1 Decenber 2006 PLASMA PROCESSOR W TH ELECTRODE SI MULTANEOUSLY RESPONSI VE
TO PLURAL FREQUENCI ES FIELD OF | NVENTION [ 1] The presentpddauet poos r el at es
generally to plasma processors with an el ectrode sinultaneously responsive
to plural frequencies. One particular aspect of the invention relates to a
processor including a chanber having an arrangenent for causing power at
the plural frequencies to have substantially different paths through a
regi on bounded by a pair of electrodes, one of which is simnultaneously
responsive to the plural frequencies and the other of which is
substantially at a reference potential. Another aspect of the invention
relates to a processor nethod and structure wherein a DC bias voltage at
the el ectrode responsive to the plural frequencies is controlled by
varying a paraneter } associated with power at one of the frequencies

relative to a paraneter WM%@C\EQSO%WH BLEGTROIE of the
frequenci es. BACKGROUND ART [ 2] - Vacuum pl asnma processors are used to

deposit nateri al SSIMUIEIANEOUSLYRESHGNSIVE 90 RDURPILEEREQUENCHS typically
sem conductor, dielectric and netal substrates. A gas is introduced into
a vacuum pl asma processing chanber where the workpiece is |ocated. The

chanber pressure is typically in the range of 0.1 to 1000 torr. The gas is

ignited in @lonlnto an RF plasnalnresponse to an RF.
el ectric orw?grgtq?%?qaggeﬂcﬂfl eld. The RF field is provided by a reactive.

1 [11  The present invention relates generally to plasma processors with an
B ' . electrode simultaneously responsive to plural frequencles. One particular aspect
N of the invention relateé to a processor includiﬁg a chamber having an
arrangement for causing power at the plural frequencies to have substantially
different paths through a region boundéd by a pair of electrodes, one of which is
simultaneously responsive to the plural frequencies and the other of which is
substantially at a reference potential. Another aspect of the invention relates to a -
processor method and structure wherein a DC bias voltage at the electrode
responsive to the plural frequencies is confrblled by varying a parameter
} associated with power at one of the frequencies relative fo a parameter
associated with power at another of the frequehcies. - |
BACKGROUND ART
[2] Vacuum plasma processors are used to deposit materials on and eich
materials from rworkpieces that are typically semiconductor, dieiectric and metal
‘substrates. A gas is infroduced into a vacuum plasma processing chamber where
the workpiece is located. The chamber pressure is typically in the range of 0.1 to

-~ 1000 forr. The gas is ignited in an excitation region into an RF plasma in response

1o an RF electric or electromagnetic field. 'Th_e RF field is provided by a reactive -




1 Decenber 2006 inpedance elenment, usually either an electrode array or a
coil which couples both magnetic and electric RF fiel dg p&ehiteraass The
reactive i npedance elenent is connected to a first RF source having a
first relatively high RF frequency and sufficient power such that the gas
isignited into the plasma. Connections between the first RF source and
reactive inpedance elenent are usually by way of a relatively |ong cable,
connected directly to the first RF source. A first resonant matching

net wor k- connect ed between the cable and reacti.ve i npedance el enment wusually
includes a pair of variable reactances adjusted to match the inpedance of

the first RFimpedsiectalement, lueadlly éitier i EttRede bdy &y BicoRiihich édiRldaASoths
i ntroduced into the chanber through the top of the chanber and is

Vhnaraun 11 Ao ehi ORLOE REJBADEI obd. Tl RAERR: Tifecdiice Yibiofe 2

the top of the chanber to be associ ated a series o s and
openi ngs i nt | tatd eqi royi a . ffect for, the
gas 1w ng oIS EhE G SISURE oRuP, Mo 6 BRUCb R JRebEy 5o ' °
nount ed on an ecirode at .the pbottom of the  excitation_ regign. In sone
Chanbers. "t hauBrESt PONEr Sioh Yoo Taiilshdute The Pl nePy HouREs bASED. as
the bottomel ectr odeia is the reactive inpedance element supplied with the
first RF fredifedies Rhdsaiiet lead easive dapedpaese éldmath amseususiiydir wap of a
~carrying the workpiece (frequently referred to as the top electrode) is

- connect ed t ordatieleiecealige) emtrietied tirpitbatd thegfigtRF sbirceesA dirst resdarstuch
configurations are frequently referred to as di odes because the chanber

Iepgl:??gze oNenalEniRy fetebRCdonfeeted hedivesi dasl cble! arfit fedetiv Pnptiddnée alephiiisted

‘ usually includes a pair of variable reactances adjusted to match the impedance of
the first RF source to the load it is driving. -
[3] Typically, the gas is introduced into the chamber through the top of the
chamber and is withdrawn from the bottom of the chamber. it is common for an
electrode at the top of the chamber o be associated with a series of gas bafiles
and openings into the éxcitation region to provide a shower head effect fc;r the gas
flowing into the excitation region.
{4] The workpiece is usually mounted on an elecirode at the bottom of the
excitation region. In some chambers, the electrode carrying the workpiece
(frequently referred to as the botiom electrode) is the reactive impedance element
supplied with the first RF frequency and another elecirode spaced from the
electrode carrying the workpiece (ffequentl_y referred to as the top electrode) is

~ connected -to a reference potential, typically ground. Processors with such

configurations are frequently referred to as diodes because the chamber includes

one powered electrode, a grounded wall structure and a grounded electrode.




2 1 Decenber 2006 [5] In other processors, the top and bottom el ectrodes of
the chanber are respectively powered by separate rel atiiyedeenibegbo@nd | ow
RF frequencies and the chanber wall structure is grounded. The relatively
hi gh frequency, which is in excess of 10 Mz and is typically 27 Mz,
controls the density of the plasma, while the relatively |ow frequency,
which is less than 10 MHz and is typically 2 WMz, controls the energy of
ions in the plasma. | ndependent control of plasma density and ion energy
i s provided by independently controlling electric paraneters, such as
power, voltage and/or current, of the first and second RF sources

al 20 pr ovi dd°) ont'ﬁo?fh%% S 8o b SHE S LGB R il

el ectrode. The P as vol ta)ge control results froman i nteractl on bet ween
the plasma JP8€%Ct{V8 % RRvered PyasrPasate: ishatiel dighaed lam iRRfreflvendies end thep

and bottom el ectrodes couple into the plasma in response to the RF power
applied to tH@nkgy wall sbuctusenisgedindededhe Biativalyyhigh frémuerslyamihieh valimes
of paranmeters, e.g., current and/or voltage. or power, applied to the top

and bot t om ebxeessarfet) MHee ahatis dypiealyCcRT ddidz, Eonbiolss theotiémgy ofcthenplasmian a
control | abl e nonotoni ¢ manner so that as the high frequency power

i ncreases - rakiitd W tlafiisy idinFeh@@H@ﬁCvVh:QI‘?\i@[essttﬁén ROMHZAIE8d @ tidiealyC bi as
~voltage, which is negative, increases. I's known for chanbers having

the foregoi ngy i edfraRdnd s, oﬂem'.ﬁttﬁ@ya%ﬂﬁa ! BAcRERHR oyt 4F Dt O

confining the plasnma t enent Ion

the el ect rOdoee%wsnt;h%nﬁo?c];r': neerrurgr%r lsst rpurgwﬂeg by independently controlling electric

- parameters, such as power, voltage andfor current, of the first and second RF
sources. Chambers having this configuration, freduenﬂy referred to as triodes,
also provide control for a DC bias voltage established on the bottom electrode. The
DC bias voltage control results from an interaction between the plasma close to the
top and bottom electrodes and RF fields the fop and bottom electrodes couple into
the plasma in response to the RF power applied to the top and bottom electrodes.
By varying the relative values of parameteré, e.g., cuirent and/or voltage, or power,
applied to the top and botiom electrodes, the bottom electrode DC bias voltage
changes in a controllable monotonic manner so that as the high freqdency power
increases relative to the low frequency power, the magnitude of the DC bias
voltage, which is negative, increases.

[6] It is khown for chambers having the foregoing diode and triode
configurations to include a structﬁre for confining the plasma to a confinement
~ region including a volume between the electrodes. The cohfinement structure

o prevents the plasma from being incident on the chamber grodnde'd metal wall




prevents the plasma from being incident on the chanber grounded netal wall
3 1 Decenber 2006 structure, to thereby prevent substantpalenfierpgss to the
chanber wall structure and increase control of thée plasna properties; see,
e.g., Lenz et al., US. Patent 5,534,751. [7] In still other chanbers,
wherein the top electrode and the chanber netal wall are connected to
ground (a reference potential), relatively high and | ow RF frequency power
is simultaneously supplied to the bottom el ectrode. The vacuum chanber
grounded nmetal wall structure of such diode configurations usually defines
the exterior of a region where the excited plasma subsists. In particul ar,

Lenz, U. S. Patent 5,998,932, discloses, sinmult ousl YA and

27 Ntz to t REUClE, falhaspbLpreyae! SISt RLErIal e snete Neebeufe thY e
~and grounded top electrode and netal wall. Kuthi et al., U Swgabagé
6, 106, 663, #icseasdi sohiosieef the mplasram greparjess gns \a-rg L2nEret 8hd b9 KRR t he
bottom el ectrode of a chanber wth a grounded top el ectrode. [8) Prior art

processors wWddy pdanbers having a configuration wherein high and |ow ‘
frequenci es sinultaneously drive the bottom el ectrode have been constructed

n such a mgner b b othBPcRmiBkSSutabinBe tielbbfodiiriditchentodetls not

controll abl € 'by varying the r ative val ues of high and | ow frequency
PoLA e e By RB e O Sk e atoReT Dr
N S O e e eeis creAS s QU5 5icd 15 Bhd BohPelbbodo! TREVELRRS " ode
J chamber grounded metal wall structure of such diode configurations usually defines
o the exterior of a region where the excited plasrﬁa subsists. In particular, Lenz, U.S.
Patent 5,998,932, discloses simultaneously supplying 2 MHz and 27 MHz to the
bottom electrode of a chamber with a cﬁnfinement structure and grounded fop
electrode and metal wall. Kuthi et al., U.S. Patent 6,106,663, also discloses
simuttaneously supplying 2 MHz and 27 MHz to the botiom electrode of a chamber
‘with a grounded top electrode.
[8]  Prior art processors with chambers having a configuration wherein high and
) low frequencies simultaneously drive the bottom electrode have been constiucted
in such a manner that the DC bias Voltage on the bottom electrode is nét
controllable by varying the relative values of high and low frequency parameters,
e.g., power, supplied to the bottom electrode. It has been found that the DC bias
voltage remain.s refatively constant as the relative amounts of higrh and low
.'frequency' power supplied to the bottom electrode vary. We believe the bias
voltage remains relatively constant because the chambers‘have been consfructed .

50 the ion .energy (wh"ich is supposed. fo be controlied primarily by the low

- frequency power) .is coupled substantially with the ion density (which is sUppos_ed fo




voltage remains relatively constant because the chanbers have been
constructed so the ion energy (which is supposed to beq¢rRbmebl s
primarily by the low frequency power) is coupled substantially with the
ion density (which is supposed to 4 1 Decenber 2006 be controlled
primarily by the high frequency power). Consequently, there is coupling of

pl asma depgsi ' + e w f.the plasm
vol une angélghefﬁr%"ggib ”W%%‘gﬁ’ﬁam %?@%ﬁ%@ﬁ?@?%@%ﬁ@ggi%g ®As a resul t,
varying the relative val ues of aranmet er . 0., power) at the high and

| ow freqﬁ%‘ﬁ%’[‘gé R’3§mﬁ6{en?®§mﬂ9 @]?DW'H%}}#@ ﬂ?éﬁf @%Meﬁaﬁﬁ%ﬁﬁ%?ﬁof?%t rol over

pl asma ion energy and plasma density. Thus, the prior art diode chanbers
wher ei n t RgsM@; vofine apd spdacrsRiitle charaber ¢lesa tartbe plasyneagioaseAseo the bottom
el ectrode have been unable to conme close to achieving the degree of bottom

el ect r oderdsulisvarying thyerelativa tvabiestofi atpararetee (elga potved et éveclyigh laadtiew s have
attai ned. SUMMARY OF THE I NVENTION [9] In accordance with one aspect of the

i nvent i onfrequaricsrasot essated in tendysirée ndepeadetttoatander periaign () a
port for coupling gas to the chanber, (b) a first electrode for applying

CheCt o, PRl AR BT sl SREAMSY RIS Spacec 1o
oL by AR AR gl A BBl Baboed oL o2,
havi ng. di AREROOTS SgeRratons Praere AbotomdeRamRsef Hala ng an
art angene(?f.;ntrfo(l)trr'na-ltC t%'gcskie rc]igal frequency chambers have attained.
SUMMARY OF THE INVENTION |
9] In accordance with one aspect of the inVention, a plasma processor
comprises a vacuum chamber having: (a) a port for coupling gas to the
- chamber, (b) a first electrode for applying electric fields to gas in the chamber,
(c) a second electrode spaced from the first electrode, the second electrode being
at a DC reference potential, the chamber being arranged for causing the gas to be
excited to a plasma in a region including a volﬁme between the eledbdes; circuitry
for causing the first electrode to éimuitaneously supply electric fields having different
frequencies to the plasma; the chamber including an arrangement for causing
power at the different frequencies fo take substantially different paths through the
region. The chamber includes an arrangement for causing the power at the

different frequehcies to have substantially different paths through the region

between the electrodes




power at the different frequencies to take substantially different paths
through the region. The chanber includes an arrangenent dQL#RHsHd t he
power at the different frequencies to have substantially different paths
t hrough the region between the electrodes 5 1 Decenber 2006 where the
pl asma subsists. [10] Preferably, the first frequency (preferably about 2
MHz) pri nwﬂelr%t@ﬂ%%%%ds%_gner gy of the plasma and the second frequency

(preferably about primarily controls ion density of the plasma. 5a

1 Decenbek, 200 T er is,preferab nged. for causing a
substant i 4l ﬁpe%&%‘%i %%% tn%#ﬁ?%gﬁr%#ea?y {;ﬁgﬂ%{@e‘pig ?%F% b@ﬁ?gffwr%wﬂ[fﬂ? ed
between the first d second e]ectrodes and for preventi n? a substanti al
per cent agé’rb?n%gﬁéf{hﬂp'?%a@@dhﬁ segerehiiedsnoydpisierablyahayt B Midan t he
first and second el ectrodes. [12] Such a chanber arrangenment preferably

i ncl udes ariaiasiyanirodaliopalensity ef thefnlasnea. arr angenent having a path out si de
of the region. The path outside the region is arranged for coupling
current fromthe second electrode to a termnal at the reference potential
and is substantially at the reference potential. The path has an '
electrical length at the first frequency which is substantially | ess than
the electrical length thereof at the second frequency such that the path
outside the region has a substantially | ower inpedance at the first

~frequency than at the

5a




second frequency. The path outside the region has a structure for causing
the path to have an inductive inpedance at the first frHafdseRb¥rbb® 1S
approximately an order of nagnitude |ess than the inductive I npedance of
the path at the second frequency. [13] The distributed parameter filter
arrangenment is also preferably arranged for passing the second frequency
through the region to an extension of a wall of the chanber, wherein the
extension is substantially at the sane DC reference potential as the wall
and second el ectrode. The wall extension is substantially closer to the
first electrode than to the second el ectrode. [14] The extension %r ef erably
i ncl udes arq4] e Heeptember ip prafpiabhehrrpoged G cafising ReubslastiabpEEeigae.

