WD 2005/ 010917 PCT/ SG2004/ 000210 1 AN APPARATUS AND
METHOD FOR CGENERATI NG UNI FORM PLASMAS Field of the

wo pasoidoon [ 001] This invention is related to PCEHSGEN04/000210

generation. Specifically, it refers to an apparatus
and nethod for generating high-density, highly uniform
pl asmas for a broad range of plasma processing
applications in senm conductor, optical, autonotive,

bi ophar maceutical and other industries. Background of

the I nvention 002 Pl asma _sour ces enplo ing a variet

of | SWATRARS BT HOD PGS ENERAdIN RO ML ASMAS
di schar ges, includlng direct current (DC),

radi o-frequency (RF) and mcrowave di scharges. These

pl asmas are extensively used by many industries for
processing various dielectric, sem conductor, and
conducting surfaces afficlédofthe Inmmbon al s. Nowadays, the
applications of the plasma di scharges expand into the

areas of synthesis of novel and advanc

nande} a&nmm@entmds bﬁle@éﬁgaﬂasmaegenﬁ@fl@m apecifipally, it refers to an

Sf\éaﬁﬁagql’ e?lé](’%afotg Iug%ﬁfrgl{sugé) %%ghégﬂﬁéé %@h har ges, %%Smas for a

whi gkoadh a@geeQ)enplamnat prfoaedsing apglll@abnsd aal sahicondwetast optical,
as efficient sources of high-density (>1011-1012 cm

3) Rueiwmoliye diepharaacsy other BERHISP0| unes and over

| arge surface areas. |CP discharges provide the

I ndependent control of the ion flux and ion-

bormbar di ng ener gy, Backerafnfliofiterdoyerntiont er ns of

ioni zation and power utilization, and have several

other attractive features, which nake them sin

souftek P&smalsewwwmépﬁw P AP SH ARV -PEFSSUIR épyplcn]ly 1 1 Torr — few

se g,ggggmcﬁgchm%gysfn% Y B 08 ShudreRf {ﬁ@% efadﬁﬁﬂequency (RF) and

advan S an r| cation o
nanggitiowatel dischargd30Thesk pldstias ramamttmss/el}pilsadrw thgny industries for

produced by RF el ectromagnetic,fjield generated b
D i Sy S SAEhESE sfpbces and butk
out §+ gegla%r NJﬁdgfsattﬂi? aPPIRGASS BYtheCHAIHRE Hlsclﬁ%§650§@'anﬁ Snto the

cou to the sma 'nductively, via excitation of
RF u\(aagaﬁBsmmw oP@DVEIGa0d 4dyaa2donanostructured and biocompatible

materials with advanced functionalities.

[003] Inductively coupled plasmas (ICPs) is a subclass of RF gas discharges, which
has recently attracted a great deal of interest as efficient sources of high-density
10"-10" cm'3) low temperature plasmas in large volumes and over large surface
areas. ICP discharges provide the independent control of the ion flux and ion-
bombarding energy, high efficiency in terms of ionization and power utilization,
and have several other attractive features, which make them promising sources of
low-temperature plasmas for the semiconductor industry, synthesis of novel and

advanced materials and fabrication of unique nanostructures.

[004] In ICP reactors, plasma is produced by RF electromagnetic field generated by
inductive coils of various configurations placed outside or inside the processing

chamber. RF power is coupled to the plasma inductively, via excitation of RF



2 currents in the chanber volune. The power that can
be gainfully used for the plasm production

waeoiosioc@iit y depends on the configuration of theCT/SG2004/000210
el ectromagnetic fields and RF currents excited in the
chanber. Most of the existing | CP sources use 13.56
WMHz RF generators to drive RE currents in the
i nductive coil. [005] However, sone of the

appl i catiagns of the existing |ICP deyices Euffer

&aom

non-CURFRS ARthg eharpher rvolnpe,; Fhe,powersthat FafRe gawnflly, used for the
by e . 110 . . ]
b AT STy BOUS] dqEB0h tMin aB orhl cdfnet
(" panrtdlead RF dun@nis ekvieeddaitheschambst. Matubihe exatnpi@isdunces use
the sem _conduct or manufacturing, the  above .

non-ldmorMHz R gegergtorstodrivieRE qireatsdn g’eﬁg‘g‘?mt"ﬁ g% hanber
axis. Secondly, generation and maintaining uniformty
of inductively coupled plasms over |arge volunmes has
pr oyes] tHowareg spmeif ehie apgplicatiasofrths ekisting IGP devices suffer from
substanti al drawback in _application of | CP devige fﬁ%power

t ec ARBIUBHPERRCPISRE §3i PlapaR PRERGITECAPEhDY B0Rfniderm
unt fd%ﬁﬁéﬁ. ﬂlvlﬁig'tli eI tKQh?f'.g? fcp h%viée% er‘l'{fyg(%ifh?é A4 pqEpancake™)

thisi1s Intri c to npst ext erna
confindyctived cailss mostatomnmogy radopted abtle steveopductonmaowfacturing, the

densjty al ong_axi.al direction. Data on, axjal, prof.ilgs
of  aeYeCBPVBRHERIERS PRFIShR (e (R el 0 CUBBPE Brisy Secondls,

10 LbR MDA ASRBidihe InbrmSRESF BahctRily Sdtipled®Mdsmas over large

neutral argon species | CPs confirm that the ion )
densbhynes dias preatbd yo té miprollms This can sesalidp s Jubstentiadh iraveback in

e "etcalifi et 6P 0erice B0 RohgeiPREHRecRasL AL il By vt of

RF RaWSImityO§ver gk RROLAAE. ghis imtRistdd @Gt it e ifeHEE to most of
transfer efficiency. [006] Several attenpts have been

r epoktenl-ceil senfigarations featuring nasicpatls degagh i ianpdensity along axial

nmodi.fyi.n he RF [=1CO i-ng, Bl I .

AR, DR TV ST i PUS] H0e Rroporiona
genes theintghbpt &sliica Bfispetizs)oof i0gic apdhewtal argohapeadiesyIGPs confirm
the main _paraneters of plasma _are djscussed briefl

[ 00t gbe e dersity ngticeidy pliminishss at digancgs o5 i 3ol of the
a PlASIEr H%r%‘g}? ISA%{ r.tsﬂglltconldﬁgLc\;ﬁ??lhéj%ftéﬂnﬂ@&)iﬂCP configurations is a

ferromagne uction co ural nmagnetic

di pehisssantiol RF powetlogsi to theodmbiet] that @ffbets ot poivees trassfer efficiency.
[008] Chen, et. al. WO Pat. No. 99/50885, discloses a
paral | el -antenna transforner-

[006] Several attempts have been reported to solve the non-uniformity problem by
modifying the RF power coupling, coil structures or plasma confinement. Relevant
background arts on generating plasma and improving spatial uniformity of the main

parameters of plasma are discussed briefly.

[007] Keller, et. al. US Pat. No. 5,767,628, discloses a plasma processing tool,
which utilizes a ferromagnetic induction coil with plural magnetic dipoles for

production of well-confined plasmas.

[008] Chen, et. al. WO Pat. No. 99/50885, discloses a parallel-antenna transformer-

coupled plasma generation system, with a set of parallel coupliﬁg elements is



coupl ed plasma generation system wth a set of
paral l el coupling elenents is WO 2005/010917

wWEOnsB8ERO04/ 000210 3 positioned on a diel ect r PCT/BGUQM0210
of a plasma chanber and the radi o frequency current
flowwng within the elenents is oriented in a simlar
direction. The inductively goupled fields in the
reactor are reinforcing, and“the highly uniform
plasma i s generated. [009] Chen, et. al. WO Pat.
00/ POBYgnediprs 8| dielecitie Windaw pf & Rigma drmbshand e radkd frequency

d I
DA Y ST ] T e, g T

of  gndcasdR coliglod FelBNd thé Qea@tdrhﬁif rgihferdg, aimdahe highly uniform
combi nati on of a planar coil and a vertically stacked

hel ipdasadogdneraByd. adj ust i ng the inductive coupling of
each coil, radially and azinuthally uniformplasma can
be achieved [0010] Kim et. al. WO Pat. No.

