WO 03/ 015123 PCT/ US02/ 25223 1 DUAL FREQUENCY PLASMA PROCESSOR RELATION TO
CO PENDI NG APPLI CATION [1] The present application is a

cont i nuatworesionsipart of our co-pending, conmmonly assi gne@Cprusez/sizonal
application Serial Nunmber 60/311,050, filed August 8, 2001, entitled "Dual
Frequency Plasma Etch Reactor with | ndependent Plasma Density/ Chem stry
and lon Energy Control." FIELD OF I NVENTION [2] The. present invention

rel ates generally to vacuum plasma processors and nore particularly to a
vacuum pl asma processor including a plasnma excitation region including
first, second and third el ectrodes respectively connected to high and | ow
frequency excitati on SHUALEREBAVENCY £LASMAIIROGIEISOR al , wherein the
excitation region is confined within a vacuum chanber having a wall at the

reference potential. Another aspect of the invention relates to a vacuum
pl asma pr odBEEATIONCI QGO END NG ARFICAHANance el ement and an el ectrode

for respectifyel yTiex¢réddtl abpbaomRisl & cohifuRiorAGLsHR BF /SFROPIHRSSOr W th
hi gh and Iowfre%ren? RF vvher.elrll a .f|.|t§$ﬁarr nrgeme |1n gbpﬁl circuits
for the hi gFPrEMPNNoRrTFErLRIRVISNal aRRliTation oAl NUrRber 31 HR°Pr Bglency t o
fl ow t hroughuginet Bl 200 , bettitieen "Duble Fedpetncgd Picamea r Eieht Reactorpedtance

el enent an i Vi r i requency from

f1 owi ng frg%agﬁéﬁ‘?éeﬂatc'ﬁ%%ﬁe{'afﬁneg‘esﬁg}r@ee"%gﬁr%%ﬁ%t'&# ?‘?M‘?@E i ode.  BACKGROUND
ART [ 3] Vacuum pl asna processors are used to deposit materials on and etch

materi al s frenywEKR\EOgRGNIat are typically sem conductor, dielectric and
nmet al subst . rntroduced into a vacuum plasma processi ng

a |
chamber whdet t hEhwPkgiast e inentigpatel@testngereiaipvedo YReYYTr 128y pi cal | y

in the rangsoebssbrd dnd mOROparasdlary iea ¥asuird plasthh @odedser irtludiig Bl asma i n
response to an or e

an RF electric l.ectr.omagnetic field, TE}(? RE field is
orovi ded byPlESTBa@ IR EH R AP dRen oty SEEPTS 87Y nHda FeaiosEs: ode
array or a respectivelchomrmegiteéo bightentelgnefréqueny excieatiorospatces aRE 190
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el ement is connected'to a T ,
vacuum chamber having a wall at the reference potential. Another aspect

of the invention relates to a vacuum plasma processor including a reactive

impedance element and an electrode for respectively exciting a plasma in
the a vacuum plasma processor with high and low frequency RF, wherein a
filter arrangement in supply circuits for the high and- low frequencies
enables current at the low frequency to flow through the plasma between
the electrode and reactive impedance element and substantially prevents
current at the high frequency from flowing from the reactive impedance
element to the electrode.

BACKGROUND ART
[3] Vacuum plasma processors are used to deposit materials on and
etch materials from workpieces that are typically semiconductor, dielectric
~and metal substrates. A gas is introduced into a vacuum plasma
processing chamber where the workpiece is located. The chamber
pressure is typically in the range of 0.1 to 1000 torr. The gas is ignited into
an RF plasma in response to an RF electric or electromagnetic field. The
RF field is provided by a reactive impedance element, usually either an
electrode array or a coil which couples both magnetic and electrostatic RF




RF source having a first relatively high RF frequency and sufficient power
such that the gas is ignited into the plasma. Connections between the first
RF sour cewand/oraazti ve i npedance el ement are usually by wagTafSoz25223
relatively long cable, connected directly to the first RF source. A first
resonant mat chi ng network connected beftween the cable and reactive

i npedance el ement usual Iy includes a pair of variable reactances adjusted

to match th Fe ATREGRE 685 OTTH Redhli8 BB aRLK %%rﬁ%nth%%dnﬁ%gtédttﬁ ?fﬁ]ét' Vi ng.
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plasma confinement region within the interior of the chamber.

[6] In other chambers, the reactive impedance element is spaced from

the electrode carrying the workpiece at the bottom of the excitation region.

In some of these other chambers, as illustrated in Figure 1 of the co-

pending previously mentioned provisional application, the reactive

impedance element is a coil adjacent to the top of the excitation region and

the electrode carrying the workpiece is frequently connected to a second

RF source having a second RF frequency considerably lower than the first

RF frequency. The second RF source, frequently referred to as a DC bias

source because it causes a DC voltage to be established on the electrode,

is usually connected to the electrode by a -second resonant matching

network, also usually including a pair of variable reactances adjusted to

match the impedance of the second RF source to the load it is driving. |If

the reactive impedance element is a coil, the second RF source typically

has a frequency in the 2 MHz range. In these other chambers, the coil is



3 located outside the chanber and the el ectromagnetic field produced in the
coil is coupled to gas in an excitation region of the chanber through a

di el ectriwowsftaes at the top of the chanber. [7] The firs®tCTresbatizeel y hi gh
frequency, which is in excess of 10 M—% controls the density of the

pl asma, while the second, relatively I'Ow frequency, which is |ess than 10
MHz, controls the energy of ions in the plasna. |ndependent control of
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of _the pl aghahiighilp Rohfshing cibdlic parahbldrs,! idines GoNkl agbons, the

