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PARTI CLE TRAP FOR A PLASMA SOURCE Field of the
I nvention [0001] The invention relates generally to
w@bk@stss2gener ati on and processi ng equi prrent. | PCT/US2009/047631
particular, the invention relates to nethods and
apparatus for renoving contam nant particles from an
activat ed gBARBYCkE: E@BO’Q?M&M;OHR@]%H%
used to activate gases placing themin an activated
state such that the gases have an enhanced chem cal
reactivity. In sonme cBifdbofthedngagipm are activated to
roduce di ssoci alt ed gases containing ions, free . )
W““Ebdi cHiesinveptiongelatey gﬁ%ﬁr@i}b oglasng geagratigh apd presessing eguipment.
I B R o Ry o aR MG R [ enfoying optapioe
partiaks fom soadivetedrganaf er s, powders, and ot her gases.
Properties of activated gases and conditions under
which nmaterials are exposed to the gases vary wi dely
dependi ng on the appli catgzeRercangni fi cant anmounts of
power are sonetimes required rn the plasm for
[0002] s s oR¥asmasaare pfiemusedrto aftpRGRgasey plasing st inen agivaed state such

| asmas by, for ex | e ving.an el rj .
that ' SO8ES Vgglfl egleﬁnfcgg&geﬁr%m%gg r?lklt¥1u eIntasgméz c%?%assﬁl% %gess are activated to

produ€e BissoctEdLgaséy coriigingliBnsafide Flcalspaitomsning mul€cudds. Dissociated
gases, to ionize at |east a portion of the gas.

gaseppapestrad franmseosdndysiial gnd seisaHicopplicatipss edingipiogessiag solid
oS SE e O e UG A) o SRR, B, of

gaseoyind peidyiicrs vadpowkich nadterizés ave expdsed teethe ghses dery widely depending
| asma gas. . RE_di schalr.]ge El asmas are achi eved itEer P
on the ampliaticny | BIGCHH AMOHNE OF PAVST 416 DS HECRETES i plasma for

diss&ﬁé{‘(ﬁfnt%%mry into a plasma. M crowave di scharge
pl asmas are achi eved by directly coupling m crowave

[0003her gRlastha smytesaentratecplesimes basOr aganplacapplying an electric potential of

L schar anb t al ni | R
st BRET G dRe TG S (e O AGrDer D Haphpe) SERRRlor ases
to idMize R 1cakt d SorfiBh 6f iheloss. SPIafin@Scan be HedtBlein $Arddu3IVRSS, including
steel or dielectric materials such as quartz,

DC disphpinge, eadig frequaney ORF Hidischarges and misrowaveedischaegeoDC discharge
alum num nitride, [0004] A bl 0. £ he
plasfe B BleRid bt A ind bl gt R L AT BB W B Ry
disclgige brkmds weiachietateitHe®by Eapanitively ot dmjuativelaicoupliig energy from a
pl asma generator or. chanbers coupled to an, out &)ut .of )
PowEREIPRhaEt EREHBe Mictavie dischrsgcplasreasats aghieyeg by directly coupling
o3RRS tr OB ARG e SRS TRARY 1RPE Wb R Uilmber
contifiingaplatmSyasreRlysmds dréeypicalle nonteined G chahibers that are composed

of n%qr%ﬁg %}Ig%%ﬁ%g@g%gsl qlxlé)a),gfglg(ta grr setgin erJ &gee} tolfl aie?er(]:gricnr%%t%%glss 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
an output of the plasma chamber. A need therefore exists for decreasing the number of

contaminant particles in activated gases generated by plasma generation equipment.
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particle counts in an activated gas. One advantage is
that the invention mnimzes the introduction of
w@arwisd2es or defects on the material (e.g., arPCT/US2009/047631

sem conductor wafer) to be processed. Another

advantage is that the invention provides a higher

yield rate in the manufacturing of nmaterials to be

processed (e.g., a ' ). Yet anot her

advant age i s that t%@-@% ' hgin‘y@ftﬁ es an appar at us
[0008hat ThannbentioaPeacralP featires apparatiszad meethibdsahatrcan grovide reduced

downti ne. Anot her, advantage is that the invention.
particleiQuB'S 1 aR AT RSN Ongafyastageis %ﬁ&ﬁ&'ﬁ ¢PYeBEeRBYRHERFS The
intrddlcfito ARt GUBREs o B0 ;ﬂ@nl;eri-gﬁ1 Se %Pél §hikORHuctd? vHR&) to be

aspect, Tteatures a particle trap Tor a renote plasma
procssyad.c Anofhikeadantage issthatrthe investiam@evideba tighst yieldtratedn the

having an inlet fqr coupli to a cha r of not
mangfa5tiie S0t el i B PrRPTeU o SRS Gota ot Bbgher
advé}lhtf%[%@ t?ﬁlha’% thk (i‘ﬁvdenﬁbﬁ yﬁﬁidgls gb @p}%éfﬁﬁi Hab Earl t{jécﬂeﬂl‘af@fab_ﬁedﬁ&ﬁinimize
channel formed in the body structure and in ui
manp faetvging slaving mewiAtothes @dwé,gesire thgtthe ieventipreredyers pagfécle count
.body. structure.outlet.. the. hannel defining a path
Whllteﬁ’?1 %lﬁmlgﬁgcoﬁlgbdi}é{%c{nrol%]%euar‘cglvgﬁg1ggsc' auses particles in a
[0008RS PRSSInREntionOn @neldspst, foattes ampanicld thep ohanaadtetphasma source.

strike a wall that defines a second portion of ”l\%m as
The ppgiidrapanclifesmprdy starirs hayingaminlgt forLoupline torpec rofa
| . . . e _
remtf§ B D0 AR TR Lehplib 0 ffblesh S TLD TR partile trap
alsotildudeedygas thannelifoemed in the badesthedireend i, fluid eomarniniakien with the
trap inc¢ludes lurality of obstructions.. Ln sone
bods A e bosiitristls BpIsPries Bfeinanel doliTing ebroueh the
body %‘trﬁclﬁ?rlé R cSRRTPANIERE 1PN o falsihd Boml fiREForfibn b theWBhhnel to
of the obstruction. The cool i ng nenber can include a
strikeaovahthatdedimes b seand pogionefshef gagicHanns] atowl anglearelative tocesurface
ftof tEe wal | of the obstruction. [0008] In sone
of the ¥allii ments, the angle is between 45-135 degrees. |n
[oooﬂ?rre Bpat isYdsmenth8hd WaB is PpdrtibR bf &f obshackhahaeis intsrior to
at a substantially normal angle to the second portion
extepipr whids efthe hedy stiisturgaln sommenabodimentpdhepartickitfag includes a
rti-on_.an articles in.th ' . t .
plurg kA0 BRSPS el ¥ RRRRHER ihERMe L Spfige member
in tHelhaldtopniriieatioatwith the somfsteaftheewalebthk Wbstiuetion s #hebebling
surface of the secaond wall. I n sone enbodi nents, the
memfez gariinghge @ coglapbehannel ta prsebyRianttiid (o copt thesnrigespidae wall of the
obsthikiSgMe enmbodi nents, the first section and the second
section define a curve. The surface of the wall can be
[0008] | ehsdonereminfdimenteghe anglois Heexdenrddel 3 5l degsesreln some

em PR SRS PSR Bthe CHATHS LA BUSAERTS Toma) Fasls i the second
porElrQdT tRELRRE. tﬁl%tg;ﬁg learﬁEllrdéﬁth'd{nﬁa a8 or@WarddRurticles in the gas

pbodystructure outlet is |ess than approximately 100
passimg fromdhe sdennd pomtior styikdiarseennsl, walhtbapdefines the third portion at a second

angle relative to a second surface of the second wall. In some embodiments, the second angle

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
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trap includes a depression in the wall of at |east one
of the first portion or the second portion of the gas
web@onsd249 t he depression adapted to col | ect thBCT/US2009/047631
particles in the gas. [0009] In sone enbodinents, the
particle trap includes a cooling nmenber in thernal

Stru%wmalﬂr«@aﬂ%é thapi approxieatghys 09maiinkar. Impeme eisbodigenisnive particle
eap SRR 0Ession LS el oF B8k BR0 oPHETS pol BTN fockAi porton
of t}mcgat; cmnnel‘ thd‘di:pmblbn aﬂa;itdstbto&:eﬁea*tdhqopmﬁd:lemmcthe ghe gas

el . 0 enbodi nents, the_cpoling. ne
[ooq‘iﬁ} m& PREPtHIthe Rartielp trap e e gP SR @em@ﬁem thermal
comﬁ*Rﬁ’ﬁdaﬂQn WRihRs %a\s%hﬁ&@t TTHe EQHNE rAdmbe? 38 ik 1Rt le‘ag\; di’ite coolant
he wal |l of the second portion~of the gas channel
chammbfoumgd irethb &pdy strudbere dio qusxed flund tohmobatdyass & putttomr@ the wall of

| t t
the seFREROh SR eer Shapdh 38 e bbpGinthuy 15 Sholffi memberjncludes a

coolidiepld! M &md E8bEHEMeRRANB @boln{gQQé{Qi)er-'i_ﬁ&rdcﬂy @Bbls @Nleadt portion
anot her aspect, features a Eart icle trap for a renpte

of thel vealhef tho sacend pawiened the gas ehanngh Thedooling menthstigan be disposed in
the ‘t?‘otd&%r{l?tﬁge r}ﬁ\é&%@ e%odmle%tts ];gy%thc %ﬁé e%trf s{ R co%{l@x%ﬁe{nngl is at least
a renote asma sourceé and or cou

subs}ﬁdfr@@ﬁ&ipax@hﬂﬁbﬁie path ef the faectpantli cl e trap al so | ncI udes
a gas channe] formed in the body structure and in

[0010] i gTheomemionatn Rthar atpeet Eea%%wa Rarfigle figp o syegpotgplgsma
t
sourE\I:1 eﬁﬁ@ﬁéﬁléﬂ% fd ?hﬂéﬁlﬁdegé Hgtﬂ% atg%lél}ﬁree%%q g&ﬁg{ﬂt@{ fé)? %ﬁﬂ]in 90 4 chamber
ofa adsm«ite Iphxsin!adesrca andeh budpt lfmﬁoaphmgnotefm'ocmls chamber 1nlet The particle

c nnu ication with the gas.c neI 001 n.so
trap 3f3 AR EEeS Phaé*nebfsemﬁ‘g BrEBoM Fhishgaad n Al S Rypication
withtRO bad stﬁﬂﬁﬁ‘@ gilletl Rl Qﬁéjbddﬂf sEﬁ@tuf@&Wle? ttﬁélgéslﬁhﬁnﬂe‘l’ deﬁnlng a path
receive a fluid to cool | east a portion of [

through thdodpn strustianendlhe palmcw;w adsrbiodliudesn enoling mfmdzﬂr imthermal
es a coollng pl ate. The cool i ng nmenber

menber.
com&%lﬁaﬁ% b{%ﬁ?ga&) | east a portion of a wall of
[OOItIEe JRSsoBRBMRIdimINE tﬁ@éﬂdhﬁ? mBRIHRE Inchidies BEleshit 5RO 6&Slarit Rhannel

t he body structure. [0012 n sonme enbodi nents, the

formeghin therhodughruethes toaeseivn 4 theidde eod ahilcasy anrtiorolswalh ofithe gas
f
chafF, BT ER Yd SuBETHTR Bt 490 e oo

menthea Bﬂeindﬁéctliyl’boa)ll@ﬂ least alpaftionefiaovall ¢thé gasechaindl h&hwaddling
In some enbodi nents, the(gas channel has a third

menghsy cathbe disePsea it theibedy SHUGHE. gas passing from t he
[OOI%EC ongh Reldnfiddfhédtk ‘%hea%zgff gt?gélvﬂlf: F}O?J‘%Iéuc?gg g&%é% %ﬁﬁcles ina

portion at a <sec |
gas passlﬁig(fmmnﬁ firdt @ost&mmfdhe/\diahnel'fh strilve dywadlt thatalefines & savohe portion of

di s inth not e urc I n sone
the GisEDATLAL D aneieseare fod TR R RCTladt Sana Spibadicnesis, the gas

charlrf3] h&3e: tHRY Ipoﬁi‘on‘"’&tnd|p‘§iﬁ&ies‘?ﬁ‘ theQfas EE@H{ ficth tIROEdRpdHion strike a
the second portion of the gas c anne t he depression

secomdazfﬁl]etuattdgaﬁogs the third pregtion 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

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.
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particles in the gas.[0013] The invention, in another

aspect, features a nethod for renoving particles from
w@2@adssaue put by a plasma source. The net hod | PUDUS®89/047631

recei ving at an inlet an activated gas generated by a

sma in a chanber. The nethod al so invol ves

[001éﬂ r ecThW@V?fﬁ@na@t w&teé asngels faafres ymethod der remgivig) particles from a
gas &RP‘EEE[& d e@aﬁn? ?(ﬂﬂ‘ces t %ngd g&gf\}eg g@g?ﬁnﬂ at%ﬁtﬁﬁgtf an actlvated gas
genemwed boa phfsmiatie a@hSmbha r‘ilmelmétbodsﬁlso kﬁobzey\éird:ctin@ahe actlvated gas

fines a s ond portiqn of the s channel at an
throg # B papsl farmcd 18 dofy afé%meﬁece Wieg fo cappepaHieigy i the

o S L 55 DG 5P

secound rportrmajf\tl&e gaswlhalnn};l att anl gt reltivotd @ surfage of the will. | Theamethod

TP BE P AR b A
[001‘1?1r eCTlherlﬁeﬂhB@ catinviRt %@oﬁ?gsattléhrspélﬁéihlbﬁ @f %Swélhl%rlﬁﬁée kticles in

ody structure fromthe second portion of the
the as:naamds gag to aseurhwlatezpnsthe maH Wasdme ¢m octjmﬁnﬁs;s@e mqﬂmdr igvolves

BB 1 GO T AP b LA b DO

portidn\txflth/eeclﬁﬁ@él it gtrike alsecvstd vealp@st defined tﬁﬂd@@@ﬁp@ﬂhmhdnnel ata
to cause the particles in the activated gas

secogd apgig relatevedq atﬂ%o@e%’éﬁarﬂe kthe Secpﬁé Wb rTéls naeéhpd ¢Apdnyve cooling
at lefaét %\Sﬂopt%naoff thé‘ 5&:011&] \a&t%ll fa? 9&1@9 the §§ in t#k atuﬂﬁfa@,ﬁ %}Qs to accumulate

cture to coo east a ortlon (0]
on tb&)weomh‘i&a)ldil Thetrethotdlvan WaAolvel fowing alfh!mxi inya md)almdhan'ﬁbbm the body

stru%n)gl%eﬂg (cj:q)(ﬁan | nvoll?ﬁ\ggalirl quﬁp wa lt ﬂlé 29;%@6 %g%}esvgzg rfleis indirectly
coold@NehetkBdRas Er&%ﬂe @%\ﬁ&lﬁé‘&t&%ﬁ&kf&"ﬂﬁ% ®f fRUMIL. EMGBR-Snodiments,

predetermned limt. some enbodi ments, the gas
the mbthod elvobas ge@ran}y asignal svhen tp mdeemumlexweﬂea pofdetetpined

hmlF g[glssofn%%ﬁl ﬁlheta%sgz t | e %Ifs?slt %F?s%?%@‘fg lé‘gr)\t(%{l an inlet of the
body Svi@Rirk @id ah Butf?éi @'f BRIboAG REGéturellERtESH pRoRERAA1 (00hilli Tor.
renmoving particles froma gas output by a plasm

[0015pur cEhe mMentiog; ingmothey aspeels faatires a/ngod doramoningtpagiieles from a
gas &&%}%tvb ! Zﬁag‘ﬁ‘f? sHEOer Al Sgetgg VBiV%%p%elvrh %H éﬂgtegn ac-{ogted gas
nme 0 ate gas

SO | hvol ves rec

gendrite®bgh plasgasn alvhnmber. fTQfeﬂ‘Edhd)dhl@() hedives tiretting ke activeted gas
met hod al so i nvol ves cqolin ‘g at | east a portion of a

thropgh ¢ estchangel dersnedrn abery sEuduigs dhp arethad also inpolyvpgcooling at least
a poftidnl HALGAl 98Ge ?Qs 1) hfse %ancﬂﬁ i B! acti k%gc\%/\g%ﬁ th irégcumulate on

sonme enbodi nmen ast a‘portion of
the wallli rect | y cool ed In sonme enbodi rrents t he net hod

10048) o raee ST opum it b eSO ke welliniopmity ooled. Tn some
embd@imehdl 8d H&fod va@%lé‘r e t&ﬁ?&%&e &nl B8 lb?xgi’ome

structure froma first portron of the channe
embgdmndn@ thegnetbodiinval vies tihacttmgeha an:ms/a@d ges thnolighahe gmhafmel of the

bodMWc ur?ﬁré)%? };&5 %gggﬁ%f ﬁk‘ﬁ{)ﬁ\?@“ s strl el se?c%rnfdaC 1l t?lat c{e?ines a second
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.
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cooling at least a portion of the second wall to cause
the particles in the activated gas to accunul ate on
wao b@gseend wal | . I n sone enbodi nents, the nmetPoOOUS2009/047631
involves flowng a fluid in a coolant channel in the
body structure to cqol at least a portion of the
[00134 | . ThvomyqntipRein anpther pwsct: fagtuipior sstenns Pascystepeinclydesa remote
T [ . : .
P SSELETTH S B SHE TR Y958, Srd IBbRRL e Latn o
charhidr @ff afr@note @lgshiarsgutce aad ah anthet forodouplingtocdnainfet afaprocess

sour and an ouytlet for couplj to.an inlet of a . .
charghesc 4B S)&%ﬁ%mﬂlg»ﬁmeméesm ShatieLiSPnaLinide i{oiy gaucture and in fluid
comhR@RA8bn h'!ﬁ@béd}hsttxlﬂlﬁtu?%gﬂ'et 2hd Helybad sﬁﬂ&uferbufgh’té' 'tl%hgeas channel

conmuni cation w th the body structure inlet .
defimiogy psthrthrugh ¢haobadyetructutpethglasausdspartislesde figas nassmgdeanh a first

t hr h.the body. structure that causes particles in a
poripg ot et 5 G ey R is e SSPRE ReBh af s o ghertel atan
angle rélhtkR B aaltthed bxhe dRfli nes a second portion of the gas

channel at an angle relative to a surface of the wall.

