W) 00/ 58993 30 SEPTEMBER 2003 PCT/ US00/ 03314 PLASMA PROCESSOR WTH CO L
HAVI'NG 'VARI ABLE RF I NG Field of invention The—present invention
.relates generally to: pl dsma processors i ncluding radio frequency (r.f.)
responS|vevm®DMQwipr exciting gases in vacuum chanbers I0GERIEgERR200Nat
process workpi eces in the chanber and more particularly to Set/HS03314
processor and to a 5 processing nethod wherein plasnma density on the
wor kpi ece is controlled by varying coupling coefficients of r.f. fields
between different positions. of the coil and the plasma, and to such a
coil. Sack round Art 10 One type of processor for treating workpieces with
an r.f. plasma in a vacuum chanber includes a coil responsive to an r.f.
source. The coil responds to the r.f. source to produce nagnetic and
electric fields that excite ionizable gas in the chanber to a plasna.
Usually the coil is on or adjacent to a dielectric window i5 that extends
in a direction generally parallel to-a planar horizontally extending

surface of the processed workpi ece. The excited plasma interacts with the

wor kpi ece in the chanmber to etch the workpiece or to deposit material on

it, i.e.,- to process the workpiece. The workpiece is typically a
senlconductor mafer haV|qg 20 a planar C|rcular surface or a solid
diel ectric PrASHA RBR 8OR VEETH, [(Z0U I HAVENG VARRABLR REISEoUpmIdat panel

di spl ays, or a netal plate.
Qgle, V.S. Patent 4,948,458 discloses a multi-turn spiral coil for
achi eving the above results. The spiral, which is generally of the
Archi nedes type, extends radially and circunferentially between its
interior and exterior termnals connected to the r.f. source 5 via an

I nped@ies A eirC kg n8loor k. Coil s of this general type

The present invention relates generally to plasma processors
including radio frequency (r.f.) responsive coils for exciting
gases in vacuum chambers to plasmas that process workpleces in the
chamber and more particularly to such a processor and to a

5 processing method wherein plasma density on the workpiece ig
controlled by varying coupling coefficients of r.f. fields between
different positions of the coil and the plasma, and to such a coil.

Backaround Art

10 One type of processor for treating workpieces with an r.f.
plasma in a vacuum chamber includes a coil responsive to an r.f.
source. The coil responds to the r.f. source to produce magnetic
and electric fields that excite ionizable gas in the chamber to a
Plaéma. Usually the coil is on or adjacent to a dielectric window

15 that extends in a direction generally parallel to a planar
horlzontally extending surface of the processed workpiece. The
excited plasma interacts with the workpiece in the chamber to etch
the workpiece or to deposit material on it, i.e., to process the

. workpiece. The workpiece is typically a semiconductor wafer having

20 a planar circular surface or a solid dielectric plate, e.g., a

. rectangular glass substrate used in flat panel displays, or a metal
plate. ‘
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produce oscillating r.f. fields having nmagnetic and capacitive field
~conponents that propagate tHhrough the dielectric windowto heat electrons
~in the gas in a portion of t'he plasma in the chanber ‘cfFose to the w ndow.
The oscil | stosugsspesf . fields induce in the 10 pl asma cur r¥PESTENRER 29emt
el ectrons in the plasma. The spatial distribution of the melfnEPP083d| g in
the plasnma portion close to the windowis a function of the sum of :
i ndi vi dual magnetic field conponents produced by each turn of the coil.
The magnetic field conponent produced by each of the turns is a function
of the 15 magnitude of r.f. current in each turn which differs for :
different turns because of transmssion line effects of the coil at the
frequency of the r.f. source. For spiral designs as disclosed by and based
on the Ogle '458 patent, the r.f. currents in the spiral coil are
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produced byAeach turn of the coil. The magnetic field
component produced ‘by each of the turns is a function of the
15 magnitude of r.f. current in each turn which differs for different
turns because of transmission line effects of the coil at ﬁhe
frequency of the r.f. source.
For spiral designs as disclosed by and based on the Ogle ‘458
patent, the r.f. currents in the spiral coil are distributed to
20 produce a torroidal shaped magnetic field region in the portion of
the plasma close to the window, which is where power is absorbed by
the gas to excite the gas to a plasma. At low Pressures, in the
1.0‘to 10 mTorr range, diffusion of the plasma from the ring shaped
region produces plasma density peaks just above the workpiece in
25 central and peripheral portions of the chamber, so the peak
éensities of the ions and electrons which process the workpiece are
in proximity to the workpiece center line and workpiece periphery.
At intermediate pressure ranges, in the 10 to 100 mTorr range, gas
phase collisions of electrons, ions, and neutrons in the plasma
30 prevent substantial diffusion of the plasma charged particles
outside the torroidal region. As a result, there is a relatively
high plasma filux in a ring like region of the workpiece but low

plasma fluxes in the center and peripheral workpiece portions.
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a substantial standard deviation, i.e., in excess of three, of the 5 pl asma
flux-incident on the workpi ece. The substantial standard deviation of the
-.plasma flux incident on 't he wor kpi ece has a tendency to cause non-uniform

“wor kpi ece Rp@sRSRLNY. i.e, different portions of the mﬂmﬁﬁggﬁgﬁgﬁggﬁéched

to different extents and/or have different. anmounts of nol sited
on them 10 Many coils have been designed to inprove the uniformty of the
pl asma. The conmonly assigned U S. Patent 5,759,280, Holland et al.,

i ssued June 2, 1998, discloses a coil which, in the comercial enbodinent,
has a dianeter of 12 inches and is operated in conjunction wth a vacuum
chanber having a 14.0 inch inner wall .15 circul ar diameter. The coi
applies magnetic and electric fields to the chamber interior via a quartz
w ndow having a 14.7 inch diameter and 0.8 inch uniformthickness.

o G T A gy wam et g Y
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vari atj t Lk : th oi | ; of ' tent, T :
ot andar §Revearint sRaliott 86e:apaln. 16 S0 ciff tdie B RESET, pe ' UBeo
Bat enPlagme Ldovhmiwetdent reruehe awerkrbere 25 Bper aubAbantislnstanderd is
B O MO o B T e e R e
appr oxi mat e : or a_coil o e ! atent operating u
condi HeBRsRly B gpiss; npRsun B ekl e cn O thdyndue Ff GFBFEBE be
such poatiche mfastee derkpigeée natbeecenedr tof difitevenkpercents ghegoer
than i aleHBIRAI AR lo0ind UK BGBER: 1l B ERhUrn exceeds the
T the wor . e pla

| asma density in the periphery_ of. <pI ece asma  density
lgar i at i ons MaRYt Feidist hevenbepprdsoianes tonémpranBerhe omifiprmisyt pLothehe

1280 paaenia .ar eThectomnahlerasbagnédones of paben€ok| 796, 350 291 898380
SEPTEI}:@E'? gggged June 2, 1998, discloses a coil which, in the commercial
embodiment, has a diameter of 12 inches and is operated in
conjunction with a vacuum chamber having a 14.0 inch inner wall
15 circular diameter. The coil applies magnetic and electric fields
to the chamber interior via a quartz window having a .14.7 inch
diameter and 0.8 inch uniform thickness. Circular semiconductor
wafer workpieces are positioned on a workpiece holder about 4.7
inches below a bottom face of the window so the center of each

20 workpiece is coincident with a center line of the coil.
The coil of the ‘280 patent produces considerably smaller
plasma flux variations across the workpiece than the coil of the
‘458 patent. The standard deviation of the plasma flux produced by
the coil of the '280 patent on a 200 mm wafer in such a chamber
25 operating at 5 milliTorr is about 2.0, a considerable improvement
over the standard deviation of approximately 3.0 for a coil of the
'458 patent operating under the same conditions. The coil of the
'280 patent causes the magnetic field to be such that the plasma
density in the center of the workpiece is greater than in an
30 intermediate part of the workpiece, which in turn exceeds the
plasma density in the periphery of the workpiece. The plasma
density variations in the different portions of the chamber for the
coil of the '280 patent are much smaller than those of the coil of



RCT/ CJS00/ 0331 4 the '458 patent for the same operating conditions as
produce the |ower standard, deviation. Qher arrange ts directed to
inproving the uniformity of ithe plasnma density incident on a workpiece

have al so gp(p&ﬁ%tg ated on 5 geonetric principles, usual30sSECOEMEERE0Y COi |
geonetry. See %’ U S. Patents 5,304,279, 5, 277, 751, 5, 228;196500/03314

