deBB||}FI>6tTmK1 ~~VA 6 SEP ~ AN APPARATUS AND METHOD FOR GENERATI NG
PLASMA BACKGROUND TO THE I NVENTION 1). Field of the Invention The present
invention relates generally to cleaning of proces

chanbers and auxiliary equi pnent such as IAmmmmmw‘ﬂ |mg pi pes yr‘%%EﬁDm
speci fi caIIy, to an apparatus and a nmethod whergin.an ion plasm is
generated externally of a sem conductor proceSS| ng chanber and the ion
plasma is then introduced into the sem conduct for cl eani ng
purposes. 2). Discussion of Related Art Sem co%\uw@m@ axe

manuf actured by processing a wafer in respecti uct or processing
chanbers. Such processing may include chem cal vapEﬁ‘”"%pom tion (CVD),

physi cal vapor de [ocessin mhlch is known in
the art. The pr M@Q%M@Negﬁﬁﬁeﬂﬁ@m@ d’ée‘t%éd f or

pur poses of carrying out the respective process. Chem cal vapor

deposition, for exarrpl e, | ncI udes the process of distributing a chem cal
gas WlthlnA G . A 3 ﬁgceaﬂlmonawafer substrate. The
deposi tion ' Tea ofr surfaces of other conponents

wi thin the WWEHH?E@E%B Byproducts that are produced during the film
deposition process are al so deposited on the various conponents within the
chamber, incl udiTie phesenh intemtionatdlates generatlgsol dlearti %oﬁ@mﬁdﬂd@atcj‘ri | s and
byproducts deposi ted onto the varlous processi ng chanber conponents nust be
clean out fpeessing chambiereand auyiliary BRuipmaentSURVARIN@ECOTHECINYBITsON | n

one enbodi nen{ of the p aient invention, a systemis provided conprising a
seni conduct ¥ dF‘BE"e%B?CﬁéF Wat®an a&ﬁé“&“ﬁla&grﬁam@gwé’r%{bﬁ%ﬂ@ﬁdﬁ%é’flasmibcat ed

external ly of the .sem condyc roces chanber, Jin which, reactive ions
are gener at @&%F“ﬁﬁﬁb‘g"s’&é“ @I% ?‘fb&teﬁ% REQYPISIRG, champber angd thegiony
chanber. r | a gas,
when cont ai ﬁﬁgﬁ% ltshtlﬁgﬂqﬂ&}ﬁﬁgékﬁ%ﬂggﬁg rsgﬁ%dr?t‘\&‘ﬁ%m};err%eﬁqm&?eac ions. A
magneti c de?u ffoses. al so provided for creating a magnetic field Whl ch acts
to confine the ions to a central region wthin the generation chanber, away
fromthe chanber walls. A conduit permts the flow of ions fromthe

generation chanber to the proce55| ng chamber. The invention also provides a
met hod of cPk&dpengsiencebRelairdibtbr processing chanmber wherein a gas is

di ted int t th et | | f d, dth
lons are then i ﬂ?%%i‘%@lslélercit?c@&mreirghﬁt%ﬁﬁﬁet5%98%%@1& Lo

respective semiconductor processing chambers. Such processing may include

chemical vapor deposition (CVD), physical vapor deposition (PVD), or any
other processing which is known in the art. The processing chamber used for
each process is designed for purposes of carrying out the respective process.
Chemical vapor.deposition, for example, includes the process of distributing a
chemical gas within a processing chamber to produce a film on a wafer
substrate. The deposition film is also deposited on the surfaces of other
components within the processing chamber. Byproducts that are produced
during the film deposition process are also deposited on the various
components within the chamber, including the chamber walls. As a result,
the deposition films and byproducts dept>sited onto the various processing

chamber components must be clean out from time to time.



The tnvention further provides a nethod of generating a plasma, conprising
the steps of dissociating a gas into reactive ions, and magnetically
confining the ions. The ions are preferably magnetically confi ng ' Im
they are being formed. BRI EF- DESCRI PTI ON OF THE DRAW NGS: The i'nvention is
further' described by way of exanple with reference to the acconpanying
drawi ngs wherein: Figure 1 is a partially sectioned side view illustrating
a system according to the invention; 2 0O 6 SEP 20p2 Figure 2 is a
partially sectioned perspective view of a plasnma generator for use in the

systemof Figure 1; Figure 3 is an end view of a portion of the plasma

gener at or Sdﬁmgmtrates a particle with an electric

charge which is_noving . info a netic field; Figure 5 shows foQur nmagnets
iRt P& Fee W

facing one anot Hepngemp RSENLINVENEOR, R SYSREY HfePTQYdded@d in an
area between the.nagnets; Ia'u%gore 6 i s.an end, view, ofpéan electric coil which
r

i s connect EYTPEHE ISFEV‘F%H ‘QWFsﬁﬂ“%s‘tﬁ'EB?f i‘—rﬂ;ﬂ aSma eReAtPR i ew of
{he 20 | bRt e iRty P s BASBHRRRALP ploci ol ooner ot o
which reactive ions are generated for purposes of cleaning the semiconductor
processing chamber. A radio frequency generator is provided for dissociating
a gas, when contained within the plasma generation chamber, into reactive
ions. A magnetic device is also provided for creating a magnetic field which
acts to confine the ions to a central region within the generation chamber,
away from the chamber walls. A conduit permits the flow of ions from the
generation chamber to the processing chamber.
The invention also provides a method of cleaning a semiconductor
processing chamber wherein a gas is dissociated into reactive ions, the ions
are magnetically confined, and the ions are then introduced into the
semiconductor processing chamber.
The invention further provides a method of generating a plasma,
comprising the steps of dissociating a gas into reactive ions, and magnetically

confining the ions. The ions are preferably magnetically confined while they

are being formed.
BRIEF-DESCRIPTION OF THE DRAWINGS:

The invention is further described by way of example with reference to

the accompanying drawings wherein:

Figure 1 is a partially sectioned side view illustrating a system

according to the invention;



Figure 9 is a top view of the plasma generator of Figure 8 with the

magneti c device renoved in order to expose the RF coils; Figure 10 is a
partial cross-sectional top view of the plasna generator shown nreb gggum 9;
3 0 S SEP 2002 Figure 11 is a cross-sectional side view of t et
adapter shown in Figure 10; and Figure 12 is a cross-sectional side view of
the cooling nmediuminlet manifold shown in Figure 10. In the foll ow ng
description, fox purposes of explanation, numerous details are set forth in
order to provide a thorough understandi ng of the present invention.
However, it will be apparent to one skilled in the art that these specific
details are not required in order to practice the present invention.
Certain specifics regardi ng apparatus, materials, dinmensions) process

t d I ts. {ted,. Th d.oth i fi ited
'n order to proviBUreA 3 ZAFHANGIHONET PRBPECUYR BT PASTHESNARN | on,

and nmay be t | NQ & ference or requirenment wthout departing
Al el RSP FiguRl €

fromthe broa Sco nverfti on. The foll owi ng description rel ates
to an apparatus and a nethod of cleaning a sem conductor processing
chanber. A gas is introduced into a plasnma generation chanber and vi brated

at radi o frequenBigurd/Bhs ahiead vitwidia potionadithe plishas gokeratdrst FMguld® gas
into reactive ions. The ions then flow out of the genéeration chanber
through a pipe and into a sem conductor processing chanber. The gas is then
al lowed to clean_the sem conductor processing chanber by reacting with
contami nants t heFiguge 4pllysirates apartigle with apslestria ghargevivhish isimovingat es a

system 110 according Lo oNg enbodi nent of the present invention. The system
110 4 into a magnetic field;

Figure 5 shows four magnets facing one another and a particle with an

electric charge located in an area between the magnets;

Figure 6 is an end view of an electric coil which is connected to an

alternating current source;
Figure 7 is a side view of the coil of Figure 6;

Figure 8 is a perspective view of a plasma generator in ancther

embodiment of the present invention;

Figure 9 is a top view of the plasma generator of Figure 8 with the

magnetic device removed in order to expose the RF coils;

Figure 10 is a partial cross-sectional top view of the plasma generator

shown in Figure 9;



0 s 8EP 2002 includes a plasma generator 112, a sem conductor processing
chanmber 114, a pipe 116 connecting the plasnma generator 112 and the
sem conduct or processing chanber 114 with a shower head porti oa 1&& of the
pi pe 1i 6 extending into the sem conductor processing chanmber 1 /5, P PoR
punp 120 with a | ow pressure side 122 connected to the sem conduct or
process chanber 114. The sem conductor processing chanber 114 usually
contains a susceptor 115 and may be a chem cal deposition chanber, a
physi cal deposition chanber, a high density plasma deposition chanber, a
reactive etch chanber, or any other sem conductor processing chanber which
is known in the art, regardl ess of the purpose that it serves. In the
enbodi ment descri bed, the plasm generator 112 generates fluorine ions
whi ch are introd i ] of . S| h er 114 through
the pipe 116 for L%ng)éogfe% %P 'eocsg'gg}ﬁtlﬁ%%q# ﬁ%@e ‘élggnlrgﬁ%%&a\ggpféﬁ%gggg%Tsﬁ%wghlﬁnber
114. The wal F%u?é §:.Nem conduct or processing chamber 114 and any ot her
conmponent s | oCat eg] ‘W thin the semi conductor processing chanber 114 will
t herefore be made of materials which can be cleaned with fluorine ions
wi t hout undue damage thereto. A material which can be cleaned with fluorine
ions is alum num Figui82 i perdskesectionaldside View wifiithe toalirg hrrediwmnalktwi th a
nunber of openings 124 in the shower head portion 118. The openings 124 are
spaced from MI&%@h@wnsm Bigure 1Be spread out over the width of the