[0018)0 1 8TheTingentivpein angther pipeeln Grafrses amped of manu{acaxing a particle
trap,n% BQ deth%fd 1%%5%%&{11' Q%ag Rﬁ{nq ﬁ),laebotdgl%ﬂ'gctme tﬂ%a@ %ﬂannel having
i AvVol'ves creating a &a efannel i A bo y structure,
an itlBcagatsie ohediptihg ey cignise of Br@hote phatilagondice andiph budet icapable of
a. chanber of a renote pl as souyrce %n,d an utl(it .
coupligAp e et A GupsPeeY Clamnbsr, thpet chapne) bpngcen SUfid huse particles
in ag%a%ﬁgﬁ%ﬂ{w ﬁ*st gsma T AR drdhi e % Lfke Al tRAdekiftEPsdcnd
s passing froma first portion of the channel to
portnrdafkiee gaswhhnnel htzdn abeld wksivatcesofude pbtheiveall. of t he gas

annel at a ngle relatjve.to.a surface of .the wal.l.
1001851 0 s HRoOB TR P e od N es HhRutial Y s Ofmag & coBling member
to tHe a5 BRdnhY¥]. ARUBMIE RENBIHARS, Bk ABAEE InvbRreb Y at least one coolant
channel . I n sonme enbodi nents, the nethod invol ves

charfnet ini thgbedy $tawsire tmesceive h dluid torranhatileasha persiop odithe wall of the

structurgktlo re eive? a fluid to cool at least a
Secoﬁgrpf’ftbqpoft THE ‘of the second portion of the gas

[0020p2NNEhe inlv QAR inTdiRthen MsHREA, Baturkda paratle@Fap IS PELImote plasma
features a particle trap for a renote p|lasma source.
sourppre Theapartiele drapingludas @ rerss for raeeAviag pban inlet an getigtes gag generated

i . i t i .
T e e
gas ?irdit%(hgd £ chinﬁlegﬁirhmdﬁled bg@gSSmh]ELpel gdnfigugaitochaseeirticles in the

formed in a bo tructure_configured to cause
actiypdgd %lpé%&lil%]fe?wé st portion af agab%wl%do irtkgraal] that defines a
seco%ﬂfr_p&)i’t% SHthd %’fs (%ﬁﬁneq Q@éﬁf‘ﬁl&lé &ha?iklé kkgs fé@@loF tHel V@411, The particle
et on t

nes a se portion e gas channel at an
trapahwgliscluddsat meamstfor @oding huleast afpottiom ofdhd wall kecauae partitles in the
al so includes a ns for cooling at |east a
¥l

A a(f 8
actiypte _ gasio apcurplatiQp the Wall ause particles in the
[00AGt | VEheRveRfor! th ARMETULREE fRurbh e piLle-trap382d terddi€ plasma

invention, in another aspect, features a particle trap

soufcer The pativledrapl ingndessdindy strudthes hsaingi aplislet forgoupllgid@shamber
of agﬁgﬁt%é)}e?stmraus%{lr%% %ng A olfetF0r c|:0r1]1|ple1}1g Iooa{ pr%gelsjsg lchgrgbérqm%t. The particle
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
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of a renote plasma source and an outlet for coupling
to a process chanber inlet. The particle trap al so
w0 p@baskeg9 at | east one obstruction in the bodyPCT/US2009/047631
structure. The at |east one obstruction is configured
to deflect a gas flowng fromthe inlet to the outlet
cooling membe ip srerinel eommunicdongsich the surfageiad the afegshere effstruction.
t.h ction t
The 8%631 %Jrﬁ%r{lfée ag 1%011.:1) & aq%?atn‘? @a%&l&??écﬁe&\ﬁ %ﬁ%lﬁtt? l:&g?rireeﬁﬂface of the
at legdtoaé ob@fiction.t litsoate érelaﬁiﬁma{te, thdsitlease bnosbstmcliondiss wall that is
acool ing nmenper _in thermal communication with the
mte%‘?frtf’éétérl@]fwﬁ%‘)fébe bedysstrushiEe-obst ructi on. The cool i ng
menber can include a cool ant channel to receive a
fluid to cool the surface of the at |east one
obstr uct i on. Beﬂo@'mmf@__l)imvinggl east one
str oan I s interiqr to exteri.or .
00337 | Hitofe st Rher gbittise S fhemdiadianiefuss Sbfegrverign, as well
as tl@lﬁ‘\y&nﬁgﬁ 1&&@ 2%11 bERSork PEIBON dRkt Ik Gth QY foRlBivaf! 1ﬂustrat1ve
features and advantages of the invention, as wel )
descripgon,rwhentreashtogethel With itiel dccerapanying drawings, weieh Qxedm necessarlly
tosfLomthe following illustrative description, when read
get her with the acconpanyi ng draw ngs, whi ch are not

[0023¢ C eSEI@. i111¥ a behedatic @ross80cdhalHiéw of aipfasthapeha@atidn system,
cross-sectional view of a plasm generation system

accosding @i dlusisatiie qmbodimendof i'h,e iBYgeanent of the
ve FI :
[0014? s 21“362 gtlls ngrfeﬂatlc cpbsfs %eétﬁ)[nglsﬁa&bg)gﬁéaagﬁa (%e]:neratlon ?%/stem without
a covlifidm@einber, acrmirdmg torariiistratheeattdidingertto an il lustrative
enbodi nent.. [0025]. FIG 3 s a.sch i
100238 o5 st u e Belieniatie fross-seetipnakfie™ 9 A ISR GREEpR fHfStem,
acccﬁ&fﬁgrt(qwﬁluts At dhbdifhéd o R ighRdhment of the
Invéntion. [0026] FIG 4 is a schematic ]
[0026] 0s SFKR® ditis anchematiewrass-sectjpank view of f payticleiram redonding ¢o an
an.illustrativ nmbodi nent of the invention. [0027]
illusgsppiee ergig[; @%t ¢ EVEM Bt i ¢ cross-sectional views of
[002317']f f eFRIN. AR BTRR S héthatRt R@kist&ldhal VieWs of 8i8R8nt ElGodiments of
is a schematic cross-sectional view of a particle
apaﬂl@l@tralaccor ding to an i I lustrative enbodi ment of the

iaven 29] .FI G s _a, sche
[00%8{3 0s Sﬂs(g IF %ﬁglil n&;ﬁt SO sgctboalil? Vig erfrt% ngxgtl,cle tr%pd aacordmtg to an
illusifatilé bmsédlﬂieht/@ftﬁﬂhﬂzantﬁmnt of the invention. [0030]

FI G is a schematic cross-sectional view of

(003941 1 EIG Tt 8,90 o for o TARVIF O SPREICI8 BT AR i a0
1llus?1fat1(/$]§mb c¥ (b e EQQ8dn. FIG 9 is a schematic

028 8RCt I Shal " VT ew of & particle trap, according to
[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
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.
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illustrative enbodi nent of the invention. [0032] FIG
10 is a schematic cross-sectional view of a particle
wao e@p/1sgecording to an illustrative enbodi nent POF/US19@9/047631
inventi on. [0033] FIG 11 is a schematic
ross-sectional view of a particle trap, according to
[003Ah i 1716512 a1 2 sebemnbie gronesmectionalivirey phy Bticlsritapogesefding to an
SSERE ross-sectional view of a
ﬂlusl(:rb@ &ﬁe Cltﬁzlglg% ac({:]ﬂl{gl&13 ngjl to an illustrative enbodi nent
of the invention. Detailed Description [0035] FIG 1
is a schematic cross-sectjional view of a plasna
generation system 100D Ban illustrative
[003% OdFI'@‘P 'itls 2cHeBRiik @Yc%@tsécqﬁnalTJi@\V%Y§%M%@n&rﬂﬁ&#%@%ﬁl%,
note plasma source 110, a process a r 130, dand a
accqp@ng it arellkus’aapil\ibfaﬁlbo,dnnﬂu wof gte idRHtion. Thesystannd 80 iﬂchsima remote

psE 45585 310 4 o SRL BT it S L4 P BRLAL 55

rem&m’())%frﬂa)éo@@é Rhesk JoQtPIeHQo hﬁ‘irﬁét 133»3 %f tHepaBt@iI®trap 140. In some
odiments, the outlet 125 is indirectly coupled

embpgiencinis, gie oudlst 135, is tisectbxenmpled to ’éhednkrbl 3% Iéirsomewmbodlments the
outld4’ 2‘5 a? %Eg{}fyu c%otu#Le% to -ﬁrﬂ%elnl% ?39 rl%ﬂ'%ﬁc ggohcﬂntaor otPer suitable

chanber. asma sourtc
stru@pel VIhe gladmads pﬁﬁnceﬂ mcatoqamtnbai 1zo)fofsh5 Iﬁlasmzesﬁurwgm Tyt diex
to a plasma gas 9,0, Ar, NF3, H2 and He), or
exarpplg; SpplBE B3 < g‘@%‘é§° onijal; of spiticient magagydeo ﬁmsn&gaéﬂe g, 02, Ny,
Lyt
A ARR 93PS SUATOSE 120 o TR aSER, b S dog i o
charii?} 1@0. The phkma nnused o aﬁlvhfe()a,ddnioaal geged ineroduehetid timto rilad chamber
ated sta t hat. t he

120 BEHe st 0 e ] e e O Og) s e S L i that the

gased RAFS 6 e%aﬁilb[ee Gh 8ehAABEd l%tclcﬁ\h@’ qtlh%'a@ﬁva’e&f’gé%gs 48 QiBE1RE OBt of the
source 110 and into the inlet he particle trap

outlgt4@5 off de3Bismin mmceclﬂﬁmdlmtmm lnnbt dBiaaf thd particle tapdiA0.

ruc ure 150 of t.he rLtic trap, 14 T as.
10038} e gaS e l4s'iF FishEaah f it HERRER Vs OhfeiaRicly e 140. The
gas ali’a%narlds aginotil @bmibicatioh RethiRsivie U B §lahd A€ odth 15801 the body
obstruction 187 is | ocated interior to exterior walls

structpisd SAndm@shueion He ip inggted dptadentp xtegor watkel05a and 103b of the

o AFRAOEHS0" 1R < BB S1GL bRt B G SEREC) hts 1050
105 défires tHbdas @harirdee 1mdyhes¢muclw &f thé Bodl}Sstﬁmuﬂé @80 tsacoapled to an
inlet 160 of the ocess chanber

. In
inlel g0 pfithroprosess chambgrt 38t In spme %mlaq’c}l@@msgﬁhe eu%ééSﬂ%dwvély
t I s l;
coufh B ud B 160, S0P BABALERA: e oS s Sppid o e
inletckifichy, forexampleea cenduitatvlothes suitablastactufé eTlgagasaﬂnameé 145 defines a

145 def.i nes at h ugh the bo structure 1
Pathéa{?é‘sgt hodly i %turen@ tﬁ%rgcaa%eﬁ @erﬁléﬂ%m 6&?%15%0;‘%%*5 Pom'a st portion
165 ra@fﬂelcﬁamkﬁi P49fo dthee &G@n neb o#fh'é oﬁo@m%&fohkm Rk finek 8eOnd

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
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
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portion 175 of the gas channel 145 at an angle F
(e.g., in this enbodi nent, approximtely 90 degrees),
WO edoatissee9 t 0 a surface 180 of the wall 170. ThRCT/US2009/047631
nmonment um of the particles traveling along the fi rst
portlon 165 (along the negative y-axis directiqgn)
(e-g4 ﬁ@arggag uaﬁ@ﬁnecrr & mgln@m@ége)tth?é ha%p highystickipg cg@fﬁpwat tcmsmg the
partHs A8 Guh i@ by MRS 1 & O HERAY )26, A e 8B nents the anle
0; isbéﬁ;ve(ehtmpprokrmafcellylﬁglajedegr@bl y along the positive and

[Oﬂf%igat 11—;818 jem fpée g tg%ts c}ah%qlelﬂﬁ ip&( at hér p‘@%&}er&? Partuﬁes in the

gas &ké&'ﬂ@d“ﬁ'&% R se%ﬁﬂ‘b&‘ﬁﬁh Q’XS Qﬁﬁmetggééha!ﬁﬁél 145 Q‘trﬂ& SdecGKd R8I 190 at a
coefficient, causing the particles to accunul ate on

seconflenglaidhace., 18 ﬂlmemb<brhmml hprr@Rimakaly 80 degreed) oelatiemtos second
th le 1 is b n FOXI € 4515de es.

surtfeGo 9 e 1 ot WS nEA HoRKbRLE e ARHERS 1HE feTone the

secdnB ipbftioROIr7Si Fhel&R-chilafel 144 s tht PEtiRS t¢litFiRE HRGebdrBurface
the second portion 175 of the gas channel 145 strike a

192 o€ thersecand| walll Y wherathe patdrrhangegidirestion(as thy third portisins! 85 of the gas
t ' . I atj .
charglgg g% d(rrlge&r ag?ggé %hgﬁgete%eéat?\p c}g %E \%g?%tlog:lg O.ﬁl ierge én?bo%lments, the

wall"I90ES atde oht dﬂm&naaﬁall (€lg& YuiantA RIningmabicdigminuen sdde)that has a

portion 175 of the gas channel 145 causes the
hlglb%wkans|ce§fﬁﬂ9n5tcﬁwrég the @agicles e acqypulate on e wall {Hh In some

{
entSRAE oA S 08 AR ERERAES A1 5rks o it
embbdmmlts tig mitidigtrihes coefjgured ¢o yrosides mlessaetdrom betwieen the inlet 135

e di nen t he wa de out . of -
e PS3 a B boay smesre oo hebis s SRenamatiiaeBid GapiliTor
ngltl B'ﬁ’%sdi‘@éro@s RaDfedatd t‘hg 'aaﬂwf‘y‘)(ﬁ'tﬁé Edti%ﬁfed gﬁﬁg'&ieﬁﬂed Bethe remote
particles to accunulate on the wal I n sone
plasgmatsodicerd h,sand kerelororeducaibe efchzmegesb endwtality of the plasma generation
¢ proxi mately 45-135 degrees. In sone enbodi nents, the
Sysfﬁ'ﬁrtl cle trap is configured to provide a pressure drop
[0033¢t WeRRobIgr mein®br 1B5is amthethd cOHinhficalioh vath thé %aéo&ﬁlﬁnel 145
structure 150 that is |ess than approximately
adjagentthersseend wplgAOQr Bstb@reénbﬂdﬁb@tdhﬁ cwémg@éembré 1961i$ g reafing plate
t v, ey
ina gl ol Ity B ES0. ATRGHE Rl e R, BF P inclydes o

plurblityloif tyolirg hérabgr amwﬁmaﬁmans S tcﬁiﬁng[rﬁ)&ﬁﬁdr IAS 1s cooled by a
cool i ng 195 is in thernmal conmuni g ion Wt

fluid {5e2. gH&ten ﬁﬁ @P"llr?%m%]?%lfclec)ét"o?ﬁéh%%e?fbs ¢ 19%0f thF jecond wall

t [
190.p a%ﬁ*%ﬁg&d\/\%@fm t}a@ §%&ﬁ§ &g{l?g??ghreésgg%dgswﬁl ?Wis cB8led to

appertoadely2atX¥)°Ct Hde particles|eatering phelptdticle thp dés via the 1nlet 135 have

NI N e M e
ente-ﬁhg O i 18 trﬁ? The [s ala%%x@xﬁ@ﬂeﬁf Zd(b@°§ ETRA Qlfﬁ%rfc@ ?r?tegx%%ra@lire

thé second wa I n some enbodi nents, the se
betvmnﬂlmtéemlyeﬁctltvmd 9@@@1@@ and e stgmdi ssrfecr] Pdofithe second wall 190

resugg?r} 2 @cgatﬂngér % e 8 ben%r ﬂlgt gfrlsglt'ﬁ‘fgéagﬁ'gt gé OP gtyplcal 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 temperature gradient imparts a force to the

thermally-activated particles, called the thermophoretic force, that acts in the direction of
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been thermally activated in the renote plasma source
120. I n sone enbodi nents, the gas entering the
w@20obiisd2¢9 trap 140 is approxi mately 2000C. ThePCT/US2009/047631
di fference in tenperature between the
thermal | y-acti vat ed partlcles and the second surface
steepaybtegmerdhire descsat Ths lowitopperatig okthe secongd gurface 192 of the second
t t
wallt l?gfbg%]?és%&e%ﬁp%r&g grécﬁ drﬁ %ﬁs s?)-el?fget feE%r '(?ﬁhlége%c%rc@ acts to push
partmtqs nmﬁdﬁ@dd&&@ﬂﬁﬂsmfam&ﬁehe mommwhll &98 oPfrtioies etrlklng the

