?QM%le@ﬁ pub®hfanticles to
accurrul ate on the surface 580 of the wall 370. [0 49] After the activated gas

i s di rect edPulp 1S gt eandesauplpdioghe #*11?60%9411’5009%@&6@?11 (9@'{’ iglgs169 qfghedi rected to
the process,haitembd380 oBERAIIE2 RAEY. I1hk&Re AREIITHLAL ﬁae%n%ﬁﬁlcﬁh'é {ace 380 of

the wall 390, the activated gas entering the process cha 130 has | ess

particl¥s tdispesedrie a gbanibeateeg) tg%hambsleﬂoméﬂ(h% lpérozf PLofche repte3doma[sowso] FI G 4
is a sche [ g#;% %ﬁ 25%?9&%6 MoSWrfis. 3, i’%l’d cle trap 440, according to an
0

|IIustrat|veg i nvention: e particle trap 440 can be used in

a plasma 1098sldr at A ges @@meéMS(mfcgmedtmqub'aEmugéﬁ@oﬁm partidy sapéd01:00 iof Fl GS.

1, 2, or 3).. i ed to an
in ﬂu&e mc% 10n &/{tﬁﬁle 1rﬁ%t 1'3%%11@{1%% oﬁﬁe%rl 5. ?ﬁffgg El}aﬁﬁﬂ 1?? d&eP ll

outlet of a reno iasna Source out e re e plasm
source 110 mh ﬁo@m th]a body; stokctud) 450The cpaed patticdestin apas/phSsidpiSoran first portion

20 465 of the gas channel 445 to strike a wall 470 that defines a second portion 475 of the gas

channel 445 at an angle @4 (in this embodiment, approximately 135 degrees) relative to a
surface 480 of the wall 470. The momentum of the particles traveling along the first portion
465 of the gas channel 445 causes the particles to strike the surface 480 of the wall 470 when
the path changes direction at the second portion 475 of the gas channel 445. In some

25  embodiments, the wall 470 is made out of a material (e.g., quartz, aluminum, or aluminum
oxide) that has a high sticking coefficient, causing the particles to accumulate on the wall
470. In some embodiments, the first portion 465 is at a substantially normal angle (e.g., @4 is
substantially equal to 90 degrees) to the second portion 475 of the gas channel 445. In some
embodiments, 0, is between approximately 45-135 degrees.

30  [0052] Optional coolant channels 495a and 495b (collectively, cooling member 495) are
included in alternative embodiments of the invention. The cooling member 495 is in thermal
communication with the gas channel 445. The coolant channel 495a is formed in the body

structure 450 to receive a fluid (e.g., water) to cool at least a portion of the wall 470,
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outlet 155 that can be coupled to the inlet of a process chanber (e.g., the
inlet 160 of the process chanber 130 of FIGS. 1, 2, or 3). In sone

enbodi nents,Wf)H@Wg??a@? structure 150 is 15di sposed in a &RAMHSEPEY. |, the
chanber 120 of FIGS. 1, 2, or 3) of the renote plasnma source (e.g., the renote

pl asma Souriﬁﬁu&%%thgfs Acgﬁso é'ffth@wat?&m?)ofth[eg&éﬁé @&%47;3*}?*?%% s@fanbisubormed in a

body structure particle trap 440 and Is i communi cation with
the inlet 11350mﬁanb¢®nms,lt@tsu1f5® 48010é thganll i rrrebled Abapgetimagely 2558t G t hr ough

t he bod t . f t
(e, D00 SUMSANCR, A0 pSAUSSS, PO L85, OB QSR g 1S
second por tplomasddcof Intshme gmbodﬂmantm,ehe glaéﬁn’tamngame amtitle tr9g 140 s apprdpsimerehyodi nent ,
appr oxi rgit ejO%RJCgsl“ e i E1’Feens if] t% at rlature b (t)ween%l%ehtiemai%n%llg ?ctwg{efl}p%ﬁic Eélgrlldotf-'xg 0. The

nonment um of ™'t artic Fave |ng Al ong t he gas
channel 44&uffmw«89 of the v@arWDcdselss iha ledarueinpemﬂuﬁe gadlémc@hélﬁagmﬁldéh& wal | 470
when the path an jQn al the secon of the as channel
295, | 0 soniho SRBGURErEEhL § Rirdi s Ao B AR Pert Coregtie Pl (o g,

quartz, al ubksb mor@pslasaxhapnmu(e g))@xgl@én hifragenl) Bgdrégen) @il I&be Mtgdaganqja@idre ci ent,
causi ng the rt| a(ég nl}.l% on the &%}I 470 3 ?rre enbodi nents, the
first porti®! 8&6 "Bat 198 RaAPOREY T‘t" O eppgrafuge

subst antg al grxdlaﬁ Hﬂﬂ)aﬂts Q f&e thaHE BeHallly AclivigedSRARRS, danéd the thefSphefetit Rcegas
channel 445, I n sone enbodi pents, 04 is between_approxi mately 45- 135 degr ees.

30[ 0052] mﬂ?‘ﬁﬁ%‘ﬁ in- 4 izgrtiop REFiFRRPY t%&ﬂgﬁeeS&%leeeclemt@ewweff thesBifassy menber

495) are i Wolé@ﬁ{é wall 42b Eﬁ%@é’lﬂie\(é?n&@?&@ 'gfﬁﬁﬂzhﬁn(@ﬁe éaB%o'tHk%ﬁ&'Eﬂo@HoretTJ’[@rc@ ool i ng
menber 495 is in thermal conmmunication with t gas channel 445. The cool ant

channel 495tsite pyshpagigles fpvrardths seldersurfacer4§p ef ﬂps (walléw eRasticles srikingithg (e. g.

water) to coph..aolfastvaf 480 0ldulhief dde '@@a Whﬁmﬁ%ﬁ of th\é%an ein path d1rect1

2009/ 158249PCT/ US2009/ 047631 1 ncluding the surface 480 fg wal 47 of the

second Por tthohigh kil prensrtiga of bhanetrsial @45 quarty, d@mmuéhﬁb@lummﬁwxﬁem ef ther f ace

480 of the 4 I | es entering
wﬁi[ A9ob£1% A{%estﬁxg% E%g%@{oﬁc%r ﬂa{éﬁt\ﬂhthl%c% Qe%r})e;]%flﬁ' gﬁaﬁfehp

the particle ave acti vat enote plasm
source. In [Qm enfiosdneembadimeiis tmwdanit@anmgﬁﬂaes disposeccouside thppartddei s

appr oxi mat & 4§O 29 c%e eﬁ%oih(rjr{ems ShED Co‘?amlt &a%mﬁéfﬂ@%h&kreﬁﬂ? géo\@?ﬁq?atsgmmon

thermal | y- ac iVat ed par e lstrrace e wal results in a
| ocal t enpedsfaiielwadl 40anicleding tlilérsarfmglrst)bﬂﬁhe wail 430 toymecsedond@mmenamoﬁhgr adient is

greater,than r gxi pat el 00C/ cm ecies, t sor Iasma power
(e.qg., %@yﬁﬁﬁaééggﬁou%%%ogigﬁwwgﬁ%zsi@émf gk m? QB%F%Q?WW% di ents than
t hos edt hat 435 (srelmek@sf& the peatidle ﬁﬁy\wohz(ne .isgcloluplad @adwall Jﬂd’cﬁe patiat frﬁlewmea ]alt u(r]I e ]

10gr adi ent jnparts or .0 the thermal |l y-activat rticles al led the

t her mophor ety peructiv fpn i materiel s Oy %efgﬁﬁégbmw@rf*ag? Sture
descent. ThasgoSW dr@ORSABY tdtBe &oldnPEhatitk] UasiGedBEFIAT 4,106 thala path/dt tiky eat es t he
tenperature gradient in the gas, so the therrmﬁhoretlc force acts to push

particl es tORKRPhare! tRdRR lgaawa%@tuﬁnpmﬂeé feethaath ofathe gasshppnel pdiacertt 1 i ki ng

t he surjqacend80m0f agohg ipakdn 4700 accunul ate due to a conbi nati on of the change
in path direction,
[0054] The coolant channel 495b is formed in the body structure 450 to receive a fluid to

cool at least a portion of the interior wall 490. The difference in temperature between the
thermally-activated particles and the interior wall 490 results in a second local temperature
gradient. The second local temperature gradient causes the thermally-activated particles that
30  were not attracted to the wall 470 to be attracted to the low temperature of the wall 490 due to
a thermophoretic force associated with the second temperature gradient. In some
embodiments, the coolant channel 495b is disposed outside the particle trap 440. In those

embodiments, the coolant channel 495a indirectly cools at least a portion of the wall 490,
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15t he high sticking properties of the material (e.g., quartz, alum num or

al um num oxi de) of the wall 490, and the thernophoretic force associated with
the | ocal tSNPEWWREY gradient. [0053]1n sone enbodi nentP§ST/USHEIBGHant channel
495a i s disposed outside the particle trap 440. In those enbodi nents, the

cool ant  chapigdindPRRab OB GGhd WalERR), St B sdoRBJorforP Pt a2 (9 cHaffe1wad | 470,
including the surface 480 of the wall 470, of the second portion 475 of the 20
gas channelthuwngh thppedigiructaee 456dyn some eabedienentsothe peplant ehaantl 3P risrdlisposele cool ant
channel 4954, r ] a i I wal | of
tho part | clRpRorii Sfetotdh LR AESLEN B HGTR 8RN b oA Roflh Al

enbodi nent $4954 et lbash sehstantdlrpaedllelo Sz path ofitbggrs ebhnoel446 gdednt the swfache cool ant
channel epi9§to?91lei“%uﬁ'96i 4, such that a path of the cool ant channel 495a is at
| east substantially parallel to the path of the gas channel adjacent 25 the
surface 4800085]t heAfralthe at#Oated 6 Widifthied doalghnie mindiohaiedp 4405the hctivhediged i n t he

body structur 50 t ecei ve fluid to cool ;at | east a porti.on t he

ot 2t o - wetih S5 dgeeicia M R Rt Bt oraiq Pecniiite fn PR sutsRs Mo

t her mal | y- et uy@betle pald 470|208 400 ftspdatively) tierdctivatatibdab edtBithg thé plot s timntbes econd

| ocal tenmp ra’ure radj ent. The ;econd Jocal te ergt(bjre gradi ent causes the

t hermal | y- e§SRAEFIE Ahan the adiveipd gassicring tepaiticlstap 489.ed to the wal |l 470 to be
att ra_ctﬂﬁdt{oosd]lhe mestﬁ‘ﬂﬁlgfﬁﬂ uxre@cMnatiheromdg_l:ﬁ&aovileku@oﬂc@ffaeﬁthmésmhoretiﬁ force
associ ated with the second tenperature gradient. In sone enbodi nents, the

cool ant ¢ haﬁwb@ﬁmm@@??gmmﬂgﬁ@g S0 olheareeie s %ém fa useq Paﬁd)q%m P Hos e

enbodi ment sy stﬁlhs%g.(,)ﬁ% msmggaﬁﬂﬁbn 100U FeGS | 1y 2 CR 0. STIRd pakt@AStrap40 Qs | On  Of

t he wal | 496/,_ 2009/ 158249PCT/ US2009/ 047631 i ncluding a surface 492 of the
wal | 490, oﬁnltﬂﬁbwééla%ﬁ@lWP%WO@@HB?WW%%D@W%%@L&thﬁ%%ﬂ%’tﬁfe body
structure 4R0renloflt AR SHROY] (EFHIES. { h,eor%(?.o*rﬁé‘éar'&;d?%ﬁﬂﬁﬁo‘}%% ?\ﬁleglﬁpos ed

orthogonal |y to the coolant channel depicted in such at a path of

t he coolantthefisambreiounigd tp the indget of e pioress ahesnbentei gl the/injsa 4 60 ofethe procashe pat h of t he
gas channel chﬁﬁﬁerng BEEs. tlf% o?%?[ f@gﬁ cﬁé‘.'rglgl ﬂfS i E‘)ﬁnmlnla béﬁ? stﬁkgggﬁ(ﬁ‘fftﬂ?er the
ted through ,

activated gas Is direc e particle trap 440,  the activated gas can
be dir ect edattile thep 590 eodissn hidrbmmuniBatcauwith thainldt d Beandtbe outiel &% on t he

f 4 d I 0 j tivated
ntering ¢ AQVET0.delhe kG Rh, e SRR 4233 ARRE M ROt EBE! 121 0 09
ent eri ng t heruparetSs0 ket tavags phriidles 110§ SB3PEIskigERm & Arsapatti&BSGhade.gchlengd i C

cross-sectional vie differe illustrati e isments of . a particle trap

500 o parered FPEpOhe b hinEL 4ok to Mite vt SRTRLedRlh eshia bl (C. g

th he pl aSITF 3ysnef tht gaychansl ﬁﬁrﬂah@ﬂn@ﬁ édEhl%glemsa@TthWen?jodinﬁne ap@biirrate@ trap 540
as an inlet, 135 that can be coupled.to a tlet .o -enpt Shp_source

(oo 1 he bagets] BlecE T RrRemB Spis ofll 2 B S qpboimpn e BitBefor, 5}

The parti cl &5k k@Pthd4RoRBsorash Fish fein al&bvelDohih of 818 phd of eiérhathel 156 hEhd Nl et of

a process chanber (F.g., the inlet 160 of the process
momentum of the particles traveling along the first portion 565a of the gas channel 545a

25  causes the particles to strike the surface 580a of the wall 570a when the path changes
direction at the second portion 575a of the gas channel 545a. In some embodiments, the wall
570a is made out of a material (e.g., quartz, aluminum, or aluminum oxide) that has a high
sticking coefficient, causing the particles to accumulate on the surface 580a of the wall 570a.
In some embodiments, the local angle @s, is between approximately 45-135 degrees.

