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deposition step, materials are deposited onto a substrate suﬂm@ﬁwﬁmwmmmﬂis
the surface of a glass panel or a wafer). Conversely, etchin

enpl oyed to sel ectively renovB8askegoualdsof tieerlpvedeionned ar eas oreoec

substrate surface. There are nmany nethods avallabl’'e to etch a substrate
surfaces one such method is |5 plasma etching. In plasma etching, a plasm

i's formed fromthe ionization a i ssocjation af proces ases. .The .
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uses an inductive source to generate the plasma. In order to create a

pl asma, a [PUEREES galesms insgsa PlRMbPAcEagHeaciwact or chamber. 20 Power is
then supplied t N | i il using.,a Rk power source, and a,Lar
electric field ?’s“%g%}%&g%dlf%lc w3t e sHRl B R ToSe Bloghih fof Buedfilg, e ot
accel en@t estidphy o3 eRlidtedrutab eircaf, nRllESIE HORSItRHLSBr etdh$hgdfedshtayitaiiibyed.
causing themto collide with the gas nol ecul es. These collisions result in
i oni zat i on [usingithe ¢9pasifien sigp, materials pigrdgpovied phigshenbsTale suefacer(atichgashe

nmol ecul es e dr ' d stran | ectric,fields
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are accel erraiede hytetille fehepredéfnetiiaedad op tichubaehtdyurdre. i nducti on coil and

collide with other neutral nolecules, causing nore electrons to be ejected.
Thi s produces pl G€FRATBFRAKMSHIPdEALR RIS tpcishmeubyrate serfactooresuph meod is

di scussji.on) ki a iyl . i i r i
react or 10PN sihifle I e Hing] a sl 1€ Kl cBAAES ko BRIl dRSEARN Gt
chanber 102pretdshgans. Shheapusatively aharged dorstare/then atdelekatt tavapote dubsnateenisere
dielectric w ngow 112. A substrate 114 is disposed above a chuck t 16. The
chuck 116 i$eUfRPoEeECHNSIRACUARY t om of the chanber 102. \Wen RF power is
supplied to the - { Cl tl L i i's
created. This osd():{“ﬁjag{l%d{ngr rﬁﬁggﬁeﬁ%Q?‘?%Ttg&%gk]grﬁgg%@gﬁgzél?rg%{dr?éggrgﬂegtrﬁ%nt
120 wi t h a plassardn order to create a plasma, a process gas is input into a plasma reactor chamber.

20  Power is then supplied to an inductive coil using a RF power source, and a large electric field
is produced inside the chamber. The electric field accelerates the small number of electrons
present inside the chamber causing them to collide with the gas molecules. These collisions
result in ionization and initiation of a discharge or plasma. The neutral gas molecules of the
process gas when subjected to these strong electric fields lose electrons, leaving behind

25  positively charged ions. These electrons are accelerated by the electric field produced by the
induction coil and collide with other neutral molecules, causing more electrons to be ejected.
This produces plasma breakdown and the plasma ignites.

To facilitate discussion, Fig. la illustrates a prior art inductive plasma processing
reactor 100. A typical inductive plasma processing reactor includes a chamber 102 with an
30  antenna or inductive coil 110 disposed above a dielectric window 112. A substrate 114 is
disposed above a chuck 116. The chuck 116 is disposed at the bottom of the chamber 102.
When RF power is supplied to the inductive coil 110 an oscillating magnetic field 118 1s
created. This oscillating magnetic field 118 induces an electric current 120 with a plasma
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~the dielectric window 112. The electric current 120 flows in"t site

directio current in the inductive coil. The directy :
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current &58%%é3ta§ayed by the x and dot inside the inductive c0|€§110 and the

coil 110 a voltage drop occurs across ctric w ndow
vacuum chanthe bppasite rirettioredfebd cureemk inythe trolusgheccosiu rTha dasctiohlif shevairteagie
initiates the gl asnma breakdown. Gener al the free electrons are

ly, .
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el ectrons are @gﬁi%hlw,%&ﬁ REpRdr§d %bliwt04h§ﬁa &tmscoﬂqwﬁ%ﬁgnge £ Ftiu% the
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reactor and conceptually they operate in a simlar manner. By way of

exanpl e, Begplerated in alterndingedirertionsdtependem ooREaof thapewrisvecpl dhemceiaratedsi ng
reactor wherein the,coils..are di sposed, around the chanmber walls.. An

| nduct 1 ve Sesps tolfecPish 3l fi el BTGB e PG dePR s BasR v Bareet
an anjenndoy AJubeatak viee Gedtlon2d@ oflifiepeizeforRbds HHRR 1653340 ahe Bldsma finites.
substrate 214 is disposed above a chuck 216. The chuck 216 is" di sposed

above the bott oW & berpppeasiatasdly argzkillad injths erts hert aap many differdnetypessef i pti on

of Fig. 1 a ) RF j i t he jnductive cqgjl, 210 an .
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218 i nducesmasr mheet.r Bg vayloferdmpe, B0 1Wid diothet NRisPARSITE ah Rdudvd flgsedanber
202. The electric current 220 flows in the opposite direction of the

current i rPre¢fssipgERactardhersn the cole agidisesgdnsowtd the ehamher walls.iAn ipdrativeyed by
o . A . . ! | USSR S,
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t he chanbezl0 dxpdsedarohhd tigi chamberdd2. Alsabatae? 1408 disposiidBodeechutiashé The e
| ong nmean free paths and may not. 25 collide with enough nol ecul es before
Kaf et ok

the el ect rewek 2l @13 Yagrosedhabdys t ¢ chanybgr 0% R8 §1sPYpREd 309Y€ ihi&epl asma