' i NQ hahe 4 Fiaure .S a perspective view of the

) ! EMBODIMEN

sem conduct or
erator 112 i ncludes a
housi ng 130 and rgspect.i
fir B el

e
mount ed wi t higReil36 b QESidRth %ﬁ@rdeﬁ%ﬁzﬁ.@i&ﬁ%ﬁgﬁhﬂﬁﬁﬁ Bl ofiffe! s used

to generate a reactive 1on plasma wi'thin the gen€ration chanter 132 and t he
nmagneti ¢ deviggeseh®tnventiohe dibMeventit Glill theeappRdéanit téoneOskiled sirthaad Rhax t he
generati on chanber 132. The housing 130 is typically made of al um num for

| ow magnet i zahéserspeeific atetailnateirsot requized édotdergoqracticeBe ptédenough only a
section of the housi ng 130 is shown, it should be understood that the

housi ng sur r duYRdiameCgetaiay spacifirsciegarsing ppparatys materialy, dimersieps.gener at or

134 and th tic device 136, Th ti-qn ch 132 extends al
he ©ongt h o iDHE® RAIERE 30 Rl A GEeo TRSh ANt At HEHRRar i on
hanmb 132 wiL:bd A [ ' ' 142 i

ot ovi ded ot Re e SRR D Srtde e el R 4D e e b e of

the generati QRvedHsH) Andlddy ibe 4R28d Wcbdrding Hs Préfaresies oir(?%tﬂ?érh@ﬁt_ 144. The
generati on chanber 1327i's ypically made ot sapphire and has an inner

di amet er of ahithouP8eparting froml thietbrokdersscope adithetinderiiomn and a | ength of
about 250 mm The di nensi ons of the generation chanber 132 are not

i mportant for pur pdwdollowing deseriptinn talaten tp anappptatus aad @ yethed 9fur poses
of providing an exanpl e .of wor kabl e.embodi pent , of t.he .inyenti.on. The
radi o frequen mﬁér%fml@lf“?ﬁm%ﬂ?ﬂng% ot A 536 Is Itx {gfo 2

plasma generation chamber and vibrated at radio frequency. Vibration of the

pl asna gener & CRECERRED EMBODI]
. . W '
chanber 132, a ra %g;‘d éﬁgﬁgba or rl@%pgﬁ% %gﬁ#tfoﬂgﬁ\%ggh%%

gas causes disassociation of the gas into reactive ions. The ions then flow out
of the generation chamber through a pipe and into a semiconductor
processing chamber. The gas is then allowed to clean the semiconductor
processing chamber by reacting with contaminants therein.

Figure 1 of the accompanying drawings illustrates a system 110

according to one embodiment of the present invention. The system 110
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152, *a radi o frequency source 154, and a coil 156. Coil 156 is generally of
a tubular construction and is typically nmade of copper wi th an external
silver plating. 6 0 6 SEP 2002 The bracket 150 and the connector 152 are
| ocated on opposing sides of a wall (not shown) of the housi ng0838ER 02

el ectrically conductive link 158 connects the bracket to the connector 152.
The radi o frequency source 154 is connected to the connector so that
alternating current within the radio frequency range is supplied to the
bracket 150. The coil 156 spirals around the generation chanber 132, and
has a first end 160 which is secured to the bracket 150. A second end 162
of the coil ; ' |5l 1 | f.a

br acket 164,  FacS 2 FRAIRE ehthalon 012, AR AMARIT PR NIRRT, . e
housi ng 130.pip@a1bceak&iting #@ plasmd Genstite112 Ahe thobémikdAdaLtest ant i ahy
concentrically around the generation chanber 132. Alternating current can
thus be supprbesssing ¢Hamiseri 11418#h ayshopesrdteadpartion 1148 oé dhe pfpectiéency sour ce
154. The coil 156 typically has about five to ten turns. It is appreciated,
however, tha&xtensing inionthegemisondictor pracessing chambendtd, fand aputngr 12X coi |
turns. The nUﬂger of turns wl | general%x i ncrease wi,th the dinensions of
the gener at i'SKNGhlabBFestre fife d2d cprpecteh i e SRIRICPRAYSPT PEREFBRERAEPSUNd

t he generatLﬁg chanber 1.32. Capacitors 166 bridge the bracket 150 and a
wal | of the using 130. The capacitors 166 are selected to match the
frequency suppli | ﬁ&gﬁ | ctance
characteristics gﬂ“f%gﬁggP?agggFég&%ﬁ§2q¥ﬁe a gﬁ%ﬁ%&ﬁg§ggﬂg@£gglivered to

the coil 156sdssepton@ts hAd M} beal chegiassltepobitival damibekaf pRpsiiagct or 168 and
a water outlet connector 170 extend through a wall of the housing 130. A

fl exi bl e pi pdegoétiaroanember, ahizighed ensitiy rplasma depesition chémben, 4 teacfive st end
160 of the coil 156. Water 174 can thus be introduced into the water inlet
connect or 168chishambencer anbather seaiepndustor progessing gharaberrwhichtis the first

crd 160, whecallcr L veLer 1 20 LU e b oDl SR 00 SR
so be contr OldtL.s%gibed, the plasma generator 112 generates fluorine ions which are
introduced into the semiconductor processing chamber 114 through the pipe
116 for purposes of cleaning the semiconductor processing chamber 114. The
walls of the semiconductor processing chamber 114 and any other
components located within the semiconductor processing chamber 114 will
therefore be made of materials which can be cleaned with fluorine ions
without ﬁndue.damage thereto. A material which can be cleaned with
fluorine jons is aluminum.

™~ The pipe 116 is made of aluminum and is formed with a number of
openings 124 in the shower head portion 118. The openings 124 are spaced
from one another so as to be spread out over the width of the semiconductor
processing chamber 114.

Figure 2 is a perspective view of the plasma generator 112 of Figure 1.

The plasma generator 112 includes a housing 130 and respectively a tubular
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It should be noted that electric power, in the formof the radio frequency
source 154, and a supply of water are both connected to the first end 160,
whi ch coul d be hazardous. ?he electrically non-conductive flexible pipe 172
is, however, sufficiently long so as to increase the resistands 8ER

water 174 flow ng therethrough. The water 174 entering through the water
inlet connector 168 is thus safe and power loss to the water is mnimzed.
The majority of the flexible pipe 172 is a roll 176 lying on a floor of the
housi ng 130. The second end 162 of the coil 156 is grounded by neans of the
bracket 164, thus making safe the water |eaving the coil 156. The nmagnetic
devi ce 136 igeneratigrechambeni32, aratir fraguernsy geserdtor hieandinonagnetice coi |

156. (See Figure 3.) The tubul ar menber, 180 jingludes four pernmanent nagnets
182 whi ch exdesiee B mpunied vaghinthe housisg 136 Thgifacie freguengy, generatere
another with the generation chanber 132 | ocated. between the, magnets 182.
The magnet sh@r‘le‘ét“%ea tRBFNErItE & Teaftive ion Riamanvi cﬁ%ﬁbﬁ‘%&?ﬁ‘ger

typically | t 0 . i i r . the magnets
ey be ot ush AT HEBRArREY SyicB I3 IE BSRL I codFeling FERVEL S8 A T
applicati On-w‘tﬁ'ﬁrg't'ﬁ@généﬁti%nr&ﬁhﬂ%i‘-@s@?i on of a particle with an electric
charge ¢ Wnicllﬂ noves~into a magnetic field. The nagnetic field has a

magnetic flux derBhé hoBsiagdidohe tppicallgimadwubalumihtingforabac tagnetizdtidor ce f
is created on the particle according to the vector notation: t=quxB. 8 0
6 SEP 2002 Treasémw amd fis connerted thi groemdol3swhh bhough onlyreasectionaofphane
containing a and B.._The force f thus causes deflection of the particle so
that the parheesiagil30dp shenredt § PEHIAETItAPd bt thedhausingsuzonnds g,

Figure 5 represents a netic.field 14 that is produced.by the magnets 182
of magnetic Hmwri'é%“% ﬁﬁb%%ﬁgel Oa('feél"ﬁg“é’ﬁg?% a@’dﬂ??rﬁ“ﬁgf particle
with an el ecHai eﬁ@%fe%ce 6Opposi ng magnets 182a and 182c are polarized

with north faci®hg one angg ér and opposi ng nmagnets 182b and 182d are

polarized w th soghp rgeﬁstdmmoaﬁn%&tlberexteﬁmmg te fen@titlof the HESsihBr ough
an area 16 between the nagnets 182 and from one magnet 'to an adj acent
magnet. The pao with eings 140 sappbetirtg the genergiorchiamberd3gedithin dpposidge ar ea
16. Movenent of the particle into the magnetic field results in a force
acting upon wedlsmfrthe dlousing 139. dbigreinlet 142ds paevided at gne gad @if thef or e
descri bed. Continuous .deflection of the particl esults.in the particle
bei ng conf i n&&NFatieR, chambgr 132 and %HPB‘?&F&ST“&?‘?S‘%" gﬁéerap%cégmbghié ent er

region of the area_ 16 typi rr t nt.e i t he
Generat i on cRaRBER vl fER ke R GRORIL. The'dRReAIRRTREA 1%,

el ectric coil ﬁngﬂx&& bﬁsﬁmﬁ%ﬁﬂhisoaﬁiﬁr@dla@arﬁé@ﬂuewm% alwAl such
as an alternating current sddrce. An electromagnetic field is created by
the el ectric thikhedsH6f abdigt b aah) andhgriength dfiabodt 280Tmh s Theatim@hbidhs ati ng
electric field 22 and an alternating magnetic field 24. The alternating