30  [0058] After the activated gas is directed through the particle trap 540, the activated gas
can be directed to a process chamber. Because particles accumulate on the surface 580a of
the wall 570a, the activated gas entering the process chamber has less particles than the

activated gas entering the particle trap 540.
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chanber 130 of FIGS. 1, 2, or 3). A gas channel 545 is forned in a body
structure 550 of the particle trap 540 and is in fluid comuni cation with the
inlet 135 andO2W& 14t et 155. [0057] Referring to FIG SACTHH{FYEYHhannel 545a
defines a path through the body structure 550 that causes particles in a gas
passi ng f 1 Q) | | e fd 196, SBfe (6 SlanncPl 4300l Q pREURbLUANY b1 S) OF L he
gas channelo[ a to %tr ke a Waﬁf} g?()caar%n_ﬁat de?l nespa second poﬁ&: on 575a of
the gas ¢ heﬁfmetllfe§4g thaheapsspariicles dmd gaspgsstng(fropsafifst portion £650rbedplangithe

appr oxi mat

this enbodleA atl]vg?, a%ﬁ%]ﬁﬁi%as cgéltﬁl}eioér/lﬁg%cg%ﬁ%e;#‘{r geeésg?ggg ICl)tI’S?(?D on éi?glﬂfod

curved por tsemd(pfbrttohé7ﬁmﬂ1h®ga5tch@nclkfeﬂﬁheﬂ an&ﬁéla s te@tlmtcsht surfaod S§0hef partl cI es
travel i on firnst t| 9 6 channel causes the
parti cl gg ﬁ(l% s?l i@- tI {ehlssu ace t?r p l? e7§ascrﬁ e?ﬁ%‘%l%&gth changes
direction &ﬁlbitMaEb)emﬁnﬂl patettb die s’éc?cﬁna pofuoh E@Skqag.,dharsrsewsta&a%y dqnalsmm

enbodi nent s 570a i u of. a terial e Ooer i al um num
or al uni nurf® 85??53 ;fﬁ? R iﬂi‘?pﬁﬁlcgets Kﬁhﬁéa@g%&leiﬁ%?t@%&fogég{%% F¥¥e particles
t o accunul athenmehs4sheasds thapeartioBO® shiketthesurfatd 585% Ofithe all SOoEwherbepaent s, t he

| ocal angle (1 5 i S bet OXi ely 45-135 ees. 301 81After t he
acti vat ed g‘é‘é"%”% Hrcfiep pid feﬁ?‘%’it 8# F 8f5& gg‘%ﬁofni%%}oﬁw&d gas can
be dirent edhé @al@5WHAS MGG &naﬂbﬁfatenaqsqumﬁaﬁmﬁlhmsom@ﬂmmmkmemaﬁm sur face
580a of the wall 570a, fhe activated gas enteri ngt? pr ocesg hfaHber has | ess
particl es tHueh ttisking costlgeriacaysiae Brpamickyoasapate pr fhe spitags SOl theypll

2009/ 158249fgd/ US2009/ 047631 [ 0059] Referring to FlI G 5B, the gas channel 545b
defines a path through the body structure 550 that causes particles in a gas
passi ng frdffedlfi r%ﬁterﬁ]@?r%c%ﬁe%%bs‘P@C'Eﬁdthr%}}géﬁ@eliaﬁéc HiEpaiOvide petiyried gaof the gas
channel 5438, 59 didciddk8 1R pRetsAhEmB&0 lge%s@pa\e@aés aémalut@aﬁ defirRe$se stecond

portion 575b of the gas channel 545b at an angl e relative to the surface
580b of 15t Hhe wall §7057 Ois. activptedgas exiptiradtherpiecess ehpaber haétlesaammléhth%% of the gas

channel 545 mal angle to the second portion 575b
(e.qg., (131%?] aag%é%&ﬁ@%%&@égxa 4{{0 90 degrees). The nonentum of the

particles t[ﬂaﬁﬁél i nEjGaﬁ orrgchénaaticicrass-sqptional yiewss Blpaubicletttap 6@&%@%9@! an545b

causes the arrta]m(f:elee Odh e%ttoft]ﬁg hlﬁl u'ﬁlgga?gggggp OéaH%e 1n§é@gg%gen the path

changes di recstt ion a e sécond por e gas ann In sone
enbodi nent Sgenwlmsml(é.@ﬂﬁmlasmagacbeatmusystdm B0 tFEGS all, 2(@3@ Thmvandia

alumn or 1 UM 0X] th has sti.cking ¢ ausi ng the
part1 ol Bk el Biaae et PRReR s AR Sl PR b ko ffRr  er ot he
activat ed gaslei 950 thecémste bhﬁlﬁwghlrdehﬂObﬁFIGS}ﬂ,@ of a)p Thé Qarticlearap6tid kata@d gas

gﬁp f gg ed|5r88(§1ttledl SISCt)hatt Qa?n erc%ﬁﬁsc? to tne 1nJ?et ofa pBrgge%éJ c (Ielgc Itheesm fé’bwl ate on the

process chamber 130 of FIGS. 1, 2, or 3). A gas channel 645 is formed in a body structure

650 of the particle trap 640 and is in fluid communication with the inlet 135 and the outlet

25 155. The gas channel 645 defines a path through the body structure 650 that causes particles
in a gas passing from a first portion 665 of the gas channel 645 to strike a second surface 680
of a second wall 670 that defines a second portion 675 of the gas channel 645 at an angle ®¢
(in this embodiment, approximately 135 degrees) relative to the second surface 680 of the
wall 670. The momentum of the particles traveling along the first portion 665 of the gas

30  channel 645 causes the particles to strike the second surface 680 of the second wall 670 when
the path changes direction at the second portion 675 of the gas channel 645.
[0062] In this embodiment, a first surface 615 of a first wall 610 is irregular, providing a

plurality of depressions 620 on the first surface 615 of the first wall 610. The particles

15



15the wall 570a , the activated gas entering the process chanber has |ess
particles than the activated gas entering the particle tra/p 540. [0061]FIG 6
is a schematWe2WPd¥3tsectional view of a particle trap G4H/USHV¥BH A lng to an
illustrative enbodi nent of the invention. The particle trap 640 can be used in
a pl asma g FIGS. 1,
2, or 3). ‘(Ialﬂa%ﬂgr é%rgmegt%n% 2(& E‘géggﬂa{ﬁ% E@%}?&ﬁﬁﬁ@%’%&l@ eﬂsgéglg}%{ ed to an
outl et of d’lrlstemﬂtfdoplhdsdmg ﬁ@uilepteSS(cmS §20. Ranteclesun thetgad @&vebifig albeg thefitst e pl asna
source 110 of.. Fl Jh n outlet 155 that
can be coupqortd) 6%;?0 t'ei’lhlgn ht%e?)ﬂs ?c@)%d%kﬁlergoé&%?on%% h@?\sgﬁlenl et 160 of the
process chaanﬂi&dmilea@ ihé fikst G3ll 610 1sznadeput33fanﬁtgak(ecglaqmm abdbnung oformed in a

body structure 650 a tra 40a IS . n.fl nmuni cati on with
Phei o e hiala SRl bl fhish e gt Rith iR i 3L "arh hr ough
t he body stercunﬁmtﬁm&fﬁﬁamhlai orCthe $iess syriice 613 f3hd firsewalbslOpassing froma first

portion 665 as c 5.to str secon surface 680 a second
Pl 1 670 s raBser HESScrnd S oROSE hoseoerbm t SIRE TRula RigiEre BBy an”angl e
(1: ?6 (i g8gdfld]§pr€§§hﬂ§16$ﬂ%ﬁthe SdephdDirfaed @O}bfﬂﬁ}?edﬁ@ﬁ@ﬂ%WOHlﬂhéﬁdrﬁ’@esttflzhyélh@ isecondh
surface of t ment um of the particles el ing, al ong the
first porti%‘?ﬁn%%rﬁﬁecﬁlﬁ’é%%%ﬁ%g%ﬁ 648 ke dhrsetonl ée%&setcagdsm ke the

second gur f\aaEs7080 a QfstribiBors A6 e Y&bhd &?ch/mrbfmmema Iavan lBanopsticley ection at
t he second portion 675 of the gas channel 645. %0062 In this enbodi nent, a

first surfdeelesion the $F9‘§tpoﬂﬁlm67éfﬁthie§aﬁ°rhﬁ’é‘§h B strikey the, segpnebsusfasn a0 f i ty of
depr essi onsy,8elo R wailerof ink®kin g'tﬁef RERsfkR 685, PhcIfd 1ﬁ$ﬁe ghRrhveidQaloddi@epar ticl es
WD 2009/ 158249PCT/ US2009/ 047631 travel ing along the fitst section 665 of the
gas channelsegd pettioneds phibe gasrchanns|$45geetrgpsd by the depressioss 6§lo|preyew the ncl udi ng
t he depres viel ORYsdnkiEe ortion
565 of 't ho Mhawtes Tl bR USRS bl etlicR o B Ms i eritoliiend

ermbodi nEnt sat leastené pf the swdces @O K80 afthewallst618or é7(}m§m¢tu‘@ly ig et lgast partialbt z,

al um num of u whi ch
further facl F?@%ﬁ{t gﬁs%t%gg Ogg%eghshﬁhé??%orﬁ% ggﬁﬁc\cg—)ﬂg%ﬁt%{ﬁrﬁé@t surface 615
of the fir sitregudrl Iifdne e[nﬂﬁﬂ&}eﬁtseatslmm oﬁthefswf@eﬁw w680 kgexdmednd wal | 670 is

i rregular, &% rtgr\éld glllr?a%e 1ncxpeases ?he llk)éhhood that particles will adhere to the surfaces 615 or 680

because the textured surface has local pockets or depressions in which particles can be

20  trapped.
[0064] In some embodiments, the second wall 670 is made out of a material (e.g., quartz,
aluminum, or aluminum oxide) that has a high sticking coefficient, causing the particles to
accumulate on the wall 470. In some embodiments, the first portion 665 is at a substantially
normal angle (e.g., 66 is approximately 90 degrees) to the second portion 675 of the gas

25  channel 645. In some embodiments, @ is between approximately 45-135 degrees.
[0065] After the activated gas is directed through the particle trap 640, the activated gas
can be directed to the process chamber. Because particles accumulate on the surfaces 615 or
680 of the walls 610 or 670 respectively, the activated gas entering the process chamber has
less particles than the activated gas entering the particle trap 640.