very diffi - [ f; : el eatyr [ es

t he nunber&éék’ ﬁ%tg)ﬁhﬂ?%géggvv&]e?ciﬁ] %@ge ulf:ggjp P EéeR)ctﬂgallr%dlargttla‘gecc';3 |ﬁ02r%@t g’%&gi&}st ai ns
t he pl asnmamagiicifeih? {8 sergaddn fis ddedlatihg atagoetr fixdd 2 beindines e nledirioycurrent

i ncreasing_the, regsugg 'nssigie t he chagﬁer. Changing the pressure has jts
dr anb&@ks . 28 Withi 18F PExBmAside theghasprer ril?- srdsctiorareso?20dio vt i i PRosie be

at | ow preggLiRe of MENEfAL fr thé fndhbSydofS %@%ﬁe&idn&g&ﬁiéﬁgé ag tpi)ﬂx‘liyé@bgfr Be x

pl asma, the best conditions for etching are not net. ep process can
be i npl enmeatddottinsidotheanduritise pribBl kandthe klpericicngent220pr essure after the

| asma ignites der, hi gh pressuy. n theory this wauld seemto,work
gxcept ![%a![ it 'ﬁgR'@f%ﬂ%Itg@f Plllg‘frﬁa ﬁ%ﬁ-ﬁfd%‘? [‘%tn’é)(tﬁeopr%ﬁéﬁdglof“f '(S‘Fﬁ%e the chamber.

During this situation, the electrons inside the plasma have long mean free paths and may not

25 collide with enough molecules before the electrons are lost to the chamber wall. This makes
igniting the plasma very difficult. Shortening the mean free path of the electrons increases the
number of collisions, which produces the chain reaction that sustains the plasma. The mean
frec path of the electrons can be shortened by increasing the pressure inside the chamber.

Changing the pressure has its drawbacks. By way of example, the optimal conditions
30 for etching may be at low pressures. Therefore, if the pressure is increased to ignite the
plasma, the best conditions for etching are not met. A two step process can be implemented
to solve this problem by lowering the pressure after the plasma 1gnites under high pressure.

In theory this would seem to work. except that it takes a finite amount of time to change from
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this time, the plasnma environnent changes while the substrate is present,

mhich-nay“gfﬁﬁggg undesi rabl e and/ or unpredi ctabl e etch regdigsAMMEe, the
plasma is difficult to light if the voltage on the inductive coil is too

low. In thisgy & fouAbreire. (DG gl 1R 4R el SnBOIVASRAEA AhfHs Whild tRULbLiEkeNt | Y
hi gh energy for ionization to occur. Increasing the voltage 1 ncreases the
ener gy of ispecsentewhichmsaygrodureadesimableiand/oonepredintablatetaresultsi de t he

chanber. Increasjing.the RF.power to.increase the voltages in.the inductive
coil has its I mspane prsmaiCiiitung g Biom enon Bragtenre it e foar
on the el egid dikalio sk SIBGIAR hfedlot SRIRPACMS JuRRdiBRIyMREE BeRg BIoAaKon 85
wel | as placing additional electrical stress on other to conponents of the
RF Bowér sogspl.yinsiessingrtheptodtage merepseshe drergys il elpuess whéchiresuife in mokd gh

enough voltage..to.ignite th | asma, if the pressure is kept at the | ow
pressure rgﬁggnéﬁgpﬂgéh%gﬁﬁgﬁgfor by the etch process. Inplenenting a

two-step procesmctesing @hedR P ipfedWadredse MR vall@gds il e thBg 1Rt asiMRasARdiERE ease
it to etch also has the aforenentioned problem i.e., the plasma
envi r onmenincreasisig drtyRE paer eantdamage psputandud weayoagbhelectrigal pndmeelradcal t hi s

change in 15 condit.i on nro . esi rabl e and/ or redictabl e
eauts 1 RORPOR b ik TR Rl & Rl R e R 8T R athesng
appar ajous egomnpsndn@ydfithe1BF ol BATRLY sySlehe AdoPAREN®S iPIsHOEBEIIBE: RREA Righ

wi thout altering the preferred operating conditions, such as pressure and
power.  §naghW9lRgOENIho plasysas theETrmyas ey REths oyt rappe that is
reactor 1ot Bt BRI HRsE "t e TNk HFHcest B Bl AR R FEEF B 02
a process ¢ighnthemplasiiaans dpdrassaat tpeohedsi Hag thecdodementfictted pesblémdleudrRsSplagma

i nductive coi| conflgﬂ{ed to ﬁgtco pled .to a RF power, source having a RF
C

frequency \WREFFIREH pRchapggriowh hEéﬁl‘hStré’é_r\%P"&F%- éﬁ“éﬂ“é‘@'_cl?di’ g‘i??t@PE? Insi de of
the procesg, @azm«a( y TS&thﬁ&&ﬁalﬂEQﬁ&éfﬁrﬁﬂe& Q@E?ésuﬁgd' tionally includes a
magnetitc fie pro ué%ng apparatus configure 0 produce a nmagnetic field
i nsi de t he procdasiavhafithe foregoipg,akéranieydesited irgprededahdthedsfane hppardtuges Thre
invention relates, in anqgther enbodinent, to a plasna process'gggreactor

for processBMYNEaPLASTAIREA] HBIARA ArosFSHES Ak AMEAUL AHGTRE e GEEELRHg
reactor incldgRnd sIBRRSpEQUredRRghdkt. Ny an electric field inside the
process chanber of the plasma processing reactor. The plasnma processing
reactor further includes a neans, disposed externally of the process
chanber, for generating a magnetic field in proximty of the electric field
inside the I S process chanber. The plasma processing reactor additionally
i ncl udes an activation neans, coupled to the neans for generating the
magnetic field, for controlling an activation of the nagnetic field.