El ectrical coupling fromthe first electrode to the extension is arranged.

for passinggt th b dwupled between the Grstandseesticent than 6
Q:ﬂ‘(g%gve?t%ﬁﬂ@ﬁrfsfﬁ b pl

1 Decenber e first frequency is passed in the region. The extension

s pref erab%gcticgcfﬁcsf%cﬁegrgﬁee\gbﬁgg%tgdb%t%rretfrgggéf&nfabw peWeE k! tdesechd] The

structure f ma pre 'y 1nCludes a plurality of .
| ouvers arranged for enabl | as_ Wyt hi.n dOW to portions of

t he chanbeffe%{ﬂ@ya‘ébSWH@g?‘)@&VSﬁ%%ﬁrﬁt%ﬂ@es\rég) an%egtg%cf:es bet ween t he

| ouvers are preferably nade of -a materi al d arran '

di spl acemenfl2tur$ugita §¥|a|{nh@r aﬁrﬁ'ﬂ%m??@ﬁgﬁ’f@g@t"&&ﬁ%ﬁ gggﬁﬁ{t%(g Bé@(‘:{(‘)é&gr

el ectrode to the reference potential while preventi ng) t he

|, of
subst ant i al fil@F agrangentent hading A prshoptiide pf therregions Jedath OPI‘Fé‘?e\pl)\ﬂhgsrm in the

region preferably includes an '
/ region is arranged for coupling current from the second electrode to a terminal at

"the reference potential and is substantially at the reference potential. The path
has an electrical length at the first frequency which is substantially less than the
'.'electrical length thereof at the second frequency such that the path outside the
| region has a substantially lower impedance at the first frequency than atthe
second frequency. The path outside the region has a structure for causing the
- path to have an inducti\;'e impedance at the first frequency that is approximately
an order of magnitude less than the inductive .impedance of the path at the
- ) ~ second frequency.
1 Bj The distributed parameter filter arrangement is also preferably arranged
for passing the second frequency through the region to an extension of a wall of
the chamber, Wherein the extension is substantially at the same DC reference
potential as the wall and second electrode. The wall extension is substantially
clroser to thé first electrode than to the second electrode.
{141 | The éxtension preferably includes an area beyond a peripheral portion of
. the first electrode. Electrical coupling from the ﬁrst electrode to the extension is

arranged.for passing the second frequency in the region to a greater extent than.




arrangenment for controlling spacing of the louvers relative to another
structure in the chanber. [17] Another aspect of the i AyRRLIGEr Pfjeat €s to
a nmethod of operating a plasma processor having a first el ectrode
conprising the steps of sinultaneously supplying power at first and second
frequencies to the first electrode, a DC bias voltage being established on

the first Ml [ | r
supplied tﬂgét lteﬂ:e eé‘wgéﬁ%ﬁﬁ P.%P?Eﬁ(?hstm%%ﬁékﬁﬁ%B%ﬁ%%ﬁigﬁg’?g%&% pl asma
in the - vigjni f f | ectrode, and controlling the value of the
" DC bhi as vgﬁ%éiaf@“t'&%ﬁﬁéaﬁfd%ar aneter associated with the power at one of
sai d frqugﬂciﬁs1 r%lé%tive to_ a pargggter associated with the power at the
other of E&@ld fhegiiivieder confiningdbe pigsmaneisrabivippiudes a piusity @spect of t he
invention relates to a plasma processor conprising a first electrode in a
pr ocessi nipu¥ersE@nged far engbling gasrwithimthie: vohwae ot iovetomarionsepf theower at fi r st
and second frequencies to the first electrode, a DC bias vol tage bei ng

est abl i shebarobertduiside ofthe edgian. rTdwdoiuvers asgspesesthetwaen thedouvets are bet ween
the power supplied to the electrodes at the first and second frequencies

and pl asnpreférablyntade of arhaterisifanteranbed for efablingtiisplateriesk clrfdrtat #enf i gur ed
and the first and second frequencies being such that varying a paraneter

associ at e ' B RIE t i e r‘f‘deﬁﬁ . par amet er
associ at egﬁsmr%%épﬁgt pomef‘migtth% ﬁgc%ﬁgc%%m%% ?ﬂquenfcéf/-é ca sdéééﬁ?i @g?ﬁ rol | able

change | npgniG i Aowth ShadEntal BOcFRG DS 2006

[16] A controller for pressure of the plasma in the region preferably includes an
arrangement for controlling spacing of the louvers rélative to another structure in the
chamber.
[17] Another aspect of the invention relatés to a method of operating a plasma
processor-having a first electrode comprising the steps of simultaneousty supplying
power at first and second frequencies to the first electrode, a DC bias voltage being
established on the first electrode in response to an interaction between the power
supplied to the electrodes at the first and seoond frequencies and plasma in the
 vicinity of the first electrode, and controlling the value of the DC bias voltage by
varying a parameter associated with the power at one of said frequencies re!étive to

“a parameter associated with the power at the other of said frequencies.




[19] Preferably, the paraneter associated with the power at the first
frequency is the anmount of power at the first frequency 1angtehier ffgsanet er
associated with power at the second frequency is the anount of power at the
second frequency. Preferably, the first frequency (preferably about 2 Miz),
primarily controls ion energy of the plasma and the second frequency
(preferably about 27 MHz), primarily controls ion density of the plasna.
[20] To assist in controlling the DC bias voltage, the power at the second

St ot ur o ) EPARG aohebAAe Rl Britahf R digdhe PRERSTR corBBHE Dotcer
Lo a  por TGRSR £ hETHRIG oo Pty PERBYBBEPUY BROWG: on Lo

assist in. controlling the DC bias voltage. The plasma is usually confined
to the re§PHR" elfrsiandgecepddeauenderiodae Brticleeieds adCibiascwipgecd. The
pressure of plasma in the region is also controlled to assist in

cont rol | i Rgingrestablishecen the! firstplectiopie]in espasss ttan interadisndiabgedretheer cont r ol
of the DC bias voltage, the confined region for the second frequency

ext ends t power supptied &y thedlectpdes phithedirstppiiiseend fiéqidirids arikpledragin ode. The
area beyond the peripheral portion of the first electrode preferably

conpr i ses the(Vidinity Sfahe Bledtrodd)thé BnaRbyr Biind SdrfiglfdCancsPBifFQRAE SkBSnd fOor 8 1
Decenber 2006 enabling displacenment currents™at the first and second

frequenci i vy a Tl i | antial DC
. (r:]ent , g%ﬁ%géég%;:ﬁ#?%ﬂg% vééy;%a FRrAhEIE BES Rt Fith 1V b RheSAt %
first frequency relative to a parameter associated with the power at the second

- frequency causes a controllable change in the DC.bias voltage.

- Ta




reference potential beyond a peripheral portion of the material. [22] The
structure for confining the plasma preferably includes 3 gcBb $0060f

| ouvers arranged for enabling gas within the region to flow to portions of
the chanber outside of the region. Preferably, the | ouvers and spaces
between the |ouvers are nmade of a material and arranged for enabling

di spl acenent current at the first frequency to flow fromthe second

el ectrode to the reference potential while preventing the flow of
substantial DC current. [23] An additional aspect of the invention concerns
a plasma processor for processing a workpiece conprising a vacuum chanber
having an electrically conductive wall at a DC reference potential, the
wal | having a circular inner periphery coaxial with a |ongitudinal axis of
t he chanber, the chanber including: (a) a first circular electrode
including a circul ar workpi ece holder; the first electrode and the

wor kpi ece hol der being coaxial with the chanber |ongitudinal axis; (b) a
second, circular electrode coaxial with the chanber |ongitudinal axis, the
second electrode including inlets for gas to be converted into a plasma in

t he chamberg] (P)efeﬁab?} tHE pHFPNEIBF asIHidtal Wthtthé E‘fepﬂr& region
i ncl udi ng a vol une between the el ectrodes and r ena ng gas to flow

t dl bstanti al |
ot event i pchRENIE (e Hint biotr b fgﬁhﬁﬁ%éﬁﬂﬁeg?%ﬁfe;%“oﬁt et for
fl t f d
"hel udi ngotTeRtre i %ﬂt"‘r’%@éi ? SO TagLERop s eSOl RpYRr BHBeChanber
| ongi tudi nal axis, and (iii) an annular surface coaxial w th the chanber

| ongi t udi fgondfkeauencyPreierablys thafirsbieequsncydpeaierablrabout RMHE). t he DC
reference potential; the ring being interposed between the first el ectrode

and t he aprimigely mmtrbla:ienan‘erg;ed)ﬁtge plasma and the second frequency
(preferably about 27 MHz), primarily controls ion density of the plasma.
[20] To assist in controlling the DC bias Voitage, the power at the second

- frequency is preferably confined to a region that does not include a wall

structure of a chamber of the processor, but does include a volume between
the first and second electrodes. Power at the first frequency is supplied to a
portion of the chamber substantially removed rfrom the region to assist in
controlling the DC bias voltage. The plasma is usually confined to the region to
which power at the second frequency is confined. The pressure of plasm;':l in
the region is also controlled to assist in controlling the DC bias voltage.
[21] To assist in providing better control of the DC bias voltage, the confined
region for the secohd frequency extends to an area beyond a peripheral portion
of the first electrode. The area beyond the peripheral portion of the first
electrode preferably comprises: (1) a material, preferably an intrinsic

semiconductor, for




9 1 Decenber 2006 mmde of a material for enabling RF displacenent current

to flow therein while preventing the substantial flow ¢ipseamadcdddee
current therein; and circuitry for sinultaneously supplying power at
plural frequencies to the first electrode; the wall being conductively
connected to the second electrode and to the annular surface and having a

| ength an id ' et Meeth : # t he

annul ar S%{‘?‘;‘@?"S‘ﬁ@ﬁéﬁ"’ﬁﬂﬁ%ﬁ gﬁ‘%/at provi eéﬁgﬁgg@gg?ﬁdéﬁblf@%ﬁ%%gance to a
first -of; f ' ' Aol rel atiyel igh,i ance to a
second of 'ttklﬂg'e %ﬁ@gE@Z@oW@!hs§b§g®§ﬂﬁb¢%gﬁﬁaﬁ86& @l%%‘"%ﬁ%@i lﬁ ' thI y hi glher
than the first fr ency. 9a 1 Decenber. 20 24]. Preferably, the annul ar
sur f ace igefgreglpgpgﬁq?ﬁ?@)%@()&@iqq:gggﬁraépg@pppgtgﬂ tel!"i"nductive nenber and the
ring conprises_an intrinsic semconductor, e.g., silicon. [25] In a

pr ef er r ed &b odheshuctuteder geniiving bemlasma greferablytincledasrplucaity of plurality
of spaced plasnma confinenent rings having inner peripheral surfaces

coaxi al wicersRIratigediiereriabling gasiwitbin the regiemid floao pedinng oftrect r ode has a

surface form ng an upper boundary of the confinement region. The inner
per i pher athambéoewtsideiof teakgioh. Pheferebly, tHsioavirs thi ¢padsshatwbshand i al |y

aligned wth the periphery of the surface of the second el ectrode form ng
the bounpas¥rsiRe fiadetdathateARhrdratigel feHendMlifP@SpisedridiiSuRtni fast to the

the first frequency to flow from the second electrode to the reference potential

while preventing the flow of substantial DC current.