30  [0066] FIG. 7 is a schematic cross-sectional view of a particle trap 740, according to an
illustrative embodiment of the invention. The particle trap 740 can be used in a plasma
generation system (e.g., the plasma generation system 100 of FIGS. 1, 2, or 3). The particle

trap 740 has an inlet 135 that can be coupled to an outlet of a remote plasma source (e.g., the
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of depressions 685 on the second surface 680 of the second wall 670. The
particles traveling fromthe first section 665 of the gas channel 645 strike
the second SUPPUESBE0 of the second 10 wall 670 in a diPSTASHIPGM1al ong t he
second surface 680 of the second wall 670. Particles traveling along the

second porltciu‘élé‘t l%ﬁf@lferﬁaglt%%g&m%oﬁflﬁcﬁ'iiiﬁ%rﬁ)hef_hé‘lﬁﬁl@iﬂﬁu%{-}zfé@% af80 of the

second wall 670, inclu depressions 685 Pdrtictes in gas traveling

al ong t he swdends pwt edndy ceTBledio thhivlegaka procosndlambagc gy, ¢hetinlgp e t he
depr essi onsprgc%ES cthanBérei‘éSBFFdeelp?rowl es from bei ng di sl odged by nechani cal
i'n the sy 0

vi bration i'n stem 1n sont’e di rents, 15at | east one of the surfaces
615 or 680 [0067] he Avghd chadeD745ris 6i2dted asplmclyistradtyre 750 of the patitle prap 740adnkdys

(rregular. i mSORESTROALTEN fie (A0l s ANLnODuAN s oAl Sutilzed (Dol el |east
partial I'y irregular. Th sone €enbo imRAts. At 1 east  one of the’surfaces 615 or
680 i s textintesek to Axtbortwalle A0St 08D ofithe Baiyagudtive 750 .k Ehd doaddhatibiadf thar t i cl es

wi Il adhere.,to t.he rf.aces 615 o Ob se.the texture rf.ace has | ocal
ket o or oriit 78S petion valls {58 e TR A B 5 LR 138 00BN Some
elrrbopli ment thaﬁI{&EW_ﬁQiéﬁﬁd; a_vygkﬁ thfvlgh 'ttfﬁ bﬁaﬂgrﬁm%e ’DSfO_tEaé aRisey l'baaiicla_(seg @gas quart z, )
alum num or al u nu oXl1 ae t S | .St ckip co C|en,cu5|ngte
T Ol oL CHpoSecri R BES POOR A (- Along ane Nt HErS BRERTMSAt L B oane] o

porti on 66574530 atikda §kasd AU dfalvayl 770 ok oBABIcEor( BB7Ghat d&hek § sédRA pxtivmt el y 90
degrees) to _the second portion 675 qf the gas 25 channel, 645. In sone

enbodi nent s77°06the Sahdesd A+ 2R aRe A drln thipsmbedimgaly pRAEXImplsly | dsgieey t he

activated gamtiveSto M BAERISDE MGG, PRS hbkmbRuhofhePdRiclel hevehing bivag ed gas can
be directed to the process chanber. Because particles accunul ate on the

surfaces 61Be Bist BBEORLTOS9h dhagar Fhpnpel G4 paugerche pastirdestp yialky thetspdacs I89 obthed gas
entering tNg,prAGaRa ﬂi%*}ﬁﬁ%&%n 8k ERR 2l LGl ForddiaNT sl thedal EndRhR G4 4as

entering the particle trap 640. 30[0066] FI G I's a schematic cross-sectional
vi ew of 15 pairthis ehlodimeny, thergall Z6tioelydesg depression 13puBettighes yreveinbddpgiiat of t he

(o g tne STOSRBRERTYE G4 SRonkth, BAMBGnd RNl qRUBSITHPRARI SRl BYE T
trap 740 haB0amthedbmessib3Y36 hbithe val 76@¢ Tlwudsheskidno’3arirapsithk particles awvayeinan e pl asma
source (e, Sy T URRIBLESUBARETILLSIORR QA0GR1 O LS. gyd O et
155 that caclenlaeapthedutfacet7ie of the depresioa 7p5 avlessrectogbent thepagticled fremi nl et 160
O 0 B G R T bR bt oyt el oSS, PSR 40,
conmmuni cat i iomawd &l of HMateribigt.gl Fhartnslumbemo ot dl@hinddxidéntheddsk b hiphisAekinB7 i S
ocat ed coefficient, causing the particles to accumulate on the surface 780 of the wall 770 or the
surface 730 of the depression 735 of the wall 770. In some embodiments, the angle @7, is
between approximately 45-135 degrees.
25 [0068] In some embodiments, the obstruction 787 includes a depression (e.g., the
depression 735). The obstruction 787 can include a cooling member in thermal
communication with the surface 780 of the wall 770 of the obstruction 787. In some
embodiments, the cooling member includes a coolant channel to receive a fluid to cool the
surface 780 of the wall 770 of the obstruction 787. In some embodiments, the particle trap
30 includes a plurality of obstructions 787.
[0069] Still referring to FIG. 7, the gas channel 745 has a third portion 785. Particles in
the gas directed from the second portion 775 of the gas channel 745 (e.g., along the positive

and negative x-axis directions) strike a second surface 792 of a second wall 790 at a second
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interior to exterior walls 705a and 705b of the body structure 750. The

conbi nati on of the obstruction 787 and the exterior walls 705a and 705b
defines the Wa30@mEdattel 145. The gas channel 745 defi nedCA/YSaK47Mough t he
body structure 750 that causes particles in a gas passing froma first portion
765 (e. 9., AbRYG, G i\GAMdNG: YpBrbkitnatily 65 §doRiY) rOheiddl6 1gAS HRARREL 789 745 to
strike a sur a?g’bfmolof a ﬁ li’é% ﬁ}a {1 Stl’l}CtPOﬂ 787 %hatﬂ{gefl nes a
second por tafdhe seqmdpfallt7qe. @hfsmemammlelofﬂw@amcleaﬁa‘mhgg elo@rth@swondmp@”uembodi ment ,
appr oxi mat 17@2 %@I The
ToMENt UM 0?7¥ﬁ2916%§?5h%11§6)1 7%5?%&1\"1}% s\ife gﬁa?tllctlg%o ?ﬂﬁé@?ec%ﬁc@s&{acé Ak ge gas
channel 745Nrdh19§ed1en e gathr dhiagdes dlrtablos atrthéthirt Ipertnson 7 Biacféthé’ 86 obanrth’éﬁwém | 770
when th path nges. di ect at_t.he SFSN0 t ion of the gas channel
75, 180" okt SARRREERS b€ Sh 2 A0Syt AR pR0 . Gt Buiank B 9 T Ol s

traveling adlmmgumlmelds)etth phighisticking/ceffieiegt, pamingml@ pah&lg3os adcumelagrvd negat i ve

X-axi s d|re trlke fac 730 i,n the depression 735 he wall 770.
fha” epr eecfonahato. T sCeRnSbtds St dcontRodf B PSS BProkiR ety 45150 he
secoRd pOF]Ede@ﬁes7715 s6he Erhbocﬁla&ltﬁhl@'ﬁéﬁind?‘hﬁ 79gammdegaddp&sﬁamtl cles to aCCUIT}Jl ate
on the sur 5 an serves, to pr. partlc es

P om0 bel M/ o st Sy barmp: 25 ik BRdta S e e Sy B B

enbodi nent 5745tabjace\f@{hk chBQd walmwefr&tﬁoom{g rAeriBt: €93 @llirécly Qools EHéaEdoad al uni num
or al um num oxi de h sticki ng coefficient, causing the particles
Y

to accurmul aEagy? ﬁét@a?qoaiéfaﬂéég through ghehady stmetnrey?50: i Sarps ¢mabadimesds. of t he

depressi on #3RcMd ulffcd@blof héQecohd waR B0 REBSIE fsﬁa%bl%xmada&y apngbe. Ofg is between
approxi mately 45-135 degrees. 25[0068]1n sone odi nents, the obstruction 787

i ncl udes a Regjsies saienne the pyticlediap ﬂfé?fﬁé@gp‘éb{ aptiwfed frone Posessing ét the FeIrsy can
include a %&H NGudB MR&bmb @mb&ﬁﬁm%h tﬁ@élﬁléﬁlleﬁx?gtﬁaé’ﬁarmw %‘?ﬁ) RY ﬁr@aﬁ&at%ﬁﬂ Of the
wal | 770 of the obstruction 78 I'n somre enbodi nent s, e coo

i ncl ude® a ¥WB1G nkhecifaensk in @mtper@@rwt‘&eemthﬂ thertmllr@@ivatea@a@aw @ltsieth<78@11 of t he

wal | 770 of, tr 0 | . a

30i ncl udes %@%&ﬁg |t1§€%* 9@8%?1} ?J ta?igr?lts @%? Ei g}gggﬁs?ﬂc%ﬂgm eétpfle%ﬁtlégré FIIOG 7,

t he gas cham gehteﬁthaa ammomath]iyrléw(ﬁf&cm o@as?s@&clesnhatabsot‘temoﬁerplasm pga‘sr (digr.ect ed

f romt he secxoned E‘)té OII)] C? \%+ 9% err]narépa I‘agleﬁt (I;]I% lé%QSI t I ve
and negat i vBYRE: aXI sgd1 BetEe sat ri scona=Suy 5 a ST8CBnd wal |
790 at a sefianch poWer @@Q%gbﬁBZH&HéEE& w&@e@awgzcﬁaﬂt 1mpa;ﬁsa f@@e ¢o nhe tlierrﬁalbynbodl nment ,
appr oxi tyat el 0, de ree ive . to e s e second
w1 7o vt o fis Mgt Mee, FF i, P RGO TSBER porc 1 on 775
of the gas teiperaate d%édéntcalth‘é@c&vtdﬁ@eﬁafré ofthesecdml sstfhdek®2 o thesewadthaB apd ace 792

of the second 790 when th cha s directign at the third portion
785 of the ﬁ%?ée\g%tﬁﬁﬁ?ra%ra‘{l?{“ ggtg %gﬁﬁg‘i‘ﬂ orefif, PregActs 9 gBshiPatfiEe out of

a material oOGad the SHURF sez:oncaéwmmmc)fQ{e s8d0ad WAl MO XPHEJled RMind RS sétofd gh
sticking coefficient, causing the particles to accunmulate on the wall 790. In

some enmbodi THEAtes’ 92@6@%@@%&@5&8@ éﬂcalmﬂf@ dyeiadermbipatirnf hackange inpatss degr ees.
I n some; embadiciBNiR hlgthfsﬁcﬁﬁgl%germ@ df tHeHRatbri (4] Sfuafly, Qﬁmlﬁ.ﬁﬁ ! &alun{n%? 0] Opt i onal

cooling menber 795 is in thermal comunication W th gas channel
oxide) of the second wall 790, and the thermophoretic force assoc1ated w1th the local

temperature gradient.

[0071] After the activated gas is directed through the particle trap 740, the activated gas

can be directed to the process chamber. Because particles accumulate on the surfaces 780,
30 730, and 792, the activated gas entering the process chamber has less particles than the

activated gas entering the particle trap 740.