Secqesw??%@gﬁf 8?%4 wﬁgg‘? a%u%{?ﬁaég S%Wh mlti?é‘t"f the change in

path@ﬁl%%(gh ligssig HE {91‘6 Perkicd 6F e maATHO .., (gﬁb‘ftz, aluminum, or
emper at ur e gradlen mparts a force to the

alumlhgnmidey oﬁthmsv(amddwqih}% ehdethe thgampplbreteforce associated with the

) L{% horetdc force, that acts in the direction
OcahFUPSENUE £14%Ser at ure descent. The | ow tenperature of

[0039?: e SEEOSHktrastidrarsy ki dndtidd Heokas it id théfRal CofdbiRScation
e tenperature gradient in the gas, so the

with the purfasad BB of therwalk b7 0xefithe plostpygton b tinspme embndiaentsh ghe
su f
cool&%xﬂgﬁl]aégﬁcg &ies a Joo 8&321581&] %Svrefag@gﬁ %é%@cg ftheil%gface 180 of the
wallSiFO@f (thd/st’trudiﬁﬁl E&VC Umgbiat emBudinientsathe patiiciedrapinchides fplurality
chan e in path direction, the high sticking properties
rucHensdgt/eri al (e.g., quartz, aluminum or al umi num
i de i
Oﬂéffﬁzr ceAggs t(l)l% Iggttl e?&f]ghg 1§"@ écteh%@rgu@ﬂ the n‘[ﬁérﬁl‘%l%r&gﬁrg?(g ﬁee%dttf:’ifated gas
is di[@&:agz]a tmmooﬁtss thamberdaO:L Bécame particles decumudaie bi thy surfaces 180 and

192 PRty D58 B0, SR B S e Dt BB B BE50cBpamber
130 ﬁaaoregg mlés thhR eheCRAVAIRE cAPIHRSIng! tRE hatflEls tﬁt qag! ant
channel to receive a flurd to cool he sur ace 180 of

[0041he wel slonmmhvﬁlmMS cfwwm ocprporat®g prinaipdesred the invention are

nent s e e tra es a ral it
pro §RER T PR eotish it bpmart@Pe § 5! NPy dplipdlfiels dncblasma
souxdé 1 m:tseadaptea wm&omhﬁ)da@mah@h@fehm of 4k pdrticle &@pilvat Bek example,
is directed to the process chanber 130. Because

the @éﬁbmeé HMaadivellsat % a9d 10Asar be fngewgratgbinimine P@Emfsource 110,
|
P RhyRiRl heBRILER plrRBRGh s Sinkiab EREs of BEEH AP Broviousty

hereihaln sohe eatbodimémy] tigacooting mmﬂgr 1 9@1spm¢p@hedhmtap pbﬂaﬁbn (e.g.,a

[ 0041] ome enbodi nent s, atyres incorpora
portion; of @ “ﬁﬂlg agroutigkof the shamben 135 @% @F@iﬁsa@éome( éf)) crafing a

I

temBEb Bk Bcifedh (e KR s il poRicH{Tine chamber o cause
partgdes omthedatieatedigases & memsta tezards artdlhparto itled @oﬂerdqwrtldxﬂof the
h For exanple, the gas channel 145 and walls 170 and 190
chargie- be i ncorporated into the plasna source 110, and,
[oo42yr i nEICP P8 AlstiR¥Matic Q?os‘é@laétﬁ)n&V\Qe\@ R a %%nﬁ%%nﬁﬁﬁ%sﬁ%@ 100

particles as described previously herein n sone
w1t1@nb@d¢mtmembdneacc@@ungwtg am}i@éﬂaum@nb@hmnnmfribq: mvemon The

tian ortign of a n
sysgf 1PRa ARl g st (Bl B Pos e EBernugy il et war
1402 An outlet 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
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tenperature gradi ent between the activated gases and a
portion of the chanber to cause particles in the
w@eivas2ed gases to migrate towards and adher eP€DUS1909/047631
cool ed portion of the chanber. [0042] FIG 2 is a
schematic cross-sectional view of a plasma generation

or othesgudiable stugturen oietivated #apssrige m%eélrout 96 thsrapily1 350 {4he plasma
SW&%E@%{:@H Vifie %HPtol%'sz‘%rﬂﬁei lgim&!é"?r RYgNti on. The system

udes a renote rce 110, a process
[0048hanh& ad nnelnidSds ﬁﬁrﬂedmh e bodyagiritte 13 oDtk Ipatt1c1e215a1nf40. The

gas REng) 108 i e PomBicaion Heh the 1oLk 135 SbEuPHISk LSS of g body
stru@itle!18b. ¥R oliffetdish %@ttﬂe)’bda?léﬁ‘h&%et B0t oo a:]i:ﬁlet 160 of the

some enbodi nent's, is indirectly coupled
process dhambem] 3 Imssmby:mbbdnn@mﬁm caltlehl Xon dumtb/r camphedrto the inlet
itabl e st uctu es ar.e

d t
16058 S oSt oG 1531 SBaERTE oS SRS HEL 1y, for
exarh]%‘]l@ d sndtiit b3 othef siitaBlendibiugd. ETHe @ cAdhel {40dedined\a pash through

annel 145 is fornmed in a body structure 150 of the
the hogly tsfragtare; k@ﬁhqmuswméﬂ@é@ ig A gAndireciedsTom ajffystpogtien 165 of the

LTS £ b haBOREN B el Sl i

an afgle G t(elp g inl thik d:Iﬁbcﬁiimahteﬁb}irOmﬁiatdly‘w@ﬁeg”ré&) atlatiheto a surface 180 of

hanber 130, | th tle
the B *Bieraomeyrueifhe Bolet HevSIREGIonEdDS fihpagii 165 elong the

nega%ﬁ@ 9%1 a&&tlgﬁm tHéf-‘ %Aseéhmln%? 145 chded {h% Ez%&tiélé‘s% erﬁae thePsurface 180

r exanpl e, a conddit or ot
of t}suvatlhbmavhemthc pamhe:haﬂ'ges dgas.tlanm thesdecdmtbpatadn h&oﬁthp gtshchannel
rough the body strugture, 150 that .causes
145 (e Tkl e e TP hespoF e v Bt <2 ety T some
embb&RRG, thkARall P70 hdde ot Y& tatbAll ((g%atqugﬁi 'aﬂlﬁ'ﬁmﬁnﬁ 8£80fhinum

portion 175 of the gas channel at” an ang

oxidgithgt hasirhighhpliskéngirsat ient, cangipe e naa‘fncéqzwtogtgcm@lﬁ@em)the surface
180 REUENAIEN Y s e bl s bl ety 45-135

deg@@gtl on 165 (along the negative y-axis direction) of
as_channel 145 causes the particles to strike the

[004§ﬂ1r f alghisgmbedingens thegss chronelid @mﬂwﬂtm%%sl’amcles in the
gas %zéc?e?ii% set d &9183(%7? 8f Hﬁ‘l}%/ %g? e f14t5 @ﬁll&aasseg&?dgﬁglll 190 at a

rave g gener a he positive a

second@agle s (¥.gaxn ﬂn@lemb@chmms approxinmtsie 9@ dogrdes)eeittsve tolasecond
wal | 170 is made of, a material (e.g..,, quartz,

surfage [ 92,0t the sspong Wﬂﬁ iﬁ% bhs mamentysy Oﬁqté% patigleg fraxglingalong the

seco%@iot)f'tio?l' BRlof ¢ Qlﬁfeh ?45’?&51%&3%1@ ?aﬁi@le@?&é‘t%& g{eese&;hd surface
th of the wall 170. odi nent s

surface 18 n sone e
192 ohitheangind vialk1 Wewherethe @pt}hrcbamgmkia‘bwomfa{ 1i85hitd gogem. 185 of the gas

004 In this enbodinent, .the ga e 145 has
changl 47 (RBS oM BHIRFERetE Y-t RSO0 ol St gadgpnes, the
walll 199 8 ﬁﬁ@é‘ Quﬂ?ﬁfatrhé’c@rlél?(@ g9fquire aﬁﬁﬁn&lﬂ%lr@umﬁﬂlﬁl §§1Hé)‘?ﬁat€has a
second wal at a second angle F2° (e.g., in this

highestigkitig meﬁﬁﬁcwap pawlilgﬁhle @rificls telacpusndate pe Fhet \ivwlbl% Ia some

embocehmengs the second angle 6, is between approximately 45-135 degrees.

[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
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surface 192 of the second wall 190. The nonent um of

the particles traveling along the second portion 175
w@boobhss2gas channel 145 causes the particles tBPCBHUS10kE047631

t he second surface 192 of the second wall 190 when the

path changes direction at the third portlon 185 of the

[004ghs JdHEnAds a selsnatip erpstsesiionalidew oba glasme gaggation sy stem 100,
acc&dlﬁéaosm{jfllﬁgt%qvg%bohﬂn&? %th%f{me%ﬁﬁ ml“@e s}siﬂﬂi‘?n \i\@d) ncillf?igs a remote

'S de out of a materr al
plasmb gouroe il @ pegest bladmbead 30, dad glpastidle:kammm (0.5 buttetd@ﬁ of the

e B e T s AL e 4R e
emb@ﬂ’i’ﬂ{eﬂ%‘s’ ﬂ%to%lt%t il %ﬁe&ﬁ%ﬁ?ﬁd tb %‘iﬁﬂe‘c 94 e sbﬁfé embodiments, the

t1vat gas I's directe rough the particle trap
outlelt41(25 it indirectlyi compled tg e inkst U3 Y bx;tfetdemmpﬂd;a cpndigesrsother suitable

strucgﬁrl%?b fg:réigatfg@a Becau%?c rc{ulﬁ &” Q%glo?l gt%%lozﬁl% ]cilg%‘gzp seource 110 and into
the ihRE PSS b the lp¥sticldteapps40l. vat ed gas entering the process
chanmber 130 has | ess particles than the activated gas

[004e7i1t erfggs ehpanplai4siie p@atedlatpa bady ftomm'? 369 of thg pagticle trap 340. The
gas (j;h r@ﬁﬁ d%l%rf?lﬁ cgrgu&hla?ctgaon Wltﬁ‘ﬁ‘l us e? 1?% AndHy n_g&gh? 8% o? ﬁlfe body

accor 0 an Ive e ment

struétl'm% 350V diht batlet TP @f shestoNstrObtuteB30Us esupded wramtiglepl 6Goftthe
source_ 110, a process chanber. 130, and a. particl

procgarehamein L) di Soms epbofeenis thsreaitlst hig dirseibeeoup 1p e inle
160 Cﬁpwn?eﬁ%ﬁlgpcﬁlﬂeﬁtgl #il Rf.‘t@é 1‘3? id 1'&?15 l'ytc'o *)lgd g 11?’1%91 ?d l?}r for

nment s’ e ouf rect coupl e
exathple} heoridoitet othdh sultahlmmeertimﬁbmemnﬂ)odtdmts; thd prtidi@ Fap is

congégpé jol(;_prrce)gdlgé@g%g rle gl?o tl?qlitgpgrgth rggq ]é% EE]& (mlg:t 155 of the body
struﬁﬁlte' I\S@tﬂ?ﬁ i9RSEHaR gpr@lkﬁ&@&?do@ Bl t H h%ﬂeisﬁfe dlrg &fn reduce

the plasnma source into the inlet 135 of
the gaivity of életap‘amt@hgas geberael bx tharsnutiaplasha Sagcd 1;103 r eat ed
struc 350 articl.e tr. 340. .The
10045 ° R BHELAL RIS Bl SRRt o ilips 4 pihfer 345
adjabét %twall3§7 02MCtheddo Rt MO dool e l&@@@;&(ﬁhbtﬂ of ﬂfe&va’iﬁ@ 0,
The outl et 155 of e bogly structure 350 is coupl ed

incleding abetace$80 of thqw\éalbﬁm gsonkgmbediments, thesusfgee380 of the wall
enbo I 1

570 S RRRLTE B0 25 k! il b EHIBLEALRA R cooing

charlri&dsl 396¢ ol @0 (g .e@ates) fldves through tHfﬁchabx)els B%towoamhletboolmg
conduit or other_suitable structure.

menghe 39 Achthe walhy/ 0y al’raeﬁl%weenﬁraﬁg th%p%“aﬁlﬁt@e P4 viagthe inlet 135 have

becREHAHS, RUPEFE B IE SO0 RERAREI 125 1) o dmpificiitihe oo

enteaipp tiexpantidle trgp 360 1srap|pfomeatelyI—IO@ﬁ°(pr €hs dlfkrcdlce psteagperature

reduce the acti.vit he ivate as. gene d by .
beniara treerren B asttased piicls? S e B%a@]%& 4 ﬂ@% sinalocal
temée?gtukeégrh&‘ieﬁ@ elfHﬁha%}l@tﬁHy Bf &a/gicamemp%:ﬁt&ré Srdditent @aﬁ@x‘ than

45 adj acent a wall 370. The cooling nber 390 cool s

appmim%dythaOTQjcml &‘ras opemeh;ehambsors Tigre plasina giowgr ¢e.g., oxygen,
n1tr§g{l§¥1; liycéle wglﬁ h awgr *en?f]epature %rasdcl)erﬁ?s t%gnb ﬂ%’sgﬁ% g’bsotrbhl%ss 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 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

11
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370 is cooled to approxi mately 25-300C. The cooling
menber 390 has a plurality of cooling channels 395.

w@ombas24{ e. g., water) flows through the channe¢BHUSHEI/047631
to cool the cooling nmenber 390 and the wall 370.

articles entering the particle trap 340 V|athe|nlet
surchgé 3R b thepralh3Th el%fﬁamewrr&@fi}%% dhe wall BE0 eavhairaads gy

matte;r(%t‘rlj élcgr til%a?tr é%)lﬂglz@{ﬁ? SRR Yx3de thg%aasén%qtsﬁéklﬂgcéé?ﬁment

I's appr oxi mat e
causihigf the pemickes rtmactoearrpﬁtabm the slnﬁfhmem aftibe vaB 370l | y

[004@$t | Vlgjged gﬁgti]xlagd'egsglé an P@éﬁ%}ﬁlgﬁ@‘\e d?aat&380ﬁ1§%ﬂg Q%V\ﬁe activated gas
is le@%' th Wekeprafesd cﬁéﬁ%é%q|30t B@Eﬁfs@ sHiBle§ hadhRikte bR t&rs‘%ﬁa@é 380 of
han approxi mately 1000C/ S species that absorb

the miir 39 [thesartivptedsgas ¢rdening thg pyagess, chanbeofdrhas hesd padistes than the

R AT 04, nt s e that

[00502”'09-‘“@1 4ri§ a GEHaei 10 terdseRadtioRaloviEw o€ @ phicld¥ap 440, according to an
ermal | y-activated particles, called the

illustraByreypbrstimentcofftay méfentmatTlﬁ@@mqlmter@Odqapév@th% ingg plasma

oA S DGR LRGN SATRET 546 e

trapmemisgﬁt intee 195 ddit et bé coupled tgan outia of heerhowe plasplacsoaice Ce.g., the
cts to push particles

outlggS o tiTamagh BAgHoLouts LIOHL FAH ol enerdl THATSGEl ra 30 has an
outlgthSS Qf?at'@ﬁjﬁe Blip é&{ toa}]ﬁé;?ﬁﬁafgg (%Igssgcham%gﬁ({ ng th@ {HER 1815f the

['um num oxi gh sti
proocsseﬁmmeetﬁo of FGSI. hgR2,toln8). phursoinel epsbodoments; mlnmlbcabfestlmnmre 150is

. th r 380 f t.he vva 49 t he
ispyEi 0 BB B 1B STEGER ARG Lt bal of BF apigglasma source
(eg3ﬁ9:reltnaféfﬁ S VRBR 198SFIFIGY] 1,0C6€3). t 0o the process

chanber 130. Because particles accunul ate on the

[00dir f ab ageimnot] 443ds frrnied 390 bodnsirusture ¢4 eﬂﬂ)ga@rtlcle trap 440 and is

in O i B AR S B EROE e s, e PR P g defines o

path[t8f5%0h tHel Kady4trustuse zssohﬁmiausés Dh@iSEs HES gaglsa%bmg ifin @Firsd portion
parti Clﬁghénrngl? 440, accordi 9 to an illustrative

465 efthscda 445Hé ‘strikgenvalbh0 thatdesines ¢ sgcond pagsion 475 ofthe gas

chadi YEER s bnB1cRd ST OEH o LB 15 deghllfy relayg o

surfieer480@if ehet walp4 7201 0T emomentun @ftthd Bartitlestravaingladongatip fiesd portion

tg an outlet of a renpte plasma source (e.g., the
465 gftheaes shasmgh 44 caures oy %alﬁfla%wast%lsqﬁhe éur%af@ 48P of thgvaly 470 when

the Fath Oanges dJ&ﬁoH%{ fhie %&&ma BRI sRESh A, s%ﬁatha 44§51nt§aﬁie

can be coupled to the inl et of a process c
embpdingents, theewalh4 & is bfle ot ofemptedekss. cimanheﬂummﬁnnbr aluminum

oxidgy gk by Bk sl sl IaE eomBistes o Apoutnyifis on the wall
470 C hpghes erﬂl%&u‘%nt‘s: | S firsk gﬁlonQITGS 39 atQf sub&ﬁnﬁa@l’?qfo%nﬂﬂ ﬁx%f@(e g., Oy is

source (e.g., the remp pl asma source 110 of FIGS.
substantigHy gguyal [I(O%' i?grﬁesg tosthe lseaond portind 47§ of thergad channgl %i;lyln some
of the artlc 440 and is in fluid

St,r uc )
emt By Bk b B kP BB b 29 RBRE e out et 155,
[005De goptisHuBshnt LABNES 4938 3nd 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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pat h through the body structure 450 that causes
particles in a gas passing froma first portion 465 of
wo b@gse4channel 445 to strike a wall 470 thatprPcEDSW8%047631
a second portlon 475 of the gas channel 445 at an
gle F4 (in this enbodi nent, apprOX|nateI

mcl%@g thesyirfacs 480 fdhe wall 440,qf shescaons! prtipmd7 qhe gapchannel 445.
In S(émue et BIERREH fﬁ% gg eoﬁg)tdf?ﬂee@a Lﬂ?@’ﬁlc'og%g@{): gﬂg(e)%lﬂ%aﬁeely 25-30°C.