el ectric fieltte Zenemtinrechambey 132 aretnind ippiortans fonplarposercofithecinyanting
current source js operated. The electrig fi e.Idd 22 1S ci{c(gg ar Wlé%}g a center
poi nt corres RECEWEN MRFe SR IAT RUIPPSES IR PEGYICING AN e¥ample Qf AWOTE}RIS The

alternating "RABS j ex{ti 8{ ﬂ‘gﬁ“}&tﬁk\so created within the coil 156 when the
alternating current source 15 operated. The nmagnetic field 24 forns al ong

the length of the pgy h&ké@zeqﬁbﬁcyrgaa@atb@ 184 Blcthide4 ai rasker 504 berrertor
per pendi cular to the magneti'c fi'efd 14 and there is little or no

i nteraction biseeadiciedugieyisburcildd,dmdixcaihtf624oill1hs isigenerally of ael d 22
and the magnetic field 24 may be utilized for actuating gas particles so
that the gas pebularcanstmactionianddsitypicelly madeiof sppper ywithiancexternalpidveras
particles are Pissociated by vibration in the directions of both the
electric fiel Bl@&nd the nmagnetic field 24. The electric field 22 and the
magnetic field 24 acting in unison causes the gas particles to spin, which
results in dissociation of the gas particles into ionized particles. Any
_dissociation is, of course, dependent on the current and frequency provided
by alternating current source 154. It %should be noted that the gas
particles and the ionized particles are



activated in the directions of the electric field 22 and the magnetic field
24 only. There is thus no conponent of novenent of the gas particles or the
ionized particles in a direction away fromthe center axis toward the coil
156. Possible damage to the coil due to contact by the gas partl&IS&EP 202
ionized particles is therefore prevented. - Figure 3 is an end view of the
conponents shown in Figure 2, and shows the generation chanber 132, the
coil 156 around the generation chanber 132, and the tubul ar nenber 180,
including the magnets 182, around the coil 156. In use, the radio frequency
source 154 is operated so as to create a frequency within the radio
frequency range The HrathudB0 aRauhe 36hdckdr B2GréMstated 6n® ggg’m%@aeé\ﬁza Such
a frequency nay be about 13.5b M ~z, about 2 MHz, or beF en-350 kHz and
500 kHz. Elvedil (riat showear) aff thbdonsing 1000nd aelbctridallyi onsluptiVe ¢ighkt 158t he radi o
frequency source 154. An alternating current within the radi o frequency
range is ttopnectedhebragkehionthetronpedtpr 18%5. Theradio drequencyysetreetlbdds f i el d
and an alternati ngégg%neti c field are also created as_ herei nbefore

descri bed \WOTRegte g conpeqtor i hatalierpating qurgent withimthesragig, i s then
i ntroduced through th i nl 42, int ti hamber 132. Th
[t oduced ¢ QA e SRS Lo BB s dcnoratt on charber 132 The
fluorine ions, &g AlsP1ReLRIPG R ﬁ%ﬁb&g@a\%nﬁg&%egf@g,e € hhd aFﬁrgt”eS 6

and 7. The fluorine 1ons dre very reactive an u amage to'the

gener at i on &RpldEWhichdis sBatred th BRYbaekE 150! A 5@Bha@ndid2!brithe cBrRNSE & ‘hO”

chanber 132. The nmagnets 182 are arranged as previously described wt

ref erence tmobhtpdr® 2wall dfithe hohsingd30 biynaesrseof d biracketel640rFhepsdcondi |y in a
center region of the generation chanber 132. The fluorine ions are thus

cont i nuous|gndité? iscthad canageted imthergronndr13@atia thef housing 3@ r The dradketsrber
132. Damage,to t eneration ¢ er, by the ions is thereby prevented and
reducti on ﬁ%@}ﬁ%‘gm‘&ﬁé‘m er%%&%ﬂm@cwwlﬁkm t he chanber
132. The NF3_ nol ecul re.s4 s i at. i_nnin used.by the el.ectrical
(el 0-anc tiﬁr@eﬁasmfﬁ%m?gg}?ﬁéﬁé#@%@g %'ﬁﬁsaf& o ﬁéa‘%@' e%f%@reogpgffy N
escri bed. d i : urt her
spi nni ng thé%ggﬁgﬁglog‘o fttﬁat dtiélgéhﬁgm%ﬁ%lcﬁﬁ g@ggﬁ& I ssg????%}ﬁa aga faster
rate and noiEo&fiRCtd Wl tarhdlalt iviabPrédcited Hdwehed, Bap e inbieatiBhasnotc fiel d
vi brates the nol ecules in &m r(l:au aamg?th Wi ta;]:da cetr,lt er point correspondi ng
to the centBmiteld tohanyyspesific nembehafrbail turds. riumebert of tuPnGwSHP 2002
magnetic field vibrates the NFer-ml ecules in a direction which_ is along the

| ength of t&enerali inerease with e dimensions of the gereration chrmbgE 14N 1ol ecul es,
in a directi war.ds i nner wal |

he fl . . . which i
81[ Ehg geggg’}ééj%ot:‘?o%%gﬁ%g‘?ﬂ'%%ﬂt e AR ¢ €i %%‘%’Hﬁ%@‘%‘l’%’c@es are

Lﬂgﬁﬁe)fe?r i 32‘“ | NCapalifdrs 166 Britgé e BYakkel 1664RE alR R BP tHehdind BSE Ald ON

capacitors 166 are selected to match the frequency supplied by the radio
frequency source with the conductance characteristics of the coil 156 so that
the alternating power delivered to the coil 156 is tuned for optimal reasons.

A water inlet connector 168 and a water outlet connector 170 extend
through a wall of the housing 130. A flexible pipe 172 connects the water inlet
connector 168 to the first end 160 of the coil 156. Water 174 can thus be
introduced into the water inlet connector 168 which then flows through the

flexible pipe 172 into the first end 160, whereafter the water flows through the
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Once*the fluorine ions are fornmed, they flow fromthe generati on chanber
132 through the ion outlet 144. The ion outlet 144 is nmuch |arger than the
gas inlet 142 so as not to unnecessarily restrict the flom,Ofnhgﬁ FFaéﬁive
fluorine ions. It should be noted that the fluorine ions are 8tfc y
confined while they are being fornmed. It should also be noted that the NF3
gas is dissociated while the fluorine ions are magnetically confined within
t he generation chanber 132, while the gas flows into the generation chanber
t hrough the gas inlet 142, and while the ions are fl ow ng out of the
generation chanber 132 through the ion outlet 144. The fluorine ion plasm
then fl ows cilap8 Buttdfehpvafted d6tlétocdrihecP ARl THRAMPREILSE ok 1Re EsipTS4her €

it is sprayed into the sem conductor processing chanber 114 through the
openi ngs 124n sdbe conprelléd6 and t he shower head portion 118, being nade of
alumnum are relatively resistant to attack by the fluoride ions so that
nini mal danage [tssheoald ba nosed thatslessria pewer, inhthedhtmef theaddjsorti on 118
when the fl uorine ions f% w t.heret hro %g. Introdﬁction of the fluorine ion
pl asma i nt TeJUEREH BAHAEL ﬁ%%&%@yﬁg MHarBE; bathsopnected to fhe firsiendne i ons

t t w ] t i . d iti by. ts, .acidi

part i ol es dPOCHRGR Eeiig s adfdo B SRR et tVe el pin 2002
processi NG 19830 evkd, sulfivieRfIp btk So bER idrBkbe 0 RALERELBE PR, L NN
punped out "of t'he sem‘conductof prdcessing chamber rnif4 By neans of the punp

120. A hi ghey RivARBBheRARISusHE aThd vatéreTidcehibying aRfhaMH A WatrRhfgma under
controlled conditions within a specifically desrgned plasma generation

system wheonaestpril6slis thugesatr ad pgwer dossi tbathe praterris minimined. e conduct or
processi ng chanber L 14 utilizi n%t he sane techniques. A fluorine ion

pl asma denshajprity of twuflexiblepipad 72 iha gelh d7ailyipgmn & flear of thehbausing kw

f f 13,56 MHz, i l.ed t , il 15 dth ts 182
r ot o s okierine serundead 160 of rexsiblatis GBounged b Hieans Of e BRAKEG. of
fl i i t ] | i . i hanb 114,

i Tows Tor *TeR PisRRRIN o pl FrRi ThAABE G BB B8ET "3 Tor e acouratel y
sel ected | 0cat | offs bl ABFicS 855 SOHCINR BEMKCRBABI e BBIISY khbd e

fluorine ion plasma ney al so be Introduced Intot uct or

processi ng gloafdeahe kbil 156, Bep Fog@ret3. ) dheaubuldtatierdbeb Y8G RichydézFoubhe
fluorine ion plasma into the sem conductor processing chanmber 1i4. Al though

t he descri ppermmariens nhagnetsil32wihich extend yaleng theeclength tHereof: athe miagngtsency
generator for dissociating a gas, it should he understood that the
i nvent i on i 8ZepPoseraneanathesyith the Leper agbex 134 docated betwesr s of

G550 o | BNl SRkl H3AHk o AL POV 6588 589 AT O °
e E e T
radi o frequaiighe@enay Pedjdstéd ad incet tRe performance requirements of a

particular application.

“Figure 4 is a representation of a particle with an electric charge q which

moves into a magnetic field. The magnetic field has a magnetic flux density B

and the particle moves with a velocity u. A force f is created on the particle

according to the vector notation: |

f=quxB.