[0072] FIG. 8 is a schematic cross-sectional view of a particle trap 840, according to an

illustrative embodiment of the invention. The particle trap 840 can be used in a plasma
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10 745 adj acent the second wall 790. The cooling nmenber 795 indirectly cools
the second surface 792 of the second wall 790 through the body structure 750.
In some enbo¥? AWM B24% he second surface 792 of the secoR§THEPIYFYEPli s cool ed
to approxi mately 25-30C. The particles entering the particle trap 740 are

t her mal | { r ome
enbod ment St Rk PO BRERL Bbeldloh N R S o PR Rt T 2000c

The di f f er erp@4f hasaaripler Bodhat Cmebew@eﬂed t@@ntduéﬂrﬁh rgmeie plasad syrqode-gi bees and
h I 77 | i f
the va QubESs b S re[}raoq h@? i3 so%?égﬁt‘?g r@%ﬁangrﬁg% Nerpe }Q‘lﬁg,lg%gg 8%9"8'&% aff! @

typi cal terrper ature rea ‘appr oxi ma cm @Gas
speci es t hatutletds$6 that mmrhe cplidsh@ thmmh:t of{aeprgeess draynder(e.gnitteriolgelt0 diyier ogen) wil |

have | arger_te rat ur ients than those that absorb | ess plasma power
(e.g., asggd’ﬁ?‘fes yﬁ%égpgfgﬂ%sg?aiﬁfg'gr adient inparts a force to the

thermal | y- [BOE}t i vagacthpatel 843 i@ Sormedin @hibdplseucmhesﬁmmbe pdriice frop 849 antilat act s
in the direction of steepest u Io.t erature of the
second surfﬁ?&ldfﬁwmf‘% \gl&%lﬁgiﬁ S% a‘?‘g%e 8'7‘@;?%55 sfrg%éfgg? frige gﬁdadi ent in
the gas, sdnfehér tb BeeidRtHIs 805 Cantl B0SEofAKS Bodly GtridsEd SB@rTﬁd‘doﬁﬁnﬂaﬁwéﬁhé he col der
second surface 792 of the second | 79 rficles striki e second

sur f ace 792’% q‘ﬂ’é%e@@ﬁ@%&%“?@&@é&&ﬁ&%ﬁ@ é}rﬂfét]ie(ﬁaéc %?131 ?]Eﬁ’rgaéf t he
change j0n RAbkhePSG deBRds aPath thiRgh g bods kiR 0reR esdsbSsartdflesting gapt er i al
(e.qg., quartz, alum num or alum num oxide) of the second waII 790 fand t he

t her mophor GtFeng e a s seripa Be(ew-ripng e negrtiye easinshieation) of e gep daine

[ 0071] AT t ergsshesffd 4 é@fa@éjsﬂ)acﬁa'vﬁallckm’) %Pfh@ dodtREAHIR 7HRR dBRes hGt@nd p@Bo’ 40, the
activated gas can be directed process chanber. Because particles

accunul at e ¥A of e gevshparct 8457800 aB&i?Q’& (e &nin hozmbpgigment epryatimaelj=¥ ent ering t he
process chfdxgx%[ﬁgaa Jggggi@fyc& k&d &Snd ‘taap%ioherh@%méﬁ{uﬁﬂofgﬂé eI &S R Blirdgh®

particle t |G 8 1s a schematic cross-sectional view of a
particl¥ t ramesdoiirspegmBoagf ths gancliahnal 845 caupessheapapisdiisiie pirikothe sprdace 88@&nt i on.

The particl 09/ 047631
generation g;t/ﬁst em (erh%ﬁﬂ} ﬁ)%thu‘%ﬁg%a&gr%ﬁ@rl gltscﬁgca)snec}%@s& Q@&{%g%?ﬁj%rg%&%%@ 2,

3). The par8&4Sclesomeambddihentsthamall 87@ts ni@e ovtdia nmlab@ £,0Mpitz dluminun oout | et of
oL Pl A3 RUER s DR SRRl IR TR R o2, 110
coupl ed to thheirfacd &80 dffthe&va;ﬂ&)?ﬁi)emsmﬂiwmﬂmdm(emsgthg ailg‘]e(Dlgal’lk bétwadd0 of the 5process
chanber_, 130 of nneI 5 is.fo in a body
struct itk S@Broéfm%%“%a?%‘ik@e&s ﬁ"&?ﬁ‘["‘%ﬁ’ﬁ‘ggﬁ@g’%’ ﬂi‘ 1154 Wk O dnvhidses EQF? g?flevvl th the
inlet 135 re&sg(g%(@lgt kl&idg%%ﬁsloMSnggﬁwqtl on 887 i 58I gcagrﬁd i nt er| or to Con
exterior wal t he bo ture col ation of the
obst ructi onl @%‘) n%‘lflﬁg“é‘}&%ﬁ(g I@%%@%% B‘é?@‘h& t a8 channel
845. The gage %&1 d%@esmﬁbmme&%lpaﬁﬁn@mafdﬁe g&r&\bhgial 8459, goqwngwetp@&luv@ 850 t hat

causes particles in a gas passi ng‘froma |rst ortion , along the

negative y-#4inggave s@kis éﬁyct@ﬂs)tSH e gaecont sirfres 8 atséc%lﬁﬂaﬂéégg asafeFdle 880 of a
val I 8785 of yblaep 0RSS. i ®lid BbRBAerdt MprodBidtdlEo0 8etREA0MR L ROG thXcond surface

892 of the second wall 890. The momentum of the particles traveling along the second
portion 875 of the gas channel 845 causes the particles to strike the second surface 892 of the
second wall 890 when the path changes direction at the third portion 885 of the gas channel
845.

30  [0075] In some embodiments, the wall 890 is made out of a material (e.g., quartz,
aluminum, or aluminum oxide) that has a high sticking coefficient, causing the particles to

accumulate on the wall 890. In some embodiments, the second angle ®g;, is between
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875 of the gas channel 845 at an angle (1)8a (e.g., in this enbodi nent,

appr oxi matel\%{ 90 degrees) relative to a surface 880 of the wall 870. The
morment um of WRRYYAIE4cl es traveling 15al ong the first pdH{WSHBBE568f t he gas
channel 845 causes the particles to strike the surface 880 of the wall 870
uhen the palpbroChaiaess iy REkONAbmk BEnSEHIAG ROLELRANABIGhaldeagas channel
845. In so enbodiments, the wall I's made out of a material (e.g.,
quartz, al udebwesn. or al umi num oxi de) that has a high sticking coeffici ent

come onbod bl s, s GbRERYRbELSERAHRSHEAERS Atafly 00 ik B, e'es i

sonme enbodi &?J@anlclthEavrelmgalomﬂhb th8rA(oitivnl88 8 &sg. aa;longehcsnegan@ yleps dssiion ( e.g.

t he depressi 50f F .007 ik referri
channel 7845 ha the e?rﬁssmcﬁl E?hgﬁﬁlgg‘gﬁ §0r tTfh% eslc I St'in% 3 t?“rd SIgfarcgg%é gﬁ?r omthe
second por tthmdlwleSZ(bfTHehlepxgamncﬂﬁalmapd paBidkdes (i thg .gas mht(ﬂugv alh@ qhe)ﬁnﬁdlpmmoand

negative X direction strike a second surf 2.0f a.se 890
at a secono&gggﬁlgés‘g’é 235 Causf%%?%l?@cz“ﬁg%a‘i"ﬁ@ﬁﬁ% oé% Wflﬁ]értfagf§9(86ft egrees)
rel ative t aleplessichesssndd sewésa@presaﬁtmfpaﬁh&s ﬁeﬁmdmg\mdld»dg&ﬂasy mE&lxanMrrent um of the
particles travelln al on he secqn 0 .875 the gas. c 845 causes
the parti cldaiqqia Sﬁge‘gh L&E g‘ﬂ‘FﬂP g lcg{zﬂé“é‘% &’I‘Ho%a‘f‘fq %80 when t he
pat h changgs.gdighife! AleRinam, 6Murhﬁhﬁ1d)xﬂiélf ﬂlaﬂrasaafgh@ﬁcmﬂrgeco@ﬁ&ldanammg 184 5.
30[0075] I n sone enbodi nents, the wa i mat er al é . 0.

I ent

IS out
quartz, al Gt weumplision s Bl afébl 2t spe elag?ﬂlﬂﬁm%ﬁceﬂ B f5i1
causi ng t hengaht dopinmidaQoRGaH Ml Rp:@ssiih 835 ¢n 8 kHird824L 8200 eiaBceaibpicient s, the
second angl e(D8b is between WO 2009/ 158249PCT/ US2009/ 047631 appr oxi mat el y
45- 135 degrigapping piredipeoldhppativie itR84% he second wal | 890 includes a
depr essi on. %)6‘9?76]Aﬁertﬂlﬂe' a%u@eﬁ@?éids néec[lfectea hﬁoﬁglﬂ'tﬁé%a&@ié ﬂré}%@&ﬁe hARhUdess a
depression 8357in a third wal . Particles traveling along the third
porti on15885>a(1 be erec’tedlt@ﬁ@ WMSSrFéglab@Prv Begaugppasticiisrageunudiy o5t suifacen@0depr essi on
835 of the l, I 30 of the
third wall 0 'ﬁ%@ tgee%%gastg?g& B%EB% gla gocié)stastrc%ll C eggﬁ%lh&?) ﬁgggggﬁﬁﬁ%t fl ow al ong
the third potfiviteigad8Bemwig thipartjels tre8#hel 845, causing the particles to
accunul ate he i he. depr i to
pr event the[(a gﬁasﬁti cﬁlg‘ég rom et %ﬁ% C§§9 cfn%&aégleg'y&%é 1§%F EE%QO %gr ?ﬁ%ﬁ’e@n t he
system | n i{onmtierdndebidingent sf the hﬁeﬁthmr dhepdriicl828p 949 camble usedtin @plasmarat eri al

20  generation system (e.g., the plasma generation system 100 of FIGS. 1, 2, or 3). The particle

trap 940 has an inlet 135 that can be coupled to an outlet of a remote plasma source (e.g., the
outlet 125 of the remote plasma source 110 of FIGS. 1, 2, or 3). The particle trap 940 has an
outlet 155 that can be coupled to the inlet of a process chamber (e.g., the inlet 160 of the
process chamber 130 of FIGS. 1, 2, or 3).

25  [0079] A gas channel 945 is formed in a body structure 950 of the particle trap 940 and is
in fluid communication with the inlet 135 and the outlet 155. An obstruction 987 is located
interior to exterior walls 905a and 905b of the body structure 950. The combination of the
obstruction 987 and the exterior walls 905a and 905b defines the gas channel 945. The gas
channel 945 defines a path through the body structure 950 that causes particles in a gas

30 passing from a first portion 965 (e.g., along the negative y-axis direction) of the gas channel
945 to strike a surface 980 of a first wall 970 that defines a second portion 975 of the gas
channel 945 at an angle @y, (e.g., in this embodiment, approximately 120 degrees) relative to

the surface 980 of the first wall 970. The momentum of the particles traveling along the first
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10 (e.g., quartz, alum num or alum num oxide) that has a high sticking
coefficient, causi n% the particles to accunmulate on the third wall 820. In
some enbodi MEARYY 1200l i ng nenber is in thermal conmuniP€AtUSHRYM7EH t he
depression 835 in the third wall 820 to enhance the particle trapping

proer {1 €5 kichiyBs Ak bal gl 01 Scfces HAGEHCAL Lotk e Ak s @0t > o 1 ect e

through the particle t the acti as 15can be directed to the
process chavalel70 viden thegethrhnnges Hisertian aithaiseaons! portiantfe5 ofithe geechag8d 94892, and

830, the agti v rd S : e ticles than
the acti vatCI éamg%ég%n e?n?%%h%tq{gg%ay% P@{%&cﬁo&bg%igg @Bﬁadg@?‘%] é%? a@ﬁlﬁ%&g’ Ogc hemat i c
Cr 0ss- sect i aumaihunziogide thatdhapa high stickitg @pffivikot, casing tihi mgicles taaccivhlilgtstonat i ve

enbodi t of the ijpvention.,-fh article. trap,940 .can.bg used in a plasm
20gener ati dhe LyeretDEE w70 Ty Sl Rl B FlES H s 1T o
3) . The pardppokimnadidlpps-930ddaass.alin sbmk einbddBmeith alie frawa970angphdeslat 0 an out | et of
a renote plasma.source (g.9., t out 25 of the renote plasma source 110
of FI GS. 1,£Er,essb‘?n(§)g:’%ﬁf§p%§sﬁq %%é‘r%gl?@%lo has an outlet 155 that can be
Cﬁur)l ed to [ohe]i nlatodé eabalinees Shedbsmingion 0&7 @eluddshalepibsidn @@Q tef the process
body. st rUctisPESSBD B THe SR OHEF 18 SeF e P med AOFTBAt | on wi ¢ h
the inlgl I3mnaRgatifitwink 8hrfik8980 Mthohst WHEYTT tRBobsirsction 981 el sbiterior to
exterior walls 905a and 905b of the body structure 950, The_forrbl nati on of the

obst r uct i orfREmER. thpgodlipg sember iglues ageslantrhannshiseriatidd Preoldds channel