chanber wall” | s an insu or and rior o ma excitation
region is A/ %aurts?ntppé% 'E%rﬁr]dn??ﬁ?“ |%Ev$é-’r'vg0%spa§hé”@8fer<a} t MeC\WHAnber wal |

and mai nt aim@dni@érsanctlaﬁ@raame@l wW2ill estalgl maigtdifeciait @refardncd hetegaiml, whi ch i s
excited to E E excitation region flows through the Iouvers to
an outlet pdftx HB tomof the chanber. In these further

confi gur at i[Bhs, Mhetlléloélmerr odbambers, heherein difie tdlectradeciat athieotor efitba i s

connest ed g dlifoh SEERRNSARLERK Bl EkndbhErkBE e fEPIBALRERUCt Ur es

h b
bg?lleev:gnt dﬂgb %ﬁé‘fﬁf&t%CVdSh%rm“@d d@etbe r@@tﬁmalbn/vlwrabcféggtlw 86 her kpi eces,

particul arlpeaseiB FaseHEHR cldREf, SNhII@EtﬁélsJ&ohd'Cl’feﬁﬂﬁ/@q/ WRFr reyf or

et chi ng and deposi ti on  of (?Lna X’ gﬁ)éaramst ﬁlﬁp’asma
processor s FeHAigdttRele plectads ¢@minggihe HREMIECSr eﬁé@ﬁ‘e Ag'YAd

mai nt ai ni ngcHemeberdnclades batetal okl thasnetatwall adualty defiresnibetexdericpeci es in

t he pl asma, i t of the ions, radicals and neutral species
in the exmtpgbﬁ%gnrﬁéeeq?@%%gbﬂg &'t he wor kpi ece and control of the energy of

i ons inciddAl onlntHid fgr[hlm@tcrcmﬁguranﬁggethe chamber wall is an insulator and the
exterior of the plasma excitation region is defined by plasma confining

louvers spaced from the chamber wall and maintained at a reference
potential, such as ground. The gas which is excited to a plasma in the
excitation region flows through the louvers to an outlet port at the bottom of
the chamber. I[n these further configurations, the electrode at the top of the
excitation region is connected to the reference potential.
[10] While the foregoing structures have been adequate for processing
prior art workpieces, they are not believed to be adequate to handle deep
~ submicron processing of workpieces, particularly semiconductor wafers
meeting increased requirements for etching and deposition of fiims. Key
design parameters for plasma processors meeting these increased
requirements are generating and maintaining the correct ratio of ions and
radicals to neutral species in the plasma, the residence time of the ions,
radicals and neutral species in the excitation region above the workpiece
and control of the energy of ions incident on the substrate. These
parameters provide wide process control to develop the correct processes



parameters provi de wi de process control to develop the correct processes WO
03/ 015123 PCT/ US02/ 25223 4 for many types of etch and deposition
processeswolog/ogdei ti on, for workpi eces having | arge area®CTiuse2/zx233 of
processi ng each wor kpi ece has beconme an inportant parameter in processor
design. The nean tine between cleaning the chanber interior, the cost of
consunmebl es, serviceability of the processor and numerous other factors

affect the r@psmaﬁp ty@re@cer%teg AndOB &b 'rﬂoé&%e@r OCRS SIditicAUMYARY OF THE
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| ow f r equendjaRgRIPeRt @NDReted| é%tmdée%ﬁwesdﬁE?‘g%qual WEF‘L\P@H stLecur rent
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RF . [13] The, f t filt f bl | t
connect ed 17 Ty (ACtNp ditPeHanE st roe Vsl 4t SPERERISRARERTRaMb 17l s
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i ncludes a
electrode and to the low frequency RF source.

[12] In one preferred embodiment, the filter arrangement includes first
and second filters. The first filter is connected to the reactive impedance
element and enables current at the high frequency to flow from the high
frequency source to the reactive irhpedance element and substantially
prevents current at the low frequency from flowing from the reactive
impedance element to the high frequency source. The second filter is
connected to the electrode and enables current at the low frequency to flow
from the low frequency source to the electrode and substantially prevents
current at the high frequency from flowing to the electrode and the low
frequency RF source.

[13] The first filter preferably includes a bandpaés filter connected in
shunt with the reactive impedance element. The shunt filter has a pass
band for passing current at the low frequency and substantially attenuating
current at the high frequency. The second filter preferably includes a
bandpass filter connected in series with the electrode. The series filter has
a pass band for passing current at the low frequency and substantially




bandpass filter connected in series wwth the electrode. The series filter
has a pass band for passing current at the | ow frequency and substantially
WO 03/ 0150P33P0GI23JS02/ 25223 5 attenuating current at thePhirgisote2etiency.

[ 14] Anot her aspect of the invention relates to a vacuum pl asma chanber

for processing a workpiece wherein the chanber includes first and second

el ectrodes respectively connected to relatively high and | ow frequency RF

sources, aafehlLafitg @uﬁr@,ﬂ@tqn@ﬁlgppﬁ@mér@ and a plasma excitation region
t hat conflﬂsthe A further
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gas that id18kciA darther taﬁ@eﬁi & nter Mvangani reldteshte egidsHUTaeY0® of the

region bet waghddtgor &‘é\é@§§ng blv%rkﬁaécadmexremrmb chSRRSr mluaéuefmswﬁ@t i on

relates to a va uu[ngrg a%nbr for smé} | é IeCﬁ i/nerelnthe
chanber inSFGERS £ISCHP 3?1dr83£’@8 e‘F%Q&eP %EY‘,‘?YV '95 Wed to
rel ativel y flicglenapdRFosourtegqauenayl &RFasoferese potbndial hamdl elpgasmade in an