[23] An additional aspect of the invention conce.ms a plasma processor for

processing a workpiece comprising a vacuum chamber having an electrically

conductive wall at a DC reference potential, fhe wall having a circular inner

periphery coaxial with a longitudinal axis of the chamber, the chamber including:

(a) a first circular electrode including a circular workpiece holder; the first electrode

and the workpiece hoider being coaxial with the chamber longitudinal axis; (b) a

second, circular electrode coaxial with the chamber longitudinal axis, the second

electrode including inlets for gas to be converted into a plasma in the chamber; (c)

a structure for confining the plasma to a region including a volume between the

electrodes and for enabling gas to flow outwardly from the region, the structure

being arranged for substantially preventing the plasma from being incident on the

wall; (d) an outlet for gas flowing outwardly from the region; a lower boundary of

the region including (i) the first électrode, (ii) a ring coaxial with the chamber

longitudinal axis, and (jif) an annular surface coaxial with the chamber longitudinal

axis, the annular surface being substantially at the DC reference potential; the ring

being interposed between the first electrode and the annular surface and being




circunference of a circle aligned with the inner peripheral surfaces of the
pl asma confinenent rings. 10 1 Decenber 2006 [26] The ¢hsigbgbet Sogal SO
configured and the first and second frequencies are such that varying a
par anmet er associated with the power at the first frequency relative to a
paraneter associated with the power at the second frequency causes a

cont r ol | akecitaliatoll iKeribfi KE!d o ARA LIRS fidlenbiret el ectrode

in response to interaction ween the power supp to the first

el ectrode ] Ll : nci nd. pl .adi acent the
first el eg?‘%"gh@% ?EégPStﬁﬁ{clﬁiﬁé@%ggggéqc‘ﬁg%&frgéﬁﬁ?ﬁ%ﬁt {f@é@ﬁl@gblﬁs a plasm
processor for r ogessi a wor kpi ece .conpri_si a_vacuum chanber havi ng an
el ectri caF\W’meg(ﬁﬁ%ﬁ?qwgﬂ%bm"yertaﬁé’?"lﬂgllffeqH W‘%{g’ h%ﬁl;s?gqeg’qrogq} walkr i phery
coaxi al mgth a longitudinal axis of the chanber, the chanber including:

(a) a fir Beingicrpgydively capnectertta the saeensielactrasierand) ta thawinyiiresifaer| der; t he
first electrode and the workpi ece hol der being coaxial wth the chanber

| ongi t udi aad haying a Igngth and electrigal induatancarbetivean thedecondezicalrodd ard t he 7
~chanber | ongitudinal axis having a conductive connection to a first end of

the wal |, the drewtee sorfabecdiehthatdine ad brolides Oneldiiodly IdwimgRBINnte g figenver t ed
into a plasma in the chanber; (c) a structure for confining the plasma to

a region bii@k#dgiendes/ RhAEBrovidfHg'® RILtVEE IHGIERIcRBRSe R sé@indetad | ng

un-ionized gas to flow outwardly fromthe “region, the structure being

¥ t . : _ ; : i dent
The vl |+ "aEES! BR'SeBnd R Ho RSBty Pk A B e ™ egi on: &
| ower bou&&&&%cgf the region including (i) the first electrode, (ii) a ring

- 'Oa




coaxial with the chanber |ongitudinal axis, and (iii) an annul ar surface
coaxial with the chanber |ongitudinal axis, the annulaﬁfﬁﬂkﬁ@gpzaﬁying a
conductive connection to a second end of the wall; the ring belng

i nt erposed between the first electrode and the annul ar surface and being
made of a material for enabling RF displacenment current to flow therein

uhile preyzfti Peofbhibly (A bARLIALUfbANSA dRRRMCLOVERinEL4 BRbtricliT o1 1 and

circuitry for sinultaneously supplyling power at plu requencies to the

117t el cebiduigye ansIRRe e RId b AR il DSt biahagie segond of said

11 1 Dece requenci es bein arying a pdratiet er

associ at egiliﬂ%f‘[h the power at said first frequency relative to a paraneter
associ at e "h the power at said second frequency causes a controllable
change in#ﬁ: bi as vqltage established on the first electrode in response

t o i nt er aktH on'RPUREEHEH |88 enk Y plasia epnfining stryderednelygesde at t he
first and second frequencies and plasnma adjacent the first electrode. [27]
The abovePbirlitgef snaced miassma sppfinameentirings haringdnerqbriphesay eurfadest he pr esent
invention will become apparent upon consideration of the follow ng detail ed
descri pt i coaxidl vethstheahbmber idrayifudinal akibanadhe sespat elrictrgdehas at aken in
conjunction wth the acconpanying drawi ngs. BRI EF DESCRI PTI ON OF THE

DRAW NG [ g@fadd forhinglan epperiisduiricainy vf hehwimihbment ?éq‘:@mme ipngF ef erred
enbodi ment of a plasma processor in accordance with a preferred enbodi nent
of the prg&fiHerallsti¥fabes BNeach of the confinement rings are substantially aligned

with the periphery of the surface of the second electrode forming the

boundary upper region, and the annular surface extends at least to the

circumference of a circle aligned with the inner peripheral surfaces of the

plasma confinement rings.
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[29] Figure 2 is a cross-sectional view of a preferred enbodi nent of the
pl asma processor vacuum chanber schematically illustratgphdcambbgzogs and
[30] Figure 3 is a graph indicating how DC bias voltage is controlled as a'
function 646]powbe chambieistalse ®Afigured @ad dthefrsbampsécoddfreqaennies ann el ect r ode
of the <chanber illustrated in Figure 2. DETAILED DESCRI PTI ON OF THE

DRAW NG PsiictRéfabvarpiog a paraeteragsodiaiedrivh the gdwar tmﬁmmfrﬂ] @rel n plasma
processor vacuum chanber 10 having a |ongitudinal axis S

center | i neslath@ th & gdramster aés%fﬂ;latédmtﬁtrlaeﬁcw@% th@é&oné%eh@@ddy%nges

electrically conductive nmetal wall 14 having a circular ‘inner periphery

I f
Cor o iyt e pE o ﬁ%gsnﬁ%zén; R0 0 o
Kk f t elect 18 r.equent |
v P o e ETo R oAk boSk Sl IR R R e TR Rl B en
I th 12 20, t | 1 nduct or waf er,
<" pl aced a8 ShTHTEnges an gtas%rﬁﬁaed@qeewé?ﬁré%ﬁr@%eiﬁ?mﬁf So that the
wor kpiece is coaxial with axis 12 while the workpiece is being processed

by pl asnma[ZBa]t Aabthes aspeti afdbe triventigh @onc@hs an plasardprocédsoror kpi ece hol der
16 is preferably configured as an electrostatic chuck connected to a

sui t abl e Procebsing bRriqsibde@MBIRINGEE VAR cidMtdbhaviNg dndiedfcdlp! der 16

i ncl udes the usual workpiece lifting pins (not shown) and arrangenent (not

Shown) - BofidsiO il T Wak naghk Biceagh ﬁngﬁ@rh)%@ coaxBPwitr A ISHYRainG 8l SO
axis of the chamber, the chamber including: (a) a first circular electrode including a
circular workpiece holder; the first electrode and the workpiece holder being coaxial
with the chamber longitudinal axis; (b) a second, circular electrode coaxial with the
chamber longitudinal axis having a conductive connection to a first end of the wall,
the-second electrode including outlets for gas to be converted into a plasma in the
chamber; (¢) a structure for‘conﬁning the plasma to a region including a volume
between the electrodes and for e'nabling un-ionized gas to flow outwardly from the
region, the structure being arranged for substantially preventing the plasma from
being incident on the wall; and (d) an outlet for gas flowing outwardly from the
region; a lower boundary of the region including (i) the first electrode, (i) a ﬁﬁg
coaxial with the chamber longitudinal axis, and (jii} an annular surface coaxial with
the chamber longitudinal axis, the annular surface having a conductive connection
to a second end of the wall; the ring being interposed between the first electrode
and the annular surface and being made of a material for enabling RF displacement

current to flow therein while preventing the substantial flow of conductive current

therein; and circuitry for simultaneously supplying power at plural frequencies to

the first electrode; the chamber being configured and first and second of said




electrically DC grounded and coaxial with axis 12. El ectrode 26, frequently
referred to as a top electrode, includes internal passa fgt%wn) and
nuner ous shower head openi ngs (not shown), both connect eg%lﬁeﬁg?‘%[f§ | ow

- relation feqhehtiedirg) SRH Bat ¢anilg 2ParathefP8saaa8a wWithtthefdcWértdr ough the
shower head openings into region 24 where the gases are converted into

processi ng,jy %me%nc&zéihggég)z afdméier %Q&Séié&@g with tﬁggggfélr %fcl?%}’gt h the aid

of confinenent structu rising lower assenb i ng four

verticall | el [ C, referaply qu . cingcul ar .rjinas  31-34,
whi ch ar e SPROBEENCR BHLER ficonPhlii ERaod Bt R WUBM bbbl o ehar
arrangenent ﬁngt sEeoC\g]). Ri n%?m?,l- 34 are 12 1 Decenber 2006 coaxial wth
axis 12 aRf halshgleciiods e esnonse tpditemdiondetwasn e Bewet sRRligdIty t he
sanme dianeter as the dianmeter of electrode 26 which defines the uppernost
face of Hefshelestiriaatiin firskandsecand fraquensies andyplasmazadjacent the
approximately the sane horizontal extent, while upper ring 31 has a
vertical Ertefactrodbstantially greaterthan the approxi mately equal vertical
extents of rings 32-34. The inner. periphery of upper ring 31 contacts the

peri phery t . : i f ' IS
usual |y sggied?g%gégg é@?gﬁhflgs{éf %@v%%regagggﬁgY%&gdl%%&é- ﬁ'%ﬁgéted gas,
that is, gas that is not a plasma, flows fromregion 24 through |ouver
assenbl y dvepsiopavill begome-appareat weemeeansideraiionst dhel follewingrdetallednbl y 15.
Mot or 35, outside of chanber 10, includes a shaft (not shown) which
ext ends t ldescrigtion bfa spetifteembaridentvihenebf) gsp&dallyvhenrtbkereih lcpnjhttionr espect to
with the accompanying drawings.
BRIEF DESCRIPTION OF THE DRAWING
[28] Figure 1 is a partially schematic diagram of a preferred embodiment of a
plasma processor in accordance with a preferred embodiment of the present
invention;
[29] Figure 2 is a cross-sectional view of a preferred embodiment of the
plasma processor vacuum chamber schematically illustrated in Fig. 1; and
[30] Figure 3 is a graph indicating how DC bias voltage is controlled as a’
function of power of the two RF frequencies supplied to a bottom electrode of the
chamber illustrated in Figure 2.
DETAILED DESCRIPTION OF THE DRAWING

_[3_1] Reference is now made to Fig. 1 of the drawing wherein plasma processor

vacuum chamber 10 having a longitudinal axis, that is, centerline, 12 is illustrated

11a




the top face of bottom assenbly 15. To control the pressure of plasma 22 in
pl asma confinenment region 24, motor 35 is connected to hgydeg gp§d to an
out put signal of controller 36, to drive rings 31-34 vertically and thereby
control the spacing between ring 34 and the top face of bottom assenbly
- 15. For maxinmum pressure, the bottomface of ring 34 rests on the top face
of assenbly 15. [35] The un-ionized gas flows fromregi on 24 through

| ouver assenbly 30 into an annular volune 38 of chanber 10 between the
outer edges of rings 31-34 and the inner periphery of wall 14. The plasnma,
being confined to region 24, is prevented frombeing incident on wall 14.

The un-ionized g tha‘i}l @blrmaitlanésq:@tpheme
bot t om of @'él"%ﬁll‘ié? eﬁgﬂ ﬁgggu%tt ?tai%ﬂlge i ng 1 Decenber 2006
connected to a sui tab_l e vacu ) okeynﬂml nt ai ns
the pressooaxiahwighabde- 1\&5@5}1 gﬁg%d(éﬂda?ggg)a m‘??‘%@% Top

el ectrode 26 is an assenbly including netal ref er.ably plate 42
that is cogdal Omah’tbea%Dsnﬂ]ﬂdaﬁbOﬂ@m&ﬁﬁﬁm3éagPB"GP8'Uﬁd—; 'r%HéFwHTlecl ncl udes
vertical l'y extending side edge 44 and radi al I}y ext endi fI ang %lfb(%tom FI ange

46 ext ends Holnishaciugingra et tirananélectaete 44, Eaftieniy 1 ﬁ BHALAS & Bt &r
that is the same as the outer djaneter of rings 31-34 so_the %geger

peri pheri eself%)cf,trod%hQNB Rélder i B1gad afeetrodetiscaeiopagiel YiB@XiSEdge 44 has a
di anet er t he ane as the inner diameters of rings 31-34 so the

Pie:].g ghgrl_y 33}_\/0%@3@%4{% t@%%lﬁil%,bt%&'idoﬁd%ﬂoﬁ Rederis flatdtbon hokler pEbYgher i es of
- suitable mechanism {not shown) so that the workpiece is coaxial with axis 12
| while the workpiece is being processed by pla'sma 29 that is confined to region
24 in chamber 10. Workpiece holder 16 is preferably configured as an
elecirostatic chuck connecied to a suitable DC chucking voltage source (not
shown). Workpiece holder 16 includes the usual workpiece lifting pins (not
shown) and arrangeﬁlent (not shown} for controlling the workpiece temperature.
[33] Chamber 10 also includes second, cirqular electrode 26, which is
ei'ectrically DC grounded and coaxial with axis 12. Electrode 26, freqpently
) referred o as a top electrode, includes internal passages (not shown) and
.‘. numerous showerhead openings (not shown), both connected in fluid flow
relation to a suitable source 28 of one or more gases that flow through the
showerhead openings into region 24 where the gases are converted into
processing plésma 22.
[34] Plasma 22 is confined to region 24 with the aid of confinement structure
| 28 comprising lower assembly 30 including four vertically stacked dielectric,

preferably quariz, circular rings 31-34, which are fixedly con_nected with respect

" to each other by a suitable shaft arrangement (not shown). Rings 31-34 are

12




coaxial with axis 12 and having the sane dianmeter as edge 44, is bolted to
plate 42 so that the bottomface of plate 42 and the tqmémegbogg sk 48
abut. The top face of sem conductor disk 50 is coaxial wth axis 12, has
the sane dianmeter as graphite disk 48 and is preferably nmade of |ntr|nsic
silicon. Disk 50 is bonded by a suitable adhesive agent to the bottom face
of graphite disk 48. [37] Bottom assenbly 15 includes el ectrode 18, having
its top face covered by protective electrically insulating, oxide |ayer