945. The gag&haRh ek thd4wst $allione sf fe BRuRcAdANBYIth JoliR RPBNinRhisUGE Par8cl@50 t hat
causes particles in a gas 30passing froma first portion 965 (e.g., along the

negative y-teapiiclales epluradity ofgbstrysdiogt®7channel 945 to strike a surface 980 of a
first wall [Pgﬁét haélt%ﬁt‘éﬁli'l?&zo é%.@}}%%apa{aiuhe@%%a"@ aQhird ;gtﬁti&?%s(?'?’ﬁﬁﬁﬁk 945 at an

angl e (DRa i ment, appr oxi nat el ?'/r?l O degrees) relative to
t he surfaceh®88 dofctedhiorhithessecand|port®n§75 Fhibe sesrebangh?45tstriksea speandisetfacg travel i ng

al ong the fighst, V0. 20006468240RCTLHE28109, OIER LBl A P Achas gas

channel 945 °Causes e particles e ace e first wall
970 when t hizgpat)helatharigés sekond strfaon 992 oftthesesaulovadl 399r Themogistugfofithee gas

channel 945. |n sone. enbodi,nents,. the first,wall,970 4 .Of mat eri al
(e.g., quarlfaft,ldeﬁl%ﬁg‘?ﬁﬁlﬁ%ngFheasle%%ﬂﬁﬁr}r%ﬁog%%%éth‘f ﬁaastCh?%lgl %ghcggﬁ%gg]t%:ﬂ%ﬁlfo’lﬁsg%
coef fi ci entstrilzabsiedghd dnefaqeepoliof the Sedoad aalt A9Whdnsthe path clidngesslireétiment 880 of t he
wal | 97 | n. sone e jments, t ngle. (1)9,. i s between I 0X| ely 45-135
degr ees?0 I ntﬂgiﬁ‘értl%’?rggsg‘?qjﬁrg"r%aé f’harnﬁgegf‘?'r gﬂﬁﬁéﬁ”"%’ﬁ% ﬁg?%légftggg%ﬁ?de%%ta n (e.g.,
g g$ _deplr ez smrbfgﬁ@eédh@ Maft I9Eﬁ) ddfines b ﬁ&i@g] IhRo5e emb@nigad;g,mal 99(11€m@81é5c?1ut uction

i ncl udes. a depression (e, g., the depressi.on 7 rom FJ 7)...1he
obst r uct i on®iganeteriph ?‘i'%rﬂ“&'ﬂi% a B‘H’P’i%@%?’“gﬂ thaf, E?Smgﬂ Sm%ng C?’efﬁmem’

causing the particles to accumulate on the wall 990. In some embodiments, the second angle

g, is between approximately 45-135 degrees. In some embodiments, the second wall 990
25  includes a depression.
[0082]  In this embodiment, the third portion 985 includes a depression in a third wall
920. Particles traveling along the third portion 985 enter a depression 935 of the third wall
920. The particles strike a surface 930 of the third wall 920. The depression 935 traps
particles in the gas that are flowing along the third portion 985 of the gas channel 945,
30  causing the particles to accumulate on the third surface 930 of the depression 935 and serves
to prevent the particles from being dislodged by mechanical vibration in the system. In some
embodiments, the third wall 920 is made out of a material (e.g., quartz, aluminum, or

aluminum oxide) that has a high sticking coefficient, causing the particles to accumulate on
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10 communication with the surface 980 of the first wall 970 of the obstruction

987. In sone enbodi nents, the cooling nenber includes a cool ant channel to
receive a fIWMPa'Wa58¥ol the surface 980 of the first walPCTPP0RYP476He
obstruction 987. In sone enbodi ments, the particle trap includes a plurality

of obst ruct, 005980450 o[f@r%%ﬁm Ibznd %% L 88nd atsGa c&o c]mg lsqlbal@%h 945 has

a third portion 985. Particles e gas i récte romt e second portion
975 of the @&m@hamreﬂvlﬂgﬂ@dsnrpasmHathsélnrﬁrmallsﬁof ace 992 of a second wall 990 at

a second a 091 i ees)
relative t ?@é se%%e(ﬁ egaﬁ%l Aéé(}leéaggss H%PQ ?ﬁ{e&%gttherﬁg \%gﬁo%épgﬁ 8%%&@?&8’ %s[um of the
particles tqaabeﬁiirwg:dad> tegrdachs chanbard Bpawsd mnticdéd Beaimuldteonths satimen®i0, 945 causes
t he partd cl e..t second surface 9 of .t he. se 990 when the
pat h chaslngeggéﬁ ;ae9§§ |d(1)ena0twg%%asfﬁteflﬁgﬁl 5’8? Slcgaﬁlﬂgégas%sstp ﬁ& {%(S;lgha%kannel 945. In
this enbodlammed@splﬂemnglhepdrt1¢lé1&a1s@¢§bnd surface 992 of the second wall 990

defi nes a odi.ments, the, wal 990 out aof mat eri al
Cor g quarb¥T. Hen BT oGt ERemechaL ey Rt PASS 190 o Ser gy &

C(r)Tgf Li ci entllluﬁxﬁuﬁd gighotlimeenpaf thé ﬁllvaglt())hOTB%paﬂﬂ]d: &ipe10a0 chlie 1\!@}1 in eQ;ﬂﬁ)snéal ndsorre

e odl nent s t he secon 1S et wee | 515 eqgr ees.
DL I Lol B Ry RO ) I U B e e

thi s enfgodirmnnao inblddshi B’od?' Em&uremoﬂ)aﬁvingeh uﬂaam&ﬁe@meemqﬂved 16 aaoﬁdvtrd wal |
920. Particles traveling a the t grtl on 985 enter efﬁ gsm on 935 of
the third veg|a|rer9%pla$%80¢15ﬁet<? s+ Ogtlert%og %{ﬁn?%@awowetlh%ofi Bedlwal 1 920.

The depr eSSdr@P BRDolly SRRl $I0Has 8n bulllet 18 tHATak Bddouple@ td thoMidi@f @bRo&st he third
portion 985 of the gas channel 945, 30causing the gartl cles to accunul ate on

the third strmbede. eswemlettlﬁeoa%p@ggﬁsaha@@sl of HEpvkd: 90 p By Rasticle g
particles flﬁaﬂae%u@&t &&édb@@l&%@n hemmiﬁ%%uy@&ucwr@[@ol PRsdnik diddiyStee | N sone

enbodi nents, the third wall is made out of a material (e.g., quartz,
al uni nuby it leastone ﬁbﬁﬁv@mnd@ﬂotswaﬂurhlerg ofobsirgetioss | @10 Arythisrmtodimeshtthe causi ng t he

particles t Fcfectgig‘l'o% fhcRldes é’\%)?rg&%}ﬁﬁ%“%f’%e%%% n§7§,§%tlk££?o§é1rface 930 of

the third I'n sone Iments, a cooling ne I's 1n thernal
cormmuni cat i abstrusitivin 1@ 9ehaglep ises sial (e. & nthe well i 70 ofF TG 1 019D @hat [COBEIAGt er t he

activated 9 enats \{vghs lﬁ)géa?gldtl}ag&ou&llh O%P’B&lé}tﬂ!u‘g I1850t 3R a? 1%? oﬁeb(?bs%ét o}{qbﬁp gas

can be direcC € process char ecause particles accunu ate on the
surfaces 98@ corigBi2d tcadudle&3pas ﬂhmng(ftomfm eﬂbtg as toeth«t eutlen {5 3 theayse partisles mh anbe r

has | es tlcles ti.vat erln artlclet

50547 Hve” RS Sk ks 10161os b E o B35 SPtis To1 s 3heméign b AR 1040,
accor di ng tparta;nbslﬂlokwugtﬁcmﬁ théenletnlbﬁdd» mentnlenﬁs& JS[th: letBl’struaﬁlre 10b@caagstthec! € trap
1040 can be used. in ti stem asme _generation
system 100 R?th% é%smg t?’? gr% g@ %g‘iﬂ?tOEF "E’lcqq%&[glé@ﬁ@‘? hief¥es a body
structure l&ﬁ@ct&m&efagy em sbﬂﬁl: ehbac&ﬁeﬁtbaﬁe Sufffce® 1§ 6t ededsPorbbotickied of a
renmote pl asma source the outlet 125 of the renote pl asma squrce 110 of

FIGs. 1, 2,108 lsgyadeﬁﬁbof@daiie%ql (&t THREZ PHBENHROT 3o exide)dbat hpsp highy pe
coupl ed2§ 0 sttleﬁn%&le?ﬁm&ft BudHORE p&rti QBT RS Unfuton tht BE B €5 kPR R icalilRGe PTrOCESS

chanber 130 of or 3). The particle trap includes at |east one

obst ruct i orPbimucion f040pdn Wr@qumnﬁﬁ the abisast ongobsBuesion A HYinpledese  t he
depression (e.g., the depression 935 of FIG. 9).

[0085]  The at least one obstruction 1010 includes a cooling member 1020 in thermal
communication with the surface 1015 of the at least one obstruction 1010. The cooling

30 member 1020 can include a coolant channel to receive a fluid to cool the surface 1015 of the
at least one obstruction 1010. The surface 1015 of the at least one member 1010 can be
cooled to approximately 25-30°C. The particles entering the particle trap 1040 are thermally

activated from processing in the remote plasma source. In some embodiments, the gas
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15at | east one obstruction 1010 is a plurality of obstructions 1010. In this
enbodi nent, the particle trap 1040 includes 8 obstructions 1010. In sone
enbodi ment s, WP R¥YA1824%ast one obstruction 1010 has, or P§T/UR20P476(le. g., the
wal |l 170 of FIGS. 1 or 2) that is interior to exterior walls 1030a and 1030b
of the bodYenhibliflephRickdnB 1008 approkinffly SB-CPBd difbRR if Rhfhelafirs ONf i gured to
deflect a gcgs l%gow%mfrog\phe iaﬁﬁgfﬂgtl 135yto t%e outﬁet 1&1)5 t ec?ause particles
in 20 the dwtveen thetthdriellpraciiyeted partigled S1ddhe sunfaceatO1P ehthe ableast obsmembari on 1010.
The nonent i oW f j t. 1 155 of
{he body st riariss SRR EhBaabi Okt TRMMRUAON ikt BhleR - 0F The
at | east onegehstthacippoxih@dly 10MER/dnh eGapapediss thie hbsodt mdretphesme lpywer (a.gsone
enbodi ts, .the surface 101 the at . |east one . obstructio 10,1 s made out
of o mcor Gy APEnTOEAE RS0y it b R et rS2Rln? RaRES el op B Ao I8 o
25sti cki ng pisefafpostefele,, acmuy i Tig lodabtepdedatued @adiém ipatsnifbat e tha tHehmallsur f ace
1015 of the at |east one obstruction 1010. |.n sone enhodne , the at |east
one obst r uckTEHEIsFricHEhRe Bl Rk, (Bt 5% T e EdeRsrbas of Bl G
9) . [ 0085] Ttk@peaituletidsdentO Mhe 0dys tehipetatuddioftBd Sirfatc] (10 @8 the aCRMt bngmembder 1020 in
t her mal con]’gcug{;i cation with therfaurf,ace 1015 of the at | east one obstruction
1010. The cOdP FiREesBe fRAsEAtrs g8ieptR therep 30 dhedhrBOPhRsRUC AR AGE RISh ecei ve a
fluid tm conkicdddeovdd haesldkdieeal1$ bthakht iEL08He nivigbep PFIor uct i on 1010. The
surface 1015 of the at | east one nmenber 1010 can be cool ed to approxi mately

25-30C. TheOffflti sl bligerhampie Arospactions] wev ohprargole tap dl40hascriingfo gkt i vat ed
from pr ocesgigdildentitdQini @Bt Be RvaR{E. HPMlsERhbodihefOIBoB RAIENLS of hBe gas WO
2009/ 158249PCT/ US2009/ 047631 entering the particle trap 1040 i s approxi mately
2000C. The Rrérticfectraprid 40 isidispespdan an ontlst boOwéa Femaieplasies spaTce e e P VIR particl es

and the surfiagg 53@&5 18 ofiFfi8s 8t 2! &AL T%d?’%ﬂ?%ge 1990081688 teRstleRd ®13o0cal

tenperature gradient. The nagnitudé of a p | tenperature gradient is
greaterlx haﬂlﬂdapmood(iﬂnﬁaﬂéﬁ-yTh@b)wsmm@dé%éé@icbmhﬁtﬂa\b@@nbnlﬁﬁirléz pithesma power
(e.g., 5oxy A i ? I 'ﬁﬁ# di ents

t han t hose @?&Pdéki%@g%ﬁgg@é{gﬁggﬁgﬁep%&mﬁge @/%5; %{aargg%(%é. ﬁa gcﬁ:% 19({vgsrrper ature
gradi ent i npanglstha chiaaned 144tatheottlvet el Mythiseotbodiatest thedhotly strwsire EEHI0lied t he

t her nophoretjc f.orce hat acts _in the direction. of st 1 ture
descent . THETHETEGealal  orSferofe A bl B b B inkee 111 2R ST L e
1010 cr eat egedidrehdnerdjienicdridp of (e adiletni34 a1 tHelsecopd snd 5135t Rerticketrawtihgr eti ¢ f orce

acts to,push 1 articl owar he col rf.ace .1015 of . th t .J,east one
e rmer Ab1 oot Be e 344 PLBE Sadiimified 1 B0 BuRC SRR Sttt B b bE par el
t;ﬁa;lpd1140, saecﬁﬂregdi DB 5tad adiingld ﬂel&ﬁgcf @tthélirﬁ]teﬁ’ﬁbﬁﬁia' dSEFIlTSZ of the b@o'gmvmwgliso.n. I 3 this
enbodi nent, ody structure 1150 of the particle tr 1140 is di spos in an
out | et 116O[O€§ﬁa r%ﬁﬁ@%e‘ﬁg%fgwtéx-&]&ﬁ%@n?t@ﬁg?,f&? feud b0 li)mwgtsww?lzo of
FIGS. 1, 2,to@He dmetcie op@dedhnd ¥ad UI38. nlfhe difboliftRtsathé UiailetefBis 1130

approximately 4.6 centimeters (1.8 inches) and the diameter d; is approximately 3.8

25  centimeters (1.5 inches). In some embodiments, the body structure 1150 is made out of a
material (e.g., quartz, aluminum, or aluminum oxide) that has a high sticking coefficient,
causing the particles to accumulate on the interior surface of the body structure 1150.