excrtatl o Semkih SEBRTEL Bnhilng tﬁg‘;ﬁf{xsﬁﬁﬁe PRL AL A oq

excitation I's su gantlally
i sol ated f rinchides Henfiest andl $ec1§>5nd %le@ﬁms(:am blla/ﬁmthﬁirﬁfﬁrﬁméﬁﬂ fegrangenment

that electr hé%lnyaﬁlgfé)ét th%%f@@h@bb@énﬁgﬂfm@gxds% ek@@i‘antregrohqs

excitation regio I'i'ng un-_ionized lg s to froninside to
P

out si de t hé@regeddo; Yrble gasthatlis gxcited 1 Hice ?F@dtoécfﬁ%m AdhR reqipe
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The first Seco are respect |veg the | ouvers
and the el diaqusaey. RF sources, and a third electrode in an excitation region

connected to a reference potential (ground). The excitation region i.e. the
region including the plasma, is substantially isolated from a chamber wall by
a physical plasma confinement arrangement that electrically and/or
mechanically confines the plasma to the excitation region while enablmg un-
ionized gas to flow from inside to outside the excitation region.

[17] In a preferred embodiment, the electrodes are included in the
plasma excitation region that has at least one side, preferably including the
louvers at the reference potential, spaced from the chamber wall. The
plasma confinement region of the preferred embodiment includes first and
second surfaces that are on opposite faces of the excitation region and at
the reference potential. The first and second surfaces are respectively
located between the louvers and the electrodes.

[18] The excitation region geometry of the preferred embodiment is such
that different sheaths are developed between the plasma and the powered
electrodes and the first and second surfaces which are at the reference
potential. The excitation region geometry of the preferred embodiment is



[ 18] The excitation region geonetry of the preferred enbodi ment is such
that different sheaths are devel oped between the plasnma and the powered
el ect r odewoOana1tibe first and second surfaces which are at pCh@somimeEnce
potential . The excitation region geonegry of the pref erred enbodi nent is WO
03/ 015123 PCT/ US02/ 25223 6 al so such that (1) current at the | ow frequency
has a tendency to flowto a greater extent between the el ectrodes than
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di agr am of tdkenph @snnptiocesthdhe acbd;mpanwhg«ﬂravmmﬁs gur e 1. DETAILED

DESCRI PTI ON OF THE DRAW NG [ 23] Reference is now nade to Figure 1 of the

drawi ng wherei n pl asna rocessor 10 is illustrated as including vacuum
chanber 12, BRIEF &EBCRIPHAN £ 3HEDRAMYING| configuration so that the

chanber is on?mr:r duré! 1WI.§ ha é@ﬁéfﬁéﬁct&ia $a$ncsnté aplab@Rgigrogédtal axis 13.
Chanber I nCl ydés hj el ect | con tivi téfl@/{lﬂl ndri cal netal

si dewal | 14aﬁ%rﬁgg(pq]ygﬂﬁprﬁf_er odjragnl; ﬁ'&%'nﬁ! ial (e.g., ground), as
wel | as cirpuijar Fﬁﬁlré i2nig é@rmcbeutubnall Aew ckfa@erelfarre@:@nh&mnéﬁt phtHeudes

on i 51 oweros i A efscaseEE snSaBRt Bhbrubn % Blp 38 Ep et 70 ng

21 are el ectndlcally and nechanically connected to wall 14 so that plate 20

and ring 21ane gliPe 3 iFon atRE BhetRlcRIEGAE 8f the plasma processor

illustrated in Figure 1.

DETAILED DESCRIPTION OF THE DRAWING
[23] Reference is now made to Figure 1 of the drawing wherein plasma

processor 10 is illustrated as including vacuum chamber 12, preferably
having a cylindrical configuration so that the chamber is symmetrical with
respect to its central longitudinal axis 13. Chamber 12 includes high
electrical conductivity cylindrical metal sidewall 14 maintained at RF and DC
reference potential (e.g., ground), as well as circular ceiling 16 and circular
base 18. Ceiling 16 includes annular exterior high electrical conductivity
metal plate 20 which carries on its lower face high electrical conductivity
ring 21. Plate 20 and ring 21 are electrically and mechanically connected to
wall 14 so that plate 20 and ring 21 are also at RF and DC ground potential.
Ceiling 16 also includes circular, metal electrode 22 (a plasma exciting
reactive impedance element) and annular electric insulator 24 that
separates and electrically insulates electrode 22 from plate 20. Plate 20,
ring 21, electrode 22 and insulator 24 are coaxial with axis 13.



Ceiling 16 also includes circular, netal electrode 22 (a plasma exciting
reactive inpedance el enent) and annul ar electric insulator 24 that

separ at eswand/oedlextrically insul ates el ectrode 22 from pl &Ce/ud02282bat e 20,
ring 21, electrode 22 and insulator 24_are coaxial with axis 13. WO

03/ 015123 PCT/ US02/ 25223 7 [24] Base 18 i ncl udes annul ar exterior netal
plate 26, electrically and nechanically connected to wall 14 so that plate
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€ exe A P thamber 12, Plate 26, tube 28, ring 29, insulator 30, ring 32 and
electrode 34 are coaxial with axis 13; when workpiece 36 is properly in
place on electrode 34 the workpiece is also coaxial with axis 13.
[25] Process gas from a suitable source (not shown) is introduced into
plasma excitation region 38 through electrode 22, which includes a series of
baffles and openings so that the process gas flows into region 38 with a
showerhead effect. In plasma excitation region 38, the process gas is
converted into the plasma which processes workpiece 36 in response to
electric fields electrodes 22 and 34 respectively couple to the excitation
region at relatively high and low frequencies; in the preferred embodiment
the high and low frequencies are respectively 27 MHz and 2 MHz. The
amount of power at the high frequency supplied to electrode 22 controls the
density of the plasma in excitation region 38, while the amount of power at
the low frequency supplied to electrode 34 controls the ion energy in the

plasma. While the low and high frequencies are preferably 2 MHz and 27
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also aligned with the inner diameter of the vertically extending wall of tube
28 that abuts the outer wall of insulator 30. Rings 41-43 have aligned outer
edges which are also aligned with the outer diameter of the outer vertically
extending wall of tube 28.