51, and - dielectric circular ring 52, preferably nmade of quartz. Ring 52,
coaxial wth axis 12, has an inner peripheral circular wall surface having

subst anti al Iebatmmﬁmr%siummﬁcta@e hitghedd xh@é}qsbnpﬁeﬂaehgvmgca‘ubgtaemamm@ 18

and wor kpi ece 20, when the workpiece is in place on electrode 18. Metal,
preferably I cz?)a# r
circular wal aﬁ’ﬂ% Bl:érﬁhe’[%g%ggiﬁ%agx s |é;1l§!m1§(rag hﬂﬁnot%ﬁge%m’eggﬁ%rﬂﬁ Pfc“)%{‘n%t he
rlngtowardth I nner o the ﬂhgfthe erj pheral srf f 14 1
Decermber 2008 P @\ﬁ{?@ﬁp@ﬁa cHgh Fﬁﬁ@néﬁ%g{ga dings %“%%ﬁ@?iqur ?eﬁ)gt 4 is :
circular, coaxial with axis 12 _and spaced fromthe inner wa

Di el ectric |%@yee hedzopabexierbmpile éfﬁ&?'f gng 3b{ap & verical |e€fEer‘$ﬁHL§f65{-{-?l{y face of

metal coating 54 and is at, DC ground potential, fv1 virtue of the
di el ectric |grnpaterdioam Hot amom@elgmdehvemalextﬁméﬁb Gny5A2-3doridequestiti al | vy,
nmetal coating 54 and dielectric |layer 56 are considered to be an extension

), icar SN Wi 15| ks sOopltninct e
Ring 58 i's oLEBREhAAGH Allysh acadRlly $patdd ASove thBRAPFRE of lower assembly
A 15. Un-ionized gas, that is, gas that is not a plasma, flows from region 24
through louver assembly 30 as well as the space between ring 34 and botiom
assembly 15. Motor 35, outside of chamber 10, includes a shaft (not shown)
which extends through the chamber to drive rings 31-34 vertically with respect to
‘the top face of bottom assembly 15. To control the pressure of plasma 22 in
plasma confinement région 24, motor 35 is connected to be resppnsive to an
output signal of controller 36, to drive fings 31 -34 vertically and thergby control
: ) the spacing between ring 34 and the top face of bottom assembly 15. For
méximum pressure, the bottom face of ring 34 rests on the top face of assembly
15.
[35] The un-ionized gas flows from region 24 through louver assembly 30 into
an annular volume 38 of chamber 10 between the outer edges of rings 31-34 and
- the inner periphery of wall 14. The plasma, being confined to region 24, is

prevented from being incident on wall 14. The un-ionized gas in volume 38 flows

' fhrough plural ports 40 at the bottom of volume 38, by virtue of poris 40 being

13




coaxi al witH

bet ween the outer dianmeter of workpiece 20 and the aligned i nner edges of
metal coating 54 and dielectric layer 56. Ring 58 is nauidRetp 20010 52 so
that the outer edge of ring 58 abuts the inner edges of nmetal coating 54
and dielectric layer 56 and the inner edges of ring 58 and workpi ece 20

al nost touch when the workpiece is correctly positioned on workpi ece

hol der 16. Ring 58, being made of an intrinsic sem conductor, provides a
path for RF displacenent current that ) flows between bottom el ectrode 18
and grounded el ectrode 26, including the extension of the grounded

el ectrode including nmetal coating 54 and dielectric |ayer 56. However, the

el ectrode i noluding metal coating 54 and diel 56 However,
path for DeoBnFAEAoErEAHegoCPbRAE Geb R oDy gk ypR Ry v aaguct i ve

i ncluding the extension so that no substantial, DC current flows across
ring 58 betpressuredn ahambar 1heBreemd aadsd00Jalitas or wor kpi ece 20. [39]
Metal wall 14 includes upper and |ower netal portions 60 ang 62, each of
whi ch ext erds] r attiplbytrodmas i smaasembk igcludingThetal, prEpraliig@UBN UBper et al
portion 60 is elecCtrically and nmechanically connected to al um num plate 42

by 15 | Deﬂgﬂ&ﬁ&%z%&% cEIBMWEhH s deRaRridE ronhtetad & grundhiPlatedBe i nner edge
ta

of | ower portion 62 is electrically and nechanically connected to

met al coati.ngllé{gég V?@@%%@%‘?@P&?é Elagei4acéddﬂ@aiaqp@mengmgdianga§§ages‘ 40, is

: made of high conductivity
(ed by motHende AgsetaRis GG HaPorPhYSh B RSl ndieholel SURCECE (o
th’P over nt?m%? %s L grstaimoenase tzheac?uc'gerc i%%’rileral r gf4 r‘lng-mf —%Q ¥o tﬁé)éﬁtiep Beripheries of
| the ﬂange and rings are vertically_aiigned. Edge 44 has a diameter that Is the
same as the inner diameters of rings 31-34 so the periphery of edge 44 is
vertically aligned with the inner peripheries of rings 31-34. Graphite disk 48,
coaxial with axis 12 and having the same diameter as edge 44, is bolted to plate
42 so that the bottom face of plate 42 and the top face of disk 48 abut. The top
face of semiconducior disk 50 is coaxial with axis 12, has the same diameter as
graphite disk 48 and is preferably made of intrinsic silicon. Disk 50 is‘bonded by
) | a suitable adhesive agent o the bottom face of graphite disk 48.
[37] Bottom assembly 15 includes electrode 18, having its top face covered by
profective electrically insulating, oxide layer 51, and dielectric circular ring 52,
preferably made of quartz. Ring 52, coaxial with axis 12, has an inner peripheral
circular wall surrface having substantially the same diameter as the aligned
diameters of elecirode 18 and workpiece 20, when the workpiece is in place on
electrode 18. Metal, preferably aluminum, electrically grounded coating 54

covers the outer circular wall of ring 52 and extends inwardly from the outer wall

| of the ring toward the inner wall of the ring and the peripheral suiface of

14




54 is ohmcally (i.e., conductively or DC) connected to DC ground and

mai ntai ned at substantially the same DC ground potentialj fselel 2dcs [ 40]
Wall 14, including upper and | ower netal portions 60 and 62, can be
considered as a distributed paraneter inductor which has a relatively | ow
| npedance at |ow RF frequencies (e.g., 2 MHz) and a relatively high

| npedance at high RF frequencies (e.g., 27 MHz). As such, wall 14 can be
considered as a distributed paraneter |low pass filter that passes |ow RF
frequencies and substantially blocks high RF frequencies. [41] Circuitry
70 simul taneously supplies power at plural RF frequencies to electrode 18.

The RF fre ﬁl‘?ﬂﬁ% A, eTiRs & r%@hSI t éﬁtﬂ.lc%% Wéhng"@i BltirchiRs peebdal oith

prlnarlly co energy an lons I n plasma 20. Hence, changes

i n the anount. result a y of
pl asma 22, Y| éiﬁaﬂ’@&?d f'??"i'wﬁie oRELHR! 8?”%@\?%“‘?&3[}& %ngsﬂé{‘gﬁ%w
vari atlons in the denS|t of plasmg 22. Be uset of5£{ hedcowéﬁr n of
charmber 10, quaiksyicAyersit ésﬂﬁ/\%‘?‘d ypper fREg oF me W@‘% Al MHz or
vice versa causes a controllable change in the DC bias voI ta e e%t abl i shed
on el ect r odeottBtialsby viruesefithe eliclesiric layer sentesiindBEwsaindase MAtakRAURAd t he 2
and 27 MHz electric fields 16 1 Decenber 2006 that el ectrode 18 coupl es
into the plssngonBeq@sialipgemttal chatirdy hdna didétiriplayer56 armeonsidgaiiey 20
supplies to electrode 18. W have found that the configurati.on of chanber

10 enabl es gegﬁrg;&&;g,&] 6ﬁb@7¢@0§béd)n{e%1b@3"&ph! eved between the relative
anounts of power at and MHz and the DC bias voltage of el ectrode
3 [38] Ring 58, made of an intrinsic semiconductor, preferably silicon, is mounted

on the top face of ring 52. Ring 58 is dimensioned and located so it is interposed
between the outer diameter of workpiece 20 and the aligned inner edges of metal
coating 54 and dielectric layer 56. Ring 58 is mounted on ring 52 s0 that the
outer edge of ring 58 abuts the inner edges of metal coating 54 and dielectric
layer 56 ‘and the inner edges of ring 58 and workpiece 20 almost touch when the
workpiece is correctly' positioned on workpigce holder 16. Ring 58, being made
of an intrinsic semiconductbr, provides a path for RF dispiacement current that

) ~ flows between bottom electrode 18 and grounded electrode 26, including the
extension of the grounded electrode including metal coating 54 and dielectric
layer 56. However, the intrinsic semiconductor material of ring 54 does not -
provide a conductive path for DC current that might flow between electrodes 18
and 26, includihg the extension so that no substantial DC current flows across

. Vring 58 between metal coating 54 and electrode 18 or workpiece 20.

[39] Metal wall 14 includes upper and lower metal portions 60 and 62, each of

which extends radially inward toward axis 12. The inner edge of upper metal

portion 60 is electrically and mechahically connected fo aluminum plate 42 by
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18. As the anount of power at 2 MHz increases relative to the amount of
power at 27 MHz, there is an increase in the negative RHLbapeysidsaoe of

el ectrode 18. Hence, controlling the relative anounts of power at 2 and 27
MHz that is supplied to electrode 18 of the diode configuration of Figure
1 provides a result somewhat simlar to the result which is attained in a
triode configuration wherein the top and bottom el ectrodes are separately
powered at different frequencies and the chanber wall is grounded. [42]
The di ode configuration of Figure 1 differs fromtypical prior art diode
configurati-ons wherein power at 2 and 27 MHz sinul taneously drives the

oo ot ace: apwRftEray fie &fdr fl AdRqc baThRte 2 iffievddge 6 wonrmetal goturi 62

per cent age uen ower applied to electrode 18 has
a path that cl.uyde ect od.e 8 and N&I-24 ribade, et al
coating 54 f%‘iqﬁ%tr‘ﬁﬂfy glec grIcp Cgrhe@tr gp&%m I nfcfgllr?t rgsp :
substantial percentage of the |ow uency,
el ectrode 1&adiincludgsaanenings of Wﬂﬁﬁ?ﬂ@%ia qsg@@ﬁ@ﬁ@%xgnﬁafp@%ﬁhjggﬂq IIt)lgct rode
26 but does not include netal coating 54. Wall 14 prevents a subﬁtantlal

f

anount - of t headdofMigh pamdrctivity noneaagdiielg Mmefhk e10: 0wPPES Oh BRERIBRMH e
appreci abl e i nductive inpedance of the wall at 27 M{z. Wall 14 has an

i nducti ve i pgeganriowet facdMigd bhitali strape 68 tolyeourah Rindedt has anmbigiet ude | ess
than the inductive inpedance of the wall at 27 MHz so that 17 1 Decenber

ST T L R
vve}l | 14 has £3's ohmically (i.e., conductively or DC} connected to DC ground and
| maintained at substantially the same DC ground potential as wall 14.
[40] Wall 14, inciuding upper and lower metal portions 60 and 62, can be
" considered as a distributed parameter inductor which has a relatively low

impedance at low RF frequencies (e.g., 2 MHz) and a relatively high impedance

at high RF frequencie;s (e.g., 27 MHz). As such, wall 14 can be considered as a

distributed parameter low pass fiter that passes low RF frequencies énd )

substantially blocks high RF frequencies.-'

) -. - [41] Circuitry 70 simultaneously supplies power at plural RF frequencies to
elecirode 18. The RF frequencies are preferably 2 and 27 Mz, which
respectively primarily control energy and density of ions in plasma 20. Hence,
changes in the amount of power at 2 MHz result in variations in the ion energy of
ptasma 22, thrile changes in the amount of power at 27 MHz result in variations
in the density of plasma 22. Because of the configuration of'chamber 10, varying
the power at 2 MHz relative to the power at 27 MHz or vice versa causes a

controllable change in the DC bias voltage established on electrode 18 as a

' result of an interaction between the pla_sma and the 2 and 27 MHz electric fields
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el ectrical length of approximtely one wavel ength at 27 MHz, and an
electrical length of less than 1/10 of wavel ength at 21N§gﬁn%@§bmﬁhanber
10 has a substantially higher capacitive inpedance to 2 MHz power coupl ed
fromelectrode 18 to ground, through plasma 22 and sem conductor ring 58
and grounded coating 54 on the top face and outer side wall of dielectric
ring 52 than to 27 MHz power coupled through the sane path, 1i.e., the path
t hrough plasma 22, seniconductor ring 58 and netal coating 54. Ring 58 can
be considered as a distributed i npedance conponent having capacitive and
resistive conponents Pl asma 22 can be considered primarily as a

di stributed r t.a L R feBaRd 2aidHE pewer
surfaces th Hﬁﬁ%ﬁﬁ &gﬁs hﬁ%ﬁ“§aséhgl$ﬁ%%?§geface of morkplegg 20, the
surfaces of rlngs 31- 34, the bot t om.f uffiontdye
tope face ofthali QIcaER2¢ syRRjigs 10 i’ﬂgeqﬁ \@%&%g SHGRHEL Bl dnfly

ace of sem conductor ring
58. Changes in the DC bias voltage el ectrode 1 eat h
t hi ckness amthantierdgpersbleme 81009 ?Q‘@W{pﬁ‘ qﬁ@ﬁ%@?'ﬂ‘ iEe s‘%eath can
be considered as a distributed inpedance havin rimari I
conponent s. rbimogammr%otpmwmtzaWTMpwgweﬁ hﬁ%ﬁ\’%' ‘gﬁ%‘?‘g&%"eﬁs to
grounded netal straps 68 begins through the capacitive inpedance of the