I'rst portion as channe
The particiesleeterihg tist psa'rﬁ@le tihp 1401 hiadeed Berimblly hativaeldlin ﬂ?eOremote

when the_path ch es direction at he second 8
plasgassopyice ¢ Hﬁsog%eereﬁ%ﬁwsmwhs ga3 ‘ﬂlt%}%et e Rybgletear: 140 is ﬁlépmmately
ZOOW |Tlfb7<ﬁffb1%n5@ﬁ119ceﬂgéra€ifre BetWRL LI Rherki@ll Facti T a?t“ucles and the

alum num or alum num oxide) that has a high sticking
surfansef8piof itlerwvall 4 Asisnlts inradogrd itctmp;dratsretgrachemU rﬁnleamanande ofa

the wal | 470 .in. :
typided Serrappic zradiptliS ARRuRT P a1 Bop s . Ry e tha
absoFb v @plabrah waé‘Qﬁ% dx9g&f) nﬁﬂ%@ﬁél Xrdgen} Well BRLARGer temperature

portion 475 of %as chann In sone

irprthese thatabsozb Iees mewna peyperds. e}mt%m The lpggl temperature
gra(ﬁ%g Ergﬁ 1 ol% c%:ztl) tlﬁjﬁl'er%lea &c?%t@%m%@%g%%&léd ﬁl%%ﬂe gh%;retic force,

Ive cOoo are I nclude
that lacts & the rdhaémoreoﬁsmpeht @Enpedatafe debent. nvmlomouempmaue of the surface

cqaling nenber 495 is in ther conmuni ca n wth
480 pgglegygl L1 pates ggemgqqgu@cggpcg?ntl thergqsy sod g ermaophoretic force
acts ?(9 f)ﬁdpahfbléﬁgwgﬁpﬁﬁe %{:lﬁ a@e A50of Be HRAS7YE Pﬁﬁfckéé' ﬁ king the

wat er) to coo east a portion of
surfdb'é@l&()mf Ithﬁdwaig47maaccsmuiméue418@ cm)inbnmlomtf theAch@ngein pattedirection,

secon ortion 4 of the S chann 445. 1n, sane
the high § (fﬁa&wrgpemﬁ%@aﬁ oA B0 oA st A SloETE BB i) of the
walll4DOORRY 1B tHERhE Norat@c R asér&&fat&ﬁmth %eelaca MéBpdrAtird Hadient.
particle trap 140 have been ther nal |y activated in the

[0053¢ ot ks qotrasmdaoslumrae the wmeh%mbloﬁﬁmdlsposeﬁ eutgidds the particle

trap%ﬁée[ﬂ {111?% il t I gl ﬁ% 8?0 %Hlé ff}gfp ph?]ﬁec ytc%l)% a%?eagt 4@ portion

of tHeRed1n%t yno&fcﬁmg/mteedrf@wzt&ocdf@ﬁe will 470 & f $ier deadrRl pt¥flo75 of the
the wal | 470 results in a | ocal tenperature gradient.

gas qaneleidiithigash gre bedy phnetare 458mbe pag embodims, Biprcopkant channel
4958 [ﬁ:g@egﬂal AR &%R&ﬁ@%%&@zi(%%ﬁ it Q&%@é&{@ 8 x%lf o e @hﬁﬁcle‘ 8 with a

nore

theritygtly ogreiurtive bondiviy@ateainlg €dn sbmaﬁﬁubadlttteatsgﬂacboenhmhahﬁﬂ 495a is
t hose that absorb | ss pI as

. g., . . Th
disppggdrthogpmadlyp abeecog eh%m%sei@‘léo‘? csecli?@l%?g?aathzf?he

[
cooltaﬂlet,; m)pe%w g?gaﬁsca‘( ?efag%élgﬁﬁx&iaﬂly?{aélgﬂg tt ﬂ%atg I%;f téhcet as chax%nel adjacent
the sslrﬁe@é&ﬂ ofthap\eﬂlaﬂﬂ()r e descent. The lowt enper ature of

f 4 70 gt
1008405 of i B ek ASE 1 Tortoeg S e 258y REudg AR shascstvee fuid o

cooIf e@ ﬁ@a@t Bfdrioh 8f %%ﬁeﬁ@{ WhIE 485 T}Sé’\ﬁff@rehls&nct%ié&fauﬁé' bEteen the
of the wall 470. Particles striking the surface

themnabyeetl\taﬁ@i peati¢lesiagl the anrawaél 4ﬂﬁ)eemtsan e aedgind dodabtenyferature
ange th directi stigkin
erad i IE PG PPl ke B e St e pagites et
wer@hotatipADiRA0RS ithkeald 70 hﬁbey\@drhcté&% th@ v teifperature of the wall 490 due to
t her ppphoretic force associated with the | ocal
a therayppbergtic facypsariated 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,

13



10

15

20

25

30

[0053] In sonme enbodi nents, the cool ant channel 495a

is disposed outside the particle trap 440. In those
werodssrent s, the cool ant channel 495a i ndir eceCHUSOY/647631

at least a portion of the wal | 470, including the

surface 480 of the wa 470, of the second fDortl on 475
inclygting yguréacs 40 ahHE W@lh@q R Biggrcand@opinnA lot ofihe &4Sechm¢1 445

thro!éé;ht @8%o kg {1 n?@%ﬁ(%l%%&? e Locﬂ%ﬁ%h el 495b 1s disposed

ernal” to t epart| e trap and IS coup ed
orthugdnallptfo thheoplant ¢haheel tdepiptediit FIG 4, liechnthhi eypaih) nﬂﬁxetcovlant channel

495g Rah e <A t%gﬁt@yma?@aﬁt&gﬁ%ﬁﬁ 88' et §hmef%‘§5° i he surface

492gh§1@q,@d{umpl cted in FIG 4, such that a path of the
cool ant channel 495a is at |east substantially

[0055%r al ABier the activatedagal iodiracted through Hemaeticlatipmd4htthe sugivated gas

can B RRGR 4dis roct PaPRBen PRee BaRY SePORRORE b ptaces 450

and B9 6f the wallk 4no dnd POCREpectivelly SRS hctdvaledl das @ftefihg ttEprocess chamber
interior wall 490. The difference in tenperature

has lses pesdeles than theaackiuated gacenteringdhe paticledragst4lnd t he
[00§62t erFI@fS \9@ Jn 3§)en ; 51&@11{11 iclcfos@- s%&fi)glgp\flli&g at dlfferent 111ustrat1ve

mperature gradi e secon erat ur
embgdiatinendf agqansds triyh 640. "Ehapdrtigle arap |54&t:ﬁdbep%eﬂlm b @iﬂsﬁiazgteneratlon

SYSHRS Botbeumtipis sergrtoneysra (APt Sy 193¢0 Ahe particle fap 540 has
an 1ﬁ1@telr3'§QH£’cQ:5§Bb €o J%(Pﬁ‘) ARt S LAmMMd dﬁglaérﬂe?scﬁﬁ GORS: ., the outlet 125 of

tenperature gradient. In sonme enbodi nents, the cool ant
the rehatm@hsrDSrdes] I fF368d 1,00 08 B X elThermartpde trap 540 hasegm outlet 155

00 el o1 o ARG B M B e TRy s
charfl8@. 180 F vei:901,2, S5 2€ adidhdnid] shbles fathéd #9bodf striubire 550 of the

second portion 475 of the gas channel 445 through the

partistedyapst40uadus i %50 communingtior i dherstat d 35 tahéﬂ@csmﬂahlﬁ
[0059:]1] 22 Elg?felam&qg d5}§ p@? %gs %1 Séjg%@?ﬁét%’nes % Fs)aphthgcgl%b%]é body

stru&0R! B0tth4 katdee baﬂﬁ&@ in 8 gé pdssiag froalbafsaportiah|585a (e.g., along a
parall el tqo the path of the gas channel 445 adjacent
negatiyg YAy aé thegas channehed\ade triko g, qub‘i?@a]th% e ipes;aggcond portion

575%%%‘3%%& VSIg?%gb\;lﬁ g(g:rz]ﬁ %{ﬁy@ s (10 e &ﬁlsdc%g@ntt %}gﬂommately

135 dbanisd welatB&cta m%rﬁaefr $80zal of sheawalli 6T0aatle tlis einbedlmunf dloefirst portion

480, and 49Q of . th I1's 470 and .490_respec th
565519 t?a@%c@ng ROTHiRY @ﬁmﬁgm %8“%?%8%‘%‘9“ oh e ?féﬁ el 545a. The

morR&filrh OF 8% fal@ded tPa‘ize%Gsé heag ad f%%no‘%ﬁ&r% 6ﬁ%ﬁtﬁl@%ﬁ%&h{él $45a
trap 440. [ 0056] . 5A"and 5B are schemat |

causes dsaaastmiets tonstrikevheswfaot 5804 ighemalliSl7Dawhemthepath changes

e DB B s T B Sl o v
5704 Ren#leaniBf HRRAGKAL geo% e EATirh8find for BlufaPnurh oxiie) Hfat Rds a high

The particle trap an inlet 135 that can
sticking mféﬂcm@i, equsngtthepargeleg to wmm@lapﬂ ersiha ssutf@neo%%O@ ef the wall 570a.

2 asma Sour ¢
st e dicat 35 TP Befs? P SEHET A5 3 herest
[00583S5  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.

14



10

15

20

25

30

that can be coupled to the inlet of a process chanber
(e.g., the inlet 160 of the process chanber 130 of
wWO-R@%158249 2, or 3). A gas channel 545 is for meRCT/HSMW09/047631
body structure 550 of the particle trap 540 and is in
conmuni cation with the inlet 135 and _the out] et

[0051’!55 lﬁqfermg trdiQr B ihe ges ehranel 5A0b defineg apathihrmigh tembody
strudfilel 36 tha cQ@ste 51]?1'23%9 %‘a agﬁﬂ éjﬁ}s'tjg&?éﬁ g6515‘gé % ; %lﬂng the

causes partlc B a g ass rom I'rst
negdhitvby akes) gf theaglas nlgarmehi‘s@btto ‘emlky: a&smrfac)e HObtdha vgﬂBS 70b that defines a

annel a.to str that defines a
Secoggeaﬁ@néff'gg Soecspashajp f%‘gﬁgaéen fiRese rebattyg ' Hisi sgface S80b of

the xkfélP & O‘tﬁrlﬁltﬁs ERMolintent hh@ﬁ%ﬂp&ﬁbﬂgﬁﬁb 013099 %%éﬂﬁﬁh&l H5830at a
degrees) relative to a surface 580a of wal I 570a.

substantinly gomsme @dglm the Stemdfportsctn iﬂibt(e @n (156 Besubstantidly equal to 90

Seco or a farm o of .th at
e, e BRigniin 85 BE Pt et lo B e B Rl B the gas
charneRy4Sb d&%e@'tﬁ’é"@rﬁﬂ@s {d dtskke O "sﬁﬂfzﬁﬂ 5866 of the WAIES WBSwhen the path

channel 545a causes the particles to strike the

changgs fligecion @b thesrcandepopiion SHpod thiheas chanehath. dnaage gmbodiments,

e ST RB40% T 550, R 80 TR L i)
a highadekidigtcoeffickenimhesingthe(partiles tquedunrulatalbon thesufaco 580b of the wall

al um num oxi de) that has a high sticking coefficient,
570 Qau5|ng the particles to accunul ate on the surface

[Oﬂéﬁgﬁeﬂfgeﬂ He a(‘f@lalte W% dﬂé&te%leHRugHJﬁi%jiSamé fap 54 thOs@vated gas

a I's between appr oxi mat 135 degr ées.
can b0} edbithe prokessabambat dbcaes paﬂlcljas rae@nmdatewmdhg purtdce 580a of
icle tra 0, the.activated gas,c
the Pl 7. GheadRaid s icuRE tho $E0<5 S e asd s rar s i the
activaiQl gllchRsiag 16{@&54\@ | 570a, the activated gas
entering the process chanber has less particles than

[00Glhe aCHG.Wds edcmtle m‘@ﬁsp@lomhlewp\apf a@a@dertaqu 640, according to an

111usgrg$}f<% g’ogcinalg{ltho%rt gf&%ﬂ FI'I%S 63351 etti,r%PC ?(#] in P4 Elgsma

genéir s&ﬁf (el gC | tﬁé plabma ge@GatRAsSssleth fOOfo\fHGSl [ SZ 0P 8Y.t Tiparticle
Eg t he negative y axis) of t he gas
trap éﬁa hﬁ%qm 51155 4 35 ¢had e31 Reecqubledrte a8 eutig b aéfmate\néasmwswe (e.g., the

o1 L AR ASREIEOL) 10D 2 o agtlgpboo s

outléthies Swhdtlcad BObouplled tofths indetiod dippoess ch‘ahﬂef Gerg,tthﬁ anléti 180 of the
565h of t g n 545b is at a t ant.i al

ProGgsy bs&ﬁ?@f@ﬁi gé’éé?ld (535 chaie ? d if pydy giructure

650 %F ﬁr% ppg?{dl@{r&ly 6TMR 1st119ﬂ81g REARERSkion -&hﬁl 1o 'ﬁﬁ&t 1‘3@ aﬂa the outlet

ticles traveling along the first portion 5
155 off ht bes @msncd 166 defind4Gmtic tmeweh thébodyastiuictire65Q thasctausésqoamcles

in o GHLPISEE AL AU ROLONRG SLEcHHS P O 8 PRt Sepppl srface 680

of a88sond RAHINEA0 tﬁéﬁi&ﬁnwa §éé6§d 8Ai6"e bt the ghbawméll 6457a@an angle @
is made out of a materi al e.g)}’ quartz alumnum

(in thisiembediment appyoximatebhbX degtreghrelative id the smﬂfswtfa@rﬁ% of the
wallg@g).sbl’lg% n:l(ﬁger&%ﬁntolf gl%e(e)%arﬁ&esat(r:gv%pgg glto%g Qi 1rste posrgon 865 of the gas
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
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[0060] After the activated gas is directed through the
particle trap 540, the activated gas can be directed

w0 eoobhss2py ocess chanber. Because parti cl es accRomiusioe9/047631
on the surface 580a of the wall 570a , the actlvat ed
as entering the process chanber has |ess partic

travaﬁ@ralwgethaél styettion 6§aof de gas chymehed odrike @Péifﬁtrsaffa%@ 5 of the
t f

ﬁrst%ga?lt%]i]gr glc dn% ﬂgﬁ Sé‘prggsc i g; P%Qfé m?ﬁ% L?S?ﬂg{/eh:‘/ﬁ'gea%n% th&@ first

portemmelolmret ga@fchirhﬁl 648/ antiiapped H&hﬁe ﬁapfessﬁzirs 620ajn 6gifle can

used in.a p gener at i
embsﬁ H@rferﬁfawlg%{mm%% fvﬁrl&(n e.g, quﬂﬁz{ﬂﬁw‘gynmrﬁé
alunﬂﬁﬁﬁl' ogﬁcfég H{a@Hasﬁefl Righ3f i &(fblfﬁ&erlts@hfch %1?15@ '?aé?ﬁtaﬁe@ wplied
to an outlet of a“renote plasma source
accuptldtetn (ﬂf@ﬁrtu:ﬂestdmhf: Enpsefpledd rmf ﬁmﬁrstawalll@l(bf FI GS. 1

10063k ST isEeE R LS i SbeoBft el g e s BulsEsEy dine & Pluality
of df__ﬁeﬁlons "695’ oh %@&cé&ﬁs&facé B8O Bf 186 8ond RANIEF0. 1@ patticles traveling