03/ Qdody Thendéts al. oFESPA. Nal 06/069932 dischseRa amnepleaconamenna for
pl asma source for production of uniform plasnas.

ant emh?&th@Y coviebplasBR ZeRaRAONCYHIREE Maltmlm enilscag P@ﬂtl%l?ed on a
coi l t
i nld € ca; oW ir[dagr §ta @flsgl? 1Y élﬁ‘fpr L %\{l}ig%r qhé}laP br b REmbination of a

|c f ar ea

uni fplinat &oil And 4 Veticatigatacked I[xdl)ﬁdlldoﬂ\my aéjlustmg the fiAlmptive coupling
Phys. Lett., 72, 777-779 (1998)], reported on .

pr odbershsilordialy gpd amuihally paifera lpsa Fadisachiseed,

coupl ed plasmas by launching a 13.56 MHz traveling

wave in a series connection of eight parallel rods

enbeebdep Kiim, éthal. W@ Paa Na. mBiQiénS;idisclmwa largattres plasma antenna

[ 0012 Not wi t hst andi n t.he and ot her i or .art

[ of anb s seyies B ReOGiclipy oLTHEER PGSl i e f composed of
hi gfi?téxgﬂﬁﬂefchéd hﬁé&&@&&ér 3tk hl geamelty mBgil g uss |s‘bf8ﬂ1%h of the
coupl e plasmas, wth the inproved, as conpared wt

t he imduced elegjrip Fiakirrmdpooduce tie langp are@mmfmymaf in the reactor.

el ectron/ion nunber densities. Objectives of the
I nvention [0013] It is an object of the invention to

di SGecaFE WAy, BEVL. r[Rf){)] *soLeﬂ@ "RAIPEI-TD (19D Cﬁmp&%d on production of
i ntroducing two nut ual Y orthogonal uni di rectiona

cur hightdenkigie lasge-aesei industively eoupled| rigynas L lyaghing & HeS6 MHz

a VaGEvs mg%%‘%ﬁ y'series connection of eight parallel rods embedded in the plasma

inside thin quartz tubes.

[0012] Notwithstanding the above and other prior art references, there is still a need
for a source of high-density, large-area and large-volume inductively coupled
plasmas, with the improved, as compared with the existing plasma sources,

uniformity of electron/ion number densities.
Objectives of the Invention
[0013] It is an object of the invention to disclose a new method for producing

plasma by introducing two mutually orthogonal unidirectional current sheets

oscillating at a low frequency inside a vacuum chamber.



WD 2005/ 010917 PCT/ SG2004/ 000210 4 [0014] It is

anot her object of the invention to disclose a new
woreilotand apparatus for production of hi ghl pCT/eaG0#/000210

plasma in both radial and axial directions. [0015] It

is still another object of the invention to disclose a

pl asma reactor that can e yp- scal ed towards | arger

di mensi ons w t hout conpron15|ng the uniformty of the

pl asma paranmeters. [0016] It iis yet a further obj ec&

of 10944] Hieanathey obischefthe invephien é’e@ﬁl‘&ﬁ afieqcmgthod and apparatus

f
conforgtdatighbr b RBtpR LRGP (U PRRAR el Aiions
the I nvention [0017] The present |nvent|on seeks to

provide an apparatus and method for generatjng
uni fe9sh Blis gpot‘r[e@ obisyt qfé}@@mplﬁmn};o disglogéa pg@‘g@ ggactor that can

t he ggr eSS§ eg"gﬁ%f :§ lla(% (S ci.u%\rém pl?S’ Wﬂh&ﬁt‘%ﬂﬂ)rér?%gg the uniformity of

gen asha
con‘g{drﬂamﬁab@naheps |ntrodu0| ng a process gas into
a plasma reactor; introducing a first unidirectional

osc:|IIat|ng RF current sheet in a first direction and

regt . QS C4 F.C t

" IORBCI IR it CbhEn Bticl8E el el 1o AhIcRR the TSR plasma
Vmehﬁifdihrhiyewfth&ﬁtany @Rictlial ® hmgﬂétlooﬁddlcbnﬁgmgtlﬂé or electrostatic
current sheet is substantially perpendicular to the
sec&hglding di rectional oscillating current sheet.
[0019] In another aspect, the present invention
provi des, a nethod for generating a highly uniform
pl asma, the method chmmmayiofgheIngergtosps: i ntroduci ng a
process gas into a plasma reactor; introducing a
unidirectjonal oscillating RF current into a firs

pl uiQQFTlt Vhe fPresgrt ansentien rsGksy i SRRIILE GRsapmraiug japd pmethod for
dir %ﬁoﬂn?ﬁgﬁﬁg plurality of current carrying

con uc or§ 1n a second direction; and generating a

time varylng RF electrical field azimuthal ly shifted

on 45 w ct to the st _an nd direction

of 19948l 5 Y Sh&Pe 6‘§Rﬁ°{ ?lpﬁeﬁe%#ngff&’r‘)@rﬁrgwdﬁ%& Bicfpod for
the g&{gréiixfg%qhgﬂp ahifd¥eh 31A9R4, ARORbHoRCompEiAL MOBP3 1Mtroducing a

process gas into a plasma reactor; introducing a first unidirectional oscillating RF

current sheet in a first direction and a second unidirectional oscillating RF current
sheet in a second direction inside the plasma reactor; wherein the first
unidirectional oscillating RF current sheet is substantially perpendicular to the

second unidirectional oscillating current sheet.

[0019] In another aspect, the present invention provides, a method for generating a
highly uniform plasma, the method comprising the steps: introducing a process gas
into a plasma reactor; introducing a unidirectional oscillating RF current into a first
plurality of current carrying conductors in a first direction and a second plurality of
current carrying conductors in a second direction; and generating a time varying RF
electrical field azimuthally shifted on 45° with respect to the first and second

direction of the unidirectional oscillating RF currents; wherein the unidirectional



5 oscillating RF current in the first and second

plurality of current carrying conductors exhibit
waumsanti al |y no phase differences. [0020] | nPEEBG2004/000210

anot her aspect, the present invention provides, a

met hod for generating a highly uniformplasma, the

nmet hod conprising the steps: . introducing a process

gas into a plasma reactor; |ﬁtroducing a first

uni directional oscillatin current into a first

pl u |Oa¢111=!t3ngo REc gusrenit inc dhe %fﬁg and rsaerndo PEITAHY 20f jopgent carrying
di rect recti onal

osciP Aac Oﬁs e’%—b%%?)rten llyﬁ{ %%Qé;(ggtg%égép[ urality of

current carrying conductors in a second direction; and

generating a time varying RF -electrical field
azi faseelalt yveé rnpther] ashect5 th preseRis puentieny nrawdes, ratmethod for

and _secq ﬁlg ngh?ﬂfll% ?{aﬁ%y SE‘I : uﬁltro(el %{Hpﬁ%g ?g: steps: introducing a

-1_)

uni &f"?"é‘“

fir I”oc@ﬁdga‘é Qﬁt@@plﬂﬂhedtda@@t i igfteduciipca fiksduniitireGifonal oscﬂlatmg RF
currents exhibit substantially no _phase differences.