5, 368, 710, 5, 800, 619 5,731, 565, 5,401,350, and 5,847,704. To our

know edge all generally available prior art coils have fixed spati al
geonetries even though different processes have 10 different recipes
requiring differing chanber paraneters. The different recipes are
associated with different processes perfornmed on the workpiece. The .
chanber paraneters for a particular recipe in the past have generally been
limted to gas fl ow rate vacuum pressure, gas species, r.f. power applied:

toth Ci COI| and r.f ower plied to an el ectrode of an
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ot her 3sj t31}at55§ns 5\M‘$@r193t5i$e pingls 1%, 825, densi ty desirably has a -first

partlcul arﬂ,ea,uﬁgeqna f oS |c dur,ing a first processing

st ep, while 2 19:]1?3?& ?%g} %éé(n?%%fe‘g %’%p SrEd 1940 @ e 014 S5 Bayed

1gart i §&E§Fl d%g‘?"r"?aﬂ nERCMGHHGST eyer hdhascdy | éifterlemt ng:zﬁbcs@mml have
rocessitigrsiep. rdoipes rkqodkedge dilfFeRa ns él?ar?‘éie Ll-%m@d £T ,abl e prior

art OalﬁEQ%ﬁtoireéjQ 85 f:pr%%r %tog:szt%t%rd S NPT S prﬁcges?seos pfsggﬁed

t he sane proceSS|n cha
on the workpiece. The chamber parameters for a particular recipe

in the past have generally been limited to gas flow rate, vacuum
7 pressure, gas species, r.f. power applied to the excitation coil
15  and r.f. power applied to an electrode of an electrostatic chuck to -
produce what is referred to in the art as r.f. bias. Control of a
further parameter affecting the plasma while a workpiece is
processed in the same chamber is desirable. In addition, sometimes
it is desirable to change the r.f. fields the coil couples to the
20 plasma as a function of time during the same recipe step.

While uniform plasma density is usually desirable, there are
applications in which it is desirable for the plasma flux density
to differ on different parts of the workplece during a particular
processing step. There are other situations where the plasma

25 density desirably has a -first particular desired non- uniformity
characteristic during a first processing step, i.e., while a first
recipe is being performed, and has a second particular desired non-
uniformity characteristic during a second processing step. To our
knowledge, there is no generally available prior art or method of

30 Or apparatus for achieving these types of results in the same
processing chamber.



WD 00/58993 30 SEPTEMBER 2003 PCT/US00/03314 It is accordingly an object
of ‘t-he present inventi, to provide a new and inproved vacuum pl asma
s.processor and nethod of } operating same wherein the!plasna density incident
“on the wor Wéﬁ(ﬁ has relatively high unifornmty. 5 AnotdtsePthjaEet2oesf t he

I nvention i's ﬁgg%vide a new and inproyed vacuum pl asma prREEEES0010338d4vi ng
an r.f. coil wth the sane geonetry as the prior art coil but which is
coupled to the plasma in such a way as to enable the plasma to have
relatively high density uniformty characteristics. 10 A further object of
the invention is .to provide a new and inproved vacuum pl asma processor
nmet hod and apparatus wherein an r.f. excitation coil is arranged so
different portions of the coil have differing, changeable r.f. coupling
rcoefficients with the pl asma. 15 An additional object of the invention is

to provide agewsa |, a rocessqQr having increased .

flexibility [n esta cfdl’iszﬁ'l g‘aygr%%ez)s%ﬁﬁ%tco %i %hc?hsl.’r?gﬁngno’t‘h‘éef'ntdcﬁ’%cttoof

‘the i nRHRAYISIE |3 1YY predi HEDXEC Ry wartun npkasmed prasesspr osadsnethber eifn

the sarmpepraiassisagechnabeincan AQshe -&éﬁgié? ﬂﬁéfc?éhg'ctr{ i ”ho@%@'ireed

spati aly rel at{ q:r_ﬁrci{ g,l.a ma .gensLt . Summa of -the Invention ln-ac ordance

wi th oné aspedt-ofth %ﬁ%é@ﬁ OLAGE¥ti on, a coil "25 for exciting an r.f.

plfasma in aAngthen pbhjeec podceasiss ngnebatben iGONPsi oWl ak nadi ablyg and

" ci rcunfigiiivded hacRXhERILBRAt cted hetween a ir,%% r.f.

excitation termnals, gna'aadg#géeé%gggﬁaéﬁg%fn*5k%£aF§$ﬁng- -th?EFame
coup!iﬁfQNﬁﬁ?H(ﬁ%{ RELREeATtdrpidront whiichl iandouplednter ehei plasma
polrt i orin odutheacaidy fae&il t8eendBipl %@ p AL 28RS Pélarlﬁ%éﬂy eﬂti!gﬁn

re ate%éﬂ%f%ﬂ“ﬂﬂ%%%f&ity characteristics.

10 A further object of the invention is .to provide a new and
improved vacuum plasma processor method and apparatus wherein an
r.f. excitation coil is arranged so different portions of the coil
have‘ differing, changeable r.f. coupling coefficients with the
plasma. '

15 - A An additional object of the invention is to provide a new and
improved plasma processor having increased flexibility in
establishing processing conditions.

Yet another object of the invention is to provide a new and
improved plasma processor wherein the same processing chamber can

20 be used to obtain different desired spatial relations of plasma
density.

Summary of the Invention

N In accordance with one aspect of the present invention, a coil

~25 for exciting an r.f. plasma in a vacuum plasma processing chamber

comprises plural radially and circumferentially extending turns

connected between a pair of r.f. excitation terminals, and a drive

arrangement for varying r.f. field coupling coefficients between

‘ different radial and circumferential portions of the coil and the
30 plasma.

Another aspect of the invention relates to a method of

controlling an r.f. plasma treating one or more workpieces on a

workpiece holder in a vacuum plasma processing chamber. The method



controlling an r.f. plasnma treating one or nore workpieces on a workpiece
hol der in a vacuum pl asma processi ng chanber. The nethod 5 30 SEPTEMBER
2003 is perforned in accordance with plural recipes each including a set of
paranmeters. The paraneters for each recipe include (a) JolseRrEMEER 2003 t he
gas supplied to the chanber and the gas specie supplied to the chanber for
the recipe, (b) pressure in the chanber, (c) power supplied to a
multi-turn excitation coil for the plasma, and (d) a desired coupling
coefficient between the coil and plasma of an RF field conmponent the coi

i's to ignorhed tiReadebafiBe vﬂhe pf@élh%spe%n%dﬁdﬁgluﬂf CESS NG gaﬁgﬁf SRLEGRe ! N

accordance with a first of the recipe |ng ci ent
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processing a workpiece in  accordance second i pes
coupl itA§ ree!@ftfmcﬁxgiﬂﬂoadpu&réhe plestpeard i(d) a degirasloratipling easiffisient betueen tRF
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di r ecicoefficiehbadjastel ald hedd i hHEt ANHLARSHdRedh RIFFRA&T doﬂﬁ)t)ﬂg'ltgg cbagbd @ the

coil. ?ﬂ ot her aspect of the invention relates to a roI I'nhg an

RF pl entr Rty of dhe el tbr dhsworlassma card |ther§ai§%rc9m¢e§ﬂlmraawmrmmumg
chanbegcortiftea MRt Bl £EBnH Y5 Mk PdLiges W iR @&.ﬁ)ilﬁ@’lcg@ﬁIC!eﬂ-l}%Aﬁﬁé@gg ttnére is a

performed i n gaccordance with plural recipes each I ncludi

par amSEEIN relpgan geiwern iy teld S‘Pmé‘é’(‘ﬁm% eunirsl hetweendiffergnt mrbw&csfttbe odil ante gas
suppl dedplagmat 1Re @ba@mgrco@ﬁ@.ehhﬁeaasem% By SHRRy e sbgﬂhg%eﬁmﬁb&fferfeﬁ( the

reci pe, %R}E& s($ure in the chanmbér, (c) powef Sup lg, tr-turn
exci t A ne of dhe eojbang Henplasmadn g iregticresybstamtia cafgiahhgnaleetd pailanst
bet we@Rludiig raai bf taedopl asma of an RF field conponent the coil is to apply
to the plasma. The nethod includes processing a workpiece in accordance
with a first of the recipes with the coupling coefficient adjusted so

there is aAhbthet asmlcadi 08 ib@hiGeRIdEs td £ hibthdtOFMANeHIicy &9 RE! HEsrhd #84ting
di fferent rtlogfs of the coil to the plasnma, and thereafter proce55| ng a

wor kpPa& 8" 1974 MOSRIRaTE N i Yarulmslzena P&?CGF%Q CBEMpes g warkpisse dwing P'h@

coef f iofl@itce haitjenstreometotiie performed ifecondan®@ @it PRrPeLNRRNeRR héigdi
i ons the coil and the p asma.
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shi el tﬂner@abﬁienmed thé fgberspatieragbidd ROtHei eHasntbek f@rhmeqablbea(rw e Rl msgm.  Yet

ol asrg e EREt) e§sheTe B @ lifreeadaidn Bl B dihBrutnansr o eodesigd

Chanb@mphm@eo&fﬂméembetmemahagml aind alawaa lopae 6 fend dﬂﬁpon@hﬁth@%h'wjtola?)ply to

perf Oﬁigeaaérrqa A d%?cae |nW|udes %rgcreasmnaeac'\n}%ekptece in accordance with a first of the
recipes with the coupling coefficient adjusted so there is a first relation between RF field
components coupled from different portions of the coil to the plasma, and thereafter
processing a workpiece in accordance with a second of the recipes with the coupling coefficient
adjusted so there is a second relation between RF field components coupled between different
portions of the coil and the plasma. The coupling coefficient being adjusted by varying the
amount of electric shielding between different radial portions of the coil and the plasma.