2, Qf) A gas channel 645 is forned in a
frOHbtbdflrsitSﬁ‘@Ianﬁﬁé Bloe gs Ohhl@leb 641 stoike thersagpn@suriaeri6§0sofi the second

h t |
ol 0 TS Bk o A, 1 s
travélayalGig the kevoad oRidnIETS of dius®s chadnel 64%srikéthe sgeshd surface 680 of

passij ngléf roma firs ortion 665 of .the gas channel
the faend WAk 670, Rechadlge&lwﬁp&ﬁw%@%mle%n e tdraggiing along the

secogé %n ng’?’t%@ E)ff ﬁ%g%gep @%68? Inutre]tb?ﬁ @7 e 9@@%5&@%&%86%5 to prevent the

part@fee it beihg HislcHgbd te greehm)cal glbadtiondn tle tyktens dasoohe embodiments,

surface 680 of tun1of t.he

o e o ST e SoriBirsiol S ot PG AEhe ol 51 BT} #ittintl St leggppartally
rredfs. ¢ M@Emﬁé@nﬁeﬁt&s&ﬁ{ tohe o PRE itk e%o bpm fs iak eagtqﬁmauy
second surface 68 he second wal

meg;darh Iz bemgembadimeots atrieast ondef the su*fmte:p@lrﬁt <i>roﬁ8065’ EX@ired A

o s SRR W AR i SuGBR R yes 15 or 0

becdkOitedéRGred sRifbded ak |otaPhodkeRoR epresiforB 70 waltht faetidlés &h be
surface 615 of the first wall 610. The

trappeek t i cl estraveling along the first section 665 of the

[00%?3 Cﬂlaslanel é%?%nﬁ&{t K éelggx%c%{vrlzgg(? gégrfsl?cgeﬁosﬁéga?x{atérﬂ? (e.g., quartz,

alunEiﬁﬁﬁnL eﬂ aeﬁminmnt hﬂd@)&ﬁaﬂﬂa&‘a dldhngicking I@geﬁfbﬁ:nf lcaﬁdingothetpaﬂnles to
t he gas_channel 645 are trap

of
accwﬂafé 98ithswals 470. Insosmsrmbadipentsdig §rst P‘Pf@ofl |6|6§tls ) Substantially
d I
noreidnb® (PRE18 SppixipldR! A debleck rotine s béreioR6 S of il gas
charmeb645. cinesoime enbiodimdnts, tcmges bétaveen apipadxamatedy #ﬁé 35 degrees
(00 cu;rxlat on of rti.cles on, the first urfa

&k thaap e bes s et io NG i R Gl e BT ABS ativated gas

can bé ﬁlré&é‘d)ﬂ%qw\@}&ces@?c@aﬂnﬁeﬂ "B RahYe ParticRsQébiEhflgte®n the surfaces 615 or
plurality of depressions 685 on the second surface 680

680 of therweallsed 6rod 6\’/@ résp&IGelyThe aptvatedgassntarimgdhd prycéss shamber has
the. first section 665 of .th as. chann 645 strike

lessfielesBingBE iRl a o sring e TRRidn AN 600" 1 o

[0066] St r FITt7 198 sehedmictciessseamdl wbwioRe PaRRl @dp 741 according to an

second wall 670. Particles
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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traveling along the second portion 675 of the gas

channel 645 stri ke the second surface 680 of the
wGaemonsB2wml | 670, including the depressions 68BCT/US2009/047631

Partlcles in the gas traveling along the second

tign 675 of gas channel 645 are_trapped. by t
ouﬂ%telaé &% g}edﬁ%m@aﬂa%a soseellQ af KAGRak-t2 o1 8k Fhedwrtidé ttgp 740 has an

outtd! 155 WA LLh BY c@?%'tﬁf‘ nlef 'o?ﬁﬁ?dc%éb dhﬁm‘b@xe e/ Shé méet'llgéso Of the

some enbodi e east o e surfaces
prooemhambbﬂtle?,()mﬂﬂlé}sm,oz,@m 3570 respect ively is at |east

rti irregular. In so nly one of
0067 w&gﬁ cl@feelgf“e%sreﬁged ttr%&i‘t‘ e 150 Py e 99 5%*5?10 740 and is
in filid &ﬁﬁﬁlﬁéﬂﬁ%ﬁ'vﬂﬁpﬂﬁ in]&d 13'5%8tthé)6lﬁle9i 54 hgn SHEhRESS 7@1 B located

or 680 Is textured. A textured surface I ncreases
intetipride IextlemodwalhsﬁOiaa’mdlwISb of thiebody stimentere 7601 hbe sombme@n of the

obsifsRBrS” o REGRETer BAGs 1At RAPHRETRCER aFR 145. The gas
charﬁteanmatbﬁn[eg)%éﬂl thiduSR IR KD SRLATBRIS0 thilRasRs pAGCIBIA a gas

670 is made out of a material (e.g., quartz, alum num
passgg Tz gifhsiraoshon &S (eheatalongsthe negagie gthqutregtlon) of the gas channel

745 SOSHEL 6o, 783700110 JIHS DEES i ASMTERLE, Qdond portion

n some enbo
775 66theigas ahanaeIS’BtS&ttaﬁian@lb Iay, (inthinktmbodihent, epp‘roxm%ely 90 degrees)

relat?\?egtgég% %g tgxgg ra?lﬁ S%Qof@et@?mhe 3 %g}%n por L ?&23 t?a?vsehr?é along
the {1 Y686 ";‘@PBPeﬁb g&%ata}ﬁnét é?s %ﬁué@?%eﬁ%ﬁuclésqg %ﬁhie%é QirfdcBg80 of the

act ted gas | irecte roug e particle trap
wa1167470 wltelneh@path vhimegs gaectmarat the sdcondqtostibrt 175t dfehpgasodhesnel 745.

In 53 GG 388 G ek Qe BogTe A0 7 S BB dryeligaione the
secoﬁ@t})bﬁﬁfn.ef?;’S Q@% %mngrth@??s'it% 400 e LA H e KIRTOSiredidfs) sEH& a surface

particles th an th vated gas entering the particle
7301 trr the demsm@romfeq)f the @all770s The depressian B3 Sdraps shesparti¢lonavay from

le t di
the s PoBE Ukt e AeRort 173 o355 ROt 4 5kaning thegegictes o
accdnﬁtﬂﬁe b Bhecafabe 786 6Fktht AefrefNiGSTES HRANGHRE tOPredtf ttl%”ﬁ’oarttcles from
the plasnma generation system 100 of FIGS.

being rdlfg()dgechl?é mehenigal ibration ingbe pEpéenynln wmemwlmﬁﬁsa tb%twall 770
is m?(ze %&%@%%@ ?a[l g? g 15@:% lﬁﬁufﬂnﬁ S Rhfini bﬁ%@dﬁé% ‘ﬁgslalBlgh sticking

heou renote p asna urce

coefitiehd, CGusidy the pamicles ko acduemubae don tHesutfaeegd7 81)4(&” thaﬁfaﬁ 770 or the
out | 55 t hat can b cou d to the |nI a
Surftﬁedégﬁ plopd 3¢ 'ﬁ ﬁ Ugtln sgme gmbogy eaFS@t!@sa@gle D7, is

betv@%ﬂqpﬁ:@ﬂﬁ‘ﬁelggsﬁl?@%e &es or 3). [0067] A gas channel

creat in a ody structure 750 of the particle
[0068] ap IndOnerednbosliments,|the cbstrootam?87anclodes ddprésheni(egethe

135 t out | et. An. obstruction 787 i.s | ocated
depigiiat 150 dBe RrBRion TarRUNSGaS s SRehmEoRembyT it s Tahy
conﬁhfn%hblﬁ Qithahe suthRe ‘790’6f ﬂ)@tWéPer%fofttllﬂ;-eot%ﬁﬁEﬁd%P’fﬂ?O Mn %@1?16

and the exterior walls 705a and 705b defines the gas

emboRiamends, the4®olimh megbst tlchdaeh cquimt gbdninebto racqiwg i fluid to cool the
surfiic?fr@Hg)g % tehv(se/allP ’nyots tthE: %Bgtyurc ion 597 t nastonﬁa%lrjn %%itggr{tg,itﬁel: ga‘?i'ticle trap
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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passing froma first portion 765 (e.g., along the
negative y-axis direction) of the gas channel 745 to
w@eoplss2a9 surface 780 of a wall 770 of the obspPeTU$10091047631
787 that defines a second portion 775 of the gas
channel 745 at. an angl e, F7a 9 n this emhodi nent,
anglg @yv 62 F‘lﬁﬁﬁ@lbg?dlg@nﬁ @epr@églyaw Qrdegrees)geletive tothe secend gerface 792
f Y 7
of t}% seldifd ool | ng A Oo nfgletlﬁ&%ﬁ vttt p %%lggggﬁﬁnb ﬁdn%%he second portion
775 ofithergal chiahhelcAifsmmasdshize pmﬂtles:toeﬁnka:the sedokiéd sﬂﬂﬁa&:eﬂ%foﬁtﬂm second

wallf 0 Qs SHEPHBELa6RS SPET0p o e TRALPERARHES OviRS Eof FpR745. Tn
som€ @B@gﬂlﬁ%ﬁ{s tHeRBalPd is ?r?aQie 'oﬁ@&f&%ﬁteﬁalct@%r RREHL AR Rum, or

Particles traveling along the second portion 775
alunfisum.oxidg) dratyhasahigh stlckmgccmﬁﬁlcmmgmusmg the poartigles to accumulate on
di ion strike a s face 730 ressi
the G L (P FrtotindheGis SEG e By ph o dimalely 45-135
degredd. tThGbRS et inhdrNKRcGREWAIl 990 MGluabPRPerBRionecond
ortion 775 of the gas channel 745, causing the

(00794 t | @Piéenal eoddingunembard 98 is mﬁbergm forERuUTBatieN with ghe gas channel
745 ggj% ﬁieﬁs‘gc%%ifvglp 9909 eecc‘ooil \ﬁ%p % rgcac# (},o‘r‘?llstetﬁg second

surfﬁgewemftﬂdsesmmwl @lMQ@tlﬁf@IghSthe b?uy stalcturd 751) [ I|$1 soRtenthoidiments,
a nateria . 0., uartz al u um or  alu nu
the %ﬁ%’e*)urﬁaﬁ%? 9%@&%5%%053 vl 7@%%@"‘1@%@@@8’(%&“@ a%s%?&- The
t f
partfvc\:/ane? leﬁgf}%g e;faﬁﬁ&e f4ah A Iax% écgerﬁigllﬁr t5@& W @6h ?&%sé?ég %{iﬁe remote

e sur ace epreSS|on /3
plastasowat | In7§ﬁ)ne ¢mbatimentsthe gasrmmstrmg thépartinigltexp7A§ i$ gpproximately

20085, o BBLSS indBute i botie B9 B ras VA SOt the wal
770 Q&ugs 1n 4 i?o@alqgrﬁf)&ﬁﬁl'r@graar%ﬁ‘a Tﬁg}ﬁa@ﬁ’tﬁﬂé HEA typital ®mpedture gradient

i ncl ud ac:00|n nber in hermal commini cati on with
is gneaier tshan famexmmelmfl OO(P?él/ml |Ga$7 wiEcish thay ebsis mope plagma power (e.g.,

oy iR PO RERRl 1 e ey dCab R TR e e B bsord tess
plasfidpoRee (e/80ar@bn)t MEheViadal teﬁ?&r&ﬁretéﬂﬁh@hfiﬁl ed 4 ce/® fhe thRrmally-
sone enbodi nents, the particle tragg]t udes a

actiytesk pariieles, sllasiibe theempphinseticgipree; hobats inrthe firpciorof siggpest
temlgeg%tﬁ}e& { ent | Ji‘f?e ﬂ)%%eﬁ'g%g ik th% ?@ogmdasu}fgég ﬂ92p&{tflé S ond wall 790

icles 1n |rec fromt Seco
creafedithd @mpérafure gradient gothe ghgRo e thdmdphogtic face ags td‘lp.lsh particles

tow%rgzlg]cla)\{ rasgcg@ges%%tgée\é?e Q;(ngg%s d c{,\HCt | %S%’g%ﬁ:l!gs strlkmg the second
surfRRCRN IR s%cgrchwﬁl'l 9 tg'% AnflROG B conﬁﬁﬁtﬁgx og?{ﬁﬁeéngé)m path

degrees) relative to e second surface 79
direstemptiet haght $tickB@ propetienofdhe mateoihl (elpe, quartz) atimmum, or aluminum

oxideh 3 e =had vl sl e B P e forekastocia e B duet
tanﬁg&hﬁggwﬁg&;of the second wall 790 when the path
changes direction at the third portion 785 of the gas

[00-hannafter7ths actl\rat@(ﬂm iediestidrthrough thepartiel¢ tray 340,itkhe aiiveted gas

terl

can B g 1o R Rickis tHers (PRI BomBus e Ei e ondhE RS 7s0,

7301 41 792 the Gbemtd DoRCatemub @Eeﬁpr@&ss 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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the wall 790. In sone enbodi nents, the second angle

F7t> i s between approxi mately 45-135 degrees. |In sone
wepdodssent s, the second wall 790 includes a PCT/US2009/047631

depression. [0070] Optional cooling menber 795 is in

thermal communj cation with the gas channel

745
genesfjoRcwpiem (§2--dbe plasmagencratvg. systim 109iiFAGS b o eF 3)7 gkhe particle

trap &‘,2?* }15%101'4’% ¥ gﬁg t %%gicgogngéﬁ o5 48 bag& og g ge_:rﬁ{)tﬁ 'pihgnn%%ﬁ{&g (e.g., the

structure
outlarttzs @if tentmotet plasnsesoong 90rdf&E@S.782, of 3% hExegmamlﬂtrm;aMO has an

9Q_is coo appy oxi ma er 25- 300 The
outleh o g2 he L\ wf% ithe tn#ea,e REPCRISE fnh(ﬁrg Wég@é the
pmcfegsq;g;g@q)glcpﬁ)sdm@@ltf%rg)em)t e plasma sour ce I n sone

ments, the gas ‘entering the particle trap 740 is
[0073ppr ok igamtlenpel RAGAH rmEt én albbdyestaictire BHO ot @aricle wap 840 and is

in ﬂg}%&:\é\epgli]qﬂ'i{]aglo%l% | l&(ﬁf:talgg @ ed(ﬂ.ﬁ]%{ L#SC d&éﬂﬁsgmfh 8%15 located

mteﬁ@fga lekideler %11@805»%@ 305b 6pE baly sttuciird 856N Thé Sortibiati® of the
t han aggrom mately 1000C/ cm (Gas species that absorb

obstrustien 38 Aswehthe @9@1’10( walls 805papd8A5b dcﬁne@ dlemgasiohannsd 84)- The gas
channgis%lrég \f'%eé glr %rth}o%gi? %He%t ?ggtr%tﬁglﬁatt?at c%% F!ﬁ? %E lirpglgas

ESS asmnma

passirpsh atﬂtEtQ)OQﬂi(&dSéﬂl(te d. F&D@fgttﬁe ﬁeéatlk/e? 2Ixi:s dlfbeuon) of the gas channel
t hermal | yactivated particles,

845 therikop ﬁ‘éff?@ﬁs@oﬁé ﬁ&@ll Waf tlzﬁcq@trpﬁlqwmmté*@ﬁp%a gheond portion

875 3} GRB5E Lk SOEI T h pgle Taelie, 1D 1Rs cUFIE S RATnly 90
degreés) réletigeeto at surfacg8 &dofehe wah 8t7h e Thamonsotunhef the part1cles travehng

sl B BioR§oSof P es® stmoe) 4 avel B fopare te Stuce 880

of tHeaK41l @Oe\ﬁhc?nt the gh g:h?n'i@s %lﬁ@@cﬂﬁil ot Wef REGAIRALIOE 876 the gas channel
second accunul ate due to a conbi nation of the

845 chawg@ embqaiamhntd,u thewll $) i meddwuylof gmatmahge gus qywm plaminum, or
t h
a5 T i S 5 i TS b B s o

the sf\@fa@@z;aséme ataﬁd;m M sdhe€ehbsd@nehSNBe bAd1L 1], ﬁfb%@li/&ﬁt
[0071] After the activated gas is di rect ed t hr ough t he

apprigainately d5tl3agegges. Insemgembpdineentsy s frghwalb 80 nshuidggat least one

r use particles accunul ate
depr8%31(§r2§'£’ tﬁ%ﬁ%ﬁg&%@%ﬁﬁa d 792, the activated gas
[0074t er $tilYrefe€inp tOBHES S8, ceagud eharthal84 5ies athird pottieon 885aRarticles in

the_ activated gas entering the particle trap 740. .
the %simteq’kfr@n BeiPecond peRiana 150! diengrs chunel Bhnle.gi dpethe gositive

and g%ahgs &eaxﬁgcﬁ%cﬁﬁ ) SRREY HE sﬁrxﬁfa@en892| Aﬂﬁ%‘gm{d ¥8]890 at a second

I ment e’ nvention. arti trap
anglo &gy éegl, inrthis epﬂmdnngﬁ,rmpmmmmew degrdes) glative Itmtlmlsa&md surface