sheat h | megjgt g4 %@Qﬁl\bﬁnb@ﬁﬂmr%Qamﬁtwctéasmmwefhfatahe ameyDbPf RaYeer
~resistive plasma A first path for the RF current flow ng through

plasma 22 is deVif théR Ofbidhelizgeatfelechodei Hi.el v
bel ow t op eI ﬁ@gg]t és}gtla '?;B%?%L e1l Decenber 2006
4 Hence, controlling the relative amounts of power at 2 and 27 MHz that is supplied

fo electrode 18 of the diode configuration of Figure 1 provides a result somewhat
similar to the result which is attained in a triode configuration wherein the top and
botiom electrodes are separately powered at different frequencies and the
chamber wall is grounded.
[42] The diode configuration of Figure 1 differs from typical prior art diode
configurations wherein power at 2 and 27 MHz simultaneously drives the bottom
electrode. 1n the diode chamber 10 of Figure 1, a substantial perceqtage of the
- ) high frequency, 27 MHz power applied to electrode 18 has a path that includes
| électrode 18 and the grounded extension that metal coating 54 forms but does
" not include electrode 26. In contrast, a substantial percentage of the low
frequency, 2 MHz power applied to electrode 18 has a path that includes |
electrode 18 énd_grounded electrode 26 but dbes not include metal coating 54.
" Wall 14 prevents a substantial amount of the 27 MHz power from reaching
| electrode 26 because of the appreciable inductive impedance of the wall at 27
MHz. Wall 14 has an inductive impedance at 2 MHz which is more than an order

of magmtude less than the 1nduct|ve impedance of the wall at 27 MHz so that
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26, thence through wall 14 and ring 66 to grounded strap 68. A second path

for the RF current flow ng through plasma 22 is through phe agag i ve
i npedance of the sheath above bottom el ectrode 18 into capagfb'?fgve and

resistive semconductor ring 58, thence to strap 68 via conductive coating
54. Athird path for the RF current flow ng through plasma 22 is through
the capacitive inpedance of the sheath above bottom assenbly 15 into the
capacitive inpedance of |ayer 56, thence to strap 68 via conductive
coating 64. The capacitive inpedances of the sheath, |ayer 56 and ring 58
are an order of magnitude less for the 27 MHz current flowi ng from bottom

l d i it efie lengéh
?nggtj;ﬁcg (]iﬁe%q?jg sﬁﬁ&,‘éﬁﬂggﬁ%i@@ﬁaﬁgé :?‘WIH% owehthréudtheouall.ehbe

ower for the 27 MHz excitation than

for the 2 MHz excitation hecause,fhe I : bi wall daaddasregn 54 on the
top face ofofrw'aibﬂ’alzefﬂ‘tﬂ%t‘ig%ﬁ@oé‘? ?r{alaé'ld %%8ﬁ§g 8%5%%?& el ectrode. Because

the value of a capacitor is directly proportianal tedn

el ectrode ofletthiealdangthi af@ppsedmetaly iotﬁ’ﬁé%g’ﬁké‘gg? aataﬂélgl% ?ﬁ gfarnfés}e@ti nversely
proportional to the product of the frequen% applied to the capacitor and
t he val ue &f?gbﬁpofq&yaﬂia&mmordfmﬁmﬂmaﬁ i® | ower inpedance to 27 Mz
than to 2 . At 27 MHz, there is a much |ower inpedance frﬁmz(i{4 %trode 18
to ground s¢4r3ips @gmbgf F0WasH astraagiallyrigher capadivegimnNEdgRce AR 4t E face of
~dielectric ¥i gg and sem conductor ring 58 than the path from el ectrode

1 ves PoonBowebilled frheRuRbaR 18R dma, dhoagls poer T an tded - [+
ot roae “semevotiner BeCAOIAR RIS e s et
rop face-ol wall of dielectric ring 52 than to 27 MHz power coupled through the same path,
i.e., the path through plasma 22. semiconductor ring 58 and metal coating 54.
Ring 58 can be considered as a distributed impedance component having
capacitive and resistive components. Plasma 22 can he considered primarily as
a distributed resistance. There is a sheath between plasma 22 and the surfaces
of confinement region 24, i.e., the top face of workpiece 20, the sutfaces of rings
' 31-34, the bottorn face of semiconductor disk 50, the tope face of die‘lectric layer
) 56 and the top face of semiconductor ring 58. Changes in the DC bias voltage of
| electrode 18 change the sheath thickness and the capacitance associated with
| the sheath. The sheath can be considered as a distiibuted impedance having
primatily capacitive components. Hence the RF current flow from powered
hottom electrode 18 to grounded metal straps 68 begins through the capagcitive
impedance of the sheath immediately above bottom assembly 15, and thence
through the resistive plasma 22.

-[44] A first path for the RF current flowing through plasma 22 is through the

o capacitive impedance of the sheath immediately below top electrode. assembly

i$




19 ------ ameee e oo 1 Decenber 2006 dielectric ring 52) relative to
the area of powered electrode 18 causes substantial ingrgasgmel Boddre
anount of DC bias voltage control that results fromchanging the relative
power supplied to electrode 18 at 2 MHz and 27 MHz. I n one preferred

enbodi ment, as illustrated in Fig. 2, the ratio of the grounded el ectrode
area to the powered electrode area was 2.7:1. [46] Crcuitry 70, in the

il lustrated enbodi nent, includes variable power 2 MHz source 72 and

vari abl e power 27 MHz source 74 which respectively drive matching networks
76 and 78, respectively tuned to 2 Mz and 27 MHz. Hybrid coupler 80 has

first and segond inputs r.es tively connected to be responsiv o the RF
out puts of %&t @?ﬁrfﬁfpﬁ'é?m W@ﬁ% ac“qd}l”%ﬁ%sn% araunded ira B @rsed’BF‘g\Pég" oy
output that is _a linear conbination of the outputs of the matching

networ ks. THee Réuewuenigfowdna hrengbolasmasizipithiedghithe copatifiveimpesiasceaf 82
to electrode 18 so the electrode is sinmultaneously driven by power at 2

MHz and 27 [ shpath alifachbaitormedeiviodg 18 attaeakacifiée and rédstivec udes a pair of
vari abl e reactances having values controlled by controller 36. Controller

36 responds semicondinabsring B8oPeNtH Y stripB¥ia ¢BhHY@ R dstitingtaay o fHird H&th
vol tage, current and phase angle of the 2 MHz energy that nmatchi ng network

76 refl ect s ol RONBHBNENThg R BIE 22 RIfHHRh HBGeRREnces o

mat chi ng network 76. ntro respon a probe (not
shown) der! YABehAILeRt e o el bR s g T WeRlpaguagol © of the
} _ impedance of layer 56, thence to strap 68 via conductivé -coating 54. The
o capacitive impedances of the sheath, layer 56 and ring 58 are an order of
magnitude less for the 27 MHz current flowing from bottom electrode 18 to
grounded straps 68 than for the 2 MHz lcurrent. 'The.impedance of the third péth‘
is also lower for the 27 MHz excitation than for the 2 MHz excitation because the
area of conductive coating 54 on the top face of ring 52 functions similar to a
capacitor electrode. Because the value of a capacitor is directly proportional to
~ the area of an electrode of the capacitor ahd the impedance of a capacitor is
} - inversely proportional to the product of the frequency applied to the capacitor
and the value of the capacitor, ring 52 has a much lower impedance td 27 MHz
- than to 2 MHz. At 27 MHz, there is a much !ower impedance from electrode 18
to ground straps 68 through plasma 22, metal coating 54 on the top face of
dielectric ring 52 and semiconductor ring 58 than the path from electrode 18 to
ground straps 68 through plasma 22, electrode 26' and wall 14.
[45] It was found from actual experiments that increasing the grounded
electrode area essentially bounding confinement region 24 (including electrode

© 26 and the extension thereof comprising metal coating 54 on the top face. of
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toward 27 Mz source 74 to control the reactances of matching network 78.
Net wor ks 76 ‘and 78 and RF sources 72 and 74 have suffi ciigiddaihal 9bodS
(quality factor) to prevent coupling of possibly damaging 27 MHz power to
2 MHz source 20 1 Decenber 2006 72 and to prevent coupling of possibly
damagi.ng 2 MHz power to 27 MHz source  74. The relative powers that RF
sources 72 and 74 supply to electrode 18 are controlled to provide
|ndependent control of the energy of ions in the plasna and the density of
ions in the plasma, and to control the DC bias voltage of bottom electrode
18. [48] Reference is now nmade to Figure 2 of the draw ng, a nechani cal
cross- sectional view of the s cture che gure
1. To slightdiglectigdingard f?ﬁ'éw%iﬂ &@éeap BOWP"%‘# 8@&&%@53%@@%%@ ileéllze in
confinement region 24, the |lower face of graphite dis ? %
seni conduct dncrbiaséss BOtherarhaers of BiSebied voliage ﬁ@@‘@lébafarﬁ&“@% PRA"AGOGLRE vel y
extend downwardly into region 24 fromthe center and peri pheral _portions
of el ect rOdere?aﬁwe?oﬁJ@% séBphutitosdedtrcieutiat 2 MHz snd 2494Hg4 In ebe PrefeiiRd ween

0

t apered surfaces and 82 and extends parallel to the upper face of
o oat a BB ] o o e e et 1
Bonded to ¢ nbetperil BedRart vl 2 d) " B he T el eetrically
ﬁg?gfcﬁ gfng Ol he ;h ound% [gugtbgglgﬁskgm eX@ocﬁ ﬁi‘e{n? lhﬂgé'\iﬁlﬁ%bdaégw@yz pyer al
N source 72 and variable power 27 MHz source 74 which respectively drive
| matching networks 76 and 78, respectively tuned to 2 MHz and 27 MHz. Hybrid
coupler 80 has first and second inputs respectively connected to be responsive
to the RF outputs of matching networké 76 and 78 so that the coupler derives an
output that is a linear combination of the outputs of the matching networks. The
output of coupter 80 is supplied via coupling capacitor 82 to electrode 18 so the
' electrode is simultaneously driven by power at 2 MHz and 27 MHz.
[47] Each of matching networks 76 and 78 includes a pair of variable
) reactances having values controtled by controller 36. Controller 36 responds to

signals a probe {not shown) derives indicative of the voltage, current and phase
angle of the 2 MHz energy that matching network 76 reflects back toward 2 MHz
source 72 to control the reactances of matching network 76. Controller 36 also
responds to signa!s a probe (not shown) derives indicative of the voltage, current
and phase angle of the 27 MHz energy that matching network 78 reflects back
toward 27 MHz source 74 to control the reactances of mafching network 78.
Networké 76 and 78 and RF sources 72 and 74 Ihave sufficiently high Qs (quality

| factor) to prevent coupling of possibly damaging 27 MHz power o 2 MHz source
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vertical cylinders in quartz ring 52. Posts 88 are equi spaced every few
degrees around ring 52. The upper face of each of post | nically
and electrically bonded, e.g., by solder, to the |omerq#§§§h§?p??ﬁg 86.
The | ower end of each of posts 88 extends below the | ower face of quartz
ring 52 into nechanical and electrical engagenent with the side walls of
cylinders of grounded netal 21 1 Decenber 2006 (e.g., alum num or copper)
el ectrical contact ring 90, to which the grounded term nals of excitation
circuitry 90 are connected. Posts 88 and ring 90 thus provide the sane
function as the side wall of layer 54 on ring 52 and netal strap 68 in
Figure 1. Ring 90 and posts 88 are nechanically and electrically connected
to hori zont a4 §neiq piepRECAHpliag oppessiblyHasnaging ez pewer tu27 Mitzsouscat e 92
is the equivalent of |ower wall portion 62 and ring 66, Figure 1. (50]

Seni conduct of4.r Tiney réstive paveerp dsatdRbsbumes Thandodt spipy fo elbctrode déhargower ed
el ectrode 18 and the inner circunference of ring 86, includes two

interfittingontrdded t¢p@VRR ifdSFerieft 28ntrEiNsHtha@ bRegh ¥ RAs A Shabla¥méa ddy
respect to each other to provide for thermal expansion. [51] As

i |1 ustrated th8 qBheits 8F Bn Walo | H%g? FM 9% d\{%zt ing 98
i s mechani caPI y angy eﬁ ec?wgtgl%ﬁé%ﬁﬁﬁﬁe@@p&m e A ancj 1eat e Engnd

per f or s theel%c':{ﬂﬁ:tei of upper wall -portion 60, Figure 1. [52] In one
actual ly conStructed chanmber 10 having the Fig. 2 configuration, disk 50