[0088]  The body structure is coupled to a conduit 1145. The conduit 1145 is coupled to
an inlet 1170 of a process chamber (e.g., the process chamber 130 of FIGS. 1, 2, or 3). The

30  conduit 1145 transports gas from the outlet 1134 of the body structure 1150 to the inlet 1170
of the process chamber. In this embodiment, the conduit 1145 is substantially cylindrical. In
some embodiments, a length / of the conduit 1145 is approximately 10.2 centimeters (4

inches). The particle trap 1140 also includes a cooling member 1195. The cooling member
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15 and a second end 1135. The body structure 1150 has a channel 1144 with an
inlet 1132 at the first end 1130 and an outlet 1134 at the second end 1135.
Gas entering"PRYWINIHREL 1132 flows through the channel 1PEA/GSYPRKEHut| et 1134.
In this errbodi ment, the body structure 1150 is substantially circular in cross

secti on. ﬂz fEh Bfen Ou%ﬁﬁﬁa&dﬁ'\ﬁiht%%%dﬁﬁlu&%ﬁd{ Hodf Q@u&&é@ldos 1gpeater than

a di aneter 1134 at the secon Particles traveling
20t hr ough tdeelingrraember 119154ﬂ130t$fant1¢19r1(b(§dl§faost1ﬂlﬁ:@fuhfeconilﬁol154t5r lkeomn i nteri or

f 115
sur f ace 1185 pirtdE SEEANe Hihoin oY SR Bk LMot bt BB At T
di of dt hedfhﬁg gf the doolin g tnendeal9b dxpm@t\dhw @qlsat ftldzws th eond¢ anbidanemﬁz :h@}‘ t 2e6
secon i anet er I
%n _nLorgsuerceSlq othe) C?Iﬁlﬁggi% 1S Efe(fj aP%romma ell é? ?QP 1%% % y

centineters’
25cent i net emerigd the cbmhﬁteIS)lS afenhesmalty mﬂbﬁeﬂ ﬁmntpﬁqcestshlg 1ﬂ0®cbjncﬁé plumaﬂoercMSO IS

d t of t I o t that h
o ot R goRE et s R o Sl T St RRE. R e e o
surface of dlff&eﬂb@dryteﬁipéﬂaﬁiwbeewaehﬁﬁ)e the@Q8 8 hdihatdd paifickt bnthel frferlos satidpl ed to a

conduit 1145, ui i.s led to an jnl 1170. o rocess
Chober (o 7 oSt aLas orln o oot Brgrersaeardient. 3hegraegide e Hashn dui ¢
1145 trANS pehp&atGRprddiaNstdieited tah @ppréligtedf 1000€C/BAAVaS pebied thaabdd:bhok® t he
inlet 1170 of the process chanber. In this enbodinment, the conduit 1145 is
subst anti all @ﬁn@wwwugeérwgepnm%%?é Rdsamnufithave largenisiperajurogradignts tamdui t 1145
i's approxi nRde!ar o 1@&@)‘1&!35@?6@& €4, ht%@ﬁ‘)e%e lotgﬁelﬂﬁérﬁﬁxf‘el RadiérBngeld@ al so

i ncl udes a cooling nmenb he "cool i'ng

2009/ 158249Pcy iUt dwondly7st vatadimafiqles, ¢akled Wél‘h?&ml&’ﬁfﬁﬁ*ﬁ ferea thag actiintthe t he condui t
1145 and t he Do rSlelpsst er;ti'n'%Qiesc-EHle TR ﬁ&p@i%ﬁﬁ’@&ftﬂé‘-ﬁﬁ:rﬁpﬁirﬁc@f‘l%m erior

surface 1175 of the condul . I'n some enbodi ment he cooling menber 1195
i ncl ude® o therconduitel 146 oteates t}@hmeeqtgegtﬁétenbméhq gals,tShéheldb@ywphor@ oreol i ng

menber 1195 E*%é BWga%f‘&leﬂbx&?c%ltgz{;éoﬁe'r% or Lxﬂfa%@ﬁ'ﬁﬁ?‘*&%ddo .the Sinterior

surface 1175 condui t cooled to appr oxi mat y 2 -30C. The
particles €08 ngAfidrehcastivated gas isidireated thréahried paytichetrapyid#@dhd activatpd gasessi ng i n

a remote plas I n Qe di_nment t he ent ring. the nduit 1145
s appr ox il B3 00e PiRe SR B cREeT Rl afahiu UL AL iR RS
thermal | y- atftthe\m?dtnmarrénIﬂOwd&mcbohmétilnﬁ ahé¢ ativated gacatedig the fockdse condui t

1145 resul t i ent nitu of a typical 10
t enper a %ﬁwgﬂ%%@ssip?ﬂ&?egg ﬁﬁgﬁfgﬁs&ﬁeﬂ%@??g@g{@ gﬁ‘% "Gas speci es that
absorb rmr {00900 S MEFIZO VRS a(seh@qancepoyg&tanoﬂm thicegkmenstondlra@en) a pudid(le haye |ar ge;
terrperature radi ents tha t hgse that absorb. | ess plaspa power (e , argon).
The | ocal t ST P PSREYS STRRRIReRLOR e inaeiigng hbtitsﬁgﬁ’ﬁa‘%ef}t 3 at ed
particles, gatturd2bh6f thdpirtiee 93240%5106&1@‘5 126b@fa%iﬁo‘ie%ﬂsnﬁd'@uﬂ‘b(@§”h@n of
st eepest tenperature descent. | o erature of the interior surface 1175
remote plasma source 120 of FIGS 1, 2 or 3) he body structure 1250 has a length /;, an
25  includes a first end 1230 and a second end 1235. A diameter d;, of the first end 1230 is

greater than a diameter ds, of the second end 1235. Particles traveling through the body

structure 1250 strike an interior surface 1220 of the second end 1235 at an angle ®@;; relative
to the interior surface 1220 of the second end 1235.
[0091] In some embodiments, the body structure 1250 is made out of a material (e.g.,

30  quartz, aluminum, or aluminum oxide) that has a high sticking coefficient, causing the
particles to accumulate on the interior surface 1220 of the body structure 1250.
[0092] In some embodiments, the diameter d;, of the first end 1230 is approximately

equal to the diameter dy, of the second end 1235. The effectiveness (e.g., number of particles
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150f the conduit 1145 creates the tenperature gradient in the gas, so the

t hermophoretic force acts to push particles towards the col der interior
surface 1179V@RVWAB2¥onduit 1145. [0089] After the acti vaCEYSHAY{7631di r ect ed
through the particle trap 1140, the activated gas can be directed to a process
chanber . PAE bhBLR 3R §SMLBIEs A% hlifof L GhinQr &L/ RS GOk 4 e body
structure 1%@g&§8d the congﬁlt 11455;Sﬁ; aﬂ(t?(l)vateglln aglenter?%g t%e process
20chanber Hagedses(se. pﬁnmangibéhzmtraatses)hél @mqeméldlegasthedtametengmme particle trap
1140. [009Q S ') vi ew of
a particle %pp Fk%ﬁﬁ%“ 6%8@31?% ﬁ gl%%eﬁf :&fel dt‘ﬁ&?eﬁéart %pé)n%%gtr@r&’ g%“ ;@S

i nvention. (L mdimeg awbiodiengh{;, 1sapjuoxﬁyna£ﬁ1y2|&tcmtmeﬂ¢25(0 laohcheke Ipacmm cI e trap 1240

is an outl et 1 .Squr ¢ t he ermt source
150 01 OB ceomtpatia® (8 b PR AR HehES b fsBpeaddi TR R R,
25i ncl udes [0093] r stingnde &ABAimatls, ahmmmﬂdnémmsmﬂﬁa boAy ellna:tmé €250dk aoupiedt he first

Cravel i ng CAPBIGH o hErpBag Y L e r'a Hofios SRR PRy Sr¥au Pl 1520 o

t he second @Mdﬂx%aﬁ ﬂ&tsewihdaﬁ@hBSCb’fﬂle%Hﬁﬁtmbﬁué @ S0hecdupledtd Hcomluitizgse 1220 of
t he second

made out ofﬁ{éd ‘%trlzé ?S(()Sg %antlagﬁog’g’ﬁg?ﬁagdfnenh‘?‘ﬂhlr%ngs?g’g%ﬁﬁmlg{ﬁ é‘)%'? h:a:ts has

a high ati clebdess dhambér (6:€ e précdstchdbdrn80 PEFTGSCHB5 of D). 36 SdnBUnHodinintst he
interior surface 1220 of the body structure 1250 [0092]In sone, enbodi nent s,

the di anet &he ganduibi245Hempds it oéﬁalatfzslde B UEr YN ipERePRAluERER oxide} et i anet er
d2a of the ecand s6lehle3 ﬁameﬂh%a@friggﬁhiclé@%%mﬁﬁa@ on aR WIRR: s@tackdrdoitl es VO
2009/ 158249PCT/ US2009/047631 tra particle trap 1240 increases as a
rati o of t Hbe eindniel 5. di haeff@:tltvﬁ@swem@berdﬁaamﬁéa} epped) qftheecondyihlZdangl e (1112
i ncreases) . L0, SONE | | Hﬁ‘g the dianeter dia is approximately 4.6
centineters (1.8 I nches),” the d| aneter d2a is approximately 3.8 centineters
(1.5 nkﬂnes[)m%dnd Injseme emgwdmnﬁma thescoagipt 4P irain dheymal compamicatiqrt witlsa (1. 1

i nches). TRAh S

comuni cat chgﬂl\%e?%ng&@gog I ng) rrgh @rﬁngf%%%gejt jr@tgg%lg céﬁﬂc}?%%&s&%ﬂg& ié}(’acond end
1235 of t hehbowing membenrlde p2ECles entermgpheednduit 1245 are thermally activated from

processing in the remote plasma source. The difference in temperature between the

thermally-activated particles and the interior surface 1260 of the conduit 1245 results in a

20  local temperature gradient in the gas. The magnitude of a typical temperature gradient is
greater than approximately 1000°C/cm. Gas species that absorb more plasma power (e.g.,
oxygen, nitrogen, hydrogen) will have larger temperature gradients than those that absorb less
plasma power (e.g., argon). The local temperature gradient imparts a force to the thermally-
activated particles, called the thermophoretic force, that acts in the direction of steepest

25  temperature descent. The low temperature of the interior surface 1260 of the conduit 1245
creates the temperature gradient in the gas, so the thermophoretic force acts to push particles
toward the colder interior surface 1260 of the conduit 1245. In some embodiments, the
length /5, is approximately 10.2 centimeters (4 inches). In some embodiments, the conduit
1245 is coupled to a subsequent particle trap.