Yet another aspect of the invention relates to a method of controlling an RF plasma
treating one or more workpieces in a vacuum plasma processing chamber, the workpiece being
on a workpiece holder. The method is performed in accordance with plural recipes each

including a set of parameters. The parameters for each recipe include (a) flow rate of the gas



i ncluding a set of paraneters. The paranmeters for each recipe include (a)
flowrate of the gas 6 30 SEPTEMBER 2003 supplied to the chanber and the
gas specie supplied to the chanber for the recipe, (b) pressure in the
chanber, (c) power supplied to a nmulti-turn excitation COISEPTEMBERR@03p| asma
and (d) a desired coupling coefficient between the coil and plasma of an
RF field conmponent the coil is to apply to the plasma. The nethod incl udes

processi r;)g a workpi ece in accordance with a first of . the recipes with the
coupl i RprEedic theiceambargnesthe gas spedie pepnlisd fp therchamper far therrebipeabbpreRSurei el d

cConMponpnths dHaHibeedcS b@\me:déﬁﬂp‘ﬁé@ b apﬁhhertQHﬁeﬁgita%}? cG:PF}dr th@ J&Ié&ﬂgﬂo a?@nﬁd) gnd

t hereafter processing . a workpi ece i n accordance
reci peg‘i‘ﬁﬁil‘e‘Ei WO’E‘FHE'Qc?@@%Pﬁeﬁbb%EW fhei eofltangd djlapsacef oRF figidresniponantstbe onidlis to

rel ati Qgﬁbl}bﬁm@%sﬁﬁa ﬁheln%tﬁaam.emeeé Er&@bﬁ?ﬁfg Vmw‘@%nn%%@%ﬁ&gw b tﬁr%}rbcf of

the cojl and the plasma. The coupling coefticient belng adjuste

is a IWFC'B%MW ﬁBe C@Wﬂlc@ﬁgﬁﬁnbé@mﬁ seofhprepisra fiesh selation betivasn RF fi eidm a
cent ercapidten@f coupRedTRinh dlifBAM Bex&loﬁQb# th@ 26 {00 pl@dmd, 2l ‘fﬁerggflt g&%& #ﬁ’%r i~

greater than R2. I'n one enbodi nent the vary ar r angenent
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enbodi nt t he varééng arrangenent I ncl udes a havi ng a I"'east one

movi nd p&PY andthe plasmae fbe rguRlingorasfisienbbeiag qﬁll&éeﬁhS@mreaa adawer edupling
der i vagehichheetaabh céiﬂﬁorﬁ@}{s R8YA9R, ABm 59&%6 ;ﬂ:gntcgf i '&oif tAL For B ?&’tlf)hg d

porti £ cﬁ the plasnma, A drive noves the shield noving part port

rel at ARG Rna/hels R 'érﬂﬂeat%’ltﬁé‘ﬂﬁﬁso di fferent p05|t|ons of the shield cause
different a unts of . cQupling of the plasma excitation field to the plasnm
from diffe tOIb%rFF'Bﬂg E‘Pnf:héﬂ'é%l Varyipgt Renansfesiensdd dribei nikif ferent
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the processor. R L e e S _
the = prbciecord W@C@éﬁ“% ntBeareatying apridengensne ofnghsdéant a tdieHai 5

10 15 having at least one moving part for intercepting a portion of a
plasma excitation field derived by the coil and for preventing
coupling of the intercepted field portion to the plasma. A drive
moves the shield wmoving part portion relative to the coil and
plasma so different positions of the shield cause different amounts
of coupling of the plasma excitation field to the plasma from
different portions of the coil.

In the preferred embodiment a controller for the processor
includes a memory storing plural recipes for different processing:
Steps of at least one workpiece that is processed by the processor.
Bach recipe inc]tudes set points of various parameters of the
processoxr. The set points are for (a) flow rate of gas into the

ba



20 25 36 WD 00/58993 30 SEPTEMBER 2003 .PCTI USOQ 03314 processor chanber,
(b)..vacuum pressure ipﬁthe processor chanber, (c) power applied to the
. coil -and (d) position{o} the drive menber. The gontroller responds to the
~‘stored set_point signals to control (a) flow rate of ga® SertrRMEER®003
W dhviers

processor (b) vacuum pressure in the processor cheaolreseo/zsyy power
applied to the coil and (d) position of the drive nenber, The above and
still further objects, features and advantages of the present invention

wi || becone apparent upon consideration of the follow ng detail ed
descriptions. of several specific enbodinents thereof, especially when
taken in conjunction with the acconpanying drawi ngs. Brief Description of
the Drawing Fig. 1 is a schematic diagramof a vacuum pl asma processor
.including an arrangenent for varying the coupling coefficient of r.f.

fiel il s les to,a _plasma.in a processing chanber; Fig. 2 is a
pers§§8?9§§°6i5%% Ta #gpSF%EPQFbEF@W%g%iMﬁQnﬁﬁe RFocERBeFHaramPesy
.varyilry pheeroambl ed cmethectenl aydchdngomg ik cPpebiengravedinbiBegnt
port ippRs 851881691 Lek ' tg I ; nd, Fig. 3.is a top view of a
second -greFerred eﬁ%&%&%&%ﬁﬁ%#ggaQﬁ%@%%ﬁ%%&l %%QSaFggﬁalfhE°088 FFﬂg
. coef fR¢] eﬂo‘by?@ﬁ*&ng‘i’?}g gefe '1’{'!Feré1.h@r- brogaskers aifambahi el () ocateadm
sbet wpeastheeconl taldprplbasibr Rabfibeed RRICHRMOR 4Ne O A, 09.Ibe
morkgégcg ?rocesgor I ﬁ%$ra ed in ﬁ@g. 1 includes "'vacuum pl asna
or oc888i 1§ cRErpEr8sS § 45VexBFEARTon circuitry 12 for driving a coi
for exciting ionizable gas in chamber assenbly 10 to a plasna state, a
second ci ¢aMl hnddel RhadRPL V] NButther PhBFelOs @ Features and advantages
of the present invention will become apparent upon consideration of
10 the following detailed descriptions of several specific embodiments
therecf, especially when taken in conjunction with the accdmpanying
drawings.

Brief Description of the Drawing

15 Fig. 1 is a schematic diagram of a wvacuum plasma processor
including an arrangement for varying the coupling coefficient of
r.f. fields a coil supplies to a plasma in a pfocessing chamber;
Fig. 2 is a perspective view of a first preferred embodiment
of a mechanism for varying the coupling coefficient by changing the
20 spacing of different portions of the coil relative to the plasma;
and
Fig. 3 is a top view of a second preferred embodiment of a
mechanism for varying the coupling coefficient by changing the
diameter of an iris of a shield located between the coil and
25 plasma. |

Detailed Description of the Drawing

The workpiece processor illustrated in Fig. 1 inciudes vacuum

3¢ Plasma processing chamber asgembly 10, excitation circuitry 12 for
driving a coil for exciting ionizable gas in chamber assembly 10 to

a plasma state, a second circuit 14 for applying r.f. bias to a
workpiece holder in chamber assembly " 10 and a controller



wor kpi ece hol der

i n chanber assenbly -10 and a controller 7 WO 00/58993 30

SEPTEMBER 2003 PCT/ US00/ 03314 arrangenment 16 responsiyve to sensors for
vari ous paranmeters associiatled with chanber assenbly io)for deriving

control SiWFﬂ 5for devices affecting the plasma i n chamerrasseroby 1. O
61N

Controller

-8?: 3udes m croprocessor 20 which responds to VRGT/G809/03314

sensors associated with chanber 10 as well as circuits 12 and 14 and

signals fromoperator inputs 22, which can be in the form for exanple,
a keyboard. M croprocessor 20 is coupled with nenory

system 24 incl udi ng

of

hard di sk 26, random access nenory (RAM 28 and read only nenory (ROM 30.
M croprocessor 20 responds to the 10 various signals supplied to it to