[27] The electrical grounding of rings 41-43 assists in confining the
plasma to region 38 within the louvers. The mechanical relation of rings
41-43 also assists in confining the plasma while enabling gas that is no
longer ionized or which was not ionized in region 38 to flow in a generally
horizontal direction through the openings between the rings. The gas flows
through the space between rings 41-43 into annular passage 48 that is
coaxial with axis 13 and includes inner and outer walls respectively defined
by exterior wall of tube 28 and the interior of wall 14. Thus, region 38 can
be considered as a plasma confinement region which is spaced from
chamber wall 14 that has virtually no plasma from region 38 incident on it.
The bottom of passage 48 is connected by opening 49 in plate 26 to a
conduit (not shown), in turn connected to a pump (not shown) which sucks



hori zontal direction through the openings between the rings. The gas flows
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region 38 can be considered as a plasna confinenent region which is spaced
from chanber wall 14 that has virtually no plasma fromregion 38 incident

on it. Thethoyhomoph tAFRAGS (ﬁ%hlamtfétbﬁ@egrﬁ@dwalh)‘tameﬂhbﬂﬂwa‘%@oérﬂn@r@te 26 to

a conduit shown connec punp ch sucks
V0 09/ 01512 %&9 SBabioen s 4 vRETGSe Wi, RaRidta vAlle BR3chERba: 12 and
mai nt ai ns t nellitdrg reoer pnerf&mblyoafbow@tisi tenfitorre g los pBSssate i rﬂgmuﬁﬁ isypically
having a va S r d I

mllitorr. %;ﬁﬁcél&eéoﬂQQeraﬁ)R/ hqu %gj P 6}{} 5| cgﬂﬂg/&}goﬁy er agfl:%I gng/her

e.g. 20 to beoame jof thae wela’avelxeélmhflmhﬁn@eéan%éwd@@veafartramer@eratm ely high
flow i npedancs igbat 'rP‘bY%r e?r{b%alhgéﬂfe%e ﬁeg)agﬁ'[go‘b'eﬂﬁéen |4y é’cﬂﬁ'\teﬁg}%d' pent, the

spaci ng between adj acent pairs rou ouvers 41- 3 I's 6.35 mm (0. 25
i nch). [ 28] dreundechgtvels %&5#%/6% rﬁ'f”l Oi4wsi&Rkes for |ouvers 41-43 to be

hi gpl y conmt | VeisARdt gé@é@éﬁ?}d,m ialleinstdneedriovilsle/ced ecit 43 aal b@'hﬁ’g’rﬂ}a
con I nenent

t t i ded
e Th o FaR T P AR T bR S enl ok Theael ° °°
di el ectric (Adeguate loonfiebment icfalhec pladuet itwi teg)an SlBedd mproadtiey Witlvad i ng

| ouver i ng%@c?\%%’lca? e?rar}g;eh?%ﬂt ﬂ&&&ﬂhé &BrehC{B’ré?gfé%ﬂfttﬁr\éétﬂlei’é&ncEP?pr ovi de

the pl asnma confinemen Tom each
other by an I@Mmqtruzai@pndp@fwvheaiecetrxchinfIO@itlégtlmwaﬁ|r@|g3fmad\¢,|@rgedem@e f or

the gas 1| owpa,faaBl egidieivigBsic TocoroRBNAE fiaahaoRhbRRA: bbver

arrangenment 40 an 0_assi st r ng the required
pl asma conf iSHEREREVELFINGS fPEslehe S%Cégs Pre @%%Iqlﬂ% vﬁ%@ﬂuﬁ tethebn 38 and

t he rerrgl8 ndeyro@ties besm‘h@ab@,r highi flcgv ;mﬂ)édnnden&r@e? gellftmmﬁ@ﬂbm ﬁegl@m de
reglon e, spac et ween ace 1 I r|c

| ouver ring % \Ehi ﬁgmgyer\ﬁgglﬁgv%e hgﬁﬂg %a?ﬁ?ﬁge@?ﬁgggr%%d Chg?‘g’é on 38
bet ween 200 meaﬂdMéGDa assibl inqrroviding the esguirass plasmastadinefmand gorodiffe@nbet ween 5

and 10 m I li t i e floating
over I ngg@fgur ﬁ@dﬁl%ﬂ%%@%ﬁ)\‘\%?&n B%d%r?cFﬁ{ét re@@élﬁéepgf fﬁ%ocl%%ﬁir 4 0ioe

i nch). Suchi€paliPRydnsifie Heging 3§t ta edtsiiededioss 3gr dhe dPasiih Pt eedN asna
confi nement dopade®@bans 3BtHRNMhree dielectric louver rings is variable. We have found

that for pressures in region 38 between 200 and 500 millitorr and pressures
outside of region 38 between 5 and 10 millitorr, the spacing between
adjacent pairs of the three floating louver rings should be between about
0.762 and 3.175 mm. (0.030 and 0.125 inch). Such spacings with the
stated pressures provide adequate plasma confinement to region 38 and
substantially prevent the plasma from being incident on wall 14. The
variable spacing between the louvers, which can be achieved with
conventional mechanical mechanisms, helps to determine the gas pressure
in region 38 so that adjusting the spacing controls the confinement region
pressure and degree of plasma confinement.