0390 hET Sbbomeed b o Pl 2, sk e
I ,t;S : sectional view of the structure schematically illustrated in Figure 1. To slightly
| increase the surface area of grounded upper électrode 26 in confinement region
24, the lower face of graphite disk 48 angi semiconductor disk 50.include tapered
surfaces 80 and 82 that respectively e)dend downwardly into region 24 from the
center and peripheral portions of electrode 26. Disks 48 and 50 include flat
surface 84 that is between tapered surfaces 80 and 82 and extends paraliel to
the upper face of bottom electrode 16.
[49] The extension of the grounded elect.rode, indicated in Figure 1.by metal
) layer 54 on the top face of ring 52, is provided in Figure 2 by metal {e.d.,
a!ﬁminum or copper} ring 86 that is bonded to the top face of quariz riﬁg 52.
Ring 86 is electrically connected to the grounded terminal of excitation circuitry
70 by several metal {e.g., aluminum or copper) posts 88 that extend through
vertical cylindefs in quartz ring 52, Posts 88 are equispaced every few degrees
| around ring 52. The upper face of each of posts 88 is mechanically and
electrically bonded, e.g., by solder, to the lower face of ring 86. The lower end of

each of posts 88 extends below the lower face of quartz ring 52 into mechanical

~ and electrical engagement with the side walls of cylinders of grounded metal
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I nner and outer dianmeters, ring 58 fornmed segnents 92 and 94 and had a'/"
spaci ng between its inner and outer dianeters, the di angtifl.cRbelddds 14 at
wi ndow 96 was 12 % and the spaci ng between the planar faces of el ectrodes
16 and 26 along axis 12 was 318 . These dinensions resulted in a 2.7:1
area ratio of the grounded electrode to the powered el ectrode in
confinenent region 24. The 22 1 Decenber 2006 grounded el ectrode area
consists of the bottomface of silicon disk 50 and the upper face of netal
ring 86, while the powered el ectrode area consists of the wupper face of

el ectrode 18. [53] Reference*is now nmade to Figure 3 of the draw ng, which

I ncludes a series of plots indicating the perf t structure of
Figure 2 vi Q.g;.\ﬂﬁgn@yﬂ'g?r C%a??ﬂ%] f){l‘iICﬁ (ﬁrﬁﬁqtél@,%@;ﬁ&?qbglgsla ?egssoci at ed
with electrode 18 is plotted, against the ratio of the 2 MHz to 27 Mz
pover s t hat temieals of gxcigtien sicHdy Ybaregapaerisde Hests ?gapdﬁnat%fbési s a
nonot oni ¢ function -of DC bias voltage relative to the power ratio applied
to a triode pohdddthe samatowtidaresdheiside walkoplaiyer Shen fingtigrasidimetalsiappower
is applied to the bottom el ectrode, 27 MHz power is applied to the top

el ectrode, &8dnFigurenarrting 90ednd pestyBeudetectainitalil 8Ad khssticalie catheaby
| arge. negative slope and indicates significant control is provided over DC

bi as vol t age, h@ifizarnﬁgb@&émm@ne&*ar Qe BY oF SakhPer WAE14 aketal platé 92 iDANET
supplied to the top and bottomelectrodes. In other words, changing the

rati o of th%qéw%(,%;‘itQ{al\gwer@%Org&qeégnhq%gb&.tﬁ&rglﬁctrode relative to the

27 MHz power dto
3 [50] Semiconductor ring 58, interposed between the periphery of bottom
o powered electrode 18 and the inner éircumfefence of ring 86, includes two

interfitting ridged segrﬁents 92 and 94: that are spaced radially with respect to
each other to prdvide for thermal expansion.
[51] As illustrated in Figure 2, wall 14 includes viewing window 95. Metal ring
98 is mechanically and‘electrically connected to wall 14 and plate 42 and
performs-the function of upper wall portion 60, Figure 1.
[52] In one actually constructed chambér 10 having the Fig. 2 configuration,

| } disk 50 had a diameter of 11 12", electrode 51 had a diameter of 7 %" between its

h o ~edges abutting semiconductor segment 92, ring 86 had a 1" spacing between its
inner and outer diameters, ﬁng 58 formed segments 92 and 94_and had a %4"
spacing between its inner and outer diameters, the diameter of wall 14 at window
96 was 12 %" énd the spacing between the planar faces of electrodes 16 and 26
along axis 12 was %/g". These dimensions resulted in a 2.7:1 area ratio of the

grounded electrode to the powered electrode in confinement region 24. The
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el ectrode resulted in a significant change in the DC bias voltage of the
bottom electrode. [55] In contrast, plot 102 is indicatyygpibet B6os
performance of a typical prior art diode chanber, wherein 2 MHz and 27 MHz
powers are simultaneously supplied to the bottom el ectrode, the top

el ectrode is grounded and the chanmber wall is grounded. Plot 102 is not
nonotoni ¢ and has a very small slope, which. is negative for power ratios
in which the 27 MHz power is at least twice as high as 23 - - --------- --
------- -1 Decenber 2006 the 2 MHz power. Plot 102 has a positive slope for
power ratios in which the anmount of 27 MHz power is |ess than

Poniticant GerHeFeRRPUE IR bARSE i b ane BT ARBTGL ¥o 2P e

signi ficant € " CO ] ained with
chanbers that are configured t rodyce the results, indicated b | ot 102.
58] Pl ots PP reoe i o D e IS pob ReCaeT e AT 1Bt at oq
in 3 Figure 2 for pressures of 120 mllitorr and 67 mllitorr,

respect i vel yUpPssifaceodf ¢Jpetrade 184. and 106-are nonotonic functions, having
negative slopes which are sufficient to enable control of the DC bias

vol tage of Hio8] orRefesmiceoidarol8miadertedipne & afdhe deawiag, wihish intludes a sérids ve
anmounts of power at 2 Mz and 27 Mz applied to the bottomelectrode. For

TS| PS4 R g o st g i M o
vol tage of hedyi® §he5§6RAS B8 biss vailide RbbSatedSwit8letrdd¥ 18 R Bibited
3o against the ratio of the 2 MHz to 27 MHz powers that circuitry 70 supplies to
| electrode 16. |
[54] Plot 100 is a monotonic function of DC bias voitage relative to the power
ratio applied to a triode chamber in accordance with the prior art, wherein 2 MHz
power is applied to the bottom electrode, 27 MHz power is applied to the top
electrode, and the chamber wall is grounded. Plot 100 has a relatively large
negative slope and indicates significant control is provided over DC bias voltage
* of the bottorn electrode by varying the ratio of the power supplied to the top and
. ) bottom electrodes. 1n other words, changing the ratio of the 2 MHz power
W supplied to the bottom electrode relative to the 27 MHz power suppiied fo the top
electrode resulted in a significant change in the DC bias voltage of the bottom
electrode.
[55] In contrést, plot 102 is indicative of the performance of a typical prior art
diode chamber, wherein 2 MHz and 27 MHz powers are simultaneously supplied
to the bottom electrode, the top electrode islgrounded and the chamber wall is

. grounded. Plot 102 is not monotonic and has a very small slope, whichis

negative for power ratios in which the 27 MHz power is at least iwice as high as




I ncreases, so that the 2 MHz power and the 27 MHz power are both 1000
watts, the DC bias voltage of electrode 18 is approxi matgddemfesdoy®l ts. As
the 2 MHz power increases further, so that the 2 MHz power Is 2000 watts
and the 27 Mz power is 1000 watts, the DC bias voltage of electrode 18
decreases further, to approximtely -670 volts. Wien the 2 MHz power is
4000 watts and the 27 MHz power is 1000 watts, the DC bias vol tage of
bottom el ectrode 18 decreases further to approxinmately -725 volts.. Hence,
with a chanber having the configuration of Figure 2, changing the relative
anounts of power applied to bottomelectrode 18 at 2 Mz and 27 Miz

ProY, e Ul gk ERk F 4% Bt L PRSI 200, s L 202 of

t he bottom resul pen pl'asma density
and ion energy. Sin.lar results are provided for, 67 mllitqrr pre e

i cat ed bSO 2640HE 89ivedy BaS pi b aden N8 mrpudt B TP NIEE at oo
a specific enbodinent of the invention, it will be clear that variations

in the det aifovess Gomseanprly. pemigniicat ppéam slectiode R Piasewliags @odet i bed
may be made wi thout departing fromthe true spirit and scope of the

i nventi-on asaddfd ohidined witieckxppeeddbatirai config@®ed To Pemiiicbdhe 2e04ts W cl ai m
1. A plasnma processor conprising a vacuum chanber having: (a) a port for
coupl i ng gasndicatetdygilantsa., (bra first electrode for applying electric

[56] Plots 104 and 106 indicate the performance of the chamber illustrated in
J Figure 2 for pressures of 120 millitorr and 67 millitorr, respectively. Both of plots
104 and 106 are monotonic functions, having'negative slopes which are sufficient
to enablé control of the DC bias voltage of bottom electrode 18 in response to
variations in the relative amounts of poWer‘at 2 MHz and 27 MHz applied to the -
bottom electrode. For example, plot 104 indicates that if no 2 MHz power is
aﬁplied to electrode 18, while 1000 watts at 27 MHz is applied to electrode 18,
the DC bias voltage of botiom electrode 18 is -590 volts. As the 2 MHz power
increases, so that the 2 MHz power and the 27 MHz power are both 1000 watts,
) ~ the DC bias voltage of electrode 18 is approximately -630 volts. As the 2 MHz
power increases fqrther, so:that the 2 MHz power is 2000 watts and the 27 MHz
power is 1000 watts, the DC bias voltage of electrode 18 decreases further, to
approximately -670 volts. When the 2 MHz power is 4000 watts and the 27 MHz
power is 1000 Watts, the DC bias voltage of bottom electrode 18 decreases
further to approximately -725 volts. Hence, with a chamber having the
configuration of Figure 2, changing the relative amounts of power applied to‘

* bottom electrode 18 at 2 MHz and 27 MHz provides substantial control of the DC
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fields to gas in the chanber, (c) a second el ectrode spaced fromthe first
el ectrode, the second el ectrode being at a DC reference qsd@fierbood he
chanber being arranged for causing the gas to be excited to a plasna in a
region 7 including a volune between the electrodes; circuitry for causing
the first electrode to sinultaneously supply electric fields having
different frequencies to the plasma; the chanber including an arrangenent
for causing power at the different frequencies to take substantially
different paths through the region. 2. The plasnma processor of claim!]l
wherein the chanber arrangenent is arranged for causing a substanti al

per cent age qf. power at first r enc, e ¢ bet wee first
Prd second driebvpinetonfie it plechios Aty isdullfe FiePeBreBoctiE of Phswst o
a second. frequency to be coupled between the first and second el ectrodes.
3. The pl asriensityeadden eneray. apimiizr siiaiare pravidedrart 6F millasnBiesspre mari | y
controls ion energy of the plasnma and the second frequency primarily

cont rol s i onindieakdilyy pliottiB6. pl asna. 4. The pl asna processor of claim3
wherein the first and second frequencies are respectively about 2 MHz and

27 MHz. 5. T#e] plwamaiidredesItenafestlitidant INieidya specifit anpedimantroitge ment
is arranged for causing a substantial percentage of power at the 26 1

Decenber  20QfyetonSk wil B@%Xhét%ﬁﬁn&ﬁqﬁ lyedadisis S8 Re teh@ocidlm@ht %&@@ﬁpnd
el ectrodes and tor preventing a tantial percentage of power at the
second frequgnevidd®aRd described may be made without departing from the true spirit and

) : scope of the invention as defined in the appended claims.
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coupl ed between the first and second el ectrodes. 6. The plasma processor of
claimb5 wherein the chanber arrangenent includes a disﬁﬁiﬁ%ﬁﬁ@rﬁ@mﬁnﬁter
filter arrangenment having a path outside of the region, the path outside

t he region being arranged for coupling current fromthe second el ectrode
to atermnal at the reference potential, the path outside the region
being substantially at the DC reference potential and having an electrical
|l ength at the first frequency which is substantially |ess than the

el ectrical length thereof at the second frequency such that the path
outside the region has a substantially | ower inpedance at the first
frequency thiYe ekairhihe second frequency. 7. The plasma processor of claim®6
wherein the electrical. length of the path outside the region at the first

frequency is a fracti on ppdsria PrIcebsatiomsind e vabiiimlcHahtst paedgas) 4 he
el ectrical length of the path outside the region at the second frequency

. : f - _
processor  of Patp i BATIO R cHH et R el RUFOGL for oofR UERET.

f [ th to,h [ ti ' d t.th figgt f

that 15 appr BRERGD 675 RiReat aEbss (hAgRrP IEeDedahanes 1T WAl ve T
| npedance of the path at the second frequenc The pl asna prci_‘%g} sor of

. 9.
claim 6 wher @ieﬁtrpa@ the secord eleglrpde hebgat a !?éw@@rea@@ pRigBHaInthe;

arranged for passing the second frequency through the 27 - - --------- -
----- --- 1 beiogremeang2d @6 causing the gas to be excited {o a plasma in a region

B ' including a volume between the electrodes; circuitry for causing the first
- electrode to simultansousty supply electric fields having different frequencies to
the plasma; the chamber including an arrangement for causing power at the -
different frequencies to take substantially different paths through the region.

2. The plasma processor of claim 1 wherein the chamber
arrangement is arranged for causing a substantial percentage of power at a first
frequency to be coupled between the first and second electrodes and preventing
a substantial percentagg of power at a second frequency to be coupled between

DR the first and second electrodes.

3. The piasma processor of claim 2 wherein the first fréquency
primarily controls ion energy of the plasma and the second frequency primarily
cohtrols ioﬁ density of the plasma.

4. The rplasma processor of claim 3 wherein the ﬁrst_and second
frequencieé are respectively about 2 MHz and 27 MHz.
75. 'meM%mamx%mwﬁdmm2MwmmmémmMW

. arrangement is arranged for causing a substantial percentage of power at the
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region to an extension of the path, the extension being substantially at
the DC reference potential and being substantially closghedsmhbiP8odd I St

el ectrode than to the second el ectrode. 10. The plasma processor of
wherein the extension includes an area beyond a peripheral portion of the
first electrode, electrical coupling fromthe first electrode to the area
beyond the peripheral portion being arranged for passing the second
frequency in the region to a greater extent than the first frequency is
passed in the region. 11. The plasma processor of claim 10 wherein the
extension is spaced by a dielectric fromthe first electrode. 12. The

pl asma pr ocesfist frefiuenicyitmbe asiuplast betveen dafilseand secanigeloairdddsnmidifies an
extensi on arrangenent substantially at the DC reference potential, the

first and seqmﬂdelwr@:asoﬂﬁanﬁtﬂcbdrdf@t@%é ENpbRABr aPheARIEAE HeqhSid)Rodid anged
so that a substantial percentage of the power applied to the first

el ectrode at ghupldcbelWcRAUREEIt ihdWRLof@UR G L9 the extension arrangement
and a substantial percentage of the power app?l €d to the first electrode

at a second frequepcy i t he tensi gn arrangenent. 13. The

pl asma* processor of cl ﬁ%ﬁ%%ﬁ&){é?eﬁs%@%gm‘s V@W@'Eé@%ﬂﬁa‘"g‘%ct rodes and

t he extension_ arran erlen re are nqe so that a substantial  percentage of
the power at %’FPé‘Qﬁ"?‘?él "?f:"é‘g‘{fe%@iﬁtrﬁy pRlemeteiitien areagengnthadag adwath14.
The plasma processor of claim 12 wherein the extension arrangenent is
subst anti al | YUisida of thegregian, fhe pathaudeide tuereginmbeing asangediforecaptingde.