- drive display 32, which can be a typical conputer nonitor. Hard di sk 26
and ROM 30 store prograns for controlling t he

20 t diff t f th
por o Ao S, TOCERREITE PPy oPEBOFR: Bt CEREATE g RRGaRS and

operation of m croprocessor
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VacuyRirie-alle eaiaR Iélsrﬁ%qlggc;ﬁ n the 30 interior of chanber 40. Pl asna

excita |or£{ cail has ra
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25

30

and
ard dlsk 26 and RO 30 store programs for controlling the

operation of microprocessor 20 and preset data associated with
different recipes for the processes performed in chamber 10. The
different recipes concern gas species-and flow rates applied to
chamber assembly 10 during different processes, the output power of
a.c. sources included in circuits 12 and 14, the vacuum applied to
the interior of chamber 10, initial values of variable reactances
included in matching networks of circuits 12 and 14, and coupling
coefficients data for r.f. fields the coil supplies to the plasma
in chamber assembly 10. ,

Plasma chamber assembly 10 Ffor processing workpiece 54
includes chamber 40 having métal, non-magnetic cylindrical side
wall 42, non-magnetic metal shield collar 43 that extends above
wall 42, and metal non-magnetic base 44, all of which are
electrically grounded. Dielectrie typically quartz, window 46 is
fixedly positioned between the top edge of wall 42 and collar 43.
Wall 42, base 44 and window 46 are rigidly conmected to each other
by suitable gaskets to enable a vacuum to be established within the
interior of chamber 40. Plasma excitation coil 48 has radially and
circumferentially extending turns, for example, a spiral
configuration similar to that disclosed in Ogle, U.S. Patent
4,948,458 or a configuration as disclosed in Holland et al. U.S.



circunferentially extending turns, for exanple, a spiral configuration
sinrlar to that discl ngd in Ogle, U S Patent 4,948,458 or a

; configuration as di sctd ed in Holland et al. U. S.i 8 WD 00/58993 30

.-‘“SEPTEI\/BER‘%Q’Q?, Egg;/ USO0/ 03314 Patent 5,759, 280. Coil 48 miSESTEMBEREDYS Cl 0Se

proximty to it upper face of wi ndow 46. Coil 46 reactivePQTRSHMNBEE
magnetic and electric fields to the interior of chanber 40, to excite
ionizable gas in the chanber to plasma, schematically illustrated in Fig.
1 5 by reference nuneral 50. Electronmechanical drive nechani sm 49,
associated with coil 48, responds to one or nore signals mcroprocessor 20
derives for each recipe to control r.f. field coupling coefficients of
r.f. fields <coil 48 supplies to plasna 50. The coupling coefficients are
.10 variable as a function of coil radial and circunferential position.

. The @aeRhicNGs cped fad ent 5Qr £ f nt_recipes ,adjust the . magni tude of
r.f. magnet i ¢ and el ect.rost at | cﬁ# i %Fég éflnf ?é%j?"g'ntdo Sr RS R oFP &Be
.suppl YPPE§pFaSHa O50iRASYIREF or ERLL chB preanf ivsdiv istippdtiescangaaabteaphasa
A R LTSI N r g o L RS
mai n Qﬁa g\t}eF B& & a??’?ﬁs%é:’r éﬁm | PEmRsArad lvn il dupbratedoinr Bégpes in
frenor YYsysfemenset munegals&0r cr opr ocessor 20 to control -- punp 80 so the

pressures gleehFiRs : cl.l . O mlliTorr.,and 60 m/lliTorr.
Because of tﬁeEe di f%éﬁl%qp?ggggréégﬁ_ legngf)ét'i3?3%35???%0‘E‘1t5hc81‘-1p‘?%5rm
densi T§SBANGS kRi BBE 8% Hakeasigradereicrepmideasor 60 detiesanfopasish of

the woekppeceo BonteolnecEanifiml40 dRFNARES gBQfHﬂ@i?f;l%I&'g# S%.e % {r,\gfe'inems

i1 orogt part gopLBesc K HGubdfa’ Mo rmiBy Cgult iapn cpesieamtia dye
@i Tfyﬁiﬁpgéﬁaaﬁ @(fzurgﬁziqm g god 148afidal tatmi;eﬁ.h:‘ﬁﬁmﬂéf:éﬁl’:@tﬁl ﬁﬁﬁ@iﬁﬁ.si ,
Eer e G i e ik K K el
ields different
portions of coil 48 supply to plasma 50. .
The different coupling coefficients can enable plasma density
15 - uniformity on m_rorkpiece 54 to be achieved for the different
recipes, e.g., for main and over etch stepé on the same workpiec;.e.
The main and over etch steps are usually performed in response to
recipes in memory system 24 that cause microprocessor 20 to control
pump 80 so the pressures in chamber 40 are respectively 10
20 milliTorr and 60 milliTorr. Because of these differing pressures
the spatial distribution of plasma density on workpiece 54 hasg a
tendency to differ for different parts of the workpiece. Drive
mechanism 49 responds to the signal(s) from microprocessor 20 to
change the r.f. coupling coefficient between different parts of
25  coil 48 and plasma 50 to attain a substantially uniform plasma flux
on workpiece 48 for these two different pressures. Similarly,
memory 24 stores data associated with different field coupling
coefficients for different gas species source 68 supplies to the
interior of chamber 40 to attain a substantially uniform plasma
?‘10 density on workpiece 48. (While only one source is illustrated in
Fig. 1, it is to be understood that more than one source can be
included and the recipes control which gas sources supply gas to

chamber 40.) In addition, memory 24 can store data agsociated with



interior of chanber 40 to attain a substantially uniformplasma 30 density
on workpiece 48. (Wile only one source is illustrated in Fig. 1, it is to
be understood that nore tham one source can be includefl and the recipes
control whiggh Q%ggssources supply gas to chanber 40.) | rpoaddiEMBER 20082MDT Y
24 can store 3 associated with 9 WO 00/ 58993 30 SEPTENMBERCR0S00/03314
‘PCTI USOO/ 03314 different field coupling coefficients for certain desired
non- uniform spatial relations for plasma density on workpiece 54. In one
enbodi nent, described in detail infra in connection wth Fig. 2, drive
mechani sm 49 includes plural electric or 5 pneumatic notors having shafts
for driving different portions of coil 48 to different hei ghts above w ndow
46, i.e., the nmotors drive different radial and circunferential parts of
coil 48 to differing distances from plaspa 50. Menory 24 stores signals

i ndi catiiffexdnd hei Sesi &8d it .el.ative to wi ndow,46, of the 10 shaft
of eagh notor far each re‘é?%‘éé crfglr%(%%}a%?oré% FESHBAGs desired pen-
2

si gnal ¥elgtigppy Eonppbaswandensisygoal sokkpithe sant or

shafts. |n In seonemsodinsbident ddessindied hnadetah! jF5onpection with Fig.
3, dri ni sm 49_i.ncl udes ong 'shaft. for opening and i 5°BPGEFAGTa
met al ”‘i‘?‘iﬂf%??rt ?%Jnegr%gf}we%%c 1sm g 49ndinghades 4elumal | mledtsian orf .

Shi el @nEsMAICe MeAcingy haviingf isklads sc didr 48-i4ari Qﬁff@:&%tﬁakti{saﬁs of

mmgni teda ofgreb. aikebdandi hESHARL RIS ofyeoll 48 SuppTy Lo prasma 50

The iris preferably includes g _

arranFi ﬂ’é'roﬁ ‘%’nétaeclé%{ter%a a} handr cireppfesehtd8lamhunhander 43 1arss f xed
and ofdiffersiage dddtsandes afpdhehlagmaadenen e@r{Eﬂ_I;ri ustrated), .which can
enpl oY na;BlAlePhat e Wi g 8 d1 ?ec?. i nnre!?ﬁdi atrlrde_t er orﬁgnglthl:sesw %.‘hggafs
vari abL_jgl Shner cdi ameter SoSHFEY PRRLPLOR s RERE HKe UeR SviRAPEasS, tab BhEOr S
Lor dPP@Fkg ofheaclymairredosheattl retitd veMieropeceeRker 06 £bhofils £8 2
pl anethaSsgenatsl Eronaiahds} 20 dP8t68 R6edt" W28 signals for the

motor shaftsg.