The invention relates, in yet another enbodinent, to a ”Etgfg.ﬁj hﬁ&i@ing a
pl asma i nside a process chanber in a plasma processing rea rJUN t hod

i ncl udes%QWg an 20 inductive coil. The method furt helgcf,%%;%q@,%

coupling an power source to the inductive coil to provide power to

t he inductive coil, thereby gengratin ale lectric,field inside the process
chanber. The net hod additionalI§hﬂﬂg¥§a%8—§ﬂ%$ﬂﬂﬁﬂgﬂa magnetic field
produci ng plasma processing reactor disposed outside of the process
chanber, the magnetic field producing plasma processing reactor being
configured to Phoduetdn aclaagnedncembelidentnsi deagrie pRbepingaessordhanber i n
proximty of the electrigc, field. The nethod al so includes generating the
magnet i c Frf’éffsamﬁliatsﬁgscni‘?g' ﬁh@ﬂ@fm%prl"ic‘éﬁsﬁlgﬁ?%dpcﬁﬁdﬁladérﬂﬁsﬁf;}&ﬁf’éqé"éiﬁ& react or
to prgnot ﬁa&rﬂ@kﬁo‘c@s@in@frea@t& Ir@BER M ddB Bn BRSSO G RARRES be d BARPL her
advant ages of the present invention w |l becone apparent upon reading the

f ol | owi ngpaiegrabhusd halaser Ritfiagnencavthestinthe inductive codgemeuaes argelea@sc Geldt he
drawings..S%4f 0.3 a %WN Zoﬁg P%T/U899/31076 wo 0 L398§8.' Q&ief

Descri pt i BVOGO! PR R REL S TAEE BIASRE REOTEFRSERGAT fliiqnally ipelydsg apy way of
exanpl e, aREndR!fidNY praicif agpafitisaohBfured td ol 4 maseae Rfd hbRe ARGRIRANYI NY
drawi ngs and in which |ike reference nunerals refer to 5 simlar elenents
and i n whikemberigproximity of the detivpfieide di agram of a prior art inductive

pl asma processing.reactor.  Fi.g. b i .schemati.c diagramof a prjor art

i nduct’i ve pl as :FE?B}'VS%é"é‘erﬁﬁcs’rlgﬁE‘gﬂo? W%%@Bﬂta}? aa@f‘%?%&‘%ﬁﬁéﬂgﬁa%&i kf’é

confi gur abiRBssidy Gibstdaesiifiside S6MAEMBLhambiradhaMa8haPodeBIME LY Br RIcASIER
processing reactor with a sol enoid that produces a DC magnetic field inside
t he procesgaghipiisererating apjelpctrizfiald ingidg dheeprgesse chitmbgraitisf playma progessinge

pl asma prog [ | I ' inductive configurati and
Phe 1 nventrtadds PESH: Bloctish B kARG o2HRL BSRIRLEREM s

i nsi de t herguescemmben diripenerathigh magmio W dBint@@kitiigwide dleerit fdldahsivethgl asm
processi ng reactor of Fig. 2a, 20 including the solenoid disposed at a

pr ef eff ed P5RFSY shgmber. sl he Rhasmapeessipe ropgsop adtdamaly pretudosgn|aga vatonmesans. ed
Descri pti j nr, j 4 i 1. e
doscr i bed AP R iof B AR S AeR AT RAE r ol Gtk A Ao PR o
as 1|1 ust raidgdti¢ fieldhe acconpanying drawi ngs. In the following 5

descri ption, nunerous,speﬁific detaiLs are set forth in order to provide a

t hor ough under st¥$rBYFRGOBFEIRtER hYe 8Botner SRRAEMEH, to) & mgjhpd of i2ngliRg Hijasma
however, t.o. skl &9mbdt ik b , - ' [ -
. P .

D 19518ﬁ§ kas'ch i 18k ﬁ)rcch?srmé &E?tgf ep el{hgé{ SR FE%/YdJ?Ean

racticed wt ogt sone or all "of these specific details. In other
i nst ances, indmdtive kndwihhpmethes surthtee psliday eoupding e &F phese solredtd the detuaiive i n
order not to unnecessarily obscure the present invention, |0 accordance
W h one. ASPEEPTONS RE PprEGBREe PRRHE eR: SrRBY SR ESI T o4 BT
i nsi de an jRAUSThMBLR! TR CHOAGEEEbAMY I RAGLQ pradidingW @ﬁg@&%@m hréd@ciy eved
by introducing a magnetic field inside the process chanber. Typically.
i gni tion oplasmpprosessinggeagidr fdisposed oatsident thepioress shareber. ths naigseus Seld
earlier, at l.ow pressures electrons _have |on an.free path ng, .ar. ess
kel y o BoefTBE PRI bER eSS e B ol PR (TR0 B D MR RRRe
nol ecuses bypesahhobétiih plokeneNanhe tlevtrit ied The AR 416 indRidkNgeretatiigrigk t 0
ignite the plasm, By_introduan? a magnetic feel inside the process
chanber, emagnetisriseldpeth thaypegngii¢ figldaapdusingcp! gsma precessing meactasrie raamdie spi r al
around the.field giﬂgézg&Xﬁﬁgﬁgagagtkc f&@ld. The spiraling el ectrons
i ncrease t H&OT A gHER T He G ST de AL hanber t her eby i ncreasing the
chance of col | i ghefsandicttir ABlahizats Gake pRE&@E iveindPwit BécbnlehPpsieai thoneact i on
that ignites the plasma 20 In another enbodiment the magnetic field is
only used ofading ¢ fyjlowingdeiaied despiptipenandrstestyerer the gamensrteares afiiee duspigsi ty
of the3$lasna the magnetic field is preferably turned off as soon as the
pl asma"ignites to prevent adverse effects on the etch process