} current from the second electrode to a terminal at the refe;;ence potential, the
path outside the region being substantially at the DC reference potential and

__having an electrical Ieng-th at the first frequency which is substantially less than
the electrical length thereof at the second frequency such that the path outside
the region has a substantially fower impedance at the first frequency than at the
second frequency. |

7. The p!aéma processor of claim 6 wherein the electrical length of the

path outside the region at the first frequency is a fraction of a wavelength of the

‘ ) ‘ first frequency and the electrical iength of the path outside the region at the

second frequency ié approximately a wavelength of the second frequéncy.

8. The plasma processor of claim 6 wherein the path outside the
region has a structure for causing the path to have an inductive impedance at the
first frequency that is approximately an order of magnitude less than the induétive
impedance-'of the path at the second frequency.

9. The plasma processor of claim 6 wherein the distributed parameter

ﬁlter arrangement is also arranged for passing the second'frequency through thé

27




28 1 Decenber 2006 15. The plasma processor of 12 wherein the extension
arrangenent includes an area beyond a peripheral portioR fceliber bhdest

el ectrode, electrical <coupling fromthe first electrode to the area beyond
t he peripheral portion being arranged for passing the second frequency in
the region to a greater extent than the first frequency is passed in the
region. 16. The plasma processor of claim 12 wherein the extension
arrangenent is spaced by a dielectric fromthe first electrode. 17. The

pl asma processor of glaim| wherein the chanber arrangenent includes a
~structure for confining the plasma substantially to the region. 18. The

pl asna pr oced8aNde apextension ahidedath.cthe extaision lesine adstentially ajdhe/RE beyond
a peripheral portion of the first electrode. 19. The plasma processor of

cl ai m 18 wherrefemendecpatehtimteniddyaiingl sutrstanidlyighieer & thedirst alactodda tranfto tise

el ectrode conprises: (a) a material for enabling displacenent currents to
f1 ow t hr ough getomdiblegtrptigventing the fl ow of substantial DC current, and
(b) a surface substantially at a reference potential beyond a peripheral

port i on of the. mayer | aimeXasrRBroleASHPoRS ARERIR Sl dbTikfideathna e

material conprises an intrinsi sem conductor. asme processor
o I HOSEAR SehpBh LB o g R0l End BT
electrode to the area beyoqd the peripheral portion being arranged for passing

the second frequency in thé region fo a greater extent than the first frequency is
passed in the region.

11.  The plasma processor of claim 10 wherein the extension is spaced
by a dieleciric from the ﬁrsf electrode.-

12.  The plasma processor of claim 2 wherein the chamber
arrangement includes an extension arrangement substantially at the DC
reference potential, the first and second electrodes and the extension
arrangement being arranged so that a substantial percentage of the power
. ) applied to the first electrode at a first frequency is not coupled fo the‘extension

- arrangement and a- substantial percentage of the power applied to the first
electrode at a second frequency is coupied to the extension arrangement.

13.  The plasma processor of claim 12 wherein the first and second
electrodes and the extension arrangement are arranged so that a substantial
percentage of the power at the first frequency is coupled to the second electrade.

14.  The plasma processor of claim 12 wherein the extension
arrangement is substantially closer to the.ﬁrst éleotrode than the second

electrode.
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within the volune to flow to portions of the chanber outside of the region.
29 1 Decenber 2006 22. The plasnma processor of claim 2% pherdkPoddee

| ouvers and spaces between the |ouvers are made of a material and arranged
for enabling displacenent current to flow fromthe. second electrode to
the reference potential while preventing the flow of substantial DC
current. 23. The plasma processor of claim?22 further including a
controller for pressure of the plasna in the region. 24. The plasma
processor of claim-1 wherein the region extends to a volune beyond a

peri pheral portion @f tfﬁﬁrfgi rst el ectrode.- 25. The pl asma processor of
claim 24 wherein th% vo AFEPHQCETROT ohd vhieseiathe sxdensioncamangement st
el ectrode cor‘rpr@es: (ar) a material_ for enabling displacenent currents at
the first andMSHEEEANRIEYbewend & Rasiphpwhpotiicnafithe firstieleckodeyaeatnitalng t he
flow of substantial DC current, and (b) a surface at a reference potential
beyond a per i $iag fison theofirsbelectiedertt ieizaba bagondthenidiphefdl poRRhAdIny a

f

pl asma processor having a first electrode conprising the steps o

si mul t aneous| rrangsal fpr pgssinyvtiie sécdridr ﬁéqu%ﬂ§¥ gﬁtil’qi@gg%igﬁrts %@%ﬁ#e? exlehtie

first electrode, a DC bias voltage being e on the tirst
el ectrode in the IPSTRRIUBCR TS ['bé%s%ﬁgﬁ?ﬂé)fég%'ﬁv"een the power supplied to the

el ectrodes at the first and secon requenci es and plasma in the vicinity
by varying a par et er MEaRasFAHEC bR ok dimn, Louhewn dieSyensang. 0
f.F,F quenci es ra‘?‘l'aqltgieﬁeentt?s sapaced by a dielectric from the first electrode.
17. The plasma processor of glaim 1 wherein the chamber
arrangement includes a structure for confining the plasma substantially to the
Tegion.
18. The plasma processor of claim 17 wherein the region extends to a
. volume beyond a peripheral portion of the first electrode.
19.  The plasma processor of claim 18 wherein the volume beyond the
peripheral portion of the first electrode comprises: (a) a materiat for enabling
R ) displacement currents to flow through it while preventing the flow of éubstantial
DC current, and (b) a suﬁgce substantially at a reference potential beyond a
peripheral portion of the méterial.
20.  The plasma processor of claim 19 wherein the material comprises
an intrinsic .semiconductor.
21.  The plasma processor of claim 19 wherein the structure for
confining the plasma incluc_les a plurality of louvers arranged for enabling gas

within the volume to flow to portions of the chamber outside of the region,
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paranmeter associated with the power at the other of said frequencies. 30 1
Decenber 2006 27. The nethod of claim 26 wherein the pasdiRbehePSGRCI at ed
with the power at one of said frequencies is the anmount of power applied
to the first electrode at said first frequency and the paraneter
associated wth power at the second frequency is the amount of power at
the second frequency. 28. The nethod of claim27 wherein the first
frequency primarily <controls ion energy of the plasna and the second
frequency primarily controls i-on density of the plasma. 29. The nethod of
claim 28 wherein the first and second frequencies are respectively about 2
Mz and 27 Mz. 3@2. Thdheeldsa pfocebapmofaiainh2t wheraimheloy¥esshd sPR6REides a
second electrode, further including substantially confining the power at

the first andetwBePHd blLESHERS nesic 6f Amatgiand relanded joreenabliogre bet ween
the first and second electrodes and causing substantial percentages of the

power at the Ji'éréllééﬁrﬁgﬂ (ﬁu?;%ﬁPﬂPﬂJw %Hﬁ%!s%%oﬂ&l@lécﬁ_@db% therdérente pblestinpde

to have substa ferent paths in the region. 31. The nethod of

oo oo Gl AT G PR BN e et "ol o e
e e St L The el B aP o L b V8 BRI oo
pressure of the plasma in the region.
2 24, The plasmé processor of claim 1 wherein the region extends to a
volume beyond a peripheral.portion of the first electrode. |
25.  The plasma processor of claim 24 wherein the volume beyond the
peripheral portion of the first electrode comprises: (a) a mAateriai for enabling
displacement currents at the first and second frequencies to flow through it while
preventing the flow of substantial DC current, and (b) a surface at a reference
potential beyond a peripheral portion of the material.
26. A method of operating a plasma processor having a first electrode
) comprising the steps of simultaneously supplying power at first and‘second
frequencies to the ﬁrst electrode, a DC bias voltage being established on the first
electrode in respense 1o an interaction between the power supplied to the
electrodes at the first and second frequencies and plasma in the vicinity of the
first electrode, and controlling the value of the DC bias voltage by varying a
parameter assocfated with the power at one of said frequencies relative fo a

parameter associated with the power at the other of said frequencies.
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-electrode and closer to the first el ectrode than the second el ectrode,
wherein the path at the second frequency includes the figshnkestderde and
t he extension. 31 1 Decenber 2006 33. The nethod of claim 30 further
including confining the plasma to the region. 34. The nethod of claim 33
further including controlling the pressure of plasma in the region. 35. A
pl asma processor conprising a first electrode in a processing chanber,
circuitry for sinultaneously supplying power at first and second
frequencies to the first electrode, a DC bias voltage being established on
the first electrode in_response to an interaction between the power
supplied-to the eféctrbirmehod ofeclaim 26 varmicindivopatafiretenssotiztedwiththas m
in the vicinity of the electrode, the chanber being configured and the

first and secpouef aigneeviciaid refeémdes iscthe tangdunt af Yo sppRed 8B e first
associated wth the power at the first frequency relative to a paraneter

i at ed wi tlectrbde i it BO% |
associ at ed wi tlec RO figt fkﬂggﬁ@ﬁ_ﬁﬂﬁ thd pSAHRAGYasSBLSRS ﬁ'é’f@?‘?}’?gé{ €

change in the DC bias voltage. e plasm processor of erein

the paranet erse@?ﬂ%qﬁ&ﬁ@y@&? mrﬁ%w%;?i@%égbéﬁﬁé@?% ncy is the

anount *of power at sal one Trequency an ociated with

~ power at the seco fr e i he nt .of power at the second
frequency. 37. Th?hﬁl agﬁ}a 'ﬁ%‘é’gs@&ﬁam %ﬁ'ﬁﬁ'@&'%ﬁ%éﬁ%%ﬁ%m Y frequency

primarily contr(%l? jon energTy of the plasma and the second frequency

primrily controls fon energy of the plasma and the second frequency primarily controls ion

¥ density of the plasma.

29.  The method of claim 28 wherein the first and second frequencies
are respectively about 2 MHz and 27 MHz.

30. The method of claim 27 wherein the processor includes a second
electrode, further including substantially confining the power at the first and
second frequencies to a region including a volume between the first and second
electrodes and causin'g substantial percentages of the power at the first and

| second frequencies applied to the first electrode to have substantially different
) paths in the region. |

31. The nﬂethod of claim 30 wherein the path at the first frequency
includes the first and second electrodes and the path at the second frequency
does not include the second electrode.

32.  The method of claim 31 wherein the processor includes an
extension at substantially the same DC potential as the second
electrode and closer to the first electrode than the second elecirode, wherein the

path at the second frequency includes the first electrode and the extension.
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controls ion density of the plasma, 38. The plasnma processor of claim 37
wherein the first and second frequencies are respectivqlqaﬁgﬂ%}2§ﬁ$+h and
27 MHz. 32 1 Decenber 2006 39. The plasna processor of claim 36 erein

t he chanber includes a second el ectrode, and is configured for
substantially confining the power at the first and second frequencies to a
region including a volunme between the first and second el ectrodes and
causi ng substantial percentages of the power at the first and second
frequencies applied to the first electrode to have substantially different
paths in the region. 40. The plasma processor of claim 39 wherein the
chamber (a) includds amhexnethed of claim 30dedheninckiding combiningribe plasyna e sane
DC voltage as the second electrode and (b) is configured for causing the
path at the #ecegibn.frequency to include the extension. 41. The plasnma
processor of claim 39 wherein the chanber includes a structure for

confining the plagpga t9oha &b df l:réﬁhlaéifﬁﬁhéhiﬁcgaln@%ntfbﬂingm@p%@ar@o

processor of claim4l wherern the chanber 1 ncludes™ conttoller for the

pressure of Sy [ egion. 43. The plasma processor of claim40
wherein the gkj‘?’ens%ﬂeiﬁ%&?é) closer to the first electrode than to second

ol oot ode and () ey OR e FhReRS enPiGR A i iad BlnSapBisRg>
chamber, circuitry for simultaneously supplying power at first and second

} frequencies to the first electrode, a DC bias voltage being established on the first
electrode in response to an interaction between the power supplied to the
electrodes at the first and second frequencies and plasma in the vicinity of the
electrode, the chamber being configured and the first and second frequencies
being such that varying a parameter associated with the power at the first
frequency relative to a parameter associated with the power at the second
frequency causes a cdntroliable change in the DC bias voliage.

36. The plasma processor of claim 35 wherein the parameter

) ' associated with the power at the first frequency is the amount of powler at said
one frequency and fhe parameter associated with power at the second frequency
is the amount of power at the second frequency.

37. The plasma processor of claim 36 wherein the first frequency
primarily controls ion energy of the plasma and the second frequency primarily
@mwmhwmbdmmmm&

| 38.  The plasma processor of claim 37 wherein the first and second

~ frequencies are respectively about 2 MHz and 27 MHz. E
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t he extension are spaced fromeach other by a material for enabling

di spl acenent currents to flow through the material whilq gygueal b t he
flow of substantial DC current. 45. The plasma processor of claim44
wherein the material conprises an intrinsic sem conductor. 33 1 Decenber
2006 46. The plasma processor of claim4l wherein the structure for
confining the plasma includes a plurality of |ouvers arranged for enabling
un- ionized gas within the region to flow to portions of the chanber
outside the region. 47. The plasma processor of claim46 wherein the

| ouvers and spaces_ between the | ouvers are nade of a material and arranged
for enabling di spP-acekBRtPIBEING Hrecassor ofmhaif Iwhkeeis thecthdineiasdnclediss 4o t he
reference potential while preventing the flow of substantial DC current.