In a sgcond embodiment described in detail in connection with

Fig. 3, drive mechanism 49 includes one shaft for opening and
15 c.:losing a metal iris positioned between coil 48 and window 49. The

iris is an r.f. shield for attenuating r.f. fields coil 48 deriv:es

to control the magnitude of r.f. fields different parts of coil 48

supply to plasma 50. The iris preférably includes grounded non-

- magnetic metal leaves. In one arrangement the centers of the iris,
20 coil 48 and chamber 40 are fixed and on the same axis. In another

arrangemenf_ (not illustrated), which can employ a metal plate with

a fixed inner diameter or an ir:f.s with a variable inner diameter,

drive mechanism 49 includes at least two wmotors for driving the

grounded shield relative to the center of coil 48, in a plane
25 generally parallel to the face of window 46.

The upper face of bottom plate 44 carries workpiece holder 52
for workpiece 54, which is typically a circular semiconductor
wafer, a rectangular dielectric bplate such as used in flat panel
displays or a metal plate. Workpiece holder 52 typically includes
a metal plate electrode 56 which carries dielectric layer 58 and
8its on dielectric layer 60, which is carried by the upper face of
base 44. A workpiece handling mechanism (not shown) places
workpiece 54 on the upper: face of dielectric layer 58. Workpiece

30
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—~The upper_face-of bottomplate 44 carries workpi ece holder 52 for
wor kpi ece 54, which is typically a circular sem conductor wafer, a
-rectangular dielectric plate such as used in flat panel displays or a
| "pl.ate. ‘Vrkpiece holder 52 typically includes 30 esorsEbaéMEERZDES
_,.eI e,ct rdde SBOMFEMI carries dielectric layer 58 and sits on RCBUSeHEBs
| ayer 60, which is carried by the upper face.of base 44. A workpiece
handl i ng nechanlsn1(not shown) places wor kpi ece 54 on the upper face of
dielectric layer 58. Wrkpiece 10 30°‘SEPTEMBER 2003 WO 00/58993
PCT/ USOD 03314 54 is cool ed by supplylng hel ium from a suitable source 62
to the- underside of dielectric | ayer 58 via conduit 64 and grooves (not
shown):in ef ectrode 56. Wth workpiece 54 in place on dielectric |ayer 58,
d.c. sourcé 66 supplies a suitable voltage through a 5 switch (not showm)

L el 5508, St G P Mionlyfie SIS WPl Shus Bl R o e
i.oni zabtmdegusitde ¢F oﬂl@l@c@rlq!mhy@oﬁ&:ewsi&&cbhdmt%@ thd igreviess (rﬁit
chamber gfgwh 1T ot Sandild B, AR BOLorfpskReside \g@%p%%f Y dreceric

-conveni ence only one gas source 68 is |

condui t 13%¢ ?né?udé’sc\rals\f’é‘rﬂ? £ TRt Fot eamstuditabd. o oYOliFmeEhmelw a
coBt r ol swbpch hndd showa) ecofe pas idieo 8Nt BOEL ark é, i Mal vesrirbr eSS d @

si gnal - EiCEQpﬂc?ﬁf" ory 2e0 dg{ E‘Sm ile gauge 76 supplies the

- m croprocessor W an el’e rnal 15 indicative of the gas flow rate
t hr ough” por tWith Wﬁ?%ﬂ@ﬁ‘bm@r&ﬁ drepXare ean hcheck ps2of caewairk maate 54

pr ocessgshi salgha es4(¥r%m daal b£4nsRs Jcllﬂw:éét A LPdd &L% interior

M cropro Sors 2 onds to the stored signal for desire ow rate and
t he mon? O%Etf“tf ’bvﬁur ought gopgiudss 79eandoPeikt 73l irapideraldcddrdi r’r"‘gily
200 Vac ucompemierits, coneodes gas pochrdé2 &8 h@SQrf&A.L@IEdCM{TtEI 401 by The

condui tl%erfdiﬁ%lfaESﬁthF 476"[ Ei'géqudeosj valig'r eg%gﬁ{il %;gc?\?r FAL e meter p}rses e &

~typically e range of one 10 one h
respectlvely controlllng the flow rate of gas through port 72.

Valve 74 responds to a signal microprocessor 20 derives, while
gauge 76 supplies the microprocessor with an electric signal
15 indicative of the gas flow rate through port 72. Memory system 24
stores for each recipe of a workpiece 54 processed in chamber 40 a
desired gas flow rate in conduit 70. Microprocessor 20 responds to
the stored signal for desired flow rate and the monitored flow rate
v gate 76 deri_ves to control valve 74 accordingly.
: Vacuum pump 80, connected to port 82 in base 44 of chamber 40
mby conduit 84, evacuates the interior of the chamber to a suitable
pressure, typically in the range of one to one hundred milliTorr.
Pressure gauge 86 in the interior of chamber 40 supplies
microprocessor 20 with a signal indicative of the vacuum pressure
25 in chamber 40.

s
s .ge«_‘},..‘-

Memory system 24 stores a desired vacuum pressure in the
interior of chamber 40. Microprocessor 20 responds to the stored
desired pressure signal memory system 24 derives for each recipe
and an electric signal from pressure gauge 86 to supply an electric

30 signal to vacuum pump 80 to maintain the pressure in chamber 40 at

the set point or predetermined value for each recipe.

11



‘Pressure gauge 86 in the interior of chanber 40 supplies mcroprocessor 20 -
Wi th a signal indicative of the vacuum pressure 25 in chanber 40. Menory...
- system 24 stores a desired vacuum pressure in the interior of chanber 40.
M cr opr oceswgrowg@g? esponds to the stored desired pressIOSERTEMBER 208N0r y
system 24 derives for each recipe and an electric signal frSTARe&8IE
gauge 86 to supply an electric 30 signal to vacuum punp 80 to nmaintain the
pressure in chanmber 40 at the set point or predeterm ned value for each
reci pe. 11 WO 00/58993 30 SEPTEMBER 2003 PCT/ US00/ 03314 Opti cal
spectronmeter 90 nonitors the optical em ssion of plasma 50 by responding
to optical energy emtted by the plasma and coupled to the spectroneter
via window 92 in side wall 42. Spectroneter 90 responds to the optical

energy em-tted by plasma 50 5 to supply an electric signal to "

m croprocemtri@{l NpetepbAeeesorgg? esoads t he_ signal spectrometer
fhek th8 | il cpeRPRgonr of

90 der ect an_end oint of the process
deposi J:'/on &ﬁoggkaréﬁp?gglﬁgrgﬁrﬂ?ﬁbc% %%‘?E)RW i 8ed Mycthprptes6e amd

r esporfeRIR h&o sthealsppectomenser WG dedingey agd &, ggalF rr‘ggﬁy system’
SPECTr er

24 st @esctknidtdLali Ve char eristic. of the output O
X asg%?f ated wh, an S%%n%& RO at Smst oA ITESFEND YRR By Dl 50i at e
st gnal =% &YRRdYc Afe el RGEYEReSigBRpethawibreprooanket-eto . WG QR 20
then raspemernds sognhkssigaan MBBBLY: rSHSLE .Stop_certain activities
associgised g hgde conpl ef gd. trg%i pe ar_lg ?5§|ﬂnégfﬁf38at?leé?'?% FE* 6% he
wor kpi-ece. previ ous%/ PrTtesiettier eRshbee 20 Sepositandd pdkease s5of i
Ty i
Jgcitatign ci.rcuit 12 for drivi ng (_:oaluf £8 54 dBSMEEHstEFhem 20 fs ency
ohs §ﬂdi53 iaﬁ,cp?dchygyaﬁggragFacfFéhuénxyomﬂpdﬁ.Bﬁ spEetroputes 390
dri vesiagmciiatled geithponer il idd#ic 1@ supply the memory with an
appropriate signal to indicate that the recipe has been completed
Microprocessor 20 then responds to signals from memory system 24 to
8top certain activities associated with the completed. recipe and
15 initiate a new recipe on the workpiece previously processed in
chamber 40 or commands release of workpiece 54 from chuck 52 aﬁd
transfer of a new workpiece to the chuck, followed by instigation
of another series of processing recipes.

o

Excitation circuit 12 for driving coil 48 includes constant

20 ,.frequency r.£f. source 100, typically having a frequency of 13.56

mHz . Source 100 drives variable gain power amplifier 102,

Eypically having a power output of anywhere in the range between

100 and 3000 watts. Amplifier 102 typically has a 50 ohm output

‘ impedance, all of which is resistive and none of which is reactive.