[ 00Rufrentrintg # Jfirsthplpraligy, € tcurr@mfecque Rendugtpsh i @niirst direction;
proy Itgo%%%lﬁg a@g{cﬁﬁ (ﬂlrectg&ﬂf B&Eliaﬁlﬁgﬁ Qi e D ELBh Iugahty of

plagha npri si ng e“Steps: 1ntroducin

pr oeesént ¢adying Bbmiuatoﬁl e corriditeotion; Ianﬂ peoshuatingg thme varying RF
unidirectional oscillating RF current into a first

pl uekericicyl Beldcarimuihelle éhllf‘ffi g donaudy weredt jo ghg firgrand second
d' r 1r£ Itlon 'of’ 'tﬁ]t %1%95!1%1 o dbﬁtludl{f&{tﬂhél%%{:ﬂlg Rﬁscﬁhjelllt@t\’vﬁ@em the

UFFERin secon ent carrying
Conﬁmtzﬁfdssdcﬁn(ﬁ vakkbecibmdl roscitlating; Rﬁ‘nchrmt’se eghibit gsubstantially no
time varying RF electrical field azimuthally shifted
on Réasﬁnd{ fferencépect to the first, and second direction
of the wunidirectional oscillating RF currents;
wherein the unidirectional oscillating RF current in
t he[doR1]sIn afuthseaspeat, the preabittiyvenfion proviges, amethyd fay generating a
conductors_exhibit _subs tlal

i g RES g ed SRR HE e REge dptoqieipe @ proces gas

Pr esRh L pldita bR, ﬁh@&ﬁ&eg%a uﬁﬂu@éﬂcﬁan@scﬂﬁhhg REESHRBhL into a first
for an inductively coupl ed gnfsna reactor_ conprisin

a fphmtllty)l off aunmnj cm‘yn@ lyonduretarg| mya pﬁﬂshldl@ptl@urmﬁgucmg the

carryi.n ucto ented in td

cocBHEr el Pryrredkbaane: i § bl pUHIEE drapeft carying

car &uxmwtoe@mdwac@ﬁcsdmctﬁﬁt afll gehenrting asvaliihg®H electrical field

wherein the first and second current carrying

condziomutrally fshified on 45° with respect to the first, and second direction of the
unidirectional oscillating RF currents; wherein the unidirectional oscillating RF
current in the first and second plurality of current carrying conductors exhibit

substantially no phase differences.

[0022] In yet a further aspect, the present invention provides, an antenna
arrangement for an inductively coupled plasma reactor comprising:a first plurality
of substantially parallel current carrying conductors oriented in a first direction; a
second plurality of substantially parallel current catrying conductors oriented in a
second direction; wherein the first and second current carrying conductors for
carrying unidirectional oscillating RF currents in a first and second direction

respectively; and the first direction being substantially perpendicular to the second



carrying unidirectional oscillating RF currents in a
first and second direction respectively; and the

wo 2oost1diT ecti on bei ng substantially perpendi CBAB8G2004/000210
t he second WD 2005/010917 PCT/ SG2004/ 000210 6
direction; further wherein the first plurality of
substantially parallel. currept carrying conductors is
di sposed pl anarly above the Second plurality of
substantially parallel current carrying condrctors.

[ 002kection; afukther Whesgie cthe  Brsh Pharnbtyr 8f cObviantighy parallg). current
| t h t . .
o bRz TtEgons s TR RIARRR B ve Be sBeBhrality of sybstantially

an aptARNeurredf EARM®AduaeRPrising a first plurality
of substantially parallel current carrying conductors

ina first direction; and a second plurality of

subs} ant ial | aral lel . current carrying. t |
O e S i G o AR GRS RS Bramber
pl urghptbd fRfpldsitarRidessiag fd fog iteddeiag of 5 pfoeessqasy atidr antenna
uni di rectional oscillating RE currents in a hl rst and .
sec aranghment choprisiag sclitst plarality of quistantially paraljel, erreng qarrying

bei n subst.ant ical. | endi cul t :

i v SORPEIES TR KEY AreBGP T £ Ypfing, Pty 3F pBlagially paralle
subshasht @rfyimgoesmiutiets mus rsecundcdirectiomgwheninuibt ofirst asd second
di sposed pl anarl above the second pluralj.ty.of N
sublenktyeaf] Wﬁﬁg SIS endpeints ACRTYIRG wligfiiongt gscillating RF
Bri %gngﬁyi‘ﬁ Iaf tﬁzgldggecgﬂ?dﬂcﬁ’l%'}gﬁ)e WV\A and tRE 28" diREtion being

enbodi ment o resent 1 nvention | now be nore
f ul Isybstaifially i gegsbndivitah toether encel doectiva; dndbérngbengfn the  first
which: [0025] FIG 1 ill s{rat‘%g a Cross @He?ti on Sigelanarl
vi edliality ofjsybriantally peealle] pueRt caryin £andyfqs i, disposed planarly
pr e%ﬁ&&e th0¥&dha gﬂl'ral[& Q%ﬂbsﬁh&%ﬂé[ pakdl1ep blirdn® Sarfyih® Bordubidrs.

of the antenna arrangenent of FIG 1 in accordance

with the present invention; [0027] FIG 3 illustrates

the wiring connectj on_of the aptenna arrangenent in

FIG 2, [0028] FI B nRiriptsp B e i 1 i ed

equivalent circuit for the electrical connections of

FI Ggh24)/R 20 1M otitibnt/ 02O PfdstOiddéhtion will now be more fully

described, with reference to the drawings of which:

[0025] FIG.1 illustrates a cross sectional side view of a plasma reactor in

accordance with the present invention,

[0026] FIG.2 illustrates a top view of the antenna arrangement of FIG.1 in

accordance with the present invention;
[0027] FIG.3 illustrates the wiring connection of the antenna arrangement in FIG.2;

[0028] FIG.4A illustrates a simplified equivalent circuit for the electrical

connections of FIG.3;



7 [0029] FIG4B illustrates an alternative equival ent
circuit for the electrical connections of FIG 4A;

W@ 0@30]109Ft G 4C il lustrates a vector di agram of PODBGZYE000210
drops of FIG 4A and FIG 4B; [0031] FIG5 illustrates
uniformty of the generated plasma in a radial
direction in accordance with the present invention;
[0032] FIG6 illustrates uniformty of the generated

plasma in an axial direction in acco[dance W

h the .
pr ede020] FHy-4R: ilbistratpy oasjalipnative | qauiyatent et for e electrical
perfor generated plasma in the
el et os?grfesoqfné("g?‘ >and el ectromagnetic (H) nodes; and
[0034] FIG 8 illustrates the main paraneters of the
generated plasma in vary per ating press
Dt HOBBLIFHL4E I isn  GFpn S B RAT G HAB98) CLATC #A and FIGAB;
apparatus and nethod for generating uniformplasm in
a preferred enbodinment is described. In the follow ng
desqeospt FIGL5 illeshaies Smfolnipr ofihd @dndrated gplesmaiibe radial direction in
preferred and an alternate_enbodinent. It shall be
appaﬁ‘éﬁﬂam%wéfhéheﬁerF@HemW%he art, however that the
invention may be practiced w thout such details. Some
of the details may not be described at length so as
not [6032 BEG 6lilusifaes uhifvredity ofthe foR38kd Rasma it ay axigl direction in
FIG1 and FI G 2 pl asma reactor 10 in accordance
Wi t ﬁc‘iqli‘éancﬁ%@éﬁﬁperva‘?ﬂ?neonprl ses a reactor
chanber 12, a chamber top 14 and an antenna
arrangemsnt 30 conprising a plurality of current
car joo3sp Fi@Adilestates ﬁfor@@lceaqﬁ' thagsderptgd plasma in the electrostatic
prezk?‘} erm ned manne cco ance with the present
i nv SG2004/ 000210 8 [0037]

The pl asrm reactor 10 may further conprise a variety

of portholes, inlets and outlets (not shown in_ the

dr a\#034k FIG 8rillusiratascthe imajn petrersiers @4 dhas gensgpted plasma in varying
nmount i n d|a ostlc tools to probe into the reactor
chaifB&# “wal I's of the

Detailed description of the Drawings

[0035] An apparatus and method for generating uniform plasma in a preférred
embodiment is described. In the following description, details are provided to
describe a preferred and an alternate embodiment. It shall be apparent to one
skilled in the art, however that the invention may be practiced without such details.

Some of the details may not be described at length so as not to obscure the

invention.