48. A pl asnmesgeasialectrofier amd soesdiugddonsubstirdidy confining thrgpdvenaa ghim
chanmber having an electrically conductive wall at a DC reference

potenti al , .t fiet und keband fig:quenties W arreglaﬁﬁcuitﬁ ?BW%&B@M% t%?ﬂzt%nd

| ongi tudi nal axis of the chanber, the chanber Tncluding: (a) a first

circul ar el egsddpdestbArbas gaﬂ%&hggub%nﬁg DERLESdi 0 4L pohiPal hb St

el ectrode and the workpi ec er ~ber ng

chanber | ong?i 6o e fuSRRE el 6 hF bl pBlofide e Sl for gas.

to be conver(t1I erén%aths#ntﬁ?aqggi'oﬂ the chanber; (c) a.structure for confining

) . 40. The plasma processor of claim 39 wherein the chamber (a)
includes an extension arranged to be at substantially the same DC voltage as the
second electrode and (b) is.configured for causing the path at the second
frequency fo include the ext:ension.

41.  The plasma processor of claim 39 wherein the chamber includes a
structure for confining the plasma to a region including the volume.

42. The plasma processor of claim 41 wherein the chamber includes a
controller for the pressure of plasma in the region.

| ) 43. The plasma processor of claim 40 wherein the extension is (a)

closer to the first eléctrode-'ghan to second electrode and (b) beyond a'peripheral

portion of the first electrode.

44.  The plasma processor of claim 43 wherein the first electrode and
the extension are spaced from each other by a material for enabling
displacement currents to fiow through the material while preven’ting the flow of

substantial DC current.

45.  The plasma processor of claim 44 wherein the material compnses

an lntnnSIc semiconductor.




the plasma to a region including a volunme between the el ectrodes and for
enabling gas to flow outwardly fromthe region, the struyqidiembRebss
arranged for substantially preventing the plasna from being I ncident on
the wall;, (d) an outlet for gas flowing outwardly fromthe region; a

| ower boundary of the region including (i) the first electrode, (ii) a
ring coaxial with the chanber longitudinal axis, and (iii) an annular
surface coaxial with the chanber |ongitudinal axis, the annular surface
bei ng substantially at the DC reference potential; the ring being 34 1

Decenber 2006 |nt Qetmeen the first, el ctrode and t he apnul ar
surface and being% §3W@5E?W§$OW%H3@ﬁhﬁ$“W§“ﬁF hugly t current
to flow therein mhlle preventing the substantial flow of conductlve current
t herei n; and @nfisiagtthe plagma indbdes arpowdityofdapysry argngeduer enabling uat
frequenC|es to the first electrode; the wall being conductively connected
to the secondomited grsadthimthe egidndodiomtbortiony éfdhe chawhbeavisieatheengt h and
el ectrical inductance between the second electrode and the annul ar surface
such that thgegishl provides a relatively low inpedance to a first of the
frequencies while providing a relatively high inpedance to a second of the

frequencies, the }g‘?onefﬁer dﬁgﬁﬂa@éoéé%i?&@?f cﬁéﬁﬁ?{%@%bﬂéu‘\ Yhe{‘LeK}SFs S Epdds

first frequency. rocessor o erein annu a surface

Rty I R TR R e
a%m conduct Ordlsplacement current to flow from the second electrode to the reference potential
while preventing the flow of substantial DC current.

48, A plasma processor for processing a workpiece comprising a
vacuurﬁ chamber having an electrically conductive wall at a DC reference
potential, the wall having a circular inner periphery coaxial with a longitudinal axis
of the chamber, the chamber including: (a) a first circular electrode including a
circular workpiece holder; the first electrode and the workpiece holder being
coaxial with the chamber longitudinal axis; (b) a second, circular efectrode

' ) | coaxial with the chamber longitudinal axis, the second electrode inclﬁding inlets
for gas to be converted into a plasma in the chamber; (c} a_structure for confining
- the plasma to a region iric!dding a volume between the electrodes and for
enabling gas to flow outwardly from the region, the structure being arranged for
substantially preventing the plasma from being incident on the wall; {(d) an outlet
for gas ﬂoWing outwardly from the region.; a Iowér boundary of the region
including (i) the first electrode, (i) a ring coaxial with the chamber longitudinal’

- axis, and (iif) an annular surface coaxial with the chamber longitudinal axis, the

" annular surface being substantially at the DC reference potential; the ring being
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51. The processor of claim50 wherein the structure for confining the
plasma includes a plurality of spaced plasma confinemeny gdcBgbefisNd | Nner
peri pheral surfaces coaxial with the chanber |ongitudinal axis, the second
el ectrode having a surface form ng an upper boundary of the region, the

I nner peripheral surfaces of each of the confinenent rings being
substantially aligned wth the periphery of the surface of the second

el ectrode form ng the boundary upper region, the annul ar surface extending
at least to the circunference of a circle aligned with the inner

peri pheral surfaces of the plasma confinenent rings. 35 1 Decenber 2006

52. The proctugposgd between te fitelettrodenandiheraminutay suffaspand bepigamade
confinenment rings conprise a dielectric. 53. The plasma processor of claim

52 wherei n t htafmatstialffoe guabling RPdisphicehment entréstlis lbRtherss ghilef the plasma
and the second frequency primarily controls ion density of the plasma. 54.

The pl asma ppasentg tieé sebaanfidt ol kBhAudHE e hBRh SEPEfbuily RAUSTCT es

are respectively about 2 MHz an e processor of I'm 51

further incl ygi t | t Sitien he .

cont i mement . RpeneGR SiBplElo pter BRI R R i M Bckibfei g e 1

t he region. rocessqr of- claima48 wherein the ch er is configured
and the fi r@? I g}%ﬂl%sﬁoggﬁlgﬁyﬁg&agmt%@amg S?GE?E?E‘&FO&%P?aHg“&e AARYRt er
associated w th the power at one of said frequencies relative to a

par anet er as cg angd ﬁmﬂﬁg a length:and electrical inductance between the second

. ) . elecfrode and the annular surface such that the wall provides a relatively low
impedance to a first of the frequencies while providing a relatively high
impedance to a second of the frequencies, the second frequency being
substantially higher than the first frequency.

49.  The processor of claim 48 wherein the annular surface is a
dielectric covering an electrically conductive member.
50.  The processor of claim 49 wherein the ring comprises an intrinsic
~ semiconductor.

) | ' 51.  The processor of claim 50 wherein the structure for conﬁning the
plasma includes a blurality pf spaced plasma confinement rings having inner
peripheral surfaces coaxial with the chamber longitudinal axis, the second
electrode Having a surface forming an uppe'r boundary of the region, the inner
peripheral surfaces of each of the confinement rings being substantially aligned
with the periphery of the surface of the second electrode forming the boundary |
upper region, the annulgr s‘un‘ace extending at least to the circumference of a

circle aligned with the inner peripheral surfaces of the plaéma confinement rings.




the power at the other said frequencies causes a controllable change in a
DC bias voltage established on the first electrode in rg5RQR%er b6bs
interaction between the power supplied to the first electrode at the first
and second frequencies and plasma adjacent the first electrode. 57. The
processor of claimb56 wherein the paraneter associated with the power at
said first frequency is the anount of power at said first frequency and

t he paraneter associated with power at said second frequency is the anpount
of power at the second frequency. 36 1 Decenber 2006 58. The processor of
claim57 wherein the first frequency primarily. controls ion energy of the
pl asma and the sedthd flrequecesgopof dair 54 vdwreindhs plwality of spaced Igﬂsm'ﬁe

pl asma. 59. A plasna processor for processing a workpiece conprising a

vacuum charrbegonlﬁaghﬁgt ﬁ@@d;@ﬁp;rgecgkjie[eaﬂ@ductl ve wall, the wall having a
circular inner periphery coaxial with a Iongitudinal "axis of the chanber,

the chamber 1 nclugl NO:roRladng bidtesChf St 55 Atidraifthe At fiiasncy i reul ar

wor kpi ece hol der; rst ctro e and the workpi ece hol der beéing

comc o N e R RS e, ..

connection to a first end, of tghe wall, the second electrode including .
outlets for ¢&AlOl BB dePaileet 8 Plasea, plasma in the chanber, (c) a
structure for confining the plasma to a region including avolurre pet ween

the el ectrodes and4 or élﬁeﬂiﬂlf’rm@ pracsiseni ofaiaigngs wder qﬂB\Rh%ﬂﬁ\éP‘él BGCINbm
»5; frequencies are respectively about 2 MHz and 27 MHz.

65. The processor of claim 51 further including a controller for changing
the position of the confinement rings and for thereby changing the pressure of
‘the plasma in the region.

56. The processor of claim 48 wherein the chamber is configured and
the first aﬁd second frequencies are such that varying a parameter associated
with the power at one‘of said frequencies relative to a parameter associated with
the power at the other said frequencies causes a controliable change in a DC
B _-) _ bias voltage established on the first electrode in response to interacﬁon between
the power suppliedA to the first electrode at the first and second frequencieg and
plasma adjacent the ﬁrsf electrode.

57. The processor of claim 56 wherein the parameter associated with
the power at said first frequency is the amount of power at said first frequency

and the parameter associated with power at said second frequency is the amount

of power at the second frequency. .
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the region, the structure being arranged. for substantially preventing the
plasma from being incident on the wall; and (d) an outhqge&ﬁ“begggmglomﬁng
outwardly from the region; a |ower boundary of the region including (i)
the first electrode, (ii) a ring coaxial with the chanber |ongitudina
axis, and (iii) an annular surface coaxial wth the chanber | ongitudi nal
axi s, the annular surface having a conductive connection to a second end
of the wall; the ring being interposed between the first electrode and the
annul ar . surface and being made of a material for enabling RF displacenent
current to flow therein while preventing the substantial flow of
conductive curren®b8t heifberproessioriof clain 5Y viidreitd ifARRAUSAY, pritHRRl Y1 Ng
power at plural frequencies to the first electrode; the charber being 37 1

Decenber 200@onivule idhy BAdMNINMA 2980 T - f. gured
and first and secor:d of I‘;g\‘a!“i]d f??(%/enm es %%%é@&l?#ﬁﬁég{ﬁ@rﬁgﬁ?%ﬂﬁ% forl

par anet er asggﬁgia;@ﬁhyﬂ%rbﬁe power at said first frequency relative to a
par anmet er associated wi't e power at said second frequency causes a

control l abl e change in D? bi as voltagﬁ%establjshed on the first el ectrode
in response to i Rber ALt BT BRATAESIOL 198 PRRAREFING FopPikBiece SOMRSSiNg &1t
el ectrode at_the fLrs and second frequencies and pl asma adj acent the
first el ect r SHHURBGhamper hayipgstveleefficallycandpotiveheal:ithe wal hasingreetiesular
associated with the power at said first frequency is the amount of power
at said fir st pauRhey coantdl with siengitueliesd asissofeh@tesmbet heoeh@hbat sai d
second frequpncy.is t he anount
- including: (a} a first circular electrode including a circular workpiece holder; the
first electrode and the workpiece holder being coaxial with the chamber
longitudinal axis; (b) a second, circular electrode coaxial with the chamber
longitudinal axis having a conductive connection to a first end of the wall, the
- second electrode including outlets for gas to be converted into a plasma in the
chamber; (c) a structure for confining the plasma to a region including a volume
between the electrodes and for enabling un-ionized gas to flow outwardly from
the region, the structure being arranged for'substantially preventing the plasma
) from being incident on the wall; and (d) an outlet for gas fiowing outwardly from
the region; a lower boundary of the region including (i) the first electrode, (i) a
ring coaxial with the chamber longitudinal axis, and {iif) an annular surface
- coaxial with the chamber longitudinal axis, the annular surface having a
conductive connection to a second end of the wall; the ring being interposed
between the first electrode and the-annular surface and being made of a material
- for enabling RF displacement current to flow therein while preventing the

~substantial flow of conductive current therein; and Gircuitry for simultaneously

o :supplying power at'plural frequencies to the first electrode; the chamber being
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of power at the second frequency. 61. The processor of claim60 wherein the
first frequency primarily controls ion energy of the pliasd@niefoddie second
density of the plasma. 62. The mnet hod of

frequency prjgRLid ol s ion
q VGRS Rssﬂgl ectrode is at a PCTAE2008/018366

any cl,ainms 30-34 wherein the seco |
“potential. 63. The processor of a $ [IJULERAGE- 47 wherei n the second

electrode is at a DC reference potential. 38

configured and first and second of said frequencies being such that varyiﬁg a
parameter associated with the power at said first frequency relative to a
parameter associated with the power at said second frequency causes a
controllable change in DC bias vo!tage' es‘tablished on the first electrode in
response to interaction between the power supplied to the first electrode at the
first and second frequencies and plasma adjacent the first electrode.
-60.  The processor. of claim 59 wherein the parameter associated with
the power at said first frequency is the amount of power at said first frequency
3 and the parameter associated with power at said second frequency is the amount
of power at the second frequency. |
61.  The processor of t:laim 60 wherein the first frequency primarily
controls ion energy of the plasma and the second frequency primarily controls ion
density of the plasma.
62.  The method of any claims 30-34 wherein the second electrode is at
a DC reference potential.
63.  The processor of any of claims 39-47 wherein the second electrode
is at a DC reference potential.
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