892 3F Thersepandryall 8065 et ol he pastelS ravehine fLbne b fesqnd

portid 837‘3 oPd cﬁ&nrf?:l leﬁesothéﬁﬁﬁd%@% afké ﬁxe%e@orfdrk%rface 892 of the
outlet 12 the renote plasma source 110 of

second veall 890, wlemethp pathicbhrges dapctRaGit theshisd podion 885 1)5 Qletgaatchannel
gascan be coupled to the inlet of a process chanber
(e.g., the inlet 160 of the

[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 ®gy, is between
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process chanber 130 of FIGS. 1, 2, or 3). [0073] A gas

channel 845 is fornmed in a body structure 850 of the
w@20obiisd2¢9 trap 840 and is in fluid comuni cat i PCT/WE1009/047631

the inlet 135 and the outlet 155. An obstruction 887

is located interior_ to exterior walls 805a and 805b of
approRiE Iy ¢ 480 deeisre lesomepmbodunents dhe ssronst welh 890 includes a
dcpggfﬁ{UCt'on 887 and the exterior walls 805a and 805b

I nes the gas channel 845. The gas channel 845

[007(6]31‘ i naghia epdbblindnt, cthgﬂmtdl}mrtlm*d%ﬁsmcludd:w depB&sBion!8as in a third wall

520, Beieles Biveting ol e B Otols g oTendoe nr iy Sraxlrection
entegﬁﬁ% d%Bl%@é?@A 8 B5tor the tsitd \'N!ﬂ? 820. S”Pﬁéc P6c1838riRe a ﬂni’@u‘rfagg 830 of the

he obstruction 887 that definhes a second portion
thlch%ll 820.t Hlee @@sesci@ariiﬁéltraeﬂﬁaracleam tha ghethrgdow elogg the ﬂiurd portion

s P B PEAShY SO A i 0ot

deprB¥idd $35emdiseANstd preveért eidpdrticled froratbelig! dislodeedy Méchbhieal

gas channel 845 causes the particles to strike the
vibrafignfia dhe 98B Intsemegmbodamrantsyitea third avablf29 ie H’@ﬁ@ gyt of a material

(e. g.g Q‘%ﬁ&r bl%nﬂm t&%l\%ﬁﬁgﬂltdox@c?e{) ttllla‘? 'ﬂa?% ﬁ:gg thélgﬁ‘ ﬁ&gﬁ’tn 9 sing the

n-sone ‘enb e out
partidles®s svcusiuldte€og the thirdmtal, 828! ﬂ?mmmmbasdlmlemm mmnlmglmm)ber isin

SO e T
“apézg}’rdf@m%g 1OBR 840 t he angl e F8a is between

mately 45-135 degrees. I n sone enbodi nents, the
[0077] r st Afted the 83ty ataucdan dedireated| thmugh theepadiigle trsls B4 thaeacgivated gas
he. depy es |on 735, of . FI 4] Still referri
can b, qeER 5 ¢ 6 SR dlecAiig PRGEIS TPty i ptibes 850,
8928848368k 'a@thf%@ed %hs%ﬁ@nﬁé%&brb&%& Elshnitcp Mhd RSs SREEBSthan the
portion 875 of gas channel 845 (e.g., along the

actnmt;@i gaS@eteathhfe@amCﬂQéraR%Qu s directions) strike a

r.f ac I t
[00 gl 21%93 lf a: gh me}%ﬁ (hsg 53¢t r(r)gxglgwgn% k %g%ﬁfeoti%n%@é ?&%&Bng to an
111usﬂﬁﬁﬁe€ﬁﬁbocﬁmbﬁﬂdf\tﬁe in@eiitha. Sﬂﬁ%ﬁlwﬂﬁ;ﬁ% c&ﬁ%eofsed h& plasma
second wall 890. The nmomentum of the partic

gengratiRnetysier! @ rihe plaema éé‘éﬁ‘ﬁ@lq?osryﬁ‘ieghl()@?‘af et hez ga3)- The particle

vap PNEEL 548 1508 ol A2 SRR TR RS6IRA e e
outlethi@s @ shwheme&t plasmasourdeel T fiRIGRoL 12, on3 B Squfarmdie trg@ 940 has an
oot LR S sh e AR T a R TR ot T o
ro@lsmaﬁﬂ,g} ﬁgggngdgwqtz hasya high sticking coefficient,

e

causing t particles to ‘accunul ate on the wall 890.
[0079 s ofegae nirodieh¥titis fornted is e bodylstargiire 958 bf ihe particle trap 940 and is

T R TSN -

inte 616 %k Wa[l@@(?ﬁ] anH@OBB b tiRMRa¢ siiEdtire 950€ T‘h@ 'céﬂblnatlon of the
portion 885 includes a depression 835 in a third wall
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
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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820. Particles traveling along the third portion 885

(e.g., along the negative y-axis direction) enter the
waleppaseion 835 of the third wall 820. The pareCTUE®09/047631

strike a third surface 830 of the third wall 820. The

depression 835 tra $s particles in the gas that flo
portigndg of e ganichannsb?4 ewsedhe particlsptokethy ﬁwéﬁces%@ 'of the first

wau%kﬁw}{ég ﬂgeggatﬂ gﬁegdﬁ%é gﬁe&ﬁnm&é @g@hgﬂ g,{bnt&;% Jffehé gas channel 945.

rfac epr essi on serves
In sqm&Mﬁb\didlmbﬁtsth ﬁrstlv%l g70dsmiade ogt dfi ashattdlgzdc(e (4} quartz aluminum, or

mechanj cal ration.in the stem JIn Sso
alumd gy @xien that Lft‘%?zhlgh Stickigaetadient; caugg dhegRrtigles to acoumulate on
the s‘ﬁﬁ(’a@é %8?6 of(tﬁ %n oFyand gom@érﬁ&d?ﬁaems Ohe aﬁgimaumb@m&ﬁ)

as a h“sticking coefficient, causing th
apprpamtate:iy és- 1t36 dagzcmﬂnasome@mbpﬂmqnm thet fivad walBOT0 lrlChldsﬁoare

a coolj ne r is in thermal
deP‘&%ﬁH‘?ﬂJd‘f %?S?Pfsﬁsf‘%‘?h%%r%g? s8ion 835 in the third
ooso?l | I%?sgnfe%n%ﬁﬁﬁ&ﬁs tieotRBubtidh B 7ihelRddsHOddPERBIBHI(E.85 the

particle trap 840. [0077] After the activated

depmsion B ot Gan: RFhsuRpitragiion 987 cpe inslude rrogling mepber in thermal
com%ﬁ%%ﬁ? E)ne gmt%%ﬁe %zugpacg 686j bf %tf%jt Vsa?l[ %ﬂeof% 8&%0@%8?@2 9IE’some

se partrcles accunu ate on e sur aces

emb@&ﬂm&&@thetd@@hﬁg:hieﬁ@bﬁﬂlc@ﬁSS £ododarit efjartneEtope et ess fluid to cool the
hamber has | ess parti cl gs than the activate
P,

st 8okt ol o bt oEgion o G Qbegifianty the particl
ﬁap§%h§ﬂ% %nﬁﬁ@%ﬁo%ﬁﬁkhBﬂ?b'W'e“’Of a particle trap 940,
accordr

to“an i strative enbodi nent of the
[0081|]1v e nSmlbmfer'n‘ihg t@BIG.i% ke das abardwD945ams laghing portion 985. Particles in

oo B3P STDSL RPN SIS e LU RSE IR DSRS0 e
992 32§ sédndl WaBloob3e ats&%hd %ﬁ@le g, Eeogl Pﬂn&ﬂlsteﬁlbﬁﬂm%ﬂt | %brd%ﬁmé‘tely 135

renote plasna source . outlet 125 of
degnees}wdaleuw taghasesond wfa_‘pﬁ (9925f)f Fhlewonn.l wad] 9Q9r 1’196 mamentum of the

rticle trap 940 ha a et. 155 t
partff ieSFie A B T Apesd PP A o 48 e 5 fises g particies o
striketh&$ecdDsi@fack 992 B He@sconahAIPBI0 vk tBE path CBangks ddectidh at the
79] A gas channel 945 is fornmed 1n a bod

thlrcbpcrru[@n a2 obie 2o chanael P4t ile fhis emberdiment, apartion qf?/ﬁhq yegpryl surface
992 R?;[Hélkisn%on%t\*fﬁm %é;intepglc{umee'in élo%é &Hﬁocﬁ&gn@ U&I{E %139@6 is made out

ruct cat ed error to ex

of adtdrial @ aqadit, Abtimah, drtamrbmdm axfidel) cliat has Hbigh sﬁbieng coefficient,
conbi nat] on of the obstruct i n 987 and the exterlor

causipg 1l POSIES 49 AcamAts n tiecwal] HY. JASOBR ngepss, theqrecond angle
Do, BRI gﬁ}oggﬁéﬁgef@ 8542 at I §JMé3éf%bcﬁ1}ﬂ§nt? QY second wall 990

structur causes particles In a gas passing
inclidesmdepfessist. portion 965 (e.g., al ong the negative

- axi lre tlon o] e 945 to stri.ke
00881 o0 Of e S35 CHANE) 245110 SELIKE B e
920pP ‘Pﬁfticﬁ:@ tI%Zgln%f al& thg Wird 81@ bgPdmerd dehesdidg!os s c@ehe third wall
(e.g., inthis odi nen pproxi natel'y 120 degrees)
920r ahapalmeles @trtkh@ sz_ucfacea%’é) @fsbe thﬁrdtvmll 930x Skthewlgptession 93 Ftraps

t he art i C ng. t he
PG e i St e s gt B ReBo S F A B e 945
caufifg the@affeldsQo StdunkBatt b t%frd%@rf&%@mfof tHeeddptdssion 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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wal | 970 when the path changes direction at the second
portion 975 of the gas channel 945. In sone
werodssrent s, the first wall 970 is nade out OPCHUS2009/047631
naterial (e.g., quartz, alumnum or alun num oxide)
has a high sticking coefficient, causjng the

the sgslaﬁa@q 10af tb%;ﬂa@c\ﬁﬁh?%ﬁ nSRMEIsEIbodimRenie 2gg0ling members in thermal
commiRicatifh %ﬁ‘?h&g%%%@ﬁgﬁ $he thid wall9hH. F9a is betveen

appr oxi nmat el egrees. I n'some enbodi nents, the
[008B] r st Afted the SGtBJatemlcgas ikedireatedahmoagls therpattecl@trap 94% the activated gas

on 735 fro 0080
can gﬁr‘g't') Eﬁjle“‘ﬁtﬂ%e plioﬁ%gs(‘ig]@fl*’?fc tﬁes?.psg Qi}l’qcl?é Iaﬁﬂ’é‘%uqete @uhesufages 980,
992 (a?xd 939, thD GctflRRIIESS eRfRrid ?hefﬂr&f@sf &}ﬁ:mb@ hasTlQ?s particles than the

bstruction 987 can inc a cooling nenber in
actl\takmirgmlentenngﬂmpaaml@trap\,%m the surface 980 of the
irst L},.970.0f t.he obstr.uction 987. l.n, so )
10084}, 0 NP & St Fromty oreiBar Bl tbratcls YBg 0gf aocording to an
illus&B@n@hbdd@me@RcTitNeEinedtionl The PafRRW tripE49Wah 86 &R aflasma
the first wall 970 of the obstruction 987. |In sone

genespfinsdiyHient (6,2 tthe plesing g@meéattqnaspfsqemcll 00 §1GS pl. 2 ar 3t yThsrparticle
trap QEE’(S {nléfutde Qﬁo%ﬁ%@&:&gg%&% 0 l%\}ﬁll.lér d‘f fﬁ Ft‘r1§5 ﬁ&b%@x lfépcgla;upf)ed to an outlet

gas c as a ort ron Icles
ofa lrenndstla @lagma schiuice ¢4. g.dthkerontiet 126 cffelwadmmplamm“ﬁﬂﬁe bifo ¢ffiiEGS. 1, 2,

or 3g G Z?]\xéyrpctg%gl Og()rhlgis( glég e(igg g}ag g%%cg@%gaﬁ t(()) -ftlHaaip}ﬁt gf a process
chmﬁﬁ@?gg ] ur le@ P& Qf(ﬂhg?}&leé/s ch%élngegf()e(ﬁsF)IGSek 21 1o¥ 8. U'Pnd Dfticle trap

secon ace 992 t he second wal 990.” The
includesenleastooé obsteictian 101 imghe b@dyedtmmglr@l(&ﬁ@g Inlsems eododiments, the

ti 975 945 th .
at 1eh ope SPsepig® 1014 aTiralil AR hrtipp S BTG 35 HF eppgdiment, the
partRRGEIPA 048 lihc19RQ sWiRRudtias Re1d BNARRRMBYIIBE&tS, The Alledshéne
thir E rtion 985 of the gas channel 945. In ‘this

obsteretionlil Wkhhas, er isor walb(e-f thetveal SO dIGEr | ar?) thetds mtemcrréo

extepﬂr wa@ﬁ 1’&8@ 6n<? goggg:f dolefqg%POdc}’f slf%lc%é? e(?S loffx?e a mgtdénréeob%éuctlon 1010

is conlfiglied Wondefict @ |gu§ﬁ16\b)ﬁ‘ig(ﬁ@rﬁl e ihfeal 3 ﬁ@&h@oﬁlﬂeﬁ h55td edtisParticles in
coefficient, causi % the particles to accunul ate

the gasdo waike agotace) 1918 orthecrtingst arermbstrugtion 19660 hke awg?egtwn of the
pr R O AP St R B 168 B e

partidbpresisikothe fudfdd2] 01Srofithe & leaxbowt statruictidnhE) 10hwheth the gas is
ession_ in_ a

deflgsi %heqeég 8?4 %ﬁ% %g@gdaﬁs%g gt 11 pof &ilr" ahfje%@ns ﬁggructwn
101@isARRISS bOR rr%gélapg Oé.,g(?ua%‘t%'eag%%g{ of gf&mlffﬁ}ﬁ oREfes bk BSS a high

strike a surface 9
stlcldag)cﬁﬁuemt aB6ingrtheparpeles tocdcesmulatet dnathg agrfadedt01ao€the at least one

obstgegoh AV E: eyt £8ha & Lot i g S

deprebidrP@qy. 38O d&fredsish b3Rrgdsi 9N 935 and serves to
revent the particles fron1be|n di sl odged by

[00 chaﬁhq:ailleaﬁt oreaetisction k018 inghedes meophingmember 1020 in thermal

communication with the surface 1015 of the at least one obstruction 1010. The cooling
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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enbodi nents, the third wall 920 is nmade out of a
material (e.g., quartz, alum num or alum num oxi de)

wo baw/158239 a hi gh sticking coefficient, causi ngP€T®ES2009/047631
particles to accumul ate ont he surface 930 of the third
wal I 920, In sone enbod a_ coaol menber is in

entetipg thegtartichriveim | @44 s @ﬁpwmtﬁlmé%%} eEl?,q Herence Wdemperagire
bew)@@h 'the%Etha[u‘}Oa%ﬁlmé{i g&fncfeg 25&181%' %{ﬁé&gﬁﬁ@g# R da‘é '1éa‘§961&%ember

t hr oug e"partic tra
101 0eesdlity iacitlech] tempdratupe mﬁsst Mnﬁ@mtu&cfaa,@pmp}mmpefmf: gradient

accupul ate on t ces 980, 99 930, th
is grapipy (hap éepra%zgwéﬂy Bt &%Iﬁe Gas regics ¢ Ziaﬂaﬁ%l? Mok PlsEa poveer (e.2.

r t
oxy%!ﬁ ﬁl&l%%@é h?ﬁﬁige] f@ll%%?%ﬁlggtq%ﬂg% Al aﬂﬁﬁts théh 188 thad fbsorb less

plasm;a(pgwcsm j wgat). Viihevoad temmaatunecgra;iltm axppamsclz()force to the thermally-

di t r.at nb t he.
acti L. c e R bR ToRG L AT pafic dltiion of steepest
temﬁ&rﬁﬁfé&ie@&lﬂ@f Thé RV RMPeRIirt Of the,sutfhe 113 9Tthedf MisBécdfember
system 100 of FI GS. 2, or 3). The particle trap

1010 ggates Hhelteriperaragragicst injibe aa%sq@s tharmepheyetihfareg %{ts to push
pamjcfé S 0ak t}?ea&lﬁ’gur‘fé%%%?ﬁ oh%e 'Egﬁne?ﬁt%e 1bfgrot e

sma Source e ou € renote
[0086ﬂ asnelGs alice schkthadé cﬂs@&‘ectlbnalamev@ of Sj)artlaaerdpddyto accordmg to an
structure_ 1050 has. an outl et 155 that can Ee coup

illusiratiyeembadimentat the ivertioss Te Hingapoqiaegt, a bp 5é5ti“|‘ﬂt%f? lié% of the
partfefe tHE) 1BOISESFosel ?ﬂ"‘g{g&tﬂe@q ofd 1(§‘§1otel%las?rna urd (e 1%,;&%—: remote

art| e trap 1 ncludes at east one obstruction
plasma sbiree b2yt BXGdt 2y @ 3)030e bbdy snwaire ibdtinckdesa fitdhend 1130

and B sesona o OG- THRPO iRt Dagdas Aehintel hid4 \5&‘5 anjalet 1132 at the

first'eh@R 1304 Arnﬁlﬂé@l @ﬁ3zﬁat@i9e$§ewm &fNB1350Has eh’t@rlﬁ EH% inlet 1132 flows
enbodi nent s, | east one obstruction 1010 has, or

throigh the cherniel Ua44gto thet ouslend | 34. 1nohis ermbpdigient. the b@)y shtwature 1150 is