Accerding to anot her enbodi ment the magnetic field is prefera@plly qgwg in
‘ Q{%éa proximty of the electric field produced by the inductisg3cgpws st

{ of the dissggi g25 electrons inside the process chanber argQ&3kefei N
: the electrigﬁ#@%ﬁ regi on Thereof nore electrons can be ianuencé%ﬁby t he
: ' ' j [ he B o facilitate

. Strategic placenent of the mag %%p
di scussion of the feature and ag% €0 f B/t i on Fig 2a

. depicts an inductive plasma processing reactor with the inventive of a

* magnetic field producing apparatus, such 30 of a chanber 302 with an 2 312.
A substrate 314 is di: ence tine inside the chanber, thereby increasing the
chances of Ml eclhegresentgivgntion isdllutizated byesan ¢fovampie, andynottbywvayrd lintitesias..
'nt,, the magnetic fi i use or _aidi na .in,pla ignitian. Jlity
of "t he pl afhoe i hgh el R Ee L ey Bl b0 R BER le B b
adver se ef f @plifar@enidne MdGhwhicdcess. enbodi ment, the magnetic field is
preferably placed in the 3 produced by the inductive coils. Mst of the
di ssoci ated chanber are located in the electric field region. Therefore,
nore ~y the stratggiG: i i lp.this legi on of
the features and @%J%ﬁfﬁ%@gﬁﬁé 9 ﬁgrawgsw}%#&feiﬁﬁtgjﬁ%l%ﬁg _p%c;essﬁgtegélg{.ng
reactor with the inventive addition of a magnetic field s solenoid. An

310" Sposed aboJabe vat BPRTPRE SRmLt) E0H ubbuch Mo mibe Rk ikt B

310 di sposed above Fc w

316 is dbspQ@ngaﬁﬁwbﬁmbathﬁhﬁ?nﬁmﬁLchanber 302.1 oscillating magnetic
field 113 Wen RF power is supplied to the inductive coil 310, an 8 is
created. This oscillating magnetic field 318 induces an 6 0 3 JUN 2003 WO
00/ 39838 PCTI US994.3107. oy insi h. r 2 .and

bel ow t he di el ectgérlgbﬁvhgﬁg%}v%v%iléﬁ‘ﬁ%g{régﬂ%nng‘é?ayr%ilgsg%%ggf%mg Egga&t%%g% on
associ at ed wioldnofd @8t prédwéba D draghetic fiel Cinside tHedroced chaiseri N t he opposite
direction of the current in the inductive coil. The direction of the
current is portrayed by the x and dot inside the inductive coil 310 and the
el ectric,current Ony, ) 0 ' [ i ti il .310 a
vol t age Grop occugé'g%¥2§%h$ﬁgﬂﬁﬁ§%gé?¢?§B&#ﬁﬁ%ﬁﬁ@Téggﬁﬁggﬁ%r%%%ﬁﬁ%@%ﬁhnber
vol une to el gedmidtsalihducivottidigdratiof kad 8s.invdtise ¥@ditiagof 4 Rilédcad et plodugek asna
breakdown. Cenerally, the free electrons are accelerated to a high energy
by the circuP&tmpgpelF deldripgide thepeeressigmbthe el ectrons are accelerated in
alternating directions (dependent on RF of the power source). The
accelerated electrons 10 collide with other neutral nol ecul es creating nore
el ectrons and posFig. $shywshapoae odti.indi&tis©pRsms ptdessinerhdtonofEig £a0f free
el ectrons exceeds their loss rate, the plasma jgnites. A solenoid 324 is

di sposed2but sichitingibe splsnejd dispased af a@rderehRAsHionp4 i s preferably near a

hi gh vol tage point on the inductive coil 310. The sol enoid i nduces a DC
magnetic field 328 with a DC power source 330. In one enbodinent, the DC
power source 330 provide a ~ 5 DC voltage that produces a nmagnetic field
suitable for pronoting plasma ignition, e.g., approximately 200 volts DC
power. The DC magnetic field 328 exists inside the chanber 302 in a region
332, as shown, to trap tenporarily electrons 334 and cause themto spiral
along the magnetic field lines 336 of the DC magnetic field 328. Because
the el ectrons 334 spend nore tinme in the region 332, they are nore |likely
to collide with neutral nolecules 20 prior to being reconbined onto the
chanmber walls. This greatly increases the |likelihood of plasma ignition at

| ow pressures and/or |ow inductive source power. Typically, the accelerated
el ectrons collide with neutral nolecules creating nore el ectrons and
positively charged ions, initiating a discharge. The DC magnetic field 328
in tkhe region 332 is no | onger needed at that point. Plasma breakdown
occurs and the plasma 25 ignites. As can be appreciated by one skilled in
the art, there are many different types of configurations for an inductive
pl asma processing reactor and plasma ignition may be facilitated by

provi ding a magnetic field producing apparatus proximte to the | ocation
where free electrons are initially produced. By way of exanple, Fig. 2b is
another illustration of the 30 inductive plasma processing reactor as shown
in Fig. 1 b with the inventive addition of a magnetic field producing
apparatus) such as a solenoid. In Fig. 2b, a solenoid 424 is disposed
out si de the chanber 402. The solenoid 424 isspreferably |ocated at a high
vol tage point of the inductive coil 410. O course this high