0 s SEP 2002 magnetic device 236 nounted within the housing 230. The radio
frequency generator 234 is used to generate a reactive ion plasma within

t he generatjon chanber 232 and the nmagnetic device 236 is used to control
the reactive ion plasma within the generation chanber 232. A g8$ SER @002242
is provided at a first end of the generation chanber 232 and an opposi ng
second end of the generation chanber 232 includes an opening with a nuch

| arger outlet 244. The plasma generator housing 230 is electrically coupled
to a ground 238. The radi o frequency generator 234 includes a bracket 250,
a connector 252, a radio frequency source 254, and a coil 256. Coil 256

i ncl udes two spi rhe ferceif danin asiirection visizh isndrmal woaplaw ¢antbindagkeat 250 by
bracket 253. Coil 256 is generally of a tubular construction and is

typical |y madaed & Tepfaree amtw casescdeflaction of the papicle so dhattthe partideds 250

housi ng 230 BHYeRtS ﬁxe%%a«'a@ﬁ%&lf\??% Y EaeRes Sefdc br acket 10 the h
252. B ' ' L\ 41 j T
Cadio frequency bigsSoaneednfsTRREMER deld I KbrbifiRIBY shithagrs ¢

al ternating ¢4 benagielilidavicBq36.20he thARMUCTEY akedkeR fb?c&&@ﬂhgeﬂgiﬁiclehe
bracket 250. Coil 256.1s generally electrically coupled to brdcket 250 at a

m dpoi nt  bet wEgah Riectri®cttRgé 3l OEsdsirgmaghata 18241aRS 182c & poladgdéd with257a
spirals around the generation chanber 232 between a m ddl e section 352 and
an inl et sectiooth fAgihgodnecimother aldBappaing ndghiets tB2btdrel b82tbarehpoldrizepi ral s
around the generation chanber 232 between the m ddl e section 352 and an
outl et secti avitizsauts facing enmannther. AArmagheticfielddidruges thepuglpas arer Hount ed

Il of .the housing 230 f a bracket 264a. A d.end 262b
of col T 256 HERAPEIl R EBES AL NPT MEAEL 6 Hy "R EEThmaeats TF a
br acket - 264b aﬂi@lﬁ%@{tﬁ gh-lectflc gtr\asggc Q%cag@cf@viﬁﬁﬂ thd AR Mo&@ﬂx@ﬁg

thereby_elinfha g e nee coolrng water ['oop as was escrlggd in
connecti on wighh ga?ﬁclﬁm%@ﬁﬁi icHidld tesults ik EfdpéEdtRIgSupSs thepastickb4a and
264b support the coil 256 substantially concentrically  around the

gener ati on chahitbrdefibdts thetparticle ias heceinbefote deseribbds Comtiswgopsideflettiorc oi |
256, and thus, spiral sections 257a and _ 257b, by operation of the radio
frequency sowfchexsuticlEaesultstinctbielpagtideibging aadinedrprimarily withio &l ¢eptaras
about five to ten turns. It is appreciated owever, that. the invention is
ot i it od (ISBR,ObEaTe? L6.nThe BT reRiRt Of teTe 1 T RICHIGFORPRERARL wi | |
generally increase, w th. the di nensi f t neration chanber 232 in
order to ens_utlhg %eﬁ‘f"?ir&'gg)ﬁ‘t°fctg\9§e5'§5£§?\o%ﬁﬂ1bt%§&sg'ener ation chanber. In _
addi tion, coil secibgps @é{waweeézmaf& FOWE (08 W ek cBiC boil 186 wiih ®Bgnet i ¢
fields generated by~each of the sections are synchroni zed. That is, the
coils are w agfefcaddotodrddie frigashey solitée 154, sheh asar atterrentingorurrels a

result, the magnetic fields generated by each of the coil sections 257a and
25Th are addesouwmeget her in the region between the two coil sections. By

effectively doubling the nmagnetic force be ep coil . sectjons. 357a and
357b, the ionizati éﬁ‘%?W@&gcﬂeicﬁwr?ﬁééw&gfeé&g&‘?%tiggznaﬁ chamber
232 is greatly, ephanced.. Zh | if cojl A IL.ON in Figure
9, also resul &ee%ﬁnﬁ'gﬁ)gp‘é;ﬁﬁ ?%?Bﬁﬁ%ed&?‘?%ﬂ%@géﬁéﬁcﬁ%aﬁé ength of coil
256, as oppos %ﬁef&tﬁ\ﬁ%k%ﬁlﬁvﬁé}& 28. FheGliRritingdle@tfie fiek22 Moéreatedends al ong
the full length of the chanber 232. In a plasma generator having a coi

Wi th a singl e vaifhinathe £0ilt156 'whérhthecdltarhating Eursént sostrceoiscaperatetdedhei t hin t he
first few |l oops of the coil which are | ocated near. the, inlet section 350 of

the chamber 23fectrigfield Zhis direulatawith a«<qntes point,gortespondiegita the ceanes ohn of

t he chamber nugh hj r than the other -~s
i ondse




0 6 SEP 2002 chanmber sections. By providing a coil 256 having two spiral
sections 257a and 257b, the power into the chanber 232 is nore evenly
distributed, resulting in a nore efficient ionization process and better
tenperature control. Splitting the radio frequency current bet ggeSEP pagcoi |
sections 257a and 257b also results in a net voltage drop across the coi
256 and a higher current flow for a given power input. The higher current
enhances the magnetic field that is produced by each of coil sections 257a
and 257b which increases the efficiency of the system Moreover, the

vol tage drop reduces the possibility of capacitance coupling between the
plasma within ch i ti6 B4 il : sma
generati on system%ﬁ%éﬁ%%égﬂg lgﬁ‘eil%iag%t ékgs%ﬁ}ge{%&@%hg@g?gged, each
of coil sectwldts tikbiernating Tbrens seakuel is dpefatad 9ITHeNHEnAHKIL 282 fRehsand
262b, respectively. By grounding the respective ends of the coils sections,
the |i kel i hadohgthepleagtic bhthesembhifar The regmetivifield 24 ihsubstaretialect i on 350
and outlet sections 354 of chanber 232 is greatly. reduced since there is
little, or merpendisulardotthempgnetisifield ddsadsthere inlittleron ne interadtion t o

i nduce ionization. of the gas. addjtion) since there is essentially no
vol t age pot S?HBEW@&Heaﬁz‘eg?&%mﬁi é‘i'of spiral sections 257a and 257b

and plasma out | el THAACRTETR 2 SRAREBRAER AlG 3 Thal be st B Iphe (anco

coupling OCC#':Q.&' 44 b [ ¢ : ' : The

i kel i hood t atAtsl}%ﬁgeﬁﬂlé:&\%%htﬁgig&%&m@ﬁ?éﬁééiﬁ?@%@% léﬁ)gl%g%di s al so
reduced. Cappdrticless TheGabipadgeles hre dissudifted B§OviBAtdion Mathe difectiBRs BPUSi ng
230. The capacitors 266 are selected to match the frequency supplied by the

radio 16  Ob@hIEP eh@bric fieldo2Rand theommagnetic fibld 2 Thedlectrimfield 22 and
characteristics of the coil 256 so that the alternating power delivered to
the coils i stheunagnetis fiedgdi24matingdasunison gayses dhe gas particlgsniospin, whighand a

vt or i nl et RGNS I HBSORAAAR oF S 585 EATHGLEs ol aniEsLEAISIFS P30 and ar e
db . 2 2 ' . i_nl ; 268
< Coupl ed 1 SERRETT b OF e debenBRP B shol Elnpent M fropllefty BT B

connect or 2791tériaﬁﬁ?@u?f£n‘%%oh#@ grcond end 262b of the coil. Water 274 can
thus be introduced rnto the water inlet connector 268, whereafter the water

flows through coilt shbtldbe noted that tHeegasaparticlesahdtthe dorieed partitlés. aréhe
tenperature of the coil 256 is therefore controlled by the flow of water

t hr ough t ububetivated in the directions afdbe elprtrivfieldo?2 and) thermagnetie figld 2% of coil
256, variations in the electrical characteristics . 9., indyctancge,

resi stance, QPBT')?B?‘et‘ﬁ e cgggm&eg{ Rfm%%fﬁé&ﬁ? %P’l‘ R@r%Flf‘Efe‘?’t' é}e contr ol
of the ionizatj. S ' [ | Sl ol

t ubul ar rrerrbgérr{’g%b%%}c:cz%e‘g aa?%ﬁn ﬁghigﬁ@(%;&ﬁ% %ﬁ% t%kv odﬁr?e'{r?tﬂ, P‘{ét)bul ar

mermber 280 hagsdile A4 b CORERIS c%ﬁ?ac@bgi‘ﬁé‘gﬁh pertRIbsid¥6hized!! f ace
t hereof . The magnets 2 extend along the | ehgth™of" the tubul ar nmenber 280.

The tubul ar pantides &Stheteforamprevefited. Tagnet i cal |y conductive nmaterial to
provide a closed | oop path fey the magnetic fields generated by magnets
282. The magnet i c Figre Seis 236end; viewh of ther camporents phowntin Rigure D apduced

within the chanber 232 are, confined within ntral ,regi on of, the chanber
away fromt héﬁpﬁ’tsethﬁzﬂe“ﬁiflqonﬁ“f‘ﬂ@réﬁg’n%@rqoﬁ ﬁ&f@%ﬂéﬁg&?ﬁﬁﬁhﬁﬂnt , magnet )s
282 oppose o0 i I t he
matgnelto g 282. e %gﬁ%@%?‘&ta@“g&@%ﬁ& ?28‘?’!1@%8%}?%&%&%%382%%‘200
Gauss, typi cahk¥oftBE!