30 [0095] After the activated gas is directed through the particle trap 1240 and the conduit
1245, the activated gas can be directed to the process chamber. Because particles accumulate

on the interior surface 1220 of the body structure 1250 and the interior surface 1260 of the
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to an inlet of a process chanber (e.g., the process chanber 130 of FIGS. 1, 2,
or 3). In this enbodinent, the second end 1235 of the bogy structure 1250 is
coupled to VQANAUIBR491245. The conduit 1245 is substant iP TUp29P47plri cal . The
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cool i ng é mn%% g erlor sur f e.cond 1t .1245 can
bo ool da. 1) TeHERhaT PR combarred BLE el BREry e e ek ef BN iS5 ar o
thermal | y awt totatdefinddronin or the pesédngg illustiaties desdription.pl asma sour ce. The
difference in tenperature between the thermally-activated particles and the
interior surface 1260 of the conduit 1245 results in a 20 |local tenperature
gradient in the gas. The nmagnitude of a typical tenperature gradient is
greater than approximately 1000C/cm Gas species that absorb nore plasma power
(e.g., oxygen, nitrogen, hydrogen) will have |arger tenperature gradients than
t hose that absorb | ess plasma power (e.g., argon). The l|ocal tenperature
gradient inparts a force to the thermally- activated particles, called the

t her nophoretic force, that acts in the direction of steepest 25 tenperature
descent. The | ow tenperature of the interior surface 1260 of the conduit 1245
creates the tenperature gradient in the gas, so the thernophoretic force acts
to push particles toward the colder interior surface 1260 of the conduit 1245.
In sonme enbodi nents, the length 12a is approximately 10.2 centineters (4
inches). In sone enbodi nents, the conduit 1245 is coupled to a subsequent
particle trap. 30[0095] After the activated gas is directed through the
particle trap 1240 and the conduit 1245, the activated gas can be directed to
the process chanber. Because particles accunulate on the interior surface 1220
of the body structure 1250 and the interior surface 1260 of the WO

2009/ 158249PCT/ US2009/ 047631 conduit 1245, the activated gas entering the
process chanber has | ess particles than the activated gas entering the
particle trap 1240 and the nenber 1245. [0096] Vari ati ons, nodifications, and
ot her inplenentations of what is described herein will occur to those of
ordinary skill in the art wi thout departing fromthe spirit and the scope 5 of
the invention and are considered to be enconpassed thereby. Accordingly, the
invention is not to be defined only by the preceding illustrative description.
CLAIMS | . A particle trap for a renote plasma source, conpri sing:
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a body structure having an inlet for coupling to a chanber of a
renote plasma source and an outlet for coupling to a process chanber
inlet; and a gas channel forned in the body structure and in fluid
comuni cation with the body structure inlet and the body structure
outlet, the gas channel defining a path through the body structure
that causes particles in a gas passing froma first portion of the
gas channel to strike a wall that defines a second portion of the gas
channel at an angle relative to a sgLAmge of the wall, wherein the
wal | that defines the second portion of the gas channel conprises a
material that has a high sticking coefficient, causing particles in
the gas Ito Aq;tattmeltﬂabé‘oﬁreﬁahl&p%ﬂ@&dlrmédﬂlmingZ The parti cl e trap of
claim1l, mher%uy t he a Ielfség meen a ter 45- 13 r ees.
3. The parti 8PERYHEBRIE PRI tIfsevRln 1Af25eRete B S‘B? frg and

channel is @{o@eﬁﬁpmnﬁg@Ialpyoo@@roﬂ&hb@m&teaﬁdo the second porti on of
the channel. 4. The g%rtlcle trap of clai m%l wherein the ﬁ}@ nnel
has a third p&fSa@Re &nﬁhlptﬂaechoéx styeture andgp duidcommpgicption vitae Bydond

portion strikemnse REMIAhIGIdy strit@ire O6d; MBSz BRanh &l deAniROE hAR Ehr@dgh@he
second angle relative to a Second surface of the_second wal |

particle trbysyshucysihe ruseppariclonin hees passiondromyiiet nosione iseas channel
appr oxi mat elo%trﬂé aJ«%ﬁ tGR QLGRS 2 s@ond; ﬁtﬁn&%ﬁtﬁ&éa‘é‘ cﬁa{nﬁﬁ aPhn flpf r@ihﬂve to a

wherein at least the first section and the second section define a

curve. 7. Thefaprafithawal, whagsinghe whlhibat defingstibe ssrendinention of theges dkonche
wal | is at émﬁ{ses%r}ﬁatﬁgal El‘légl;?/aggi rhsﬂEkntléa&)teﬁf ?éat c%sg@}%ﬁ@%ﬁ }ﬂrtg%seé ap

of claim1, reint ucture 1's dispose
pl asma sour@eum@ate‘ﬁheher;atmmﬁ(pbleionr ap of claim 1 wherein a pressure

drop bet,we r t
is Iesstzt h:gh éﬂ g‘r"g%?‘%a {a%i’%%ml Ihg%méggf%m?%e&%a@%tg& 'ﬂtlr%g(ab%lf-e@.
claim13. fuThermrtlctﬂdrm)rqfslamgz,awhbeqm ths Siro poritinn bftbe vimhiel o at asuﬁsea’sallyone
of the fII‘St&% I‘atnl Qn. r the,s eI otgortloz of the gas channel, the
depression a f)t eél 88?%05%{’ ?1% s inthe gas. 11. The
particl @.trHg paftncteltmpmf Elaind byrveheesin melgfmruhsm.rmgha achia] pordonaadipexticlenin the

thermal co gas B!as%f%% Ifr(():;nm tWe secox'%(f' poﬂ*cx’on st e a second wall that defines the third portion at a

second angle relative to a second surface of the second wall.

5.  The particle trap of claim 4, wherein the second angle is between approximately 45-135
degrees.

6.  The particle trap of claim 1, wherein at least the first section and the second section define
a curve.

7.  The particle trap of claim 1, wherein the surface of the wall is at least one of irregular or
textured.

8.  The particle trap of claim 1, wherein the body structure is disposed in the remote plasma
source.

9. The particle trap of claim 1, wherein a pressure drop between the body structure inlet and
the body structure outlet is less than approximately 100 milliTor.

10. The particle trap of claim 1, further comprising a depression in the wall of at least one of
the first portion or the second portion of the gas channel, the depression adapted to collect

the particles in the gas.
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12. The particle trap of claim 11, wherein the cooling nenber
conprises at |east one coolant channel formed in the body structure
to receive a fluid to cool at least a portion of the wall of the
second portion of the gas channel. 13. The particle trap of claim 11,
wherein the cooling nmenber conprises a cooling plate. 14. The
particle trap of claim1l1l, wherein the cooling nmenber indirectly
cools at least a portion of the wall of the second portion of the gas
channel .1115Thdpti@étrap oficirhl afrtbér comptishgldcooih@meinbertithes®ol i Ng
menber is disposed in Hﬂe body. structure 16. The particle trap of
claim 12, poication with thereas Henagl- | east one cool ant channel is at

| east subst @R paatidly uepdralifll 1, PhekdiethB 36dNing nehdber GaPprisAanRed onelJoolalihe

particle trap of claim 1, wherein the vvallblsaportlon of

obstructio ncltﬂﬁ%& fqrgreq gy the besly sfracteseereraive 1w & epl ttﬁeswlfgtqf therwalle.

18. The pargfﬁtgcgﬁm@n&k@é&%nﬂ&her ein the obstruction conprises
a coolin In‘thermal communication with the surface of the

wal | of lgheThmqulrciﬁpoﬁ claig 11, wherqimihe cedliag memyerromprizgsim ceglingitaie-ei n
the cooljyngy rHN:taﬁﬁ? 1 %gl:fépeﬁﬁ ﬁ@%sc%?@g Hiflbedt 18%&8%%% A 1dabttdi fHrede

cool the surface of he wa ction. article
trap of cl at)ﬁﬁlq‘?alltbﬂlhtmndquqmm@th@aacmMal ity of obstructl ons. 21.

A partigke rtc?ertm} qfegﬁta Q)!:h%? ?}g 1ﬁ§meﬁaﬁ£mn%hx ﬁ&gdmtﬁ‘et%% y

structure havin or’ ‘coup a reno
pl asma soursimcmml an outlet for coupl ing to a process chanber inlet;
at| on

a gas ngn e paguc tfa&)r eclaln i¢ w et&:?r% %ga%b%ﬁe z?tqeast ne cooli%ng tcﬁ él{te % :H east

wi th the body e SOt Gre
channel defsubstatgxaﬂypmlteltdﬂnepghoftheg&mxﬂmtr uct ure and a cooli ng

menber in thernal s.ch t hat cools, a
Tonst alfor HRGHEsIe RO HaE Lnstbrch e alis PRtch o 28 Shoston EifguRishty
gr adi ent irbxaergaﬁzanhaﬁshd@dybﬂimga t he gas channel that causes

parti cl t he. as t acc lLate on the portion of t as . channel .
Do ! The Thar Tieargicizg oSraa o o SheaRT oG agst ¢ At e ABabY
conpri ses a&.eﬁrea@d;nlanacaﬁaomnthecshmetthEeJatredtherabgtaendapdy structure
to recei e flu,%& ooj at least_a portion of a wall of the

channel 19-23hepggc of plaiy Fprhsreindhe e QQmeWh‘ercémﬁﬂteﬁéC%G}tiC’P@“&

menber corrneta@sa mn&e%bnge Rlrfb&of tRéhwall BN PMsthdiog, trap of claim 21,
wherein_the cooljng nmenber indirectly cools at_ |east a portion of a

wal | of 28-helhpparticledrmnef claps 17, fythepeqinrising a phugitn el QUSEIHODS . wherein
the coobjnga B‘ﬁm@'traf) ﬁar@réﬂ&mﬁﬂsrt@soh% &%Ylsﬁ% ructure. 26. The

particle trap of claim?2 erein the path fhrough the body
structure catiRly spagtere Brdag gminkt &agowasetomgvhﬁmwo a fqmosg plpsapa souige axfd

the channel, ogﬁgttffljgggplgjg temtcggatch&eg a second portion of the gas

channel at an angl e rel to a surface of the wall.
a gas channel formed in the body structure and in fluid communication with the body

structure inlet and the body structure outlet, the gas channel defining a path through the
body structure; and

a cooling member in thermal communication with the gas channel that cools at least a
portion of the gas channel, resulting in a local temperature gradient in a gas passing
through the gas channel that causes particles of the gas to accumulate on the portion of the

gas channel.
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27. The particle trap of claim 26, wherein the gas channel has a
third portion and particles in the gas passing fromthe second
portion strike a second wall that defines the third portion at a
second angle relative to a second surface of the second wall. 28. The
particle trap of claim 21, wherein the body structure is disposed in
the renote plasma source. 29. The particle trap of claim 26, further
conprising a depression in the wall of at |east one of the first
portion20r fThepaedonsh ¢Reldihen, @Eerédﬂmega@n@hhedﬁ{be} contﬂmeemlvms;ﬁé &Jdlant
adapted to collect the articles in the g 30. A nethod fo

renovi ng pa?lfaPE‘f éwﬂw% FSTPERTGR T5FVH %‘I“Qé%%’oéﬁtd?f’éba P%?quf agyal]pf
recei ving afhedhs diahul. an activated gas generated by a plasma in a
chanmber; directing the activated _gas through a gas channel formed in
a body 2Br uEhepatidn it eian 2 ovhsaa the saelig arcaber sonprigesAcopiag Rlde-gas
Passi NG Jr 0T Sha Ptk B1 Qhcki 1 B5o1HAABEr nfhreil blidts @ 108 d pobal
defines a second portion of the gas chann at an angle relative to a
surface of vﬂﬁﬂw%@ﬂmemmehemﬁ the wal |l that defines the second portlon
of the g ggggg Ly

coeff|0|entf au§#%§ paFP§§?é§“?ﬁ£ %%@gﬁggﬁgﬂgggﬁﬁﬁpggg”§ﬁét second
portion; angdrdiurecti ng the actlvated gas exiting the gas channel to a

process ,gh T f .
ool  ng 28t 1 episde ot st . heRlin i B hpt ¥ SaF i RIR bt
acti vat ed gmsa dagpamsiay ﬁuhmfasmrtidn@fmmhanneﬁa stn‘Khevwaﬁthdbfmﬁs Lieadmh 30,
further co d|re

the vat.ed . QU t he gas
channel of %r{mb% fe atsrcuaélf‘%}%ea‘} ?n(%rﬁrf‘tr%twe tgcgg%ce 0?{| 3%Hof t hg channel
to strike. arlmmﬁmh M@ldfclahﬁt?.ﬁ dﬂfcidﬁe&e@astdhnmﬂllmratﬂmmoﬁﬁoddné pakielanial
at a second, an Ie r.e e cond, surfa . I ]..
35, “The ot MOt 55 s RuT PP BBle! 1S A LB RRE Y Badperfon e

portion of zt&beomgl&dem@}eltoh@ccﬁﬁ&ﬁﬁfa&&\ﬁtﬁ@de‘édxﬁlv%} in the activated

gas to | at e on e ., 34. The hod of claim3
TR it F A P ek B A S R R R e
structure t@ugeol at Ieast a portion of the wall. 35. The nethod of
cIa|n131 wherei n_ the S |nd|rectly cool ed, 36.. Th t hod of
cl ai m 329 f Themssticlet Jémaﬁ F SUnmgg atdehrﬁef%ﬂm'evef O?E Hlegphprne of