oticdield i.n t I 80
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designs of the inductive coil and may be readily determ ned by e SKilled
in the amo00898¥er experinentally or by cal culation. The REIT&RIPALIG76duces .a
DC magnetic field 428 with a DC power source 430. In this enbodi nent, the
DC power source 430 Dee¢idéd Description odPrefui-fabFinbadpmeddce a magnetic
field that pronotes plasma 1gnition, e.g., approxinmately 200 volts. The DC
magnetic field 428 exists inside the chanber 402 in a region 432. The DC
magnetic field,428 temporarily. traps electrong 434, .causing themto.spiral
around the pat efé%sef“omp’i"%rg’roé’é'g‘g e’ §‘?r§’§ﬂd‘éa?‘iaﬁré“8‘fm¥éﬁeé’c foe%’féPNo‘?{gfefrgé
pronot e tdaehodtradrts Gierdofigs HRseae®in hakccoipa@fing iAsIRgY. dRkie BNowing t he .
preferred enbodi nent, the nagnetic field inside the chanber is Induced by a

t 0 sof endlegcriptia. muneARs trerdicietils pesetfopbir peigr byprapide @sthoraegh y 200 vol ts
DC and pro ef t baut 25 to auss, _However, it
is pref erurngg%?ﬁg gﬁ%rﬁ&%@% in(l‘:lfé ?tFoﬁlx\qg‘ng%p(?ové%usr %%%&38@%? %ﬁ‘%e%;ﬁfee till
mai nt ai ni gk the piegdnt ém@gn frlayide peactigdl withdud ot 36 AR of AkSGpedit Bethilatint he
exact voltage level of the DC voltage may vary as needed to a | evel

ef f ect i veotnd IpsteRseeevell FRAYAERTOEESS FIGRS Bave dapbechsigstibed in deinil in ariey 0ot Wsna. A

| ow power : I | use it offers the | east anobunt of

di st urban@@e{:%%%%%%%{%@?pﬁs?ﬁéﬁvl 'ﬁ&g’n, this invention is not Limted to a
magnepi ¢ fi el dinpicosidasd veish anesssbenof the padtyntitRadifionhRiprovdd igitien af £plasma
magnetic field effective to ignite the plasma in a given plasnma processing
react or cH¥idEEn SHPFBYRBlafE2 BrocesseFaARERat IRV PEERIreA ackiayedhy IBFASFiagR| v
noved upo | G Al | i I j : Of:

magnet | o PrBr AR TR BRlde Broc? b AR R, ighien REHRR Chaf i dhow |
chanber whessir¢shdsdiseussednarliar, et omi fireshiey ekcoet ezt dchghyedntfecelpath andateage
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bottom of the chamber 302.When RF power is supplied to the inductive coil 310, an

oscillating magnetic field 318 is created. This oscillating magnetic field 318 induces an
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reactor for processing a's stra?e conpri'sing. a Brocess chanper; an

i nducté ve oolilde widnbthgtuientral moleeuleotyghtéith horeeldtropoaRi positivelgehinged (s a ARF
frequency wherein said indug&ive coil generates an electric field inside of
sai d proce€8n ahsisesation ffe phirge slgefrrnsiexcqers theirdessdate; the plappatenites

configured to p | ' | NS | : ] '

P oxi 1y of _sarderadaPramesge biEldl BRI RleARAGa ARl o
1 wher ei n war ahigh voltegripsioyon the btuativé Soib3 MHThe b@erbid iHdeacaslad30magneixead ng

reactor of_clajim erein saig gnetic fjeld producing apparatus is a
sol enoi d; ¥ ‘H‘ﬂéBMg‘?‘ﬂertf@P??ﬁ 3}383\3}%‘}? HybodigeRt Biod G pIver pRuEe W&} proxidepne

pl asngspr Oﬁ@S&l%ithQe {h‘ﬁf"‘ﬂ’oﬁﬁce@fa n%ggEﬁ@ éemef@Awfo%g%ﬁ?&‘gggﬂéah% Si%ﬁiﬁéﬁ’, e;%s a

magnetic 20 flux i n the range of about 25 to a e plasma
pr ocessi ngappeadmatel p20Caisa poiver. eThie BEimkagmagnHelid 328 txiktd inpidedhe clrgnber

o e i n A% i FFEeacS ChapuR: e gporaly dleciops £ bagsause the i it 7
along the magnetic field lines 336 of the DC magnetic field 328. Because the electrons 334
spend more time in the region 332, they are more likely to collide with neutral molecules

20  prior to being recombined onto the chamber walls. This greatly increases the likelihood of
plasma ignition at low pressures and/or low inductive source power.

Typically, the accelerated electrons collide with neutral molecules creating more
electrons and positively charged ions, initiating a discharge. The DC magnetic field 328 in the
region 332 is no longer needed at that point. Plasma breakdown occurs and the plasma

25 ignites.

As can be appreciated by one skilled in the art, there are many different types of
configurations for an inductive plasma processing reactor and plasma ignition may be
facilitated by providing a magnetic field producing apparatus proximate to the location where
free electrons are initially produced. By way of example, Fig. 2b is another illustration of the

30 inductive plasma processing reactor as shown in Fig. b with the inventive addition of a

magnetic field producing apparatus, such as a solenoid.