25 Hence, ;he impedance seen looking back into the output terminals

of amplifier 102 is typically represented by (50 +‘j0).

For any particular recipe, memory System 24 stores a signal

for desired output power of amplifier 112. Memory system 24

Supplies the signal for desired outpﬁt power of amplifier 102 to

30 the amplifier by way of microprocessor 20. The output power of

amplifier 102 can be controlled in an open loop mannef in response

to the signals stored in memory system 24 or control of the output
power of amplifier 102 can be on a closed loop feedback basis.

i2



typically having a power output of anywhere in the range between 100 and
3000.watts. Anplifier 102 typically has a 50 ohm output inpedance, all of
.-which is resistive and none of which is reactive. 25 Hence, the inpedance

~seen | ooki g, fnto the output termnals of anplifieso SEPZEmMEER20@8 cal |y
representéﬁQU@%%§8 + j0). For any particul ar recipe, nennrylgygﬁﬁﬁ%§a4

stores a signal for desired output power of anplifier 112. Menory system
24 supplies the signal for desired output power of anplifier 102 to 30 the
anplifier by way of mcroprocessor 20. The output power of anplifier 102
can be controlled in an open | oop manner in response to the signals stored
i n menory system 24 or control of the output: power of anplifier 102 can be
on a closed | oop feedback basis. 0 12 WD 00158993 30 SEPTEMBER 2003

PCT/ US00103314 The out put power of anplifier 102 drives coil 48 via cable

106 and nmeglhiciEpits woerl8E. albl ¢RiBS NELWFI DR NAS48 vIa cable 108 o

configuration, .i.ncludi ng t les legs respectively including varia
capac%"bc?s hing 1?@?9’85&35?&613 a %%E‘H]Plﬂ‘%g NGFAHUE nd 08 fhrad xag®i tor
114. ComfigButatdlardesinopudingd towt psgries rr'ueghz reb%%c:f&!idfel%iir{c.tq%&a?{g' }/ ely
conne O jtor_ 11 nd to irst electrode o
seri e?ﬁﬁ%ﬂ&%‘%ﬁg %?h]éj aéi?cg%énﬁe%s s‘%%%ﬁoaselae@?}%ieﬁel%%n@f

- capacitigred RPRACHR B G81Hed8r ilbed udest Hapusmand puagsitynedBaales et
al . andforankbliznd rddperit dtely RiQUiQNSLY FEUALNEL AR 'ﬂ]‘.Elc%ﬁ:gc'i%o'xT:Dt ors
118 aqﬂzl%guipégf%{qpl of #he stgg type, respond to signals from ~ .
m croprocessor 207t 0 rorSthECYal s Wrismprpactton 1d2andhayéngna
r el at igrsiupdadaisieconst edertsode .naTheaialuenof NPEEaE ;t;teol ﬂ&t%m itzfyg@g@@ttfﬁg

' d l; 80k e . u rmnals o | £

o ol oaiatt 1R EnB0roRABh] Pt a1 BHLR, bk El € &1 O R dPARRs of

:Eto cabli 106 and by | ooki ng om ca 't o

Hhpl | AtePiro2 PHEYIQAE1Y glentionaemaiant- descri bed (50 + j0) ohm out put
| npedance @flecamild faetodd21181 GRDr DE65S Rre2B@raBAL S WY OLEed18,ad, 120
SO th%espond to signals from microprocessor 20 to control the values of
‘capacitors 112 and 116 in relatively small increments to maintain
an'impedance match between the impedance seen by looking from the
15 output terminals of amplifier 102 into cable 106 and by looking
from cable 106 into the output terminals of amplifier 102. Hence,
for the previously described (50 + j0) ohm output impedance of
amp;ifier 102, microprocessor 20 controls motors 118 nd 120 so the
impedance seen looking from amplifier 102 into directional coupler
20 104 is as close as possible to (50 + j0) ohms.

To control motors 118 and 120 to maintain a matched condition
for the impedance seen locking into the output terminals of
amplifier 102 and the impedance amplifier 102 drives,
microprocessor 20 responds to signals indicative of the reflected

25 voltage and current cable 106 couples back to cable 106. Sensor
104 includes circuits (not shown) for deriving signals indicative
of the reflected voltage and current and the phase angle between
the :reflected.'voltage and current. - Alternatively, sensor 104

| includes circuitry (not shown) for deriving signals indicative of

39 the power amplifier 102 supplies to its outpﬁt terminal and the
bower reflected by matching network 108 back to cable 106€.
‘Microprocessor 20 responds to output signals of sensor 104 to
control motors 118 and 120 to attain the matched condition.
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I mpedance seen | ooking fromanplifier 102 into directional coupler 20 104
is as close as possible to (50 + jO) ohns. To control notors 118 and 120 to
.‘maintain a matched condition for the inpedance seen | ooking into the
output termnals of anplifier 102 and the inpedance anpH0iSEPEIMBER20W i ves,
m cr opr ocesWEY00289%B esponds to signals indicative of the refl ectrako®s3i4

vol tage and current cable 106 couples back to cable 106. Sensor 104

i ncludes circuits (not shown) for deriving signals indicative of the
reflected voltage and current and the phase angle between the reflected
voltage and current. Alternatively, sensor 104 includes circuitry (not
shown) for deriving signals indicative of 3'0 the power anplifier 102
supplies to its output termnal and the power reflected by natching
network 108 back to cable 106. M croprocessor 20 responds to output

si gnal s of . r.o s_ 118 and _120.to attain_the mat ched
cogdi tion. %%8%!8&%;%{@%%%&%3%& kv\ﬁ%‘;w IéeTFégdf‘59§i2rl%f BERRax of
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out putrektp@red obyt h‘éh%l deart sinqloidicdeal phasweas®o 1Bdcko tﬁ:Oﬂthé| cift ors
pad

118 antkniDs VaAFy aﬁdﬁl‘fﬁ'éieslﬁ Caﬂ@;@:ﬁ)g%c%%gognéol]]@eég ond®! tal ril { he
| npedance. driven b gﬁtteput of ,anmpli-fi relative cons
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frequeRtintaid - tHRUM ffpddthed YREGILLY Ipﬁ‘;"\“tpxg output of amplifier 102

relatively constant. ‘
Circuit 14 for supplying r.f. bias to workpiece 54 via

electrode 56 has a construction similar to circuit 12. Circuit 14

15 includes constant frequency r.f. source 130, typically having a
frequency such as 400 kHz, 2.0 mHz or 13.56 mHz. The -constant
frequency output of source 130 drives variable gain.power'amplifier

132, which in turn drives the cascaded arrangement including cable

136 and matching network 138. Matching network 138 includes a

20 series leg comprising the series combination of fixed inductor 140
and variable capacitor 142, as well as a shunt leg including fixed
inductor 144 and variable capacitor 146. Motors 148 and 150, which

are preferably step motors, vary the values of capacitors 142 and

146, respectively, in response to-signals from microprocessor 20.

25 Output terminal 152 of matching network 138 supplies an r.f.
biasvvoltage to electrode 56 by way of series coupling capacitor

154 which isolates matching network 138 from the chucking voltége

of d.c. source 66. The r.f. energy circuit 14 applies to electrode

56 is capacitively coupled via dielectric layer 48, workpiece 54

30 and a plasma sheath between the workpiece and plasma to a portion
of the plasma in close proximity with chuck 52. The r.f. enerqgy