In use, the radio frequency source 154 is operated so as to create a

frequency within the radio frequency range of between about 300 kHz and 300

10



0 6 'SEP 2002 2000 Gauss. The magnetic field created by the magnets may
adjusted to neet the performance requirenents of a particular application.
Turning now to Figure 10, a partial cross-sectional top vieM/agﬁg%ﬁ§na‘
generator 212 is shown. A gas inlet assenbly 241 is provided ir@@zing
and disbursing a gas into the inlet section 350 of chanber 232. The gas
inlet assenbly 241 includes a gas inlet adapter 220 and a sl eeve 222. As
shown in Figure 11, inlet adapter 220 includes a flange section 230, a
protrudi ng cylindrical portion 231 and a gas inlet 242 that is connectable
to a gas source (not shown}. A plurality of distribution holes 226 are

provi ded W thi I ! irbut,e around t he
periphery o cyritérellg%‘igigfél%g& i'ﬁ?ﬁ§§%§°Eﬁ%&§¥“¥b"b&ﬁ§Zﬁ%df’ﬁg%r’e&f‘ t he

I nvention, t i r : i i i .and
cont ai ns fouB?gédlI?t ﬁ%g?iﬁgﬁﬁho ggrg?g%ﬁfhﬁg?%go%g?gg“%ﬁ@i\,r{gg@g@i‘%&et er
of 0.098 inabahe rAdioSfzegfentsGoak&N54. NAnNAterRivig cOfref Withi ticdtadigr ti on
231 produces an annul ar gap between the inlet adapter 220 and sl eeve 222
when the corfpaqnency range ssthesirreatediwithin theeojll 18neAm altematiag e?écric The
annul ar gap has a thickness of about 0.065 inches. By introducing the gas
into the chdifldrandzn akematingtmagnaticubield ayg@jso ¢reatgdasi heraipbeforeenl y

distributed {ntaq éfiue.i nl e%t sectign 350 of .the chanber. The gas inlet

assenbl y corf#qsijﬂp With gtergnee HHQ"@“L"%S #ABdd00l gas from entering the

chanmber 232 and igmpi i : i f her 232,
! Ag’%taﬁ,%cﬂ' 4s9GF4 Vis et h@cr?}&ﬁc"eﬁ’\ﬁh%% \Agreloéas_[lﬁfet %é"iffgt?

thereby mnimzin ermal stresses in the cha e use a thin

profile annuhdigeABRapfiCcafvd 1526 THgAs §AReh UiotAfed AT T dlOpheduces

the likelihood™hat an ron w be 1 ntroduced 1nto the passage.

i ntroduct i onplamiaGidaitaifing hitfodenl fid Passiagdons) WsthlSaHeR b letddsBibéd OCCUT
within the passage, thus resulting in the generation of unwanted

parti cl es/ cowithneferenee tolBigures 6 agdr. 2The flupring iomsparet wary reactiverandol t he
tenperature of the various pl asma generator congonents to wthin certain
prescribed | Maytcaus¢-gamags ip|the generation ghambend 32 shewld: they come intgmer at ure

of the magnets .,282 singce the nets . w lLL.begin to de netize en t hey
reach a cert%\?ma?th‘?’gbﬁgﬂge’c‘%'ﬁggﬁéﬁa%a é)ti?l ﬁ-gg Wﬂ%@%’?é’ﬁf% 3 so be
mai nt ai ned b Itk 1 d j < I ing (e.g.,
Teflon) will ﬁ@%@f Hexdiid %@e%géég‘t‘%&%ﬁ%ﬁ;{%%géir‘gﬁeﬁ‘?& "%:’gﬁ?%ggféu s
necessary tof]{iBtink 3bms f:ﬁﬁ%ﬂ?tiﬂraecéﬁt@:die%%rﬁof"’cﬁé‘ dhelror® apnbére1 RN ajyper 232
to within acceptable I[Tmts. I n accordance with one enbodi mnent of the
present i nvefiubfifne iansard thug doacinabusly deflectegl 2w ay ifsony ravinfledwall wfrite
generation chanber 232. The casing 276 is sized such that a cooling nmedium

channel 278 generatipasbamber 8% nDamagertache ggneragipnchambgr by gheinnstipe
t I i |, of, chanmb 32., A [ i i t L 72 i
X ovi tad ot MO BTRTetRS a08 AedueRon 1 reRD bP KRR R BB RERS Corligm
out | et conne%glﬁgﬂrﬁr%ésiozggg_%mmrqu.t he opposi ng end of the chanber.
anber 2 i

Cooling of the'c s achieved by directing a cooling nediuminto
connector 272, thAhedNF3nuléculescdradissociat] by spirming caused biyi the el:ttricalhe
cool ing nmedium preferably conprises conpressed air, but may include other
types of coolfieldrand dheimagnetofieksgerkrated tysthe qildi5é ascpregivusslyndesasbeédim
since it easily accommodates the attachnent of a conventional | eak

detection devileemagnetitfieldiqreated hyriberrnagnesy 182 agpists (b fither spinning Iﬂéf_hk
exists W thi DA, thifthd Nfa HLIBAAES b Bio@lcidtbd at ek Bu ¥R4 2B | | NOt

cause damage to e plasm gen or the sem conductor processing

chanber. The {808 Qggﬁrx@ittﬁ”thglgﬂ 186 aflizfel cted in Figures 8 through 10, is
configured to acco ate conpressed air as the cooling nedium 19
The electric field vibrates the molecules in a circular path with a center

point corresponding to the center of the generation chamber 132 and the

11



0 6 SEP 2002 Conpressed air causes a high density of air nolecules to flow
t hrough cooling channel 278 and al so i nduces turbulent flow through cooling
channel . Each of these factors contribute to enhancing the effiﬁb$@%¥ %&2
the cooling system Connections 272 and 274 are coupled to chan 8

t hrough an inlet manifold 280 and an outlet manifold 282, respectively. In
one enbodi nent, the air flow channel 278 has a thickness of approximately
0.04 inches and a length of approximately 10 inches. Figure 12 is an
enlarged view of inlet manifold 280. Qutlet manifold 282 typically has the
sanme configuration as the inlet manifold 280 to ensure that the air flowis
even t hr oughmagnetic fielshyibrates thadNE oidlequleshianm dire@tiéh whieh ishlehgahd out | et
mani f ol ds 280 and 682 are placed near the plasma generator o-rings 320

t hrough 325 leBgty of thregenpsptinn chambes 132 sp that moyementahthe NF3280 i ncl udes
an inlet port 290 in which the air inlet tubing 291 is attached. The inlet
port 290 is melgsuiss, ob the: fluerinedens) is mot uaidirectiongvhigh is fawardmami ns a

lurality of, spaceq, apart apertures 296. essed air enters the inlet
Bort 290" of WERF Wﬂqhogﬁlf &?f@%%&h‘\?%ﬂ& ¢ The ferges acing Ae the anolagulenannel
278 through th rtures. 296.in..the (di iQution ring 294..In one..
arboc mone. 114 SERERI REF 0 Apielibf Sulie Wyl sk Hndedia he BefiRring, ge
di ameter of Qhgdfed phes With the distribution ring 294 containing eight

apertures 296) each aperture having a dianeter of 0.109 inches. The

conbi ned area of Opeé ti fAaoAAe ibfis atdfUrfriedn tHdyyfloweRbRY thelRhetdtfor NSi de
area of tubing 291. This ensures that the air flowis not Testricted after

it has been chambeiutiithrnughtthe iombutletbdncthe mm @riet THAds expdnhirger f | ow
volume within inlet manifold 280 al so creates a cooling effect due to the
expansi on of thanethecgasrialet d42 sprasiadp wgneepssarilygestaick thenflowfafithe | n or der
to induce a cool.ing,of the 20 0 s sEP 2002 conpressed area, it is
desirabl e t oT$ACHYESRUOrIR& QRS- vel y | arge vol ume expansi on ratio between the
cool i ng nedi um i n}.e [ i.nl e ni Lol 8 For.. exanple, in
one enbodi nent, t teéh\?é)lllll‘tgjkg%ég%ﬁgé}g#epgﬂrg‘ew‘hP%e ﬂ?gg‘le ﬁ'fag}y ﬁoé}fﬂeél dis

appr oxi nat el whilelfheylare beingnioemiedntlt sitould talsol Beahoted €ha' the IF3 gawention is
not limted by the manner in which the plasma generator is cool ed. For

i nstance, i ndissediatdd udiilegthe digportrses ithsaire naagrickicalty edbnfigedadiimthan i nert
gas, or other cooling nmedium such as deionized water may be used. Q her

forms of coolgenerationcthambexd33r whdlel the gaafloms intethe gerleratiomthatbercool i ng

j acket descriped abgve. Noje so that the water and air cqgnpections 268,
270, 272 andtgfmlgglr@‘el&?édf\ 12%@?41&1?“‘@6{:?!@5@‘% iggtafdhe housi ng 230.
Therefore, a I at, t n ions Will,,mot result in the

di scharge of %gﬁ%ﬁ%@a&by@%@uﬁ%ﬁ1|o(r)1ro%¥¥ettlﬂfg. housi ng. An ionization
detection assenbl yhdlfudrineidrPpha8rhal theh %@Iﬂﬁb‘g@b %eegfﬂégirm@% SPwRr

bracket 311. An opening 312 in housing 230 is p accomopdating a

connect or t hdieadqurtion IA8Seuthl wherk(t issprayedirita ahé semitohdattor pidekssimpe
split configuration of coil 256 permts the ionization detector 314 to be
pl aced at t hechamberd14dbraugh theopeningsdbe Thepipehts and ke slgwer headof t he

i oni zati on occur,s, tﬁugﬂgr ovi di ng 1an accurate . indication of the, ionization
9 PHA