[29] Plasma excitation region 38 is bounded by electrodes 22 and 34,
conducting rings 21 and 29 and insulator rings 24 and 32, as well as louver
rings 41-43. The plasma in excitation region 38 is bounded by a sheath of
neutral particles that forms a capacitance between the plasma, which
generally can be considered as a resistive load on electrodes 22 and 34,
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capaci tances acros ectro 'across the  ground rings 20 and 29.
grounded rings 20 and 29 smce bandpass ﬂlter 64 (described Infra

substantially prevents coupling of 27 MHz power to electrode 34. DC bias
on the electrode 34 is a function of sheath capacitance across electrode 34
‘and the sum of sheath capacitances across electrode 22 and across the
ground rings 20 and 29.

[31'] The DC bias and, therefore, the sheath capacitance associated with
electrode 34, could be actively controlled by including a DC voltage probe
(not shown) for monitoring the DC voltage between electrode 34 and the
plasma. Such a DC voltage probe derives a signal for controlling the 2 MHz
power supplied to electrode 34 so_that a relatively high bias voltage is
maintained on all surfaces inside the plasma excitation region. By
optimizing suitable area ratio among the electrodes 22, 34 and the ground
ring 20 and 29, a relatively high bias voltage on the plasma excitation region
surfaces can be maintained which helps to remove polymer that tends to
deposit on the chamber surfaces during workpiece processing. By
removing the polymer, processor 10 runs in a clean mode to greatly
increase the mean time between cleaning and thereby provide greater
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22. [33] Crguits 50 and 52 respectively provide the 27 MHz and 2 MHz
excitation for electrodes 22 and 34. Circuit 50 includes 27 MHz source 54
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region 38 idifafloPtRHBtRIRES2AM] 132, th%umi@o ﬁmwzrwg%earadﬂor t he

|l asma. Circuit 52 includes 2 MHz source 6 vin ficient wer to
gner gi ze having sufficient power to energlsze electrod% 23 %CI?S the gas in ré)cl)on

38 into a plasma state and to provide the desired density for the plasma.
Circuit 52 includes 2 MHz source 60 having sufficient power to energize
electrode 34 to establish a substantial DC bias voltage on electrode 34 and
the desired ion energy in the plasma in excitation region 38.

[34] RF source 54 drives matching network 56 including variable
reactances (not shown) which are controlled in a known manner to maintain
an impedance match between the output impedance of source 54 and the
load it drives, including electrode 22 and the plasma in region 38.
Bandpass filter 58 is connected between the output terminal of matching
network 56 and electrode 22. Filter 58 has a pass band arranged to pass
the 27 MHz output of source 54 to electrode 22, while providing a low
impedance path to ground for the 2 MHz current that source 60 supplies to
electrode 34 and which flows through the plasma in region 38 to electrode
22. |

[35] Filter 58 can be configured as a branch connected in shunt between
the output terminal of matching network 56 and ground, wherein the branch



el ectrode 34 to establish a substantial DC bias voltage on el ectrode 34 and
the desired ion energy in the plasma in excitation region 38. [34] RF

sour ce 54worBmen23imt chi ng network 56 including variable Peaaisanzes3 (not
shown) which are controlled in a known , Jranner to mai ntain an i npedance

mat ch between the out put i1 npedance of sour ce 54 and the load it drives,
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22.
[37] Filter 64 can be configured as a branch connected in series between
the output terminal of matching network 62 and electrode 34, wherein the
branch includes a parallel resonant circuit tuned to the 27 MHz frequency of
source 54. The branch of filter 64 can include a simple tuned circuit in the
form of an inductor in parallel with a capacitor. The 2 MHz output of source
60, as coupled to the output terminal of matching network 62, is not affected
by filter 64 and is coupled to electrode 34, but filter 64 blocks the 27 MHz
current that source 54 supplies to electrode 22. Thereby, 2 MHz source 60
is protected by filter 64 from the 27 MHz excitation of electrode 22 and
substantial current at the 27 MHz frequency is advantageously prevented
from flowing in the plasma completely across the gap between the opposed
faces of electrodes 22 and 34.
[38] Because of filter 64, infer alia, current at the 27 MHz frequency is
limited to the portion of the plasma in region 38 which is adjacent electrode
22. The 27 MHz excitation generally does not penetrate across the gap to
the plasma adjacent electrode 34 and workpiece 36. By limiting the high



[37] Filter 64 can be configured as a branch connected in series between
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ut er |l of.the petal bellows 82,
2o the bel | A pEORBEPIcrt S Beey Rt 3l weWey Gape e we 82 is
bonded to nmCaAen&;ér&leeslﬁﬂlet&@treliaﬁve:&aﬁk@d siget malbst# Sndi@dingBalihdevs B2 has a
top face Cogﬁgcitf%st\ﬁel?ag %Bé'fé‘l e FEARM mo%ghﬁn?%EHﬁéQ{ slekQl84S ) for
driving the bell'ows up and down to provide vertical novenment of sleeve 84
rel ative tosidexwall dhdeaures|the gapnisl axgitatert jadierisBdetyeen electrodes 22

and 34 to be changed at will.