0)
subsiiigl Brorfin b aragrtof &' Bempiet 8 SR M POt P ring 130
greate‘i iR digreReld} 6f deblidat 134 gerhe fdcond 8ad f 1IN Faﬂi‘@clésﬂﬂrﬁehng
to the outlet 155 to cause artlcl es in the gas

throggh thr ehapnel, } Fdeaf th@h@f/oﬂrmmée 50 stuila afblﬁé?ﬂ@béﬁllfﬁl?@tl 1621 of the
seech Ay 1 FLETRIRRIT s | BRI Sl f3% P oA s

[00&741us el sohe eperodiméres th@dﬁinetek é; ofithe Siewt feﬂd: 63131(D1$5pp1foxhiimdy equal
| east . one obstruycti i 10 when _t he gas

to ﬂ@éﬁ%@?r&?— ?fifbe stspnd ppd Sbive @ﬁ%raa F%ﬁ@@enf%@eﬁ%m%teredl is
app%?ﬁ'xgatﬂg 4t€h@enlﬁﬁne|te?§‘§1f 8 %ﬁes? BRE fl'{'éccflérﬂé’cell@z]lg apptokifidh n? qig

teria um num or
centox¢tes 1.6 hathekja dnaoime gtnbsdmmdntsn thedod§ Sirodterst 1,150 aumadgout of a

th articles to accunmul ate on. rface 1Q
s (8 iieiire b Rt P EOOPN46) b e g anHang Socticient,
caus‘i@h@ﬁaaﬂti%fé%tto Qé'lﬁmﬁﬂ’ﬁté E)h' el iffRridPdR o 6f ﬂ'l@ %%ccif strl)lcture 1150.

epression (e.qg., depressi on 935 of
00?{8®085The11b®yﬂrup@afs1s comeledmsa ¢Qm1t11tdﬂ|4i 0Tloe ¢candluitdd4s & coupled to

menber
an AR TTRRG: AADeLlt ¢ oBePRosne BREBPLET G162 D). e
condf¥0] 1i45@ransports 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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menber 1020 can i nclude a cool ant channel to receive a

fluid to cool the surface 1015 of the at | east one
wobovnss2td on 1010. The surface 1015 of the at PEHBS2009@47631

menber 1010 can be cool ed to approxi mtely 25 30 0C.

The partlcles entering the particle trap 1040

1195 isdp phermgl commynieation wighths ceaduit] Idg and ﬂiiqq'aodyesﬁm@re 1150. The
t
coo 108 ol o RRIREEL 1B g GRS i

embddifrrfeﬁtseﬂree:oohng memdeat 195andedeseme or h@re coolant channels that are in the
boc fEhg fopidenhe HosBRPuabYbth Zoteneiss dnsppsrembodtnents,

intei GTRELA U8 FiRIERANit 1ThisBRERI LY Qﬁpr@fnnﬁtély Bb @@bC The particles
tenperature gradient is greater than approxi mately

entei® 01&/ contluiGhk sqpe d:heemaklh attivated drdm pwcessplgas merepotegriasma source.

o sirks Bapo RS G ST R EPRBEET ks compeliiiai£8-c. e

diffdRérRss TR tepeRAtulceBveendh & imal D gctivaed paftRIR KA KHY @terior surface
radi ent ‘i arts a force to the thernmallyactivated

17pekthe @p@c@u 1415|r@w1t§ iea {asak temprrgtuse sradient. c Bhe mpgnitugle(of a typical

tem}%el?at g&l@&% 1%Qt ?t}{aﬁtasg ﬁﬁatél??@?@%/?rﬁt I%%@%ﬁ%%s th%{hd%SOI‘b more

er atu ace

plasﬁna@omeﬂ’(beg d:%@n afieegenshydiegdnd Wik havdlagef teaticeatirei ghadients than
so the thernophoretic force acts to

thosséhaf Aok lepoplagR PHECTIE) 258 & e saldemperhat afag}eééglﬂparts a
forc® fbethg'?r@?ﬁﬁll}g F\r e[dgé%?@c%lesg b&edtite h%rrﬁoﬁh%p& }ce, that acts in the

Ccross-sectiona partlc e trap 11
directiomarfdtenpest tengperatieulsoeat. i Vie Iewttenipuamre of tht wgerior surface 1175

|nve .i I n this enbodi nent struyctyre 1150 .
ot tisgocpqpit Pl s o aeralrs @odipd B Qe Srrodhe HEpaghoretic force
acts %&ﬁ@sh‘ifar@elésecﬁ%ﬁls @lﬁ@@dl&er%ﬁ@ﬁ&esufﬁcegl 175tdT8hé @d’ﬂéﬁlﬁ 1145.
| asma source 120 of 3). The body

[008§ﬂ r ucAfiersthd a8 ivatadcgag mre&tddl thlsm’gbﬂa mmme trapel 1 h4(h deoastivated gas

The bo trugture 1 has a ann
can (P trecdiiPio g poed Shpritery Bstdhe Bgrtglen Ay TR R Bie iffibn urfaces
of thelhddy strudthe 1960and ﬂﬁ-rtsé)nadaa P14ae a‘éﬂ{rz&éd bak do@ingnth@process
1132 flows through the channel 1144 to the outl et

chambez pas |ess parfigles tgn dhmantivated gas erserjnesthe pattigledrapBg0;
00 S 124445l ok o RAAC b rl QOB v

1240, hacordingita ar ilksstraZveodmbdiémenttof eie ihddrioat I ties eabedithent, a body
end 1135. Particles traveling through the channel 1144
stmﬁﬁretlﬁég by hapticle Qﬂl@@ngmtkl@ﬁﬁf ? FRIQOP BraSERSPEEe (e.g., the

remékl ?}a}sﬁfa sbii®e 386 9 f1e9d, 3133 atl"ﬁ@ Bo@}n&hgtlfrﬁéé‘%@l%% 4 Bngth I;, and

nteri or sur ace 1152 o e SECo
1nch[1d}@ @Tirstlend 433@ amdrb extiond and 235 eA diaaretdreli, of thé fitshend 1230 is

d113 0X t to the anet er
greaigs U 4 HEEEE G SRS 193 0 T Uelen b sHili Brovgh e body
stru@’chﬁn@tS Bstrikelaf iRBRBONIABE 8200 ¢ the SRBA BRI £33 a{t fn %ngle @, relative
inches) and the diameter d is approximtely 3

to tl'@emerlmewfageM%BOﬁ the besond enh 1Z%re enbodi ment s. t he

tructure 115 .materi al . 0. .
003 B Solffsatmens B BRP e e i Rie pikoteinflgfal .
quai$t, lalihiAGmE OedlimGivenbxid€aHsi Hag a thih seidkink €beFicledt, causing the
accunul ate on the interior surface of the body
partig{qs e aepumulate 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 d,, of the second end 1235. The effectiveness (e.g., number of particles
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[0088] The body structure is coupled to a conduit

1145. The conduit 1145 is coupled to an inlet 1170 of
wW@2posess chanber (e.g., the process chanmber RGOUS$009/047631

FIGS. 1, 2, or 3). The conduit 1145 transports gas

fromthe outlet 1134 of the body structure 1150 to the
trappadl) ef the pagicly tram E240 ipereases ana rasiorof thdipmieter dndie thedipmeter d2a

ngui St d sqire

imenfdfs (PR e o 1 UbB ko e Bimork 2R
appreRipianed iy ded (&lnydmb(hrs?( Iceinichemtthe diafnktdr dglie approfineately 3.8 centimeters

(1.5 gq_acréltgé)cilqd}egeﬁlg geg]gg}%g O@%ﬁr&xﬂ%@? :889%‘(100%%& 1 1nchs? In some
embBGMBAR, %tﬂogg s%é_l’gﬂret 1780 ‘?é)fﬂqﬁér}nai- é&gmﬁﬁféaﬁ&?wﬁﬁ d¥%ooling member.

structtre 11 he cooli ng menber 1195 cools an
[0093ht erinpomsienftadandrts, 5h®$eco¢(ieerrdoli?dd|otf thelbtdly strnctureni250 is coupled

oo B B SRR A TRRS AP HEHIER. P8 P

embo@Rdnf IhRIBRA erldl B3 stdfrtwmﬁyvstvu@thr@pmem bofpl@h®.a doduit 1245.

some enbodlnents the interior surface 117

The gomdnif k249 1ﬂslhs@n@@1bl edindgcalp dhe xppeatitel 2;%5 ascapted wwé inlet of the
proc@%réhaﬁatlbgrs (eenttﬁé {b%e&hc%a&%&dfﬁotofﬂéé f’lr2e Iqasloln}é embodiments,
va rocess ng in not € p source.

the doRnd&i® mmssisbﬂaﬂermnbﬁa rriateelag(aSg amaﬁznam@nidnm o nkittifium bikle) that
is, ap Er oxi mately 2000C. The differ ence in tenperat U}:
has p Bighetpking éoqfﬁéueﬁtapwl%d%aff%we ageHpylate 08 anptepippsurtace 1260 of
[ t
the qoBER 1 B8, e ARRUIRS: e RRE OF Pl AT B s bl 1245
incréasepeyralength /gimueaad. s greater than appr OXI mat el y

00G¢ cm Ga eci es, that, a b .mor asna .
1000 g o iR GBRbOSRT G e YR SEe i P aH AP with o
cooﬁrﬁgm@xhsér%st s%%b ePhSintddRRp sﬁr’f‘&%q 2608t thaReAMRt 1 2Fcan be cooled by
plrasma power .g., argon). The local tenperature
the gpodiug amnbenp"ahct garaclfes)mterlmg)thﬁ lsenduitek24aarg thaumallysacsigated from

orodig ' reufft B G S IPRGRES & ¢ PEE Gk Do

therm@-heiRR@Id et @ePdndt the irteH @ su@iceSIZ60 BE thelcbAuiof 24 @ sults in a
conduit 1145 creates the tenperature grad| ent in the

locab@mpe@éurp [ggadiens iyihstegs-eT kll@;wmlt}@e & aéyniepl pamperature gradient is
7
s B SR b Sl SR SRR Rer e

oxyghn; ﬁmto@eln thytieuggh) Wilkhavalarged tembélamré.gﬂﬂlentshharﬁthbhe/ﬁhhmbsorb less

gas can be directed to a process chanber. Be
plasgl&rnow&r (oo oGO | EREAOGH [rpRETATIIE Gt AP Ak e 1yth thermally-
d
oot ARENPEHALS Sitidn 1he b0 AR Mol ackshihe iluion of steepest
tempaatirecdessent.hdhe tdveteamerama'e efthgastesnt srfang 126(kofthe bomiua 1245

r 1140. [0090 12 is_a schematic .
creals SR GO BR ATH PG R A8 AR HAPBRISGr foropafts fupigh pariles
tow&rﬂ@ﬁé dAdQ mt@ﬁ&%u@'fa@& 1260 cﬁ‘”thé bddanitnaks Ve SERodhbEitheRS, the

the inventi on. hi s enbodi nent, a body structure
lengllzliolscappnonenqialmll()cz @ntlmtﬁrﬂ@wmheg) am somelestbodimagnts; theaconduit

enot e Ias sour the renote plasma source
1245%08916 uopeqFEn 8 1f-:él)eqra’l;he body structure 1250 has

[0095] | engbr tlhle actaned o ligidiesetad thidugh (R hriicld Gap M4 Pand the conduit
second end 1235. A dianeter dla of the first end 1230
1245 .ghe 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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greater than a dianeter d2a of the second end 1235.
Particles traveling through the body structure 1250

W@ oM s82an i nterior surface 1220 of the secondP@nUSDHAB®7631
at an angle F12 relative to the interior surface 1220
of the second end 1235. £0091] In sone enbodlne

conduifdl 249 e getivatad gas entesing ithe nraerss skamber has leay @Ml%lps than the

Q“F?E I ) that has a

mm{#%ﬁ%%?ﬁ%ﬂﬁ%gm oeffrcCl n , %gugghgﬁghgﬁ%gftlcles to

[0098¢ cu rf\ﬂdxr&ttl@nsg ﬁndidiﬁceitﬂh@,rdnd fotlge irhpleme@A06n0df whee iddedyribed herein
. Sstructuyre 1 OOQﬁp}In sonme e

will g irgs hosepEoginahai fn G a@ﬁ&t@ngenagﬂr@p%%ihml%i gpd the scope
of tlﬁ‘:?f#@éntﬁ)ﬂ aﬁ&‘&re@()ﬁﬁﬁér@fl lsr%é H&ed i geirbg o ¥ tﬁ@ﬁwenﬁon is

t1veness partl strappe

not tolve defin¢d ailg by tappréetiing itkusteeasfesleampaon atio of t he
di aneter dla to the dianeter d2a increases (i.e., the
angl e F12 increases). In sone enbodi nents, the
di aneter dla is approximately 4.6 centineters (1.8
i nches), the dianeter d2a is approxinmately 3.8
centineters (1.5 inches), and the length la is
approximately 2.8 centineters (1.1 inches). In sone
enbodi nents, the body structure 1250 is in thernal
comruni cation with a cooling nenber. [0093] In sone
enbodi ments, the second end 1235 of the body structure
1250 is coupled to an inlet of a process chanber
(e.g., the process chanber 130 of FIGS. 1, 2, or 3).
In this enbodi nent, the second end 1235 of the body
structure 1250 is coupled to a conduit 1245. The
conduit 1245 is substantially cylindrical. The conduit
1245 is coupled to an inlet of the process chanber
(e.g., the process chanber 130 of FIGS. 1, 2, or 3).
In sone enbodi nents, the conduit 1245 is nmade out of a
material (e.g., quartz, alum num or alum num oxi de)
that has a high sticking coefficient, causing
particles to accunulate on an interior surface 1260 of
the conduit 1245. The effectiveness (e.g., nunber of
particles trapped) of the conduit 1245 increases as a
l ength /2a increases. [0094] In sone enbodinents, the
conduit 1245 is in thermal communication with a
cool i ng nmenber (not shown). The interior surface 1260
of the conduit 1245 can be cooled by the cooling
menber. The particles entering the conduit 1245 are
thermal ly activated from processing in the renote
pl asma source. The difference in tenperature between
the thermally-activated particles and the interior
surface 1260 of the conduit 1245 results in a | oca
tenperature gradient in the gas. The magni tude of a
typi cal tenperature gradient is greater than
approxi mately 1000C/ cm Gas species that absorb nore
pl asma power (e.g., oxygen, nitrogen, hydrogen) wll
have | arger tenperature gradients than those that
absorb | ess plasna power (e.g., argon). The | oca
tenperature gradient inparts a force to the
t hermal | yacti vat ed
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particles, called the thernophoretic force, that acts

in the direction of steepest tenperature descent. The
wo owotisszper at ure of the interior surface 1260 pET/UBB®09/047631

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 @BdPnents, the length /2a

i's QX [ r ipches). In sone
Lo D BREEI B L reifnd ph SORE SubiabBE T

subssespdsrstrup@rd haligy drd afet f(Grd8plingtbtasshainber @t fewteplasma

gas is directed through the particle trap 1240 and the

corfgvice andamoutiel forgoupling o Ryaeese shanpker dnleteardd to t he

Pht o g oRAREP SimelSg RidHoaP Birhoric Shd B AU oty Bhudoluith the
t hédodystendtare islat drelctbe bediOstnicturd eutbatothe gasiéhdbneltdefining a path
actj vat eg'l gq%a entering the roc.erc,s.chanber .has | es .
part opghthehody, strpeiung diatsapss, pEricles LEITIFSYRE ?Tﬁﬁ} ¢ {1gst gortion
tr 3P tHedhan@d %o §thiRe ARHNGhat HefiRes d B8] pofaibh 8F ihexas icléannel at an

e
modi fications, and other inplenmentations of what
degoglelvelativrsioes suriare pf theavatl. t o t hose of ordinary skill

2l o e EPP R syl

englegieassed thereby. Accordingly, the invention is not
to be defined only by the preceding . illustrative

3. dedéeipgttichniran of o2, vhegrin theclirst portion eithe ghanagbisat a

pl I Sknd: e havi ng an
in I%E or Hg %ﬁ%’i“?n gE {egﬁ gﬂé%ﬁ%@rgg% %ﬁ%ﬁp«g%ﬁ@elﬁ” asma
4.soldhe partivit wap afidldiat 1,fvdiercin t gas ghdrmebhgsrachird portioarandr
inlet; and _a gas chanpel formed in . the body structure
andariflasBihe PORITHICENT SFF 0H RATEOBSekpe & peqne el that defines
| nlegd e dobdid RALYcotidransle 4Rttt £lecodd ' QirBas o£MR RSN wall.
defining a path through the body structure that causes
5.parkhepadgrld mappofdanph sstiengn themerendf dngb is betmeen apprbxinketely 45-
Cha}?ﬁgll to strike a wall that defines a second portion
of °Y&4ES channel at an angle relative to a surface