[0036] Referring to FIG.1 and FIG.2, a plasma reactor 10 in accordance with the
present invention comprises a reactor chamber 12, a chamber top 14 and an antenna
arrangement 30 comprising a plurality of current carrying conductors 25, 26

arranged in a predetermined manner in accordance with the present invention.



pl asma reactor 10 may be doubl e-wal |l ed and may al so
conprise cooling neans for cooling the plasm reactor

waeoso0®38] The chanber top 14 houses the ant ePEESG2004/000210

arrangenent 30, which conprises a first 25 plurality
of current carrying conductors and a second 26
plurality of current carryigg conductors. The first
25 plurality of current carrying conductors are

substantially parallel to each other and the seconr{jh €6 )
pl ulens7l Fheplasume resntorcHt mpy rthes SRERESS Avagiply of portholes, inlets

fs: ;nglpg rﬂlgﬁfﬁg mbxg'ﬁt g[]c{/\n;nag# YheP &fa%#g%i f&loin%ﬁacig% E8cess! Bises and for

curren arryirng ¢ uct or are

housgsintifg thgneionbsls td pfoba 4nts ukdreattat chduster de The walls of the
nmount ed p%anarl y above the second 26 plurality of

cur pasmageactayi l§guasobridenbls-walled and393y 5@ porgprise;fooling means for

pl ural,t f rrying conductors 25, 26 are
furtcﬂ(él?ngtﬁgglsz} rg‘rll%e%&foﬁglé{vi dual dielectric sleeves 28 to
isolate themfromthe process gas inside the plasm

reactor 10. The dielectric sl eeves 28 can be nmade _from

f us §4p38k iThe ekansher sanui hepsesrthe agicanaaif3ngemeNtelll, dduchgcomprises

R
MouRheng ohdectérble Tiehfirdee?5 phpalitd, of whineht cargihg conductors are
i nside the_plasnma reactor 1%@(&8% orts 21

2 | .
adapsvleanally aralislth coek O i DG SPEQpAcR RiFBTIY ot pirent canying
r ea%[)l?(fucé)gs Qr% sﬂﬁileﬁgl SRR pdallcl B8 e£nCIBR&G! 'THfe first 25 plurality
sl eeves . Ih uumtig

e va t seal between the
di elofcturént cairgiey esnd@Btorsimed hohsedgo thesclmbeniopblet fush thad they are

by UL SO, B2 3,00 D3k KON PERLADL 5Bl s

plurality of current carrying conductors are adapted
to carry a unidirectional oscillating RF current in a
fi r §0030) Eech obtheaplirality ofsewtsnt c2@yipEsoadnetgrso?5, 26 are further

current .carryin nduct or,s_areosi m_larl d ed t

car Pyused %HP&V}‘%E]? agﬂezgﬁlco%lg?‘%F ?tgi {r(])g} S%%ﬁer %ehr‘?ﬁl ?ﬁlnaﬂle Blocess gas
S eC gishedine §dshreackiie16.i ik didlectiegaets I8 caChd aade from fused
bei ng substantially perpendi cul ar or orthaogonal

. to
eac lulise e alumip. SBustidegue slepres 28@ro owrpisd saside e chymlgr top 14
Gener at | NG5 AT 590 BOmMRted inside th
i nvolade asgzr%étﬁlgg)%[]%ézgiaﬁgbv ttﬁg d%ileggrg&a%‘%&?%r stl y o fside the
i Nt ch&tbdrnep 4, pwidcle fsalgmimsidattbe plagma emctoorl Oc [Bwetperts 22 are also
of L . . . .
adapted to maintain vacuum integrity of the plasma reactor 10 by being sealed with
the dielectric sleeves 28. The vacuum tight seal between the dielectric sleeves 28
and the ports 22 may be formed by using epoxy seals or other known sealants and

sealing methods.

[0040] Furthermore, the first 25 plurality of current carrying conductors are
adapted to carry a unidirectional oscillating RF current in a first direction and the
second 26 plurality of current carrying conductors are similarly adapted to carry a
unidirectional oscillating current in a second direction. The first and second

direction being substantially perpendicular or orthogonal to each other.



the plasma reactor 10. Next, sinultaneously
introducing a first unidirectional oscillating RF

we@mosendii nto the first 25 plurality of currenPCT/SG2004/000210

carrying conductors in the first direction and

i ntroduci ng a second unidirectional oscillating RF
current into the second 26 plurality of current
carrying conductors. Atine varying RF electrica

field azimuthally shifted on 45 with respect to the
fi r 40043h Generatingia Riasmaciromiho plaswa reaciart 1 gopldnkelve Agnethod

26 ynidir.ection i {i. r p i
C o AL HEC B P o Bl FocEtl L&D thereh P chamber 12 of
Pr e plakiy @hdten 10.NeNbit! simaafedeohtrodudihgiar fisst ivaititectional

oscillating RF currents may be powered by a single RF .
geneseillging RBeuitent) intecthe ifivet 20 plredist ef AiHad caBAs copgietors

pat t.er the first ds . rality..of

Cur 1505t SRpson i, lioffng B 50 ugPioRir dutitling RF, curent
30 mmy the second Poestutalitys 6f b@fentlchieyingtoohduotersl tA time varying RF
single RF generator. .[0043] Referring to FIG 3 and

FI Gelpatricehdiels acimuthally shifiadeen 4onyithfrepnsst 4 it Ast and second
arr %ﬂ?& n(}f téeoﬁ{s?§y%}1(§ sdcinf 3§ Hniﬁfre%'n)ﬁ lfds'i:ﬁlta' RF currents is thus
pluraliTy of current carrying con Uctors car yi ng t%e

uni g@efi@gtbd.onal oscillating RF current in the sanme

first direction and in substantially simlar phase.

Each of the second 26 plurality of current carrying

con [ G :

oacifizf Tf it gfeleRl bRl BF e EoBR the first and second
s ub sihigliveétidnaly osdilkiting 'RIp baisents Fiag Hei poverech tly sictinglel RF generator.
directjon being substant.ially perpendjcul ar .or

or t RygEIieme é’cl’irea‘?t .e‘{/% eptiqn patery rtﬁl‘r“l 6755 1735and second 26
di f%ﬁfrﬁﬁ%%f‘ SuirfetP BA-ARE @Enditidrd &f Rh& hiteh@d aRh@2iRnt 30 may be
reactor 10 operation at |ower, than conventional,

r adicougflecsseries ateriately hied tocasijegloRF3BoeRigr. t 0 1000 kHz.

In this range, wavel engths of electromagnetic fields

are typically nmuch |arger than the dinensions of the

ant gsbagy REf e RLG.9 fankl GRS SBB teldcbriRD tomttctig3O0dfthe antenna
Referring to G 3, the wiring arrangenent_ of the )
el eerrphgeaient Ginesstltoris dagh oft e At ehh Plurpliyn gk rBFent3gartyng

is sho The e, ' . 1.S6S: [
cur RRory BEprFi8 B Gl dibod] debifuting SATBLARSH Bedine first
SeC @idctibn’ A6l inogubsthhallyUsiindlhr pledsk 0 iddchosfetbt [se¢dndR6Rplurality of

current enters a first end of ong@of. .he first ,65.
pl uchientganying Gondusiose similpdy cagey testipnal oscillating RF current

in the second direction and in substantially similar phase. The first and second

direction being substantially perpendicular or orthogonal to each other. Very little
or no phase difference is experienced by the preferred plasma reactor 10 operation
at lower, than conventional, radio frequencies in the range of 300 kHz to 1000 kHz.
In this range, wavelengths of electromagnetic fields are typically much larger than

the dimensions of the antenna arrangement of the present invention.