In Fig. 2b, a solenoid 424 is disposed outside the chamber 402. The solenoid 424 is

preferably located at a high voltage point of the inductive coil 410. Of course this high



WO 001 39838 PCT/ US99/ 31076 6. The pl asma processing reactor of cl aizrﬁﬁ
‘wherein said magnetic field is turned off when a plasma is i(hdiJUNi i de
of said pLoc hanber. 7. The plasma processing reactor '

wherein Sg\'?) ?rsé%%etic field producing -. 5 apparatus is pl g,fé:gﬁ‘&%g@v\%gn

adj acent s L. ' 1l. 8. .The .pl as. rQcessi react or of
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processi ng reactor; neans, disposed externally al d process chanber, for
gener at i ngoramoteghestan of ihel wsdade thatoaisestpjasofa igmitidn.el ectric field inside said

Cara magnet i o 1PARGErerar=: ERpREIeRT 1§ TaseaiE FodinOAS B Lam RO lEEREN F o
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reactor of claim 11 wherein said neans fdr ‘generati'ng said electric field
i s an i nduoagnesic dluk betvsreplabelt 26 tap0(RFEausHdewenrit . prafsrredthet thieasagaetic flux

mmgnet i o Prorapeon b greRblatls S aE e R A SR IR s PSRE e s e
processi NYAIs8a£dtetha@ thetdxatiMolkdoeubiel 6f the TR CbolbmRE Relyl vary Aseledddip® aacv@gnet i c
flux in the range of about 25 to about 500 Gauss during ignition of a

pl asna i nsq:f(ﬁ@tiyg[cijrppi@@e%glamgﬁﬂéx stropg enough to ignite the plasma. A low powered flux

15 is preferable because it offers the least amount of disturbance to the process. In addition, this
invention is not limited to a magnetic field produced by a solenoid, any means that can
generate a magnetic field effective to ignite the plasma in a given plasma processing reactor
can be employed (e.g., permanent magnets that can be physically moved upon plasma
ignition).

20 As mentioned, the location of the DC magnetic field is preferably proximate the
region in the plasma processing chamber where the electrons are initially accelerated by the
high voltage from the induction coil. More preferably, the magnetic field producing
apparatus (such as the solenoid) is positioned such that the magnetic field is proximate the
electric field produced by the inductive coil. This is because most of the electrons initially

25  generated tend to be concentrated in the electric field region. Even more preferably, the
magnetic field producing apparatus is positioned at a location that allows the magnetic field
produced thereby to coincide with the region within the plasma processing chamber where the
electric field line concentration is the highest.

By way of example, the magnetic field producing apparatus may be placed in between
30  adjacent coils of the inductive coil such that a sufficiently high number of electrons are
exposed to the magnetic field when the magnetic field producing apparatus is powered.
However, it is also possible to position the magnetic field producing apparatus at other

locations, such at atop the coils, or at some location proximate to the coils.



15. The plasma processing reactor of claim 11l wherein said activation neans
~turns on said magnetiic field only for a period of tine suffiU:BeNNtZﬂ[lagnite

a plasma inside _said process chanber. 15 16. The plasma pro ctor
of claim WQﬁ%"Piﬁ n said activation neans turns off said na%ﬁ@%%llaid?d
when a plasma is ignited insid aid process chanber. 17. The pl asm
processi ng reac]tfslgrig B 1P & ‘hl‘isfﬁﬁg?’e‘f’ ﬁc%oéﬁ?ad’lcﬁévé onf:c?ﬁnlt?élﬂ@?’&tolfﬁ& ngﬁeaf
magnet i ¢ f jn@blionSohaegfotimafty10Xitihiof 2 8blefidt d20RaRsvd @ ind@iHRE abi] Y0 SAhE
electric field. zo 18. The plasma processing reactor of claim 1l wherein

sai d meansplp¥pa pEaessEgirea§tos disgussedearkierdn cpuiegtion withtFigt 2aa Nato dhat inguetinsl e

for said prg ' ' i | | resent t onpte ignition
of o pl asnéctid Lh e aby 0 AR ds Gl behel i RSP T e 900l
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wi thin sai BOPHYCEdeaiyedaither indugsive $pib SoRHIOAOBPEFAE G IIORCE 8 IDPCtRERl m 11
wherein a 8@?5@&?5&8%‘?%3&5&&@5&%2 said - 5 process chanber is set at a

e g

| evel suita or said ‘processi when said magnetic field is present to
pronot e igniti oAsofentiopddatwanagnttid field pratiupedicete mdpmetie fielddrodudingapphasza
processi ng,reactor, thod aof .i.gniting a plasm jnside a process chanber,
conpri si ngis A eﬁ%&?@?ﬁ% PlATIRBRIE ?9%9”65()‘inlo,r&66‘&5}‘¥“ﬁ‘b‘z%l PRt thesBaEretct o
sai d i ppucty b brdeBssP 0 Yaridea RFe BQUEIontd? phRKA ik AAYE FoMe HaE
generagtlpng%ae}r/\&% ecipfi cSSfie d insi%le saioéll pIPOCESSlgI(E}ﬁg d()arrt;eBfrﬁt)p\l(/)|Sed(:';i;{rwltglrng@/off
magnet i ¢ f itied magredd Geidpgodusparapparatud insgydegedriomed denpinsaintepianabmsthod,

chanber, sai etic field.produci ng apparatus bej onfi gured .t
pr oduced a‘ﬂ‘gb‘ﬁggir}er WieePPflq%L%‘Fﬁé‘oggF@E Eeé‘asg‘g&féﬁ"g@emvep?%r 8\? of
sai d el ect rj & h&hBrksaftdhogrer ating said magnetic field with said magnetic

field producing apparatus to
Note that although the preferred embodiment contemplates that the magnetic field

i5 produced be sufficiently strong to promote plasma ignition without having to raise either the
pressure within the chamber or the power to the top electrode, it is possible to employ the
inventive ignition technique to reduce, instead of eliminate, the need to raise the pressure
within the chamber and/or the power to the top electrode. By way of example, the presence
of the magnetic field may raise the residence time of the electrons and the probability of

20  collision such that only a slight increase in the chamber pressure and/or a slight increase in
the top power level is required.