chuck 52 couples to plasma 50 establishes a d.c. bias in the
plasma; the d.c. bias Eypically has values between 50 and 1000
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frequency such as 400 kHz, 2.0 nmHz or 13.56 nHz. The ..constant frequency
output of source 130 drjves variable gain power anplifier 132, which in
~turn drives the cascaded arrangenent including cal) 136 and mat chi ng
“metwork 138. Matching network 138 includes a 20 serfies |®@ERTHMRERSDIZ] t he
series conH¥BYE of fixed inductor 140 and variable capakRCTWwSode314 as
well as a shunt leg including fixed inductor 144 and vari abl e.capacitor
146. Motors 148 and 150, which are preferably step notors, vary the val ues
of capacitors 142 and 146, respectively, in response to signals from
m croprocessor 20. 25 Qutput term nal 152 of matching network 138 supplies
an r.f. bias voltage to electrode 56 by way of series coupling capacitor
154 which isolates nmatching network 138 fromthe chucking voltage of d.c.
.source 66. The r.f. energy circuit 14 applies to electrode 56 is
capaciajd C e i =] L c. layer 48, . workpiece S4 30.and.a plasma
sheat ﬁ;ct)l\é%\gen t %at\!j\b(\r!kg?gég g%éﬁiﬁ?%@agf%maﬂb rYtgh COFTPReCPHFIRAE 1A
.cl ose PRPATF thP Rilertardek 582acthéerates cimrg))in glackas 3 0c aupveskbd epleasna
50 estsfpl ishes a d.c. bias in the plasm; the d.c. bias typically has ‘
val ues between 50 and 1003 14 Wh MJZORI'VI 30 SEPTEMBER 2003 PCT/ US00103314
vol ts. The "¢ T HiNEFRFFLI FGSPOHR tResignpaleepived Ryuicdremitapdhots to
@ ect rduwB? iacdeldedatiessenasri 184 |tas gBnbOol OmPOEKPi BLE arkt 15 GHAPEAEESSOr -
20 re t Q¢ Si I | V. b inguits (not 5 shown) .included |n
sensor%g%?r}% OQE()#%&%?% sf 48X3§d 1%?’901%8 t TR u@%g‘b?‘aﬁaﬂ%ﬂ:i FhFE 142
and 18895F thethfverasvitharegard (hn conszoli bédcaparitars H 2 gaxd 106 o@nt r ol

of capatidhningy hbZwartt 146. ofacdBiGhigly, Neh¥t {o-dif o é%:ﬂrlﬁerg? liﬁ}s&ﬁgor

and varTactRad 81 60a T80T R4 PR KCEo Ihe st pan verkrasl sableakdFi 1 er
1032, Fefl&qtsadackhsophbeecoubphe betmieeld ket pafplaciest vabtage aBE1CHEN ent .
The 1 the ¢aefdd Girflle BRURIRT e’ 2R820BPLaT LLYBLEEt 80T BuFl e |
The r.f. coefficier_xt coupling arrangemeﬁt illustrated in Fig.
2 includes step motors 201, 202 and 203 respectively responsive to
signals memory system 24 supplies to microprocessor 20 for each
15 processing recipe of workpieces in chamber 40. Motors 201, 203 and
204 respond to the signals to drive lead screws 211, 212 and 213 in
the wvertical direction, i.e., toward and away from dielectric
window 46. The ends of lead screws 211-213 are fixedly secured to
different portions of spi;:‘al, radially and circumferentially
20 extending coil (i.e., winding) 2is, schematically illustrated in
Fig. 1 as coil 48. (To simplify Fig. 2, shield 43 is not shown.)
The signals microprocessor 20 supplies to motors 201-203 thus
enable different portions of coil 216 to be moved by differing
amounts relative to window 46 and plasma 50 in chamber 40.

25
Coil 216 includes four constant diameter electrically
conducting turns 221-224, ‘each preferably formed of a copper band.
Turns 221-224 are concentric with center axis 225 of coil 216.
Inner turn 221 includes interior terminal portion 226 connected by

30

a fixed copper strap (not shoﬁn) Lo an output terminal of matching
network 108 while outer turn 214 includes exterior terminal portion
228 conmnected to one electrode of capacitor 126 by flexible,
upwardly extending conductor 230, preferably a copper braided

15




2 includes step notors 201, 202 and 203 respectively responsive to signals
nennry system 24 supplles 0 m croprocessor 20 for each '15 processing ..
. reci pe of workpieces in chapber 40. Mdtors 201, 203 aﬁa) 204 respond to the

"signals to_drive lead screws 211, 212 and 213 in the velotsEesEMBERZEER i ON,
i e., tonal® W% uway fromdielectric wndow 46. The ends QfCHBSW/0SIEEWS
211-213 are fixedly secured to different portions of spiral, radially and
circunferentially 20 extending coil (i.e., w nding) 216, schenatlcally
illustrated in Fig. | as coil 48. (To sinmplify Fig. 2, shield 43 is not
shown.) The signals m croprocessor 20 supplies to nmotors 201-203 thus
enable different portions of, coil 216 to be noved by differing anounts
relative to wi ndow 46 and plasma 50 in chanber 40. 25 Coil 216 i ncl udes.
four constant dianeter electrically conducting turns 221-224, ' each
prefer%g f or nmed, .of. .a cog er pand. _ Turns 221-224 are concentric wth
cent el s 225 EAdY 388 cITFRPLexeRt 2211y neEntrnding eslectidraligl

porti @mnﬁg@t@agneceieaﬂ. by(pr%rf@rab‘lly debbper) Ystraps- 22,4 252V an \éA?S:,’
S11UWionh@cN 28 ﬁBQBhttSﬁHL”Bk of, tg?;ggea tmor 108 mhlle outer turn 214
por n

i ncl udes -exterror term nal 88?5 €0 one el ectrode of
capacitor El EGtﬁycﬁiekﬂ%ﬂbﬂtlngwblqwbse&4bﬂmuﬁu)hnnuhﬂnuﬁ 220 opr ehgesbly a

soppebibeRidethrabs \@&Q&z@SQﬁénéozﬁPIﬂ/BEﬁ.%P&ﬁ{ chﬁg Lé%ogd%???(ﬁle? str atgﬁl

R e aC g G G e
221- ZQIFhP@g@Nhé.IQO"EI éameddgl donsidaat itigrdi %k&@ﬁn@%r@?@ﬂ@d '5 ntxﬂéft op
a1 ey RERT 2R A RS A4S diss i nng fefioke i anshinr Lich
" ot her 2by9R8H0 Withy @&Pﬁﬂéoﬁﬁéc?4ﬁhré@xﬁ&ﬁxﬁqnnnqnﬁtoutsroturﬂ@enz3t&ﬁ@5

1921- 2224andF ket koA 4neAbshvhihg N 8k 8a1 §SREGAE &&! ¥ AP Ynot shown)
fit into blocks 241-243 to prevent movement of blocks 241-243
relative to window 46 to thereby fixedly mount interior turns 221
and 222 relative to window 46. The plate carrying the rods that
fit into blocks 241-243 also carries motors 201- 203.

15 ~  The ends of lead screws 211-213, respectively fixedly mounted
to blocks 244-246, vertically drive blocks 244-246 and the portions
of windings 223-224 connected to blocks 244-2456, Radially
exten@ing winding portions 232-233, as well as the portions of
turns 222, 223 and 224 abutting them are flexible, braided

20 electrically condgcting straps. As a result, the signalsr
microprocessor 20 supplies to motors 201-203 cause outer turns 223
and 224 to be lifted and lowered relative to the top face of window
48, . .

Motors 201-203 can drive turns 223 and 224 so all portions of

25 these turns are spaced above interior windings 221 and 222 and
window 48 by the same distance. Alternatively, motors 201-203 can
drive outer turns 223 and 224 so these outer turns are tilted so
that, e.g., (1) the parts of outer turns 223 and 224 connected to
block 244. are closer to window 46 than the parts of these turns

30 that are connected to block 245, and (2) the parts of turns 223 and

' 224 connected to block 246 are farther from window 48 than the
parts of these outer turns connected to block 245.
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aligned with blocks 241-243, fixedly connect outer turns 223 and 10 224.
Fi xed rods (not shown) fixedly mounted in a plate (not shown) fit into
- bl ocks 241- 243 to preve t novenment of bl ocks 241-24 relative to w ndow 46
Yto thereb fixedly nmount interior turns 221 and 222 r el atdepeemEErRWosow 46.
The plate P‘?’%S‘ the rods that fit into blocks 241-243 absSDUSEWHIAS
notors 201-203. 15 The ends of |ead screws 211-213, respectively fixedly
nmounted to bl ocks 244-246, vertically drive bl ocks 244-246 and the
portions of w ndings 223-224 connected to bl ocks 244-246. Radially
extendi ng wi-ndi ng portions 232-233, as well as the portions of turns 222,
223 and 224 abutting themare flexible, braided 20 electrically conducting
straps. As a result, the signals mcroprocessor 20 supplies to notors
201-203 cause outer turns 223 and 224 to be |lifted and |owered relative to
the top faﬁe of w g }\%\5& g ¥btors 1-203 can drive turns 223 and 224 so
all portionscgree28 eedifFREIPdigERBACEL At IENEr 233 andd2AgsERBN and
222 awdndbwde® - d‘&lb}utrl&et@armlxdisstzaerlceandNZﬂﬁa&lixé!ei:YE NPio1§ 89&;;?%%? can
drlvecggkgi EHBE‘E %%% guter turns are tilted._so
e.g., (1) Re parts outer turns FIB 399 RRhETrRPh 6ol 82k . are
cl oseF ?o%al%ﬂ?\/v dl’éffehﬁn t Henre + stbérehdse gueaseBOrt iat maghetdrnesi@d to
bl ocke24btresdat 2y £1w1@aEs pinétwscr?e?g,l%%a £24n° RAEE GubPn bl oply 24

hese outer tUurns

are fgr h%from ndow 48 t ar

to bl oc WS"’%E}d@Eﬁ?E R P2 pCTCoBtrrdizng %@a}ﬂsﬁa of

t he dfiébﬂilq:rgamﬂmsameﬁn tdirfifer2at pndtiaﬁsfbfﬁ][&oﬂ @(i%Wgﬁ& f:EJa%éﬁ WHto
turns o) oefficients et ween, t he

di ffe?lg%tgl%gn%illgﬁsd %%???%n re?i'ghg?‘§2 'gé‘épgbe@ Eef)'l’[fa%?rat‘alk?? FLEIIRE, there
i s greaterF39f .3 fiyReFrP ¥hEWsoE anethey snhodiment Eouptonyroblihe tHeasna
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Cont rﬁigélﬂg tﬂ?. r'fCOil 250 illustrated in Fig. 3, (schematically

illustrated in Fig. 1 as coil 48) has the same configuration as the

coil disclosed in commonly assigned Holland et al. U.S. patent
5,759,280.