process. The RYHERJ g YminupL aFe FRlatlyaly desistantiq atjackibyythey o em

whi ch includ . | . C | [ [
al um num angﬁ‘\}\ﬁ%%{Q@oééﬁg%g{dn% @h&}ﬁé%g%% P@éega?{outg(_rgipﬁge :126n ggﬁ%%{a‘?w‘& her
sem conduct OrhgHdOF SR I P18 WheERahE fIbFirR4bAS flotw HYethfougle Inthadirctien of
desi gned which axe nmade of materials which are attacked by fluorine ions.
21 the fluorine ion plasma into a semiconductor processing chamber 114 causes

the fluorine ions to react with contaminants such as oxides, deposition

byproducts, acidic particles or other contaminants within the semiconductor

12



0 6 SEP 2002 Qther reactive ion plasmas would thus be utilized in order to
¢l ean these other sem conductor processing chanbers. Quartz is an exanple
of a material which is attacked by fluorine ions. A chlorine gon%gfbnw
gas, such as Cl2, may, for exanple, be utilized for a sem con &

processi ng chanber which is made of quartz. C Z dissociates into G- ions
whi ch woul d be suitable for purposes of cleaning a quartz contai ning

sem conduct or processing chanber. C' is also alum num and stainl ess steel
"friendly" so that the processing chanber may be nmade partially of quartz
and partially of stainless steel or alum num Although the foregoing

descri ption pexebsing ciambet dd4prAmppirdducts reshiting figmotheea@iore arecitiehor
processi ng chanber, it should be understood that other equi pnent, such as

i nt er connect ppmpedpeut ofrthe semicondudorprasessing charmbér Hrd bynmeans ofzhe CLAI MS
What is clainmed is; 1. An apparatus conprising: 0 B SEP 2002 a chanber

havi ng an i nPBMRA&%i ng at a first end, an outlet opening at a second end,

01 1 Sposed ar ot NN PIASEts Gema RhrPeoreied by aene thelpleers et
hanb . ' )
Creating a meonapyed pondlliofe AR A BpedHG et MU Blaa B b RPN Chanber

the area bei ggstaMwhérPBorhpardd i gariratiig b sindilar PRsAAPR{Rie of claim 1
wherein the coil emanates a frequéncy which di ssociates a gas, when

cont ai ned w samicdndmctdraptoeessing chamberc1 14vatilizing the sarheaecniiques. us of claim
2 wherein the frequency is within the rad'gg frequency range. 4. The
appar at us of flstozing ion\lasmaa denpity géakoutti00TH/ and s generally (bel created wire

TR I EN RIS TN S S
create a magnetic field of about 2000 Gauss.

By locating the source of fluorine ions externally of the semiconductor
processing chamber 114, allows for introduction of the fluorine ion plasma at
more accurately selected locations within the semiconductor processing
chamber 114. The fluorine ion plasma may also be introduced into the
semiconductor processing chamber 114 in a pre-set manner, such as by
spraying the fluorine ion plasma into the semiconductor processing chamber
114.

Although the description has been directed mainly at the use of a radio
frequency genérator for dissociating a gas, it should be understood that the
invention is not limited to such dissociation of a gas. Other methods of
dissociating a gas may also be used, including dissociation by means of a
device emanating microwave frequency.

Figures 8, 9 and 10 illustrate a plasma generator 212 in another
_embodiment of the present invention. The plasma generator 212 includes a

housing 230, generation chamber 232, a radio frequency generator 234 and a

13



0O B'SEP 20p2 6. The apparatus of claim 1l wherein the magnet neans incl udes
.a first set of nmagnets on opposite sides of the area and a second set of
magnets on .opposite sides of the area. 7. The apparatus of claim 6 wherein
the first set of magnets and the second set of nagnets have op SsSER 2002
polarity. 8. The apparatus of claim1 wherein the magnet neans is | ocated
externally of the generation chanber. 9. The apparatus of claim1l wherein
the coil generates a vibration within the chanber within the radio
frequency range. 10. The apparatus of claim1 further conprising nmeans for
directing a cooling medium across the external surface of the chanber. 11.

The apparat uhaghetid dbvitd 238 Hidtirted W REHIWIAPANS TREHER HEGARYN

surroundi ng at "l east a portion of the external r, the

casing and exdrkavok 29#kd uséd t&gema&b@fea@ﬁodw@ﬁ Plastnd Mmiﬁhﬁé‘:%heraﬁgn The
apparatus of claim 10 wherein tThe cooling medi um conprises cornpressed air.

24 0 6 SERclzmiieriZ32 afldetteppagméticsdefice236 i dsekdutot doattral ahe reaitive ian
sem conduct or processing chanber and a conduit providing a passage between
the outl et oplasimagvithin thecgesnentivonchambar 2920 go5 injet Rddrisgprovided ana

U Tace: - an Nk ERGH e ERBABRANSBANTRE 290 a0 N FRROSAE FRRAENhG! e |
Com e 1 g TR 257 WL R b S RS o gt 52k O °
The plasma generator housing 230 is electrically coupled to a ground 238.

The radio frequency generator 234 includes a bracket 250, a connector
252, a radio frequency source 254, and a coil 256. Coil 256 includes two spiral
sections 257a and 257b and is coupled to bracket 250 by bracket 253. Coil 256 is
generally of a tubular construction and is typically made of copper with an
external silver plating.

The bracket 250 and the connector 252 are located on opposing sides of a
wall of the housing 230 and a link 258 electrically connects the bracket to the
connector 252. Bracket 250 is electrically isolated from housing 230. The radio
frequency source 254 is connected to the connector 252 so that alternating
current within the radio frequency range is supplied to the bracket 250.

Coil 256 is generally electrically coupléd to bracket 250 at a midpoint
between the two spiral sections 257a and 257b. Coil section 257a spirals
around the generation chamber 232 between a middle section 352 and an inlet
section 350 of chamber 232. Coil 257b, on the other hand, spirals around the
generation chamber 232 between the middle section 352 and an outlet section
354 of the chamber. A first end 262a of coil 256 is mounted to a wall of the
housing 230 by means of a bracket 264a. A second end 262b of coil 256 is also
mounted to a wall of the housing 230 by means of a bracket 264b. Brackets

14



a sem conductor processing chanber; and a conduit allowi ng the flow of ions
fromthe chanber to the sem conductor processing chanber. 15. The apparatus
of claim 14 wherein the magnet means confines the ions to an area away from
the internal wall of the chanmber. 16. The apparatus of clai m 88 $ER 202, t he
generation chanber is tubular. 17. The apparatus of claim 14 wherein the

di ssoci ati on neans includes a nenber emanating a frequency which

di ssociates the gas into reactive ions. 18. The apparatus of claim 17
wherein the frequency is within the radio frequency range. 25 0 6 SEP
2arl 19. The apparatus of claim 17 wherein the nenber is |ocated externally
of the genetdhiand 264brdre gro@fided| thembpaliatinating tité aeed ot avbsslingwiake nenber
spirals around the generation chanber. 21. The apparatus of claim 17

wher ei n t hdogprisevas described dnranaectiarbwiththererabediment of Figure HaTbe ng
through the length_thereof. 22 . The apparatus, of claim 14 wherein the
magnet rrean‘%"aF]ﬁ%F 3@%324512@@&51% %4gisf~‘§‘?°§té e gpil 256 substantiallihposi t e si des of
the area and a second set qof K ma net§. on, 0 osizt3 sijdes aof the area. 23. The
hpparat s GOTCPRITADY AiRuPd the ehBsmtion caBbes 2 chltdaling RETERBNg S e
of magnets Ve 0 g Lt . t | 4 wherein

t he magnet t!rﬂr"rijalg(r?f’se s?‘%%?lggg?gghgéﬁ’e%ﬁﬁiaﬁ%ﬁ’ %ﬁl%&& g%%eﬁ?%ﬁ% er. 25. The
appar at us OI);;&:Ia%H‘oli‘ihé‘z'&clqu{'e fBy k&g ozgans for directing a cooling

medi um across the external surface of the chanber. 26

Each of coil sections 257a and 257b typically has about five to ten turns.
It is appreciated, however, that the invention is not limited to any specific
number of coil turns. The number of turns will generally increase with the
dimensions of the generation chamber 232 in order to ensure sufficient
coverage around the generation chamber. In addition, coil sections 257a and
257b are configured such that the magnetic fields generated by each of the
sections are synchronized. That is, the coils are wrapped around the chamber
232 in the same direction. As a result, the magnetic fields generated by each of
the coil sections 257a and 257b are added together in the region between the
two coil sections. By effectively doubling the magnetic force between coil
sections 357a and 357b, the ionization of the gas within the middle section 352
of chamber 232 is greatly enhanced.