While this invention has been described in terms of several preferred embodiments,
there are alterations, permutations, and equivalents which fall within the scope of this
invention. It should also be noted that there are many alternative ways of implementing the

25 methods and apparatuses of the present invention. It is therefore intended that the following
appended claims be interpreted as including all such alterations, permutations, and

equivalents as fall within the true spirit and scope of the present invention.



pronote ignition of a plasma within said process chanber. 22 e t hod of
claim 21 wherein sai-d RF power has an RF frequency of abouﬁ 3[31[& Qmﬂ—h
" 23. The h claim 21 wherein said magnetic field pro i ratus .
is a sol gﬁ%l‘@%@g{lpl ed to a DC power source. 13 3 June ZOggwﬁ%@ﬁgérret hod
of claim 21 wherein said magnetic field has a magnetic flux in the range of
about 25 to about 500 Gauss. 25. The nethod of claim 21 wherein said
magnetic field producing apparatus is turned on 5 only for a period of tine
sufficient to ignite said plasma in said process chanber. 26. The nethod of
cl ai m 25 Whatkisrclgimgdnisgnetic field is turned off when said magnetic field
IS unnecessary to sustain said plasma within said process chanber. |0 27.
The net hod of claim 21 wherein said nmagnetic field producing apparatus is
pl aced befween i L (o B9 L i Qo 1he nmet hod of
cl ai mq21 %/\'/ner e‘f& q%g%?}%%&%g%agééﬁ%cﬁgoéegggg%gg‘fstrg&lég\r}lgﬁggﬁi table for said
processi ng wheap sozégd gggggrti c field is generated wthin said process
chanber to pror‘rB’ie 35 rgnition of said plasma within said process chanber.
29. The nethod of claimz V\Perei n a chapber pressure within said plasna
processi ng r ealt Brustyveop! cophigured iabe equptedip @ Riopowaisguise aWag# Ry when sai d
magnetic field is generated within said process chanber to pronote ignition
of sai d pfragueacywhhiein spad thdpetineespd! gshertse an elzotri@(fieldrinsidaoef badd prokess| ai m 21
wherein said nagnetic field has a magnetic field strength effective to
pronot e i gidntthedyandf sai d pl asma within said plasm processing reactor. 31.
The pl asna processing reactor of claim10 wherein said magnetic field is
activgied to 23 phRktEnsaivtodic t : ' sma
o g e wi B s R R e B e o
of claim 19 .wherei id. net.jc field is tivated to ignite said plasma
and t hen a%xgg{?c\;as[%&%gnfefjgr g’é"%’d{ypcftjasgﬁaeq?%nq s?c'nlflt ed within said process
chanber. 14 3 June 2003 33. The plasma processing reactor of claim?2l
further conprising renoving said magnetic field from said process chanber
when said plasma is ignited within said process chanber. 34. A plasma
pr ocessi n@. r eadihepldsora peeseing reagtoa of clbisn i avherein sarp RFsfrengendy inalprubtd§s
chanber within which a plasna can be both ignited and sustained for said
processi ngviHz.

15
3. The plasma processing reactor of claim 1 wherein said magnetic field producing

apparatus 1s a solenoid; said solenoid being powered by about 200 volt DC power.

4, The plasma processing reactor of claim 1 wherein said magnetic field has a magnetic

20  flux in the range of about 25 to about 500 Gauss.

5. The plasma processing reactor of claim 1 wherein said magnetic field producing
apparatus is turned on only for a period of time sufficient to ignite a plasma in said process
chamber.

25



a RF power source having a RF frequency; an inductive coil coupled to said
RF power source and-configured to generate an electric fiel CDBn\ﬂ!’ 9083 said

- process c{gyhogasand 1 o a magnetic field produci ng apparatpSrgedfzigyred to
produce a magnetic field inside said process chanber in proximty of said

electric field; ' i [ I: tJ e 1 anj tdeon of
ai d pl aste wi Thy BoGne i ch oL Ehb Rk ke HIR!  leBl 46
activated to ignite.sai | as nd then deactivated after said plasma is
i gni ted wi“fthr‘?f‘raf%iagp’& 1?)?%%8‘gglsb%‘ai%%8‘g.prﬂ°§5%‘%”“c?ﬁ% pl asna processi ng react or
of claim 34 wherein said magnetic field is not activated during processing
of said substrate. 36. The plasnma processing reactor of claim 34 wherein
said magnetic field producing 20 apparatus is arranged to concentrate said
magnet i ¢ 7 el d Tha plaspraguecessing readtor efiélaim bivhsmindsaid megnétc flddépdu@ig The

pl asma processing reactor of claim 36 wherein said predetermned region is
wher e § he appsrafus isacdl teavetnakipetitirihgh bes«ld Aidactiveidoilal | y accel erat ed by
said inductive coil. 25 38. The plasna processing reactor of claim 36
wherein said predeternmned region is at a location inside said process
chanber where the electric field line concentration of said electric field

is the highest.~30,39. The pl rocessing react. f claim34 rein
said magnati o (TERERR AR AR o BT LR SR Re e b B PR

vol tage point of sajd inductive electrode. 15 3 June 2003 40., The pl asma
processi ng‘eY%é@E@fe%FS%‘ RTOFCAAPRBFRFaI BIRBRELGHIFHEPTOLUSNS PRPAFAIVS§ furned On.
symmetrically disposed within said process chanber. 41. The plasma
processing reactor of claim1 wherein said magnetic field producing 5
apparatus activates said nagnetic field only for a period of tine