6.0 ThR@aiRld trapPof cliith DaHerdih 8t feh BheOtirsCcdtion dnd ﬂ’f@@é&)iélﬂ section

the angle is between approxi mately 45-135 degr ees.
TheleBag e ceve. trap of claim 2, wherein the first
PO, | 0 e nel_.is. bstanti alil. or el
7.5t B AAEQCORANE sylFeif IngP PGSO WA Y 188 Bt of
parfregll® drit@puredl. cl aim 1, wherein the gas channel has
a third portion_ and {Jartic,l es in the gas passing from
8.t hd hepaBisde tan of dpinst.rwhegein thedhadi gtrygipre is Hispossdfip egemote
t hey dhar rtion at a second angle relative to a
se or?g{assglr]#gbe of the second wall. 5. The particle
9.t r dheghrtlairap &f clahel evheréihe psasun dranigdtwedrsthb ®bie stfucture

appr.oxi ely,45-
PR and the Lgdy 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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135 degrees. 6. The particle trap of claim1, wherein
at least the first section and the second section
waledoonss2a curve. 7. The particle trap of clai nPAQT/US2009/047631
wherein the surface of the wall is at |east one of
irregular or textured. 8. The particle trap of claim
1, wherein the body structure is disposed in_ the
11 erkbe @apsickestrap efolpizel, forthergempiiping g |ceokingpembercinghermel
wh [ r 0 ween the body structure
inﬁéﬁhgwgmgégaﬁ%&ﬁeg%?%@%%?é outlet is less than
IQanmhe phﬂﬁ%@drap dfQDaim 11, iwhefein the goa']ﬁng mambéxcdoenﬁﬁfsapatldéast one
claim1, further canprising a depression jn.the
of caelapterhapng} E@mﬁﬂ ip e Bady strugfyreto seeesre a adde eﬁ@t least a

port.j f : ‘ﬁf]’&ql adapted to
coIpF)gg{ﬁ O?rt]}éégglrl t8 ?c egg‘%iﬁﬁ%to é&ntggstgeei%s%? e particle trap

130f The parick, trépuoftdi@m Llgnyheresn thg caokimpinembenemipgises a cooling
thernmal conmunication with the gas channel. 12. The
paPd®l e trap of claim 11, wherein the cooling nmember

14C ONME ipaRR | Afray SRIAINONE wieRiPHe c6bRMYRbmber ifBRedt dobR at least a
body Structure to receive a fluid to cool at |least a
pompitm adfthe wall whthe sefondpertinacaiiie gasrohpanel.of t he gas
hannel .. 13. T rijche t f..clai . i

15 na eaaiicRa R st 88 By Aty 5 R booy
partrugthe. t rap of claim 11, wherein the cooling nenber
indirect]y cools at | east a portiqgn of the wall_ of the

165 e dbg drassista ramoigiaim?, gdisreima pafbiof thesat lepsonegoplagf ghannel is at
tr I: ' i nber is
di g%cs)g%lggdlaﬁﬁ%% y%@?%@%ﬁé}?@%&cg e particle trap

170f Thk particltrapdtari@imn] ,avheadih thef walhs agforti@asf ancbstruction that is
coogl ant channel ia aﬁ I Ea&} substantially parallel to
thé‘}tﬁ%?rﬁo teflﬁlﬁwﬁ $0ithe AR .?truf?%re'Th.e particle trap of

1! a{'h@plrti_c rﬁéfrbléiﬁlel_ Wﬂe_réiﬁﬂfé oBSidtien cefnpﬁﬁ‘es a coolin% member
obstruction that is interior to exterior walls of the
body thetmalaommeunidBion Trith thaswifaseof theapalbf the abstruction.

e obstructjpn cor& i ses,.a Coo irn

wherein t

%h W@Zﬂﬁr&miﬁmﬁo«w oIS REMYE
t hehabet fouetdioda LR to tO6I tRakrkack Of tHeaPalPoS thk SbstutBon.
wherein the cooling nenber conprises a cool ant channel

20: o Thepertiske warf ofidlainy I/, ferdher comaprsing apbirdity ohebstaictions:
2t h A Sg'ﬁ&re Lﬂx%%'fgpa remote plasma source, comprising:

a body structure having an inlet for coupling to a chamber of a remote plasma

P ot

source and an outlet for coupling to a process chamber inlet;

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.

22. The particle trap of claim 21, wherein the cooling member comprises at least one
coolant channel formed in the body structure to receive a fluid to cool at least a

portion of a wall of the gas channel.
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20. The particle trap of claim17, further conprising
a plurality of obstructions. 2 1. A particle trap for
W@200e/882¢9 pl asma source, conprising: a body stprCUS2089/047631
having an inlet for coupling to a chanber of a renote
pl asma source and an outlet for coupling to a process
chanber inlet; a gas channel fornmed in the body
235t e partisledrap ofielaim 2 1d whereinthie caelingmamber qomprisesy cooling
stryciure inlet and the body structure outlet, the gas
ch&rnel defining a path through the body structure
24andha pefield tRgp ¢fsidiaY 2 1i, ivhiekeir thelcockngembear inditeatiytdoolsie least a
gas channel . 22, The partlcle trap of claim 21,
wh@PEI0 of Bevalbefi the gaskeh#pRsl conprises at | east one

25¢ oqlhg e %t&?tﬁhe%f danmed v&h@reﬁx?&e@ggﬂng; EAGEUS @ %sbgsed in, the body

recel to codl east a tion o
of strhetugas channel . 23. The parti cI e trap of claim?21,

2631 T partith Lol P St TRt ek dbe ot BB Gnyses
e rﬂfﬁﬁfclés”ﬁi’ hE80HANing ARInPa B lp@ﬁﬁ)‘h o (IRO0Hahk) 1 btrike WANAI that

he gas channel . The particle trap of claim?2
1 dmﬁmsen secenskpartion pﬁ@le gesretann¢lat di epgle edlative to lasutfaepof the
structure. 26. The particle trap of claim21l, wherein
thePath thr ough the body structure causes particles

27. N The PaBichABE SL14if026, avhetdins the[pas thadfelHasahibird bamﬁland
to strike a wall that_ defines a second Eortlon of th

ga@aﬁwéﬁs v fhesgas passiggirem thg %@tsmdepqramastél ? ﬁé@f@néfwﬂﬁbat defines
| |
va tllle eﬁlbﬁlaﬁ ﬂagéqildeagkfqulta{?{/e o aa§ s %ur @F)Pfh@ s{enﬂ)zxd wall.

gas c an on and

28yaShp pagichgtrdpy efivlaihe? I @dmmﬂn therboidp Btrsdtunekedapcssed @mthe remote
wal | that defines the third portion at a second angle
r elPASMPSONEea second surface of the second wall. 28.

29Theryg ?pﬁﬁic?é t‘?aﬂ 5 edait 26 lr@kiter %émpﬁ‘flﬁé & 'd@pxtegk@orpﬂq}{e wall 05 at least

structure Is |sposed in the renote pliasma source.
Thenpaf thedirgt fortagn afthe beviond pértion wf thmas charpel, ghendgpaession
depr.essi 0 of .at | east one of the first

porPERRiFd 1y C qlﬁ%ttg%géﬁafeﬁ&tlhf@ﬁ ‘of the gas channel, the

301'6@( ftodFordahvaf fotids fréfita dabBu ?ﬁf by £pRSmb @mhb@ comprising:
gas. 30. A nethod for renoving particles froma gas

out peeeitipg at g1 mdetan gofiivates gas@amthtsd by 2 plasowi iniashamberan
I ni ﬁgfdreFP nga ﬁl a\éfel Vaﬁgd g%%&%@ﬁ%%&? &ag}{elafogne%s i 1tgor&ly%truc‘cure
configured to cause particles in the activated gas passing from a 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 surface of the wall; 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.
32. The method of claim 30, further comprising directing the activated gas through the

gas channel of the body structure from the second portion of the channel to strike a

29



directing the activated gas through a gas channel

formed in a body structure configured to cause
w@200bi1sd2¢s i n the activated gas passing from aP€T/1S1009/047631

portion of the gas channel to strike a wall that

defines a second portion of the gas channel at an

angle relative to a surface of the wall; and directin

t héeendiwedk thet dediee thisdppriieneoighe chamaglrs i seeond apelsaelaive to a
ch%g@ﬁd Sm;%&w o-laﬁ‘e ge%é{;&)ﬁ,eﬁf claim 30, further

conprising cooll ast a portion of the wall to

33 auhe npahdd 6f dgimi 3D, fineheR CompAsing colingtad laasiciipotian 6f he second
the wall. 32, The method of claim 30, further
co nﬁlh toicagsedhs partirley in the agfivatedgas i apsymulate o thersreongarall
h
S TR Sherld ST OSY el Chidbfihl A bid® fIEHTA DAY B in
t hithedbqalyrstriuotureoto dobkatdemsha pbrtlan ofittwegaihd angl e

3311 el st eyl iseseRL I ool | ng- a

3d.eagk n"i’eﬂﬁ)&f & AP 1, hehes @%BHSlVl\?ngla@ing aY&BpdrAfire of the wall.
particles in the activated gas To accunulate on the

37s e dbmdnetladd of Gaim 3h dunther horipu$ing hwinitodug a P@rtlt:heqount of the
d.in a cool ant channel in the

bo&yméat%?dl}%sﬁ?lg’ ?Ibgga{ﬂm illevllceeast a portion of the wall.

3835 ThEgethot bRdainf 37 faktivr 3dmpmkiag eéreritig addal when the particle
indirectly cooled. 36. The nethod of claim 31, further

conprntsrerpds agredstarmineddamiber at ure of the wal | . 37.
9Th efh'g'la'ﬁé?{?(gd & cleﬁtnai d;\&;ﬂ%reng }%g%}éagﬁgp&hg‘ésréﬁ)rg%ﬂfet &Bfa B&ween an

a particle coun as Wt

el ealer afithe b«cﬁ;vstmeturéa 8nd diheutleedbhihd boﬂy stiaiture 3ebs tHaur t her
conpri sj n @gr aﬁl ng a signal when the particle count
ex@@%@?‘%aﬁlb’el Rl Qe I|mt 39 The met hod of claim

GBS, LB Al S5, A Y SRR g
of trlaeeltmg wt &t nles o aetitagslsgds Igancratpd bya iphestral i alxh@mber
gas e epclvalid Sitdnichep b &5 thamirtareingod Sgure:

at aaa)ohﬂé it lea a%mo\ﬁaif%dwgp@ftg@gﬁmhﬁ@ell@é/ca%sp A%ORs iflthe
a chanber; direCting the activa gas through a gas

chatnmfﬂtedgﬁ;sﬁeacqmméatb@dyheswalu@ndr e; cooling at |least a
portj.on..of channel o cause
Par (irute i oo ATl e A0 AeL I PRKES shoher

4 alThe nedibdibf @aitd 41 wheeeiRad leashh @dridaslehd Walh g ihdlieecigTooled.
channel to a pr ocess chanber. 4 1. The nmethod of claim

4240, Thmeqtgdrofalaimedl furghes somprsing feulpsing altpmpeyature of the wall
43, NSk eLdhda &fac‘?$1ﬁld40, 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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42. The nmethod of claim40, further conprising

regulating a tenperature of the wall. 43. The nethod
w@boogiiss2me 40, further conprising directing thePCT/US2009/047631

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

4% hd hemagthas) oflatarda figther cemprisive flowing afivifde a coplaptrbannel in
Y@l polf S{rﬁpt%r%tcggpat%as{: ) %51?110}411' 3¢ el Aier conpri sing
coolrng-a east” a portrono he Ssecond wall to cause

46 hey paten cdmpriding:t he activated gas to accunul ate on
the second wall.45. The nethod of claim40, further
conpr CBIOHPIATIBAFECe fluid in a cool ant channel in the
body, Mk R : . I
46. aA&;sd;y;é ?rtg m c ol]rifa%rnfgg%nla Pe& gér%gﬁr%ltl@ tg%acglﬁgglg%fr%:%&%@}glgsma
bodyurst ant aniowt]dh i cogplimg foranahlef offa proogsk ichgmbar; and

chanber of a, renote pl as source and.an outlet for |
coup Bt Tmseh st gr stbody sPeusand SOt Bhavit the

chagagkird @B el dhdithe bOBAMNRIrs!6hi: &h& Bk dHanhdlWeflning a path
comuhi cation wth the body structure Inlet and the

bodiyroagh thetbedy swugtinstthaticheses asrticles ime kasdw$ing figmaa st hortion

thr h.the body, structure t.hat causes partigles in a
o HERERATE AP b AT IR ¢ SR ERorB R b fhiEh hoflel atan
st fahle rélathvid fo 4 fudfacélef theemlla second portion of the gas
channel at an angle relative to a surface of the wall.

4747 A JYSEps CRAPEURPr i sing: a renpte plasna source; a
body, c I.hg an inlet for coupling to a
charf%o%}fr{og?ﬁlg&?%no ‘jééjpl asma source and an outlet for
coup body stract@arghadngparcinbniwrcouplirgf to axchgmbercdfaaveaiote plasma
formed in the body structure and in flujd
corfitfiie aad Abputlgt {97 coHBIRGIg? RlpsRAE@rber Wit and t he

body, I et [ : Wk
oo A R s 289y G0, Rk BT
marbofipstruntanegnlat parthe bbdy struepire ohtéetymidhod conpri si ng:

creating a gas channel .in a body structure, .the. gas

Charfh Ot RE e i gl cPumupication Widlihy B shpgrel
4&hahRtodfof %ﬁﬁﬂéﬁﬁin@'aﬁﬁﬂ%l@ﬁ%, Gi&: RBGhod @oﬁ&iéléi!;iﬁ%:

capabl e of coug n o an inlet of a process chanber,

t he qeatinglagane ;r;@sigmga askyfsiry citieed thecgas shaymeblavingareigldt gapable
Y A T
chapiglingab aghinlaNell £proedsathateber tha gadtHanhdl beingtdd@figured 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.
49. The method of claim 48, further comprising thermally coupling a cooling member
to the gas channel.
50. 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.
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wal | . 49. The nmethod of claim48, further conprising
thermal Iy coupling a cooling nenber to the gas
w@eb@angd249 50. The nethod of claim49, further PCT/US2009/047631
conprising form ng at | east one cool ant channel in the
body structure to receive a fluid to cool at |east a
portion of the wall of the second portion of the gas
Slghdnpasticls frap Aoparemate elaﬁmapom‘@ﬁr, campesinge pl asma
sour,c Y t..an | e
an dcfeaRORb gL By IFANR Ao FER sthiid e by Al
meghsmbart dlrectlng t he actlvated gas through a gas
channel faornmed in a body structure configured to cause

par 13 Bpans fopdipaeaing ghe %reed gassthyough iaggs ehagmelformedin a body
fs{r{l@rﬂrecgonh ﬁ‘reg @&ceﬁgé‘g lfeg tﬂ}] ? ghtlf\?atfda%ﬁ é:JIasstulfgagrcr)]m a first

Ines a se porti as
an goeionaifahé gas chenreel mrstﬁhe;e wall thet defamds|a; seaasmﬂ portiemobthe gas

for,cooling at.least a |on to cause
parcP’i‘rE’IeL%t %%r‘?“g]r‘?ereggf’? 3§%§f§‘8 “?E]e Eﬁ\{EI ate on the

vel |3 megs £6y &%‘Ilh% &t Radt ra&})%rtﬁ&f ofdhé %HIPE@C&QJS@%%CEQ&H iR activated
conprising: a y structure having an inlet for

co@p$ﬂh@wmeQKUhdhb@mﬂof a renpte plasma source and an

out lin rocess chanber inlet; and at

7 eaAs$ art1c t%‘%g{%l %{:e{rg)é%&aﬂngﬁour% 8ymg{1f’lﬁ%‘t ure conf i gured
to @eﬁddgcstruaugaalﬁavﬁﬂgcm ikt foreBuplng toral dhmber dfherefistd fhsma
to cause(ﬁartrcles In the gas to strike a surface of

t héowyse fpdeit p@let fayzouniing f@arnrpeqsedrmr dtleteprd m 52,
wher gt He o%tstru&f% G QR o(ag%{r[lycﬁtte B ﬁ ired. (% %&f&ﬁi’ga gas flowing

cool 1T ng nmenber 1 n her omruni ca

suiffoacthedfilet tocthabul et &s tavsa partbles inihe Igamto strike dfieface of the

par icle trap of claimb53, wherein the cooling nmenber
Pucligna cool ant channel to receive a fluid to coo

53t. hefh_% gaﬁﬁ%&pﬂ oftch%ﬁmaﬁ W@t mg}g%t réaat(rnu%gt ioR om ﬁﬂ?es a

particle trap of clalmb52, rein the at east 0
obsvolingt membersin ghqunal «aimm;xmoeﬁtlambmh thetsiudace. of3Be atlibast one
parytﬁg‘? trap of claim52, wherein the at | east one
obSOFTHAY™Bn is a wall that is interior to exterior

54naltihg pafticld ea ey aifit 33U Gihdfen the cooling member comprises a coolant
channel to receive a fluid to cool the surface of the at least one obstruction.

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

56. 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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