[0044] Referring to FIG.3, the wiring arrangement of the electrical connections for
the antenna arrangement 30 is shown. The example shown in FIG.3, comprises
eight current carrying conductors in each of the first and second direction. The

unidirectional oscillating RF current enters a first end of one of the first 25 plurality



10 of current carrying conductor at point 40, at a

second end of the sane current carrying conductor,
w@oi0sn10917i s then coupled to a first end of oneCDSGLUI€000210

second 26 plurality of current carrying conductors at

poi nt 42. At a second end of the sane current

carrying conductor, point 4% is then coupled to a next

uncoupl ed current carrying c(,)onductor of the first 25

plurality of current carrying conductors.

conng cuirent qaamnsr poniBetPH Rk POk 4Boning Sepmd; %‘dﬂf theepme current

each of. the all e

conGHEBE §°% ({“8{ oprl’tnat eI e\ﬁcco%u 1%5(50? %{rgt&g&?’ BEY)!fﬂfésecond 26

Secgﬂﬁlalﬁ of Rh#érit! datrying fcofidiick @B fat ?@hf 42 .n@at a&eebmlt emdsnf the same

e resulting direction of RF current eneraied
by ptmexft icagyingSondirtere point 43 26 then goapled to @ nexh Upeip

Car e SRt Sicde! s Bk AP e RberbiiCoa i eotuctors.  The

uni dhsRetibpiieroliows BRHoiRh2€ to PEWhére @hdtngf thwﬁrshpmahty 25 of
the reactor chanber 12. The connecti on attern

FI Gegrréns| ¢mgacmuﬁ@rqoa@ akbgrngielyi peppledofyieachy 0 ? dhgyspeond 26
of externa coup hi s connection pattern

al 38%%%8&1@%6 W#Jnﬁﬁgé’%; the inductive reactance
of the antenna arrangenent 30. The current carryl ng
conductors 25, 26 may_be coupled via ex oug%gp d
Wi r wwaa"be esersulé@spsbﬁecmqrt of RF symret @@ﬁl@lﬁ%‘t Yn@l secon
woul, B St %gxqghg %n@@éﬁ&ﬁ 9s m@stﬁ{e@p&y ﬁfe iﬂ"dvﬁtﬁ The

i ntroc?um n a proces | asma r eact or
and réshRing Rircurtean eaLisd gonsndmtedcadmdlragtlanaﬂ iRfisgurrent sheet oscﬂlatmg

uni di.recti onal o cillati RF cur.rent_ she

f i r 3fthipn the ggacky c %mlaerj& SOREGHER Paten Bﬁ}glld ?folﬂ)ws a principle

0SCiok Inﬂlﬂn!}lg c%%bﬁiéﬁ NEih S0 efleral c@uﬁﬁfgoﬂﬂeéjlmbdnﬁi&cnon pattern

inside the plasma reactor 10. The tinme varying RF

el ealspiadedntigeotisly gemiorizesdoe induetivsrreaciatricmef Hie gujenna arfangement
Ct t

oo TS SR 5 B e BB A P i

0SC iyite@ il oREoppef Nt sheets. [0047] Referring to
FI G 4A, the antenna arrangenent 30 is represented by

two phases 75 and is further coupled to a RF
en or, 73_Vi a an I
get &gﬁﬁ] Ei}&nerﬁneg 2 \]RDSI% gxgogxgd g%h %fvoq{l] e&' g%;ﬁ%rﬁlnﬂ?ﬁfghﬂh@ gteps of first

ar r FBRRERNE 8 Hroddeu Qitsﬁ thto tthg @ldsara wenetot O amipéddandmultaneously

tuni ng capacitor 76,
mt?odum}r)xg a first unidirectional oscillating RF current sheet in the first direction

and a second unidirectional oscillating RF current sheet in a second direction inside
the plasma reactor 10. The time varying RF electrical field generated is then
azimuthally shifted on 45° with respect to the first and second direction of the first

and second unidirectional oscillating RF current sheets.

[0047] Referring to FIG.4A, the antenna arrangement 30 is represented by two
phases 75 and is further coupled to a RF generator 73 via an electrically grounded
matching network 74. The two phases 75 of the antenna arrangement are coupled

together via the impedance tuning capacitor 76.

ed current
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generator 73, an exanple of which is an "Advanced
waEe@sgyonndel - PDX 8000" running at about 46BRHRGZ@IN000210

be used to power the antenna arrangenent 30. In the

present exanple, the range of power supplied to the

ant enna arrangenent 30 varieiyin the range of 100 to

2500 Winto a 5052, non- reactive |oad. The matching

network 74, an exanple of which is a standard L-t¥Pe

mat d#A48L The Rboganeratanry3pan exaseple 6f whichs @peAdvanced Energy model

char. erlst.i c i npedange of F tar
2B i b7 0 o BT g e antnna
ens Y @RgeniBiK i 30U NP GNE bred@R Osdatply) thétrandehef peweit eupplied to the

chamber " 12. [0049] Referri nt% to FIG 4A, the voltage
dr opn&on® sgangemeph 38 earigisinothe trargeaeft Eithte 230 Wh ipdorant0€2, non-

O ek TR LTt SR B oo
arr %Wtﬁﬁﬁé;he%rﬁadﬁn% whed it @shtéiniR dhatkctegi@ti@impgaaceof the RF
ments

seg 7-80 as shown in FIG 4B, wherein the .
i ndigehexatoe 73f toe thehlqat ssepedansg nedhthe7plagga jrgactor 10.  This ensures

approxi.mately L.L4. l.n the,.present ,ex , required
capmweém&'&f d@gﬁﬁ*lggﬂ@gﬂ% P4 ?rsChéT-ggngt?o mat ch each
phase segnent 77-80 of the antenna arrangenent 30 is

4C. The equivalent circuit in FIG 4B shows the
schdome] Refoming tegFiT-#Anthervoliegs dropcastnss discebases 7 phthe antenna

present inv i 0 ] :
Ber agangng i off e LB ERE BRRNGLARor YELAPARAY #hEe. To avoid
ar r gRGERBR volkeaeps, theankania asanpemant 300¢an B ldidded mto four equal
thus very nmuch reduced. [Qoswé Referring to FIG 4A anci1

FI Gphwse ssewments J7-34; asghavn dn &HE- 4B avhgeip tgsaductanegof each phase
t he 4 i i ance: .

e sGARFRTR ) S S0RRLEY S b b O ERSE spectane
ar r afigetrientapatitors S17& anahaithe eachl plrge sdgmpnt AEBOsH thhentenna
I mpedance tuni ny pacitor .76 (wi.th. capacit.ance C). is .
V76 seaneenh yS {Gr deai e PSR G ho g the Schematic
dasRad, b hR8Srehdinf inactbrdah@0nih tHdBre¥&lt iid@atig. OMRe corresponding
V77-V80~ correspondi ng to each phase segnent 77-80,

V81vok@it drops ssprsriblé plpst segraaiss 37-30 joé thregntenna aajgagdnpest 30 and

81-84 and the ot ! d the ant
ar 7 dregnenporgricrs S wRPfalniBh BREERS uCoy the

solid lines.

0,

[0050] Referring to FIG.4A and FIGAC, a vector diagram shows the voltages
across the antenna arrangement 30 with total inductance L. The voltage drops
across the phases 75 of the antenna arrangement 30 is V75 and the voltage drop
across the impedance tuning capacitor 76 (with capacitance C) is V76 can be very

large and are represented by the dashed lines in FIG.4C.

[0051] The voltage drops V77-Vg corresponding to each phase segment 77-80, Vg;-
V34 corresponding to each of the series capacitor 81-84 and the total voltage drop
across the antenna arrangement Vi are represented in FIG.4C by the solid lines.
In the antenna arrangement 30 configuration of FIG.4B, the voltage drops V77-Vgo

across any of the phase segments 77-80 is four times smaller than Vys



In the antenna arrangenent 30 configuration of FIG 4B,

the voltage drops V77-V80 across any of the phase
wae@sBnms7 77-80 is four tines smaller than V75PCTNG2004/000210

2005/ 010917 PCT/ SG2004/ 000210 12 Furthernore, the

vol tage drop V81-V84 across any of the series

capacitors 81-84 is also fou tinmes smaller than V76.