[40] Sleeve 84 has a lower edge fixedly connected to an upper face of
metal, preferably aluminum, ring 86, having a lower face fixedly connected
'to a portion of the upper face of silicon carbide, high electrical conductivity
ring 21. Metal post 46, which carries silicon carbide rings 41-43 and is
preferably configured as a screw, is driven into a threaded bore that is
common to rings 21 and 86 to fixedly connect rings 41-43 in place at the
periphery of region 38. Electrical insulating ring 88, preferably made of
aluminum trioxide (AlLQ,), is interposed between electrically grounded
sleeve 84 and metal plate 85 of powered electrode 22 so that sleeve 84
and electrode 22 are electrically insulated from each other. Ring 88
includes shoulder 90 having opposed surfaces to which plate 85 and sleeve
84 are fixedly connected. Ring 88 has an interior wall abutting the exterior
wall of high dielectric ring 91, having an interior surface which provides an
exterior wall for a chamber for pressure probe 92. The interior wall of the
chamber for pressure probe 92 is provided by the exterior wall of insulating



and 72, as well as ring 76. The rel ative novenent between sl eeve 84 and
side wall 14 causes the gap in excitation region 38 between el ectrodes 22
and 34 towbesphaeyed at will. [40] Sl eeve 84 has a | ower edgasbr/xed y
connected to an upper face of netal, pgeferably alumnum ring 86, having
a lower face fixedly connected to a portion of the upper face of silicon
carbide, high electrical conductivity ring 21. Metal post 46, which
carries sil ringre4; aurefetablyi mesleddf dBindndmi Sioxjgleef @raabdag'e &anfri glated&s a
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fg& Sfjest he %l eg}cmﬁauggg asrgass%gg rﬁ)ot sth Wn? for suppﬁlln %he gas to t%h%a‘#l ectrode,

plates. Plate 98 includes openings (not shown) for the gas flowing through
baffle plates 101-103, to provide a showerhead effect for the gas flowing
into excitation region 38. The top face of aluminum plate 85 is mechanically
and electrically connected to electrical connector 108, in turn connected to a
lead connected to be responsive to the 27 MHz current that source 54
produces and which flows through matching network 56. The top face of
plate 85 also includes passage 109 connected to a source of coolant fluid
(not shown) for controlling the temperature of electrode 22.

[43] Grounded metal tube 28 of the bottom assembly includes aluminum
ring 110 having an upper face electrically and mechanically connected to
the lower face of silicon carbide ring 29 and a lower face electrically and
mechanically connected by a plurality of metal blocks 112 to the exterior
side wall of aluminum tube 114. Blocks 112 are equispaced about the
exterior side wall of tube 114 in passage 48 so the blocks do not have a
substantial effect on the flow of gas in passage 48 from excitation region 38
to openings in metal base plate 18. Plate 18 is mechanically and



spaced baffle plates 101-103, interposed between plates 85 and 98 to
provide a fluid flow path for gas to be excited to the plasma in region 38.
The gas iwoimantzaddiced t hrough fitting 106 on the top facePeofi/sburizaaim pl at e
85, which includes a passage (not sho for supplying the gas to the
baffle plates. Plate 98 includes openings (not shown) for the gas flow ng
through baffle plates 101-103, to provide a showerhead effect for the gas

flowing i néréo%@w %bh@ébté@ngHe3§\NeFF Ba%é%fft@@@, gb éﬂdﬂ’r‘rlﬂU”ﬂWér@b? 85 is
mechani cal | y in

conneg to e nect o
turn connecf‘%@ﬁt 18 %{‘d I éd{;@{)r*ﬁ‘lré Berbfgrmetglg E\Eigb‘ g H current
t hat SOUFCGsMe FRJFQddCEESg&ndwo\Mmtéhtlélla@Webé fearghwaiti¢hi ng netvvork 56. The

top f f | | ud f
cont ane r Lol CRBCTTRVRS U dREr B TS IR R R b o e Toue 2o
[ 43] G oundellinmietial tricwie @& dfl 8téieotboaltyomsa®mme3iah fieg dd@saad unétalm ring
110 h ty th
110 Nayi 19 BBl ACecEbag oyl ALl AT EPEITRA ORI BRSRREEH [ (he
nechani cal | Yutslighily tsspcy féprpﬂm éﬂqﬁ@m trcengt slican satbide 1ipgi2P eRd &kt eri or
side wal | ofygluminsdaberietolt. snﬁhwls add@ fhe teslirhagar onkayt fone

t Il of 8 th ot h
oo o L Sy ace A i ST e fears FeR ﬁﬁ%q?%?%% ?ZS. on
82/ Otlgltz)gegbﬂgﬁ'\ g n18et ﬁm@a'b“ﬁs st mdﬂde@laatdemitﬁvardlyrrelehammagl flangnd WO f

es o
tubes 72 ang[(ﬁﬁgééi’ﬁ%ﬁi%v ri&rggl%l \45& drYrHiwg%ﬁgqgeﬁ&N%ﬂ?o&@é\ﬁ?ﬂ?éfjgrmtube
28 of Fi gur ntariorawall af nnge11osangRﬁ&haSBcbgﬁ@mﬁacgdvf@ﬁlﬂ |b@Iaf$a§gﬁlm§b 72 and
wal |- 14. [Agd]e freed )g’é Spﬂneaﬂﬁﬁﬁ@ﬁﬂﬂ‘%ﬁﬁ% 'lb{nélf]«ﬁall Qﬁbfﬂlﬂbﬁﬁe%@éﬁ\ﬁalf' ng 116

and alum numtrio 118 el'ectrica i nsul at es r 110 and

metal t ube Ol Bledtricatveinsetativae a@ﬁ“’“ﬂﬁ%df'%‘?’%f‘??‘{‘% (203 "‘ﬁ%h dSt ’!Bi?%%ce