37. The met O drs@porfibRbithSLcoddyfot R of GRTAS Erahig, tH@&EpIe@h&gacﬁ Ratd doflk
count of the activated gas with an electronic devi ce. %he nmet hod

of clai m 37the pytelaein théd®r i si ng generating a signal mhen the particle
count exgeeg %eﬁa&ff&qléﬁa%ﬁg ﬁ'&ﬁﬁ'cll:é 0tk 2 g@&Dutp Tlhﬁy Qﬁtagﬁhdsogéce Cdoﬁipﬁ‘hé?

wherein the gas channel causes a pressure driop between an inle
the body st riseeivingatandnligiangativaiad gop serseataddng plasmadt yehambess t han

appr oxi mat el y Qggmelaédv-gféﬁ zadtfroufh ggpaﬂdmt%nﬁam*be@ BRE RIS AD

a gas output E) [ asma S urce, rising recel ving at an In |
activated gassegert@ﬂeanleﬁile bstivateg pasgrresiigifrem o Hisstbestion of the gasichgpnehte strike a

coL Vet ed SR, IH AN 000 ey LR 8B MRt
a local tenmpal sthorn e wal tat defined theseactd poaioacbf gagas timhna auspsses a
particles | mnattérrl"? tha(t"flas aeh gﬁ'x stigﬁrslg E(%ffa &t rE‘élus?r}gepagﬂzlets AT g!;tsI to acc'?ldmulate on
the second portion; and
directing the activated gas exiting the gas channel to a process chamber.
31. The method of claim 30, further comprising cooling at least a portion of the wall to cause

particles in the activated gas to accumulate on the wall.
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directing the activated gas exiting the gas channel to a process
chanmber. 41. The nethod of claim40, wherein at |east a portion of
the wall is indirectly cooled. 42. The nethod of claim40, further
conprising regulating a tenperature of the wall. 43. The method of
claim40, further conprising directing the activated gas through the
gas channel of the body structure froma first portion of the channel
to strike a second wall that defines a second portion of the channel
alt an 25391 eTh@lﬁ&hbd/@fdlzﬁm@O;SMftﬁétQ:legﬁsiﬁ@ﬁfddﬁ;hé the %vat&r@gasrm*fohgﬁhegas |
claim rt nprising cooling at |east a tion of the seco
wall to cau @“’E 8 *E%PP@Y&!I@%W@:#%@G%@OP@&?%@ mggaﬁﬁ%ﬁeaﬁ%c aﬂe
second wal | that dbBnesHRirdBéhotlothe aiaaﬁélrh@secsﬂarah sfelmg&ra St fubawong
a fluid in a coolant channel in the body structure to cool at least a
portion of teeecapd Mallag. A system conprising: a renote plasma source;
a body 35! USARERAPY 30, fthé ol HisitPBlid A 14a0 oA fHe s8lonl B4l o
renote plasma source and an outl et coupl | to an inlet of

process chameerthenﬁ‘aclesgt@e@@nmetomwéatepn ﬁéﬁobéwllstructure and

fl
!stn r uc;J Iure gtqitq%@%tﬁ@& %ﬁﬁhn‘_ﬂ"gﬁ FEﬁanne{%@e{ ?&nf?cﬁgh glélltd V}LE rogdt}g%ﬁlqﬁdgﬁody
structure tmsmg@mtatllwbtﬁspmﬁmrmfgbfswqihsm ng front a first
portion ;of {“I%Ein&f‘(fcf‘é}%ﬁan%‘% e&é‘n?tl '1$ m%i@éacgyggol J1es a second portion

of the gas channe an (I:I’I’l erea sur ace of the wall,
wher ei n 36h eTheahetthddnﬁclaaiaBil ,rﬁashdr henp;mmgldgtpﬁmglamlmfamm ef tjpasvaﬂhan neI

K ff
cauve par; Heaadid el 20 3 eBbmrinid BonR e aSuhedthar it Eibarddens,

system corrpwiﬂsm@ecnanrcelmbe pl asma source; a body st ruct ure having

inl anb f t | d
out 1 ot PR LRttt o SR o el Aendl Uike RHARIRY PR o

i n the bodyexstddy s bredeeiiskd [inif.| ui d communi cation with the body

tructure inl et d the d trycture outlet; and ol
o e nE, Dhseiearehin 0 e S gHt hemian s Ay Biog SatveRLaien |

portion of 4t Kha§ sGlbARE @hd an R8I dfitﬁbgaoii? sttuchREREs thaigpgoalnitady gomdi ent
in a gas pass |ng t hrough the gas channel that causes particles of the

gas to accuif®e on the portion of the gas channel. 48. A nethod of
manuf acupr i AehethoR FWrlrbmbBng pafioles i FRAINREUE PPl hdGirce BbHAGg:a gas

channel in a body structure, .the gas channel having an inl et capable
of receiving at an inlet an activated gas generated by a plasma in a chamber;

directing the activated gas through a gas channel formed in a body structure;

cooling at [east a portion of a wall of the gas channel, resulting in a local temperature
gradient in the activated gas that causes particles in the activated gas to accurmulate on the
wall; and

directing the activated gas exiting the gas channe] to a process chamber.

41. The method of claim 40, wherein at least a portion of the wall is indirectly cooled.

42. The method of claim 40, further comprising regulating a temperature of the wall.

43. The method of claim 40, further comprising directing the activated gas through the gas
channel] of the body structure from a first portion of the channel to strike a second wall that
defines a second portion of the channel at an angle relative to a surface of the wall.

44. The method of claim 43, further comprising cooling at least a portion of the second wall to

cause the particles in the activated gas to accumulate on the second wall.
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coupling to a chanber of a renpte plasnma source and an outl et capable
of coupling to an inlet of a process chanber, the gas channel being
configured to cause particles in a gas passing froma first portion
of the channel to strike a wall that defines a second portion of the
gas channel at an angle relative to a surface of the wall, wherein
the wall that defines the second portion of the gas channel conprises
a material that has a high sticking coefficient, causing particles in
the gas 450 TECHMBUbBRINMA 4N RrBRCONHriHA fldwifg a f1did in 4 bvld® tagel &f thel ai m
48, further, conprising thermally c¢oupling cool ing nenber to the gas
channel . 50P00¥H ?PEF%EP%?“@%&PH‘W@EOfF]Eﬁ'Wﬂgr conprising formng at

| east ong, cAQkash cshpigt in the body structure to receive a fluid to
cool at least a portion of the wall of the second portion of the gas
channel . 51.3mps¢plpgnasopicgp for a renote pl asma source, conpri sing:

a means for [668) Miblredavial at mléi‘%r_%@ue;ﬁ&g d’?-&]ﬁﬁb&%?ﬂ&%@r’%@éﬁgmgyo@ce
for direct as th

plasma in a chanber; a neans ] 'ng the activated rough
a gas channald apepiesdori cqupling delgn inlet ol nipeestehambeuendd t o cause

particles in i g ' ANadsafd [ e
gas channel £ g}ﬂ;%th ?ﬁ?le%g}l%gﬁ t og?ﬁﬁjec |?\£el{s a g‘e“e"éﬁ*ﬁ*“ﬁ%?ﬁ”o‘ﬁ&o@ : It"h@ gas
channel at smctureghlst andthe hody strectre sutlet,dlieegas thanhe debhihg a pathl thaough dlres

for coolin tion of.th S ing. i I I

t erpor at ur ey SR o OREL bR s Psbp ARFL Ao e e el

t he act i vatsukegasgall thatalefioesal satoad portibhef the ks chidhel 2 apanglé wlagive toagp f or

a renote plas ur.c onprj. si ng: bo structuyre vi ng.an_i nl et
for coupli n%:rf”cge Oa?%eh“éari{ﬁ‘ev(rﬁerg te‘?’@ﬂ%‘?‘e‘%&% RS rp(?}é{w&r?gﬁ‘gﬁa%ﬂ}a% for
coupl i ng t ccoanppis@aessertdh dabies aistidkiig coaffidiensduffictms o caise pahisles incthe g3 to N
the body structyre canfigured to deflect a gas flowng fromthe inlet
to the out | EFUPEESD s%’r“f’?%‘l“@’é’ in the gas to strike a surface of

t he obs#v.ucA ispem vdeiRing: t he obstruction conprises a naterial that
has a high sticking coefficient, causing particles in the gas to
accunul at e oA Il BHEWSAUCFHon. 53. The particle trap of claim 52,

wher ei n the abodygasdtweneviepad hite for eUpHAsTRY d Ghembe of @ Adnhdigp AR rck Bnd
t hermal comrunication with tge surface of the at | east one

obst ruct i orf™ ogfet fegroupliety @ plespa ghember iglei m 53, wherein the cooling

nmenber conpri gRShAmeRhatin AL rcRrd £A%h HEidRokinuhidatddd vilGhe Ed?l?
surface of the at |east one obstruction. 55. The particle trap o

cl ai m 52, vifeswrednletaad she hody strucgieowlssepdiction is a plurality of
obstructi ons, cgafing hBSHA3M Hefhf c&ﬁﬁ‘lﬁni@eftioﬁl“ﬁﬁl%esgas MREEIBA cbdi€atddast £aST
one obstruction iS a wall that Is intertor to exterior walls of the
body st r uctRftéon of the gas channel, resulting in a local temperature gradient in a gas passing
through the gas channel that causes particles of the gas to accumulate on the portion of the
gas channel.
48. A method of manufacturing a particle trap, the method comprising:
creating a gas channel in a body structure, the gas channel having an inlet capable of
coupling to a chamber of a remote plasma source and an outlet capable of coupling to an
inlet of a process chamber, the gas channel being configured to cause particles in a gas
passing from a first portion of the channel to strike a wall that defines a second portion of
the gas channel at an angle relative to a surface of the wall, wherein the wall that defines

the second portion of the gas channel comprises a material that has a high sticking

coefficient, causing particles in the gas to accumulate on the second portion.
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49.

50.

51,

52.

53.

54,

55.

56.

The method of claim 48, further comprising thermally coupling a cooling member to the
gas channel.

The method of claim 49, further comprising forming at least one coolant channel in the
body structure to receive a fluid to cool at least a portion of the wall of the second portion
of the gas channel.

A particle trap for a remote plasma source, comprising:

a means for receiving at an inlet an activated gas generated by a plasma in a chamber;

a means for directing the activated gas through a gas channel formed in a body structure
configured to cause particles in the activated gas passing from a first portion of the gas
channel to strike a2 wall that defines a second portion of the gas channel at an angle relative
to a surface of the wall; and

a means for cooling at least a portion of the wall, resulting in a local temperature gradient
in the activated gas that causes particles in the activated gas to accumulate on the wall.

A particle trap for a remote plasma source, comprising:

a body structure having an inlet for coupling to a chamber of a remote plasma source and
an outlet for coupling to a process chamber inlet; and

at least one obstruction in the body structure configured to deflect a gas flowing from the
inlet to the outlet to cause particles in the gas to strike a surface of the obstruction, wherein
the obstruction comprises a material that has a high sticking coefficient, causing particles in
the gas to accumulate on the obstruction.

The particle trap of claim 52, wherein the at least one obstruction comprises a cooling
member in thermal communication with the surface of the at least one obstruction.

The particle trap of claim 53, wherein the cooling member comprises a coolant channel to
receive a fluid to cool the surface of the at least one obstruction.

The particle trap of claim 52, wherein the at least one obstruction is a plurality of
obstructions.

The particle trap of claim 52, wherein the at least one obstruction is a wall that is interior to

exterior walls of the body structure.
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