The split -cbil configuration, as shown in Figure 9, also results in a
more-uniform electric field across the length of coil 256, as opposed to a coil
having a single spiral section that extends along the full length of the
chamber 232. In a plasma generator having a coil with a single spiral section,
the electric field is concentrated within the first few loops of the coil which
are located near the inlet section 350 of the chamber 232.. As such, the heat
generated within the inlet section of the chamber much higher than the other
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0 6 SEP 2002 26. The apparatus of claim 24 wherein the directing neans
includes a casing surrounding at |east a portion of the external surface of
t he chanber, the casing and external wall of the chanber prodUﬁi ng ﬁ%ow
channel . 27. An apparatus conprising: a generation chanber hav ﬁb 3
internal wall; means for dissociating a gas, when contained within the
chanber, into reactive ions; and magnet neans creating a magnetic field
confining the ions to an area within the chanber. 28. The apparatus of
claim 27 wherein the magnet means includes at least a first set of magnets
on opposite sides of the area and a second set of magnets on opposite sides

of the area. 3nbercRBRE B?;tﬁ-ﬁﬁdiﬁgaai éai%e/miﬁg@wy?sﬁg@i 5%@3%—5% afggnet s

and the second set of magne ave opposite polarit aratus of
clai m 27 whe23b) thépowrglifto theadttaniser! 28246 eflorxévehlialsyrinited N FesURIRY & | ON

chanber. 31. The apparatus of claim27 wherein the dissociation nmeans
i ncl udes a nembere effigient iomization gyoesss \andhbetterdesperitatesorithal. gas i nto
reactive ions. 27 0 B SEP 2002 32. The apparatus of claim 31 wherein the
frequency is wt hPpliting thedadia frequeneyycyrseptcbetysen theocaibgrotiona 25%f and ai m
27 her el N D Gesulls s AL VolEage-dibp ackosd the toil 356 2nd a Mighet current

flow for a given power input. The higher current enhances the magnetic

field that is produced by each of coil sections 257a and 257b which increases

the efficiency of the system. Moreover, the voltage drop reduces the

possibility of capacitance coupling between the plasma within chamber 232

and the coil 256, thereby making the plasma generation system more robust

and efficient.

As previously discussed, each of coil sections 257a and 257b is coupled
to a grounded bracket 262a and 262b, respectively. By grounding the
respective ends of the coils sections, the likelihood of producing secondary
plasma within the inlet section 350 and outlet sections 354 of chamber 232 is
greatly. reduced since there is little, or no, electric field within these sections of
the chamber to induce ionization of the gas. In addition, since there is
essentially no voltage potential between the end coils of spiral sections 257a
and 257b and tixe adjacent plasma generator components located at the gas
inlet242 and plasma outlet 244 of the chamber 232, the possibility of
capacitance coupling occurring within sections 350 and 354 is greatly reduced.
The likelihood that sputtering will occur within sections 350 and 354 is also
reduced.

Capacitors 266 bridge the bracket 250 and a wall of the housing 230. The

capacitors 266 are selected to match the frequency supplied by the radio
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34. The apparatus of claim 33 wherein the nmenber spirals around the
generation chanber. 35. The apparatus of claim 27 wherein the dissociation
means includes an electrically conductive coil disposed around at |east a
portion, of the chanber, the coil producing an electric field aﬂheﬁﬁﬁhﬂﬂmc
field when connected to an alternating current source. 36. The apparatus of
claim35 wherein the coil includes a fluid passage through at |east a
portion of the length of the coil. 37. The apparatus of claim27 wherein

t he chanber includes an inlet opening at a first end, an outlet opening at
a second end, and a central portion |ocated between the first and second
ends, the Dleqecysobuore withrtheicondudiance ehdractetistitsot theclil 356csghaet i ve coi l
di sposed between the central portion and the first end of the chanber and a
second el etherdltesnating pawer deliversd to texiodls dsl timedrvéamoptimal eeasoss. porti on
and the second end of the chanber, each of the first and second coils
produci ng an el ddvatet inlekronnester 498 a8d 2 waten eutigtaenaeeter 278 extendan

alternatin cur}rlent ﬁo?rﬁe 28 ng 6 SEP 2002 38. ghe ppar atus of claim 37
wherei n eatioBgh @nxall iof the hpusing &3y The vater iplefaad outiet sopnectersase t hr ough
at least a [ . - t.h 40 L b s k s of claim 27
wher ei n th%aoggr:%gne Sl%ézli‘tr?gg l|n§92(?gna?}dg%€g§5? ggg{j)rl]’\y i ngcl{c{%Zé’%g@g ?3@ ions to an
area away fdspaativily. W4terHlet\@nnetlor 288 i€ Bupled to 4Re fifstBid Skbads Lhieani ng a
sem conduct of processi ng chanber, conprising the steps of: dissociating a
gas into r 236 tweeastie; wateg oatlec edrinecta70ris sgupled tb ahe secnd érid 262buci ng
the ions into the sem conductor processing chamber. 41. The net hod of claim
40 wher ei nof the epik Waten Z&otarathelg bisyingroduged dmtoythei watien inlet corawictorf r equency

range. 42. The method of claim40 erein the gas is dissociated within a
gener at i on26$hamherea |§'ﬁ‘?’§te & SIIeM F%lﬁ Pef ang ot of she waten elitlett o t he

ons. 43. Igr?nerggr%. Of‘hec{e"riritpn?er?x1 réRe rtﬁé Coil %6 Eso hseniefg% ggr&rglkelﬁog}ir e
flow of water through tubular portion of coil 256. By controlling the
temperature of coil 256, variations in the electrical characteristics (e.g.,
inductance, resistance, etc.) of the coil 256 are minimized permitting a better
control of the ionization process.

The magnetic device 236 is in the form of tubular member 280 located
around the coil 256. In one embodiment, tubular member 280 has four
permanent magnets 282 attached to an inner surface thereof. The magnets
282 extend along the length of the tubular member 280. The tubular member
280 is made of a rﬁagnetically conductive material to provide a closed loop
path for the magnetic fields generated by magnets 282. The magnetic device
236 is configured such that the ions produced within the chamber 232 are
confined within a central region of the chamber, away from the internal wall
of the chamber. In one such embodiment, magnets 282 oppose one another
with the generation chamber 232 located between the magnets 282, The

magnets create a magnetic field of between 200 and 4000 Gauss, typically about
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44. The nmet hod of claim43 wherein the generation chanber is nade out of
sapphire. 29 0 6 SEP 2~2 45. The nethod of claim40 wherein the ions

i nclude fluorine. 46. The nethod of claim40 wherein the ions gre

i ntroduced into the sem conductor processing chanmber at two or ﬁ%ﬁEP 200
different |locations. 47. The method of claim40 wherein the ions are
sprayed into the sem conductor processing chanber. 48. A nethod of cleaning
a sem conduct or processi ng chanber, conprising the steps of: introducing a
gas into a generation chanber; means for dissociating the gas into reactive
i ons; magnetically confining the ions to an area within the generation

chanber; andyj Ci ' qﬁ,nph éj%feﬁ I Qf | nber .
49. The net %gg@g&%lﬂai%4%\a§?]éet§{2ﬁ%lﬁ?c ﬁgﬂggs isegﬁs ocfg}agﬁﬁga% gg‘%gncy
within the rtadiperiorasmearqubegentS0f adartbdlat appli@ionr ati ng a pl asn,

conprising the steps of: dissociating a gas into reactive ions; and
magneti cal | y confTurnimg now toFigur8do, a pagtidbicPosaa@ttiorial tof viewref Ipdasned cl ai m

50 wherein the ions _are magnetically confined while they are being forned.
52. The net hgfnesatog 232 is showReAeBas inlet apsembly 1ds peovided fondiredting and are
e | B e i A Se A0 B Qa3 W © he Fons

assembly 241 includes a gas inlet adapter 220 and a sleeve 222, As shown in

Figure 11, inlet adapter 220 includes a flange section 230, a protruding

cylindrical portion 231 and a gas inlet 242 that is connectable to a gas source

(not shown). A plurality of distribution holes 226 are provided within the gas

inlet passage to distribute a gas around the periphery of cylindrical portion

231. Pursuant to one embodiment of the invention, the inlet adapter has an

inlet diameter of 0.188 inches and contains four distribution holes 226, each of

the holes having a diameter of 0.098 inches. A recess 228 along the periphery

of cylindrical portion 231 produces an annular gap between the inlet adapter

220 and sleeve 222 when the components are assembled within the plasma

generator 212. The annular gap has a thickness of about 0.065 inches. By

introducing the gas into the chamber 232 through the annular gap, the gas is

more evenly distributed into the inlet section 350 of the chamber. The gas

inlet assembly configuration also prohibits the cool gas from entering the

chamber 232 and impinge directly on the internal wall of the chamber 232,

thereby minimizing thermal stresses in the chamber wall. The use of a thin

profile annular passage for directing a gas into the chamber also reduces the

likelihood that an ion will be introduced into the passage. The introduction

of ions into the inlet passage could cause sputtering to occur within the

passage, thus resulting in the generation of unwanted particles/contaminates.
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|, 10%BfB&(- S109B& ()-tY . 109B& % B& ()-m] x Ki K
109B&’ ()- g;mr( ellgmw@l of sagin (2)7 @é gxteyoal wall of chamBer 232. A

10%8& () - S 10(%%§‘ol(u‘g me%lu tht@nnegt@é?ﬁ 1s pro %\7@e (ygt or(e) end of the

generation chamber, while a cooling medium outlet connection 274 is

provided at the opposing end of the chamber. Cooling of the chamber 232 is
achieved by directing a cooling medium into connector 272, through cooling
channel 278, and out connection 274. The cooling medium preferably
comprises compressed air, but may include other types of cooling mediums.
Compressed air is a preferred cooling medium since it easily accommodates
the-attachment of a conventional leak detection device at the outlet
connection 274. Additionally, if a leak exists within chamber 232, the
introduction of air into the system will not cause damage to the plasma
generator or the semiconductor processing chamber.

The plasma generator 212, as depicted in Figures 8 through 10, is

configured to accommodate compressed air as the cooling medijum.
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Compressed air causes a high density of air molecules to flow through cooling
channel 278 and also induces turbulent flow through cooling channel. Each
of these factors contribute to enhancing the efficiency of the cooling system.
Connections 272 and 274 are coupled to channel 278 through an inlet
manifold 280 and an outlet manifold 282, respectively. In one embodiment,
the air flow channel 278 has a thickness of approximately 0.04 inches and a
length of approximately 10 inches.