adj acggt tgaﬁa@ﬁeeﬁ It ghé'f?/c;tﬁﬁﬁ?&dolfc{m éllgﬂj[ub@}ht plﬁi}eli aoe of %Iy{clu@m{‘y ﬁar bi de

ring and an o a cen 0 slig y space romthe inner
e e BPARR S hoy R

wal | of ring®" 116 has a shoul der which bears
agai nst the[45p Qacetz mfg rMil@dabldn iRengr Wab aaljaaenit e lhud edghbthdepaeed dl y

o endi ng, | 3R dHENaS B SDELAR ERGNBPaRNTIf LYot 12008nd 128 whidh anc | he

| ower portion o as a bottom face
whi ch bear sfqgauaimtrooteha4t@@deajgeeléﬁtrlﬁéﬂsmmﬁh?@@iw Cqmﬁ aigd d4A eafer wal |

abutting theyyt efieWiichl connector 126 is mechanically and electrically connected
to the bottom face of plate 122 and is connected to a lead which supplies
the 2 MHz outpuf of source 60 to the connector. Cavity 128 in the lower
face of plate 124 includes lifter pins 130 for lifting workpiece 36 from the top
face of plate 124. The upper face of plate 124 also includes a cavity (not
shown) into which a coolant, such as helium, flows to assist in controlling
the temperature of workpiece 36 during processing. Plate 122 includes
grooves (not shown) through which a coolant liquid flows to assist in
controlling the workpiece temperature.
[46] Insulating ring 32, which electrically isolates metal plate 124 of
powered electrode 34 from grounded silicon carbide ring 29, includes
quartz ring 132 having a top face to which relatively thin quartz ring 134 is
bonded. Quartz ring 132 fits in an annular volume between outer vertical
and horizontal surfaces of plate 124 and an upper side wall portion of
quartz ring 116. Ring 132 is bonded to the outer vertical and horizontal
surfaces of plate 124 and is spaced slightly from the upper side wall portion



of electrically insulating, alumnumtrioxide sleeve 120 which is fixedly
attached to the bottomof circular alumnumplate 122 by a plurality of
screws 1280(0ani312one of which is shown). [45] Quartz ringPCTAShass22”
interior wall adjacent to but slightlygspaced fromthe peripheries of
stacked circular alum num plates 122 and 124 which formelectrode 34 and
are electrically nechanically connected to each other. Electrical
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relatively low resistance, the plasma is illustrated in Fig. 3 as terminal 140.
Circuit 50 includes high frequency RF source 54, matching network 56 and
shunt bandpass filter 58 comprising inductor 142 and capacitor 144 which
are connected in series with each other between the output terminal of
matching network 56 and ground. Inductor 142 and capacitor 144 have
values such that they provide a series resonant circuit for the 2 MHz current
that source 60 derives. Circuit 52 includes relatively low frequency RF
source 60, matching network 62 and series bandpass filter 64 comprising
inductor 146 and capacitor 148 which are connected in parallel with each
other between the output terminal of matching network 56 and electrode 34.
Inductor 146 and capacitor 148 have values such that they provide a
parallel resonant circuit for the 27 MHz current that source 54 derives.

[50] Upper electrode 22 can be considered as capacitor 150 in parallel
with resistor 152, while lower electrode 34 can be considered as capacitor
154. The plasma sheath between electrode 22 and plasma 140 is
represented by the parallel combination of resistor 156, capacitor 158 and



intervals. [48] Reference is now made to Figure 3 of the draw ng, an
electric schematic, equivalent circuit diagram of the processor
illustratwoomniFAeyure 1 and the chanber illustrated in FiPgusSoR252The
processor of Fig. 1 can be conS|dereq as a dual frequency triode because
excitation region 38 includes a ground el ectrode and two el ectrodes
powered by different RF frequencies. [49] Because the excited plasnma in
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lncludmg resistor 168, capacitor 170 and diode 172. The geometry of
chamber 12, as previously described, enhances this flow of current from
“source 54 to plasma 140, thence to ground terminal 174. Hence, precise
control over the density of the plasma in excitation region 38 can be
provided by precise control of the power of RF source 54.
[52] The low frequency current from source 60 flows through lower
electrode 34, thence primarily to upper electrode 22 by way of the lower
sheath including resistor 162, capacitor 164 and diode 166, plasma 140 and
the upper sheath including resistor 156, capacitor 158 and diode 160.
Because of the low impedance effects of bandpass filter 58 to the low
frequenicy current, the low frequency current readily flows from plasma 140
through filter 58 to ground. The geometry of chamber 12, as previously
described, assists in preventing a substantial flow of low frequency current
from source 60 to ground terminal 174 by way of the ground sheath
including resistor 168, capacitor 170 and diode 172. Hence, precise control
over the energy of the ions in the plasma in region 38 can be provided by
precise control of the power of RF source 60.



pol ed to pass negative current fromplasma 140 to the grounded surfaces
(represented by termnal 174) so that the plasma is at a DC voltage which

i s hi ghewotlhansiehe DC vol t age of the grounded surfaces. [PETJUSBr/s?RFI gur e
3, the high frequency current from souygce 54 flows through upper electrode
22, the upper sheath represented by resistor 156, capacitor 158 and di ode
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Because of t actors, processor 1]o c%w des better control than prior
art process&HEa¢®Y by thg g@sma to prolong the life of the surfaces.