suf fi abent9.t o il plesmea ploasssmgirsacs@i of cRiradesiereifardhamberdptessren@igiietdid fi el d
produci ng apparatus associated with a plasma processi ng reactor capabl e of

processi ng MBREERING reddi6t iPSANR 1L EE6le G
chanber wl?l%frﬁh Pg) V\sﬁir%ﬁea pllasma caér?%be b?)lteg&?%;nﬁrg%&gwg%%gtsgﬁme E’ii‘&f)cr’S sai d

processi ng d a system for .generating an electric field inside of said
process chgfaz}gé)??duscégcf%%rﬁﬁ%tllgc %1 produci ng apparatus bei ng confi gured
to produce a magnetic field inside said process chanber in proximty of
said electric field, said magnetic field being effective to pronote
ignition of said plasma wthin said process chanber, said magnetic field
bei ng acti VAt edThoplagma peocsshing ygretonel daich t wherethesait inagrietid figid s agudgdetis
plasma is ignited within said process chanber. 16 .Au_. A |.An

A5, A" B Al BER sleNgtA21B&I vVaSo AYorAbte Agnifidn fa AbMIoH s48dGsma processing reactor.
zzupkfa\ W ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca
] ca] ca] ca] ca] c*a] caU] ca] ca] c@] cOaU]cal z |

11. A plasma processing reactor for processing substrates inside a process chamber,
comprising;

means for generating an electric field inside said process chamber of said plasma

20 processing reactor;

means, disposed externally of said process chamber, for generating a magnetic field in
proximity of said electric field inside said process chamber; and

activation means, coupled to said means for generating said magnetic field, for
controlling an activation of said magnetic field.

25
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15 16. The plasma processing reactor of claim 11 wherein said activation means turns off

said magnetic field when a plasma is ignited inside said process chamber.

17.  The plasma processing reactor of claim 11 wherein said means for generating said
magnetic field is placed in proximity of said means for generating said electric field.

20
18.  The plasma processing reactor of claim 11 wherein said means for generating said
electric field is set at a level suitable for said processing when said magnetic field is present to

promote ignition of a plasma within said process chamber.
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present to promote ignition of a plasma within said process chamber.

21. In a plasma processing reactor, a method of igniting a plasma inside a process
chamber, comprising:
10 providing an inductive coil;
coupling an RF power source to said inductive coil to provide RF power to said
inductive coil, thereby generating an electric field inside said process chamber;
providing a magnetic field producing apparatus disposed outside of said process
chamber, said magnetic field producing apparatus being configured to produced a magnetic
15 field inside said process chamber in proximity of said electric field; and
generating said magnetic field with said magnetic field producing apparatus to

promote ignition of a plasma within said process chamber.

22.  The method of claim 21 wherein said RF power has an RF frequency of about 13.5

20 MHz.

y 23.  The method of claim 21 wherein said magnetic field producing apparatus is a solenoid

coupled to a DC power source.

13
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10 27. The method of claim 21 wherein said magnetic field producing apparatus is placed

between adjacent rings of said inductive coil.

28.  The method of claim 21 wherein said RF power source is set at a level suitable for said
processing when said magnetic field is generated within said process chamber to promote

15  ignition of said plasma within said process chamber.

29.  The method of claim 21 wherein a chamber pressure within said plasma processing
reactor is set at a level suitable for said processing when said magnetic field is generated within
said process chamber to promote ignition of said plasma within said process chamber.

20
30. The method of claim 21 wherein said magnetic field has a magnetic field strength

effective to promote ignition of said plasma within said plasma processing reactor.

31.  The plasma processing reactor of claim 10 wherein said magnetic field is activated to

25  ignite said plasma and then deactivated after said plasma is ignited within said process chamber.

32.  The plasma processing reactor of claim 19 wherein said magnetic field is activated to

ignite said plasma and then deactivated after said plasma is ignited within said process chamber.
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processing;
a RF power source having a RF frequency;
an inductive coil coupled to said RF power source and configured to generate an electric
field inside of said process chamber; and
10 a magnetic field producing apparatus configured to produce a magnetic field inside said
process chamber in proximity of said electric field, said magnetic field being effective to
promote ignition of said plasma within said process chamber, said magnetic field being activated
to ignite said plasma and then deactivated after said plasma is ignited within said process
chamber.
15
35.  The plasma processing reactor of claim 34 wherein said magnetic field is not activated

during processing of said substrate.

36. The plasma processing reactor of claim 34 wherein said magnetic field producing
20  apparatus is arranged to concentrate said magnetic field in a predetermined region of said electric
field.

37.  The plasma processing reactor of claim 36 wherein said predetermined region is where
the electrons of said electric field are initially accelerated by said inductive coil.

25
38.  The plasma processing reactor of claim 36 wherein said predetermined region is at a
location inside said process chamber where the electric field line concentration of said electric

field is the highest.

30 39. The plasma processing reactor of claim 34 wherein said magnetic field producing

apparatus is disposed proximate a high voltage point of said inductive electrode.
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42. A magnetic field producing apparatus associated with a plasma processing reactor
capable of processing a substrate, the plasma process reactor including a process chamber within
10 which a plasma can be both ignited and sustained for said processing and a system for generating
an electric field inside of said process chamber, said magnetic field producing apparatus being
configured to produce a magnetic field inside said process chamber in proximity of said electric
field, said magnetic field being effective to promote ignition of said plasma within said process
chamber, said magnetic field being activated to ignite said plasma and then deactivated after said

15  plasma is ignited within said process chamber.
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