Figure 12 is an enlarged view of inlet manifold 280. Outlet manifold
282 typically has the same configuration as the inlet manifold 280 to ensure
that the air flow is even throughout the length of the cooling channel 278.
The inlet and outlet manifolds 280 and 282 are placed near the plasma
generator o-rings 320 through 325 to provide cooling to the o-rings.

Inlet manifold 280 includes an inlet port 290 in which the air inlet
tubing 291 is attached. The inlet port 290 is coupled to an annular distribution
ring 294 that contains a plurality of spaced apart apertures 296. Compressed
air enters the inlet port 290 of manifold 280 and is evenly distributed into the
cooling channel 278 through the apertures 296 in the distribution ring 294. In
one embodiment, inlet tubing 291 comprises 1/4 inch tubing having an inside
diameter of 0.219 inches with the distribution ring 294 containing eight
apertures 296, each aperture having a diameter of 0.109 inches. The combined
area of apertures 296 is significantly greater than the inside area of tubing 291.
This ensures that the air flow is not restricted after it has been introduced into
the inlet connection 272. The expanding flow volume within inlet manifold
280 also creates a cooling effect due to the expansion of the compressed air

flowing into the inlet manifold. In order to induce a cooling of the
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compressed area, it is desirable to provide a relatively large volume
expansion ratio between the cooling medium inlet tubing 291 and the inlet
manifold 280. For example, in one embodiment, the volume expansion ratio
within the inlet manifold is approximately 1/10.

It is important to note that the present invention is not limited by the
manner in which the plasma generator is cooled. For instance, in lieu of
using compressed air as the cooling medium, an inert gas, or other cooling
medium, such as deionized water may be used. Other forms of cooling, such
as water coils, may be used in lieu of the cooling jacket described above.,

Note also that the water and air connections 268, 270, 272 and 274 are
located external to the plasma generator housing 230. Therefore, any leakage
at these connections will not result in the discharge of air or water into the
interior of the housing.

An ionization detection assembly 310 is attached to the outside of
housing 230 by a bracket 311. An opening 312 in housing 230 is provided for
accommodating a connector that couples assembly 310 to an ionization
detector 314. The split configuration of coil 256 permits the ionization
detector 314 to be placed at the middle section 352 of chamber 232 where the
majority of the ionization occurs, thus providing an accurate indication of the
ionization process.

The foregoing description has been directed primarily at a system
which includes a semiconductor processing chamber which is made of
aluminum, and which is cleaned with a reactive fluorine ion plasma. Other
semiconductor processing chambers may exist or may in the future be

designed which are made of materials which are attacked by fluorine ions.
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Other reactive ion plasmas would thus be utilized in order to clean these
other semiconductor processing chambers. Quartz is an example of a material
which is attacked by fluorine ions. A chlorine containing gas, such as Clp,

may, for example, be utilized for a semiconductor processing chamber which
is made of quartz. Cl2 dissociates into Cl- ions which would be suitable for
purposes of cleaning a quartz containing semiconductor processing chamber.
Cl" is also aluminum and stainless steel “friendly” so that the processing
chamber may be made partially of quartz and partially of stainless steel or
aluminum.

Although the foregoing description has been directed primarily at
cleaning of a semiconductor processing chamber, it should be understood that

other equipment, such as interconnecting pipes, may also be cleaned in a

similar manner.
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CLAIMS

What is claimed is:

1. An apparatus comprising:

a chamber having an inlet opening at a first end, an outlet opening at

a second end, an internal surface and an external surface;

an electrically conductive coil disposed around at least a portion of the

external surface of the chamber connectable to an alternating current source; and

a magnet means creating a magnetic field confining the ions to an

area within the chamber, the area being away from the internal wall.

2. The apparatus of claim 1 wherein the coil emanates a frequency which

dissociates a gas, when contained within the chamber, into reactive ions.

3. The apparatus of claim 2 wherein the frequency is within the radio

frequency range.

4, The apparatus of claim 1 wherein the generation chamber is tubular.

5. The apparatus of claim 1 wherein the coil includes a fluid passage

passing through at least a portion of the length thereof.
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P *10% & ()-!- 100\& ()-- 10% & ()-!'S- 10%j& ()-S 10% & ()-! z
10% " & (8.- QRRHFRRpparatgs | ofgadsign (1) wherein the magnet means includes a first
set of magnets on opposite sides of the area and a second set of magnets on

opposite sides of the area.

7. The apparatus of claim 6 wherein the first set of magnets and the

second set of magnets have opposite polarity.

8. The apparatus of claim 1 wherein the magnet means is located externally

of the generation chamber.

9. The apparatus of claim 1 wherein the coil generates a vibration within the

chamber within the radio frequency range.

10. The apparatus of claim 1 further comprising means for directing a cooling

medium across the external surface of the chamber.
11. The apparatus of claim 1 wherein the directing means includes a casing
surrounding at least a portion of the external surface of the chamber, the

casing and external wall of the chamber producing a flow channel.

12. The apparatus of claim 10 wherein the cooling medium comprises

compressed air.
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processing chamber and a conduit providing a passage between the outlet

opening and the semiconductor processing chamber;

14. An apparatus comprising:-

a chamber having an internal surface and an external surface;

an inlet into the chamber;

means for dissociating a gas, when contained within the chamber, into

reactive ions;

m'agn.et means creating a magnetic field confining the ions to an area within

the chamber;
a semiconductor processing chamber; and

a conduit atllowing the flow of ions from the chamber to the semiconductor

processing chamber.

16. The apparatus of claim 14 wherein the magnet means confines the ions

to an area away from the internal wall of the chamber.
16. The apparatus of claim 14 wherein the generation chamber is tubular.

17. The apparatus of claim 14 wherein the dissociation means includes a

member emanating a frequency which dissociates the gas into reactive ions.

18. The apparatus of claim 17 wherein the frequency is within the radio

frequency range.
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19. The apparatus of claim 17 wherein the member is located externally of the

generation chamber.

20. The apparatus of claim 17 wherein the member spirals around the

generation chamber.

21. The apparatus of claim 17 wherein the member is an elongate member

with a fluid passage passing through the length thereof.

22. The apparatus of claim 14 wherein the magnet means includes at least

a first set of magnets on opposite sides of the area and a second set of magnets

on opposite sides of the area.

23. The apparatus of claim 22 wherein the first set of magnets and the

second set of magnets have opposite polarity.

24. The apparatus of claim 14 wherein the magnet means is located

externally of the generation chamber.

25. The apparatus of claim 14 further comprising means for directing a

cooling medium across the external surface of the chamber.
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26. The apparatus of claim 24 wherein the directing means includes a casing
surrounding at least a portion of the external surface of the chamber, the

casing and external wall of the chamber producing a flow channel.

27. An apparatus comprising:
a generation chamber having an internal wall,

means for dissociating a gas, when contained within the chamber, into

reactive ions; and

magnet means creating a magnetic field confining the ions to an area within

the chamber.

28. The apparatus of claim 27 wherein the magnet means includes at least

a first set of magnets on opposite sides of the area and a second set of magnets

on opposite sides of the area.

29. The apparatus of claim 28 wherein the first set of magnets and the second

set of magnets have opposite polarity.

30. The apparatus of claim 27 wherein the magnet means is located externally

of the generation chamber.

31. The apparatus of claim 27 wherein the dissociation means includes a

member emanating a frequency which dissociates the gas into reactive ions.
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33. The apparatus of claim 27 wherein the member is located externally of the

generation chamber.

34, The apparatus of claim 33 wherein the member spirals around the

generation chamber.

35. The apparatus of claim 27 wherein the dissociation means includes an
electrically conductive coil disposed around at least a portion of the

chamber, the coil producing an electric field and magnetic field when connected

to an alternating current source.

36. The apparatus of claim 35 wherein the coil includes a fluid passage

through at least a portion of the length of the coil.

37. The apparatus of claim 27 wherein the chamber includes an inlet
opening at a first end, an outlet opening at a second end, and a central portion
located between the first and second ends, the dissociation means including a
first electrically conductive coil disposed between the central portion and the
first end of the chamber and a second electrically conductive coil disposed
between the central portion and the second end of the chamber, each of the first
and second coils producing an electric field and magnetic field when connected to
an alternating current source.
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includes a fluid passage through at least a portion of the length of the coil.

39. The apparatus of claim 27 wherein the magnet means is configured to

confine the reactive ions to an area away from the internal wall of the chamber.

40. A method of cleaning a semiconductor processing chamber, comprising the

steps of:
dissociating a gas into reactive ions;
magnetically confining the ions; and
introducing the ions into the semiconductor processing chamber.

41. The method of claim 40 wherein the gas is dissociated by a frequency

within the radio frequency range.

42. The method of claim 40 wherein the gas is dissociated within a generation

chamber which is made of a material which is resistant to the ions.
43, The method of claim 42 wherein the ions include fluorine.
44. The method of claim 43 wherein the generation chamber is made out of

sapphire.
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47, The method of claim 40 wherein the ions are sprayed into the

semiconductor processing chamber.

48, A method of cleaning a semiconductor processing chamber, comprising the

steps of:

introducing a gas into a generation chamber;
means for dissociating the gas into reactive ions;

magnetically confining the ions to an area within the generation

chamber; and
introducing the ions to the semiconductor processing chamber.

49, The method of claim 48 wherein the gas is dissociated at a frequency

within the radio frequency range.

50. A method of generating a plasma, comprising the steps of:
dissociating a gas into reactive ions; and
magnetically confining the ions.
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51. The method of claim 50 wherein the ions are magnetically confined while

they are being formed.

52. The method of claim 560 wherein the gas is dissociated and the ions are

magnetically confined while the gas flows into a chamber and while the ions are

flowing out of the chamber.
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