[0052] Referring to FIG 3 and FI G 4B, each of the

first 25 pl uralitééof current carr inP conductors, i

n .
t he Farthemese.dhe oltnerdker Yo-Yafcrotaaip e’ BEpencapaciings f1-54 is
of iGN dnpRehil 91/ ty of current carrying
conduéidrs Via & capaci tor specifically an inpedance
mat chi ng capacitor for reducing voltage drop across

the entire antenna_arrangenent 30. ternatively, th
I 0ER: RS o 16 At F5r B aeBief e et ety ol current

bet ' HHM‘? fihGa
conguc{ ors Bfli(ﬁﬂ?%sgmqggggtﬁna arénfﬁg]gﬁng%{ gaglot.hﬁf %%és‘]ﬁﬂfl:dnto cach of
an ahd excomd D& pheslitg dif vantnt daheingi costucond viee eaphcitor specifically
unidirectional oscillati ng) $F c#lrr.ents may ,be drive

I fpRde

by d@Rfinpedance {patghing capas! yoing volkags| drop) 3qrgssythe entire
Cur r6fhn R¥lideQapacitors may be
firdl %ﬁ%‘é?@?“&?@aﬂﬁg?‘ﬁieﬁig‘iggﬂﬁ 3“19%%39‘81’”3*? Rhing baacitors may
cur cemiectedriepary apredetetmined swuldred duprent Geyorgicq@ductors in the
generator, where laoth generators operate in a

syn@hicer 2EmepReEtE0 ocked node. The first 25 and

second 26 plurality of current carrying conductors

woul d differ fromthat of the preferred enbodi nent .
and [0058] th asltdpeative epibediment,she fiest and sesppdipridirectiopalbespillating

Generating,a plasna. in.th | a r [ I 4k ] .
acc dgﬂﬁegts\/\ﬁng% F@weﬁlb e‘ﬁﬁgﬁeflf/g?e%’?gl%glogrsénﬂ £ \Ilﬁig# 5 bilality of
I NV @li¢¥Ent3aFfih R @endiRiorN GolldBe S&upksl 10fa firkt BEF kynerator and the second
i ntroduci ng a process gas into the reactor chanber 12

of PReplpralitmal comentorartying cogslugtors poymief, &g Agsegond RE; generator,

uni di,r ect i.onal il L it '

25 Ui og eohesfof, grell ich Fachidhlil pohid Bolddtbdd, Sime first 25
firahd sdcone€ 26 Pﬁmﬂhﬁ of bigrent tdrryank comiyctars wedddiffer from that of the
unidirectional oscillating RF current into.the ﬁecond

26 praferzed embogiment apd wouldngt by PeRpIeGRFERTHEAEY | e
varying RF electrical field azinuthally shifted on 45

with respect to the first and second direction of the

f i r $4052p Ganetatierophisid6 in the plasma reactor 10 would in accordance with the

o

alternative embodiment then involve a method having the steps of firstly
introducing a process gas into the reactor chamber 12 of the plasma reactor 10.
Next, introducing a first unidirectional oscillating RF current into the first 25
plurality of current carrying conductors in the first direction and then introducing a
second unidirectional oscillating RF current into the second 26 plurality of current
carrying conductors. A time varying RF electrical field azimuthally shifted on 45°
with respect to the first and second direction of the first 25 and second 26

unidirectional oscillating RF currents is thus generated.

[0055] Alternatively, generating a plasma in accordance with the alternative
embodiment could further involve a method having the steps of first introducing a

process gas into the plasma reactor 10 and then introducing a first unidirectional



unidirectional oscillating RF currents is thus
generated. [0055] Alternatively, generating a plasm
wo oaooidance with the alternative enbodi menPCT/oGLH4/000210
further involve a nmethod having the steps of first
introducing a process gas into the plasm reactor 10
and then introducing a first_ unidirectional WO
2005/ 010917 PCT/ SG2004/ 00021 13 oscillating RF
current sheet in the first direction and then a secqgg .
uni diseillatingoRE | currgricshestanithe firt deasti@mndsthera spepng unidirectional
second.,di. r i on_insi C
C o AE et e ol oA AP ORERS e plhopd Hctor 10. The
azi el e S Ele@eicANGA® BeNdriibd iy BER agimitallyiftddr @t 45° with
and second glrection of the first and second

uni diespecit foothel firsb sud |skeamidndjrartion ofrthatfirsthand secopdgmddirectional
Referr.ing to Fl G he uniformty of the generated
pIaéﬁﬂhWﬁ“%ﬁﬁgﬂFﬁgék@%rection in the plasma reactor 10

is illustrated. The results of experinental data

presented in FIGS correspond to a 51 niforr argon . i
di sqenssh &efesting &0 KEQ.5An the unifomaityr ofrihgnganceatqd-plagpadn a radial

Facitigotim S piad i IL R BBl GBS o BEpfifgal daa

of RhreftBd 48 MTIGLY chifespbnd b & HANKIE arpot edisthri@, silstained in an
RF- conpensated Langnuir _probe (LP). The radial scans, .
wer slesemagnesid (H) made witd 6% W RE iyt within 3 plasms reagiorhaving a
current/field sci | hat | r ] 5.4 . .
FI e s i A P e Yol pRIckf fladh ity ne i
denFIGs AN evetesmailé Bing anBEkomgersied 1adgmairqirobeh@LP). The radial
react or chanber 12. [0057] FI. G 5B, sgoms th?_eff tive 1d
t empeanst weee eerfermedpplongathe| deqignsodhe Eyling BY qmpgnt/fie
uni f QL) .k i alacdir 1\O { | ] & itv of th
el (<SR EHERER B8 35 AEH ) ORI shpE Lol ik formty of the
pot eldsinaldeMityaf, it wihig&rérabingdhptadasef deseadien achgmbegla. y
uniformin the radial direction until nearing the

walls of the plasnma reactor. [0058] FIG 6A illustrates
exc%ds?j&‘h@.&B? khdthd theeffebiivel RpBaturE bBiRBlhaha dRtttons Tex to be
and” FI'G6C for Vp at the sane pressure and RFE power

as HigBlbumifirmi in the tididl direetion witd oharingethe wals 08 therpjesma reactor.

The -unjformty of the. p ensi ty ] .
T L el L 5 D, B P s
12. yRab@k i M6 rdiW directiidhtibhéarmganéiwalls of the plasma reactor.

[0058] FIG.6A illustrates excellent axial uniformity for n., FIG.6B for Tes, and
FIG.6C for V, at the same pressure and RF power as FIG.5 but in a different
discharge in pure argon. The non-uniformity of the plasma density is less than 10%
along the vertical axis of the reactor chamber 12. Referring now to both FIG.5 and
FIG.6, total volume non-uniformity of the plasma generated is within 10%, which

is a substantial improvement over many conventional plasma-generating devices.