[55] While there has been described and illustrated a specific
embodiment of the invention, it will be clear that variations in the details of
the embodiment specifically illustrated and described may be made without
departing from the true spirit and scope of the invention as defined in the
appended claims. For example, the pressure in region 38 can be controlled
with a closed loop controller including a pressure sensor in the region and a
drive responsive to a pressure set point and the pressure sensor for
controlling the spacing between louvers 41-43.



variety of etch processes, such as HARC, SAC and Low K. [54] The geonetry
of chanber 12, including the confinenent of the plasma to the relatively
smal | volwoe®3pisiehe region 38, is such that a substanti alPChiiae2/22R3 age is
devel oped on all surfaces in region 3®, as seen fromFigure 3. The
substantial bias voltage is established by virtue of the sheaths between
pl asma 140 and (1) electrode 22, (2) electrode 34 and (3) the grounded
surfaces of region 38 represented by termnal 174. The bias voltages and
t he sheathixgﬁegjﬁﬁﬁprevent the plasma frombeing incident on the surfaces
in excitatromregron 38, to (1) keep the surfaces clean during processing
and, therefore, substantially increase the nean tine between cleaning of
the chanber inteyrior,|naeehdidatioheduce consunption of these surfaces by the
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element includes a second electrode;;}.

3. A vacuum plasma chamber for processing a workpiece, the
chamber including: a first electrode for electrical coupling with gas in the
chamber and for connection to a first relatively high frequency RF source, a
second electrode for carrying the workpiece and electrical coupling with gas in
the chamber and for connection to a second relatively low frequency RF
source, an exterior wall at a reference potential, and a plasma excitation region
for confining the plasma, the région being spaced from the exterior wall.

4. A vacuum plasma chamber for processing a workpiece, the
chamber including: a first electrode for electrical coupling with gas in the
chamber and for connection to a first relatively high frequency RF source, a
second electrode for carrying the workpiece and electrical coupling with gas in
the chamber and for connection to a second relatively low frequency RF
source, and a third electrode connected to a reference potential inside a

plasma excitation region.



first, relatively high frequency RF source is substantially prevented from
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flow fromthe sé&ond RFe combination of claim 5 wherein the first filter includes a

bandpass filter connected in shunt with the reactive impedance element and
having a pass band for passing current at the low frequency and substantially
attenuating current at the high frequency.

7. The combination of claim 5 and 6 wherein the second filter
includes a bandpass filter connected in series with the electrode and having a
pass band for passing current at the low frequency and substantially
attenuating current at the high freqUéncy.

8. The combination of claims 1-7 wherein the high frequency is such
as to control the density of the plasma processing the workpiece and the low
frequency is such as to control the energy of ions in the plasma.

9. The combination of any of claims 2-8 wherein the chamber
includes a wall connected to a reference potential, the electrode being included
in a plasma excitation region for confining the plasma, the region having at least
one side spaced from the chamber wall.



source to the electrode and for substantially preventing current at the
high frequency fromflowing to the electrode and the second, relatively
| ow frequepayg/01RB3 source. 6. The conbi nati on of claimb5 wremrdisn2/izes fir st
filter includes a bandpass filter co¥lnected in shunt with the reactive
i npedance el ement and having a pass band for passing current at the | ow
frequency and substantially attenuating current at the high frequency. 7.
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bei ng arranged sd?t hat héo@g’ﬁﬁt‘%\/\@ f iamyoof raimsi ds vehereinathe rplaggaon

t hr ough t heemtﬂthﬁrregloep“srswmnémdapwtth Péspidee td RS BRamBEE WalitdNa r@at&n and

i nto other B%& §Qﬁegk ttr(ﬁ ghanber vveerl1( the louvers. 11. The conbi nation
of claim 10 P 4 8 SR RS H15 T P@é’reon i s bounded by said

el ectrodes and | ouvers. 12. The conbination of any of clainms 1-11 wherein
the plasma exciyatio e h of nber
wal |l and a cent et‘g po:crrqé Sbﬁ’lﬁ a?loﬁ B?tr@ngegﬁor c%rrylﬁzgﬁf rgﬁ%lﬁ{ﬁq é%ﬁ

The conbi nagx@iatign regign @farﬁﬂfkﬁel‘ilsSQih@ thesparingtheiwpeasaid electrvdas icen
region i s apsangasesat wiat the spaci ng between said el ectrodes can be
changed at will. 14. The conbinati'on of any of clainms 10-13 wherein the

pl asma excitation region includes first and second surfaces at the
reference potentil4l, The combination of any of claims 10-13 wherein the plasma

excitation region includes first and second surfaces at the reference potential,
the first and second surfaces being respec’uvely located between the louvers
and the first electrode and the second electrode.

15.  The combination of any of claims 2-14 wherein the excitation
region geometry is such that different sheaths are developed between the
plasma in the region and between each of (a) the first electrode, (b) the second
electrode and (c) first and second surfaces at the reference potential.

16.  The combination of any'l of claims 2-15 wherein the excitation
region geometry is such that current at the low frequency has a tendency to
flow to a greater extent between the first electrode and the second electrode
than from the first electrode to the surfaces of the excitation region at the
reference potential.

17.  The combination of any of claims 2-16 wherein the excitation
region geometry is such that current at the high frequency has a tendency to
flow to a greater extent between the second electrode to the surfaces of the
excitation region at the reference potential than from the second electrode to



the first and second surfaces being respectively | ocated between the
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22. The ch@ﬂ%ﬁgeﬁztodnéﬁhﬁfﬁﬁlmﬂﬁﬂ?@@'aﬂﬂfei ng between adjacent pairs of
the louvers is such as to provide the mechanical confinement. 23. The

chanber of clal nﬁfz me’h% ncﬁahn?besrp ' Qi 528 dva%Fe%" ffie spacing between
adjacent pairs of the louvers is such as to provide the mechanical confinement.

23.  The chamber of claim 22 wherein the spacing is adjustable.