[0059] The plasma reactor 10 in accordance with the present invention can operate
in either electrostatic (E) or electromagnetic (H) modes. In the H-mode the plasma
discharges yield highly luminous and dense plasmas with the plasma density in the

range of 10" — 9x10' cm™ and electron temperatures in the range of 1.5 — 5 eV



FIG 6, total volunme non-uniformty of the plasm
generated is within 10% which is a substanti al

WO p@sovenrent over many conventional pl asma- geneCEBGIIN4/000210
devices. [0059] The plasma reactor 10 in accordance
with the present invention can operate in either
el ectrostatic (E) or el ectrolrsaagneti c (H nodes. In the
H node the plasna discharges yield highly | um nous

and dense plasmas with the plasma density in the
r angathoroderate RF qpoverp nehesseadiag -2 kW only Biipidingadg, the plasma

-in the.range .of, 1.5 - e [
pCrASRSHOR Riggo € s BRI éwer, whercas the clectron
eXx C egfihdiftures ardMehdr(71186V5: maghiatiod BEthel iapurepownde bai teyult in E-H
is typically one or two orders of magnitude |ower, .
whe rad HEh aesitensr Gach ©f than ds noageygraible gpreo Mystesstic effects)
eV), Variation of alo)8 C s ot
et OpiEep e 808P OF bRty B Y AEIGER Wbl dbphdbariation of
due tRedoptial @higdioe intdrisRE b8 heuthe higes Mint (840L DY deringdE-H and H-
operation, as shown in FIG 7, which depicts_yariat] gn
of Erhedeoiarisitions eathyariahion ofithe:RF il shrraes fikffef%ﬂtg%%a 1,40, and
line,(840.82 nm rj - joti
e
(22 fleRibilit¢Gn Mettin® Coprihen rdischrge noygaatingr pasuetess fokhths plasma
feature of the plasnma source offers great flexibility
in @@%Wﬁw@l’bﬁ%ﬂ%l di scharge operating paraneters
for the plasma processing applications. [0060] The
hi ghly uniform plasma can al so be generated in a w de
r angmwesif The (eghdy i unifonn splpsmas san edso Refgenerated inoa F¥ide gange of

hi ghly uniform and stabl e. pl as wer e- geper at ed wi,.t h
R ﬁa%/{é%g &7 FreBATRW &ﬁ'ilePEngtgr &%ﬁﬁ, lelﬁﬁlyp'?lgﬁoggrag s%"ﬂéee plasmas

frogeroee R RE potils BE1.85 kW whilGvEAing e pi&fire rafge from
in Ie&é%eélean‘gi?lhe Vppoas ?n FI G 8C exr‘{ig{?ilr%gthg o

per Bor 680 ceTaf. (The mplassima FIG84: dhe dusrastin 18k gug ghe Vp as in

ran is...allo t he pl react 1 .
or o008 i Ao o i Popie foplos besthe biaGure rapge. This
of RNOFEHF PesAP Bdacfort10TStha tpréteiit§ @k eftfonpoagshighly. flekitde for a
operating pressure range of the plasma reactor 10 .in

accundetyicnd paveshsing epplicalent ati ¢ifferent pressHISS- f dPe Repratipg pressure
ext ended .t,0 sever Tord: r ' i £ '

B
t 098t hefentéd 1o deheabTas TEngedscdimplelfiodifications of gas flow controllers

and vacuum systems used together with the plasma reactor 10.

[0061] In prior art systems developed for uniform plasma generation, a variety of
methods using electromagnetic, magnetic fields and various antenna configurations
are used. When such prior art systems are required to be up-scaled or a much
larger system required, the prior art systems disadvantageously face several
problems during implementation. Such up-scaling is not a matter of increasing
component capacities and physical dimensions of the required circuitries but a
detailed and complicated process of redesigning around an existing system or a

complete new design.



[0061] In prior art systens devel oped for uniform

pl asma generation, a variety of nethods using
webk@siomagneti c, magnetic fields and vari ous BOT/BGLIA4/000210

configurations are used. Wien such prior art systens

are required to be up-scal ed or a nmuch |arger system

required, the prior art systems di sadvantageously face

several problens during i nr} enmentation. Such

up-scaling is not a matter of jncreasing. conpon
cap 6] @'ge predens ysnten a]@wﬁe%]ygg}ysmgformﬂga %.e&gnerated with

~ci I‘%lg,ll t ,ﬁnﬁ%axgrm a 066 kPN 268 féfaﬁgﬂy%ﬁﬁﬁléswﬂout the

r ed84i%] an exi sting sys

NeWaek@&iad. prii¥lesd 65&1931&%7%@-5&5@2 OUﬁJsEH]ﬂgld)sysfbﬁl in accordance
[OOS‘“& The pr esent invention allows a hig gtlﬁéorm

pl a th@ pme@ennmrmoeds dimaiter gf H&maémgadﬂafv‘?%mj fe rgpctor as
whi ch dvant a y. I

ass & a?se pf;%%? (ﬂl?)% ‘?‘?é‘%@r‘% o%%g%@agfjgye%% chitént carrying

Up- s6thicidgs andSths r€l8vand c@sacitsrs and &F geintiatdrhie The sismpid circuitry of
invention is a matter of increasing dinensions for the

r eadheopresent hm@nﬁoragd\tan@g@@as}yezgl A GRS oohfs PerfRymed with
capa0|$ es_f he current carrying conductors and

t he ST eV7ARMCE c pacitors and RF generators. The sinple
circuitry of. the present invention advantageously

all ows the up-scaling to be perfor dvvit h | ess .
r ed €2963nDup Geeﬁ?la}ﬁﬁbg’t BoRaHaE kramngf 4§¥ #@fﬁ%&eﬁ?ﬂn high-
demgnelsd ono Bl 9Ol ﬂﬁ@hﬁ ngfb& %ﬁiats ’cohﬁl/él'mﬁ%non of the

I nterne 1a e pressure nerC|aI|zat|on of
t he invienti@ntédnoalscc aﬁferagrsau pofehtaal agaphmtlopsuremapamcron semiconductor

applications in deep mcron conduct.or. rocessin

mul PTOCPSEAgy TS BT ﬁﬁl&gﬁsgﬁ“e% ctydi E%tefr?atm&“fes and
het %ﬁl‘é&fé% uﬁlﬁ?acén?rocé’ééfi@r lafd t Ine8Ficaiet,f Biocompatible ceramics,
processi ng and i cation, bio-conpatible ceramcs,
depdspdsiton of fuzsuiped Menciresistant coatings, and seyeel pihges; and

several others. [0064] The expected out cones of
comercialization of the invention are not nerely

| myg TRe tetBedtd® BhtcORRS i ofi @inBboiatizatidneaf the 1nvent10n are not
flexibility, reproducibility, and stabil]i

pl ageeely dimited tadbe e sRacHjsdrbeyaspmigat E%Pli\%/y \}()?Irrpdumblhty, and
Slolt g‘%t)ﬁ gf %ifmt? dllpija%#gelﬂt the Q:\eazlg{1 eregﬁﬁomﬁgmg fre AR RET allow easy

S processi ) )
adjustment to a large number of another potential materials processing

technologies, should the need arise.

[0065] It will be appreciated that various modifications and improvements can be
made by a person skilled in the art without departing from the scope of the present

nvention.



technol ogi es, should the need arise. [0065] It will be
appreci ated that various nodifications and

WO psovenrent s can be nade by a person skil |l edP€TISGH®4/000210
art without departing fromthe scope of the present
i nvention. WO 2005/ 010917 PCT/ S&004/ 000210 16 C ai ns
1. A nmethod for generating a16un| formplasm, the
nmet hod conprising the steps: i ntroduci ng a process
gas into a plasma reactor; b. |ntroducing a first
uni di recti onal oscillatingchmnéurrent sheet in a first
direction and a second unidirectional oscillating RF
current sheet in a second direction inside the plasm

1.7 eaX Reiho s RhératifiCa fhifsiin pladnl, tieahéthodtomapiding ticistegs:
RF current sheet IS substantially perpendicular to
t he as ecomiradipigl e @EaceesEas lﬁéélﬂlﬂsﬁkalrﬁ@t@ur rent sheet.
2. The method in a rda e

. iT %PF‘Pg X ﬁsg drset %&1 0S lﬁ'“g%. ona?ﬂr&lﬁ Lheet in a first

wherein t RO M untdi e

osci | | at igngctidn &4 ﬁeﬂéboﬁhﬁﬁid&e@ﬁﬂﬁr atdillatidal RE swaront rsheet in a
RF electrical field azinuthally shifted. on 45 with
respect seconddirggtiontingadaithe plasma TeACkct i on of the first
and_.second_ u t n bstantiall
Sh é\fhgrel ntger Al fli ﬁ(ﬁ%(:@&ﬁh il an€ Rﬁgclﬁl%nf %E@t is substantially

In accor e wt aim1l

n&lbﬂammmgﬁﬂndmbnﬂescﬂlammunenmhem gen,
ane, or hydrogen or a conbination of any of the

nentloned gases. 4. The nethod in accordance with

2. cl ai lrpetﬂ@(? r&,‘?__ia@c&rﬁﬁxcte \ﬁrﬁﬁ s ?eﬁﬁ'ﬂfér Whettlih @h¢ IfRR3And second

osci'l I Ng current sheets are OSCIllatIng at a
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R A8 B B o s
segolﬁﬁzﬁxﬁf?ebt%rlay oégﬁ %ﬁ% c%hfefxtesrh@ﬂg o 6. A nethod for
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genera |ng a un| pl asnma hod conpri sing the
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4. The method in accordance with claim 1, wherein the first and second unidirectional

oscillating RF current sheets are oscillating at a frequency range of 300 to 1000 kHz.

5. The method in accordance with claim 1, wherein the first and second unidirectional

oscillating RF current sheets exhibit substantially no phase differences.

6. A method for generating a uniform plasma, the method comprising the steps:
introducing a process gas into a plasma reactor;
b. introducing a unidirectional oscillating RF current into a first plurality of
current carrying conductors in a first direction and a second plurality of

current carrying conductors in a second direction; and



current carrying conductors in a second direction; and
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wo 2ovs/ovenyi ng RF el ectrical field azinuthally B&i/AsGcBH4/000210
with respect to the first and second direction of the
uni directional oscillating RF currents; wherein the
uni directional oscillating F?%current inthe first and
second plurality of current “‘carrying conductors

exhi bit substantially no phase differe s..7. The .. .
met Hod | rEcAYIaHE antime yarying| BF rﬁq%zm%ﬁ iedd &@H@hﬂ?% shifled with

gas comprises: ' i i @ifech¥i] QeG Mati
or a corrt#’%’gfiitggﬁ oﬁﬁgﬁ@&%e%5$(ﬂ§%§€§?%g%§méaseé:§¥ 8. TE%ngF
met hod i ruaem®r dance with claim6, wherein the
uni di rectional oscillating RF current is oscillatin

whereig the widisgetignal op¢jHatyre lélgemf%lt ¥Hdo f%ﬁﬁfﬁg gecond ;PLWH&H ¥f current
Eﬁ{ t] . ' . PR di hod conpri si ng

¢ gg%?@%éﬁxﬁggn@% rgéﬁéghgéa proggggmggg into a plasna
reactor; b. introducing a first unidirectiona
oscillating RF current into a first plurality of

7. cur ridmethed i asgordenca itpslain 6 veharrip dhe propessigay Rorgprises: argon,
. ro WS .

uitich AL P EGRRLy A oithibh APy Rf Bk sifes,
conductors in a second direction; and d. generating a
tinme varyjng RF electrical field,azinythally shifted, .

8.wi t Theyraéthed in 3cgoRdaRce; Wik clap &, Shersithg; %?ﬁcgﬂn%m‘ilﬂ%“ng RF

L1 S: el ' 1986 klizat i ng RF
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oscillating RF currents exhibit substantially no

phase differences,. 10. The nethod in accardance wt )
9,01 A thoya i ing 2 ppiuy Bns s PP BoBige e sos:
Ni t r,00en infRfubARY prédesd YA iRBRIDIAmaTesds®i Nati on of any
of the nentioned gases. 11. The nethod in accordance )
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uni directi.gnal ., oscillatin F re
osci |l | at ioﬁﬁu%?ntﬁaﬁ%%ﬁg%dgﬁg’?gﬁgae ot{cﬁ%%ﬁm?o 1000 kHz.
12. A netifesiutRg Qecndtinidreationil fosciltaipg RFacurkdne into a second

met hod conprising the steps: N
prlTIB:ality of gurrent carryigg conductors in a second direction; and

d. generating a time varying RF electrical field azimuthally shifted with
respect to the first and second direction of the first and second
unidirectional oscillating RF currents;

wherein the first and second unidirectional oscillating RF currents exhibit substantially no

phase differences.

10.  The method in accordance with claim 9, wherein the process gas comprises: argon,

nitrogen, methane, or hydrogen or a combination of any of the mentioned gases.

11.  The method in accordance with claim 9, wherein the first and second unidirectional

oscillating RF currents are oscillating at a frequency range of 300 to 1000 kHz.

12. A method for generating a uniform plasma, the method comprising the steps:
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process gas into a plasma reactor; b. introducing a
waipdodior®er i onal oscillating RF current into a PCT/S62004/000210

plurality of current carrying conductors in a first

direction; c. introducing the unidirectiona

oscillating RF current into & second plurality of

current carrying conductors 1h a second direction; and

d. generating a tine varying RF electrical field
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i nductively cdupl ed plasma reactor conprising: a first
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conductors oriented | [

in. first difection; a second
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second direction; further wherein the first plurality
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15, wherein the first and second

15.  An antenna arrangement for an inductively coupled plasma reactor comprising:

a first plurality of substantially parallel current carrying conductors oriented in a
first direction;

a second plurality of substantially parallel current carrying conductors oriented in a
second direction;

wherein the first and second current carrying conductors for carrying unidirectional
oscillating RF currents in a first and second direction respectively; and

the first direction being substantially perpendicular to the second direction;

further wherein the first plurality of substantially parallel current carrying
conductors is disposed planarly above the second plurality of substantially parallel current -

carrying conductors.

16.  The antenna arrangement in accordance with claim 15, wherein the first and second

plurality of substantially parallel current carrying conductors adapted to generate a time



plurality of substantially parallel current carrying

conductors adapted to generate a tinme WO 2005/010917
wEIs8ER00D4/ 000210 19 varying RF el ectrical fPer/8G2004/000210

azimuthally shifted on 45 with respect to the first

and second direction. 17. The antenna arrangenent in

accordance wth claim 15, ein the unidirectional

oscillating RF current is osCillating at a frequency

range of 300 to 1000 kHz. 18. The_antenna arrang?mant
varying RE slestinab fiphdt aziranthally shattedwpre A&7 With fespeetytg the first and second
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paral l el current . carrying conductors. WO 2005/010917
PCT/3SG20Q$i431d2d4¢tor chamber adapted for plasma processing and for

introducing of a process gas; and

b. an antenna arrangement comprising a first plurality of substantially parallel

current carrying conductors in a first direction; and

c. a second plurality of substantially parallel current carrying conductors in a

second direction;

wherein the first and second plurality of current carrying conductors for carrying
unidirectional oscillating RF currents in a first and second direction respectively; and the

first direction being substantially perpendicular to the second direction;
further wherein the first plurality of substantially parallel current carrying
conductors is disposed planarly above the second plurality of substantially parallel current

carrying conductors.



20 21. The inductively coupled plasma reactor in

accordance with claim20, wherein the first and
waeasndopt ural ity of substantially parallel cuPCERG2004/000210

carrying conductors are disposed inside the plasma

react or chanber. 22. The inductively coupled plasm

reactor in accordance with ﬁbain120, wherei n each of

the first and second plural ity of substantially

paral l el current carrying conductors is contained :

21 nsiTe instetivedy ceuphtd plasina Jeagior i} afcordenre Wé‘ﬁéiﬂ)@sf"» yherein the
The_ i nductj vel ounl ed r i ; )

fir g s g3 of itBlaffp e L R Qe e RERAICHADGR disposed

insRaRE fshPreasepemmsbat.e the plurality of dielectric
sl eeves and still maintain vacuumintegrity of the

pl asma reactor chanber.

o

22.  The inductively coupled plasma reactor in accordance with claim 20, wherein each
of the first and second plurality of substantially parallel current carrying conductors is

contained inside each of a plurality of dielectric sleeves.

23.  The inductively coupled plasma reactor in accordance with claim 22, wherein the
plasma reactor chamber is adapted to accommodate the plurality of dielectric sleeves and

still maintain vacuum integrity of the plasma reactor chamber.