15 In particular, coil 250 includes four concentric constant
radius stationary turns 251, 252, 253, 254, which are electrical.ly
conducting (preferably copper) straps and are fixedly positioned
relative to each other and window 46, Turns 251-254 have
progressively increasing radii relative to central axis 256 of coil

.20 250. Interior winding 251 includes two separate symmetrically
positioned sections 258 and 259 having the same arcuate length.
Sections 258 and 259 include interior terminals 262 and 264
connected by leads 266 and 268 to an output terminal of matching
network 108 and one electrode of capacitor 126, respectively.

25 Sections 258 and 259 also include terminals 270 and 272, connected
by radially and circumferentially extending metal U-shaped bar 274
and straight strap 276 to terminal 278 of outermost turn 254 and to
adjacent terminal 280 of turn 252, respectively. Radially and
circumferentially extending straight metal gstraps 282 and 284

30 respectively connect adjacent terminals of turns 252 and 253 to
each other and adjacent terminals of turns 253 and 254 to each
other. Outer turn 254 is in relatlvely close proximity to the
interior wall of sleeve shaped shield 43.
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field coupling between different portions of coil 2.16 and plasma 50
enabl es the desired previqQusly described results to beﬁgttained. Fig. 3is

catop vieM/of anot her enbodilment for controlling the :1p r.f. fields
di fferent dﬁ%ﬁBOf the excitation coil supplies to ploERBEENEER 2008 | 250
|Ilustrated I'n 3, (schematically illustrated in Fig. 1PGEUSI/033U8)

has the sane conflguration as the coil disclosed in commonly assigned
Holland et al. U S. patent 5,759,280. 15 In particular, coil 250 includes
four concentric constant radius stationary turns 251, 252, 253, 254, which
are electrically conducting (preferably copper) straps and are fixedly
positioned relative to each other and w ndow 46. Turns 251-254 have
progressively increasing radii .relative to central axis 256 of coil .20
250. Interior mﬁnding 251 includes two separate symetrically positioned

sections 238 h ame _arcuate length. Sections 258 and 259
i ncl ude |nter|or éerﬁﬂﬁ ggéﬁgﬁﬁ% 2BPN-PEHRELLE IFFouaiies Jptahd 1268 t o
an oufdf%. treesd Hioned hﬁtwﬁ¢Mgthaebmbt®m1@89@@doﬁnelﬁﬁﬁﬁééod310ﬁ5@aﬂﬁﬁ!tor

126, rasioRR el n I ncl er s 270 and
272, connectg\é;e Xﬁ;ﬁ?ﬁ?ﬁf%mg éo élrc %?%ff% & ghgf qhﬁgchuggﬁaped

bar 2% Egl’zﬁﬁcst’?’a berwRen76oid REPNEAS pzasm@f 5@uter1m 298 nha54 aand

B0 adjemtarsl talmxm nakb 02 8 infcildent 24513:h r,géﬂ@ggl vgj{ggzgggld%z%ﬁc%ij 250

ci rcurtar st t__met traps an
respegrﬁ'\?glr%/d%onnec egéd]%{g%nt d{ tﬁ\ %Ia [pretezablyicopnery leawrsot her
and aditdcéft® t eeaehalipcdndingns mm&&zbnurrﬂaqh lodedd OINEGE huhl 254

o R o A e, e LB Bty ST
condu%ﬁ i&éﬂﬁﬁF gﬂé i dnog netﬁhelﬁ#§132981Cp@iaﬁanmm békeddy t he
1pottompmmy§dcﬁnwanﬁlage @5%a25élaa&d adjacent to the bottom edges of
turns 251-254. Metal pins 312 mechanically and electrically
connect adjacent pairs of leaves 301-309 together so the adjacent
leaves pivot about pins _312. Adjacent pairs of leaves 301-309 have
abutting spring biased planar surfaces to assist in maintaining all
15 of the leaves at ground potential so they together serve as an r.f.
shield for electromagnetic and electrostatic fields between coil
258 and plasma 50.
Rotary output shaft- 314 of electromechanical drive 49,
connected close to exterior edge 316 of leaf 301, responds to a
" 20 signal from microprocessor 20 to turn leaf 301 about its pivot axis
310. Leaf 301 in turn drives leaf 302 through pin 312; turning of
leaf 302 results in turning of leaf 303. 1In this manner rotation
of shaft 314 turns all of leaves 301-309 to open and close the iris
and vary the r.£. electric and magnetic fields coil 250 couples to
25 Plasma. The iris opening is circular for all diameters of the iris
and typically has its smallest diameter about equal to the diameter
of turn 222 and its largest dlameter sllghtly in excess of the
d:l.ameter of turn 224.
_ Iris 298 as illustrated in Fig.'3, is symmetrical with respect
30 to central axis 256 of coil 250 so the shielding effect of the iris
is symmetrical. If it is desired to skew the shielding effect so
one side of coil 250 supplies a greater amount of r.f. flux to
pPlasma 50 than another side of the coil, iris 298 can be translated
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w ndow 46, controls the.coupling coefficients of r.f. electric and
magnetic fields between, coil 250 and plasma 50. |ris 298 has a 5 central
..axis 300 coincident with central axis 256 of coil: 2560. Iris 298 includes

" Nni ne idenggﬁ%l getal (preferably copper) |eaves 301- 3090 ssacEmearcioesdi ng a
somewhat cEROPEP% | ocated pivot axis connected by di el ect PEHUSIMI3 AT t
310 to a fixed point on a dielectric plate (not shown). The dielectric
plate is fixedly 10 nounted in a plane parallel and adjacent to the bottom
edges of turns 251-254. Metal pins 312 nechanically and electrically
connect adj acent pairs of |eaves 301-309 together so the adjacent | eaves
pi vot about pins 312. Adjacent pairs of |eaves 301-309 have abutting
spring biased planar surfaces to assist in maintaining all 15 of the | eaves
.at ground potential so they together serve as an r.f. shield for

el ect ryyagpety éHEE r 81 J n i a I 50.
Rot ar y:L out putdlgﬁ]ea t ﬁ;%% r@%é%lrlgnfggﬁglg’?‘ggﬁi\gﬁ?vgﬁ 9?) c%%%ﬁe%?e% g%gge to
ext er i lepf vt (neff siown)r &dgénextepdainze Bilgnel PRramlelcEepEbeessor
ggzt ? dpﬁe&;] | eade g&a @itlmﬁw i46s (Fii.\élqt, ?"%8‘ %exihtaeéﬁot&nianshbaén d;lah\éfe%sggaf'
rou ., turning of. results in turning of |ea :
'nt hi et 0 o1 6e) ofhd fPe Eivedly Samnecira B PubbaliEdePsesenadpon
ahd clakrEd hefi e dhelectyidc hplaté. thhectrdrriayd seghetshafftisel 3150 caifl 250

coupl %&&35361—35?6@- The iris opening is circular for all dianeters of the
iris and typical has jts smallest dianeter about equal to the dianeter

of turn 22Xkkke i tHergr Jaate dbgrbt cdesgridind yand dddawtmitachespecafdrer of
g gr? %czdiqa@e@&%a:ﬂé Imfe;rfﬂigﬂadi G.ﬂ:ivﬁll3ﬁ§ai &éé&%?}?hc?‘brf&hg:ﬁohﬁs RECt

o centr i s coi so, t he_shi.el.di ng eff, iTig is
symmet %alfeq‘%&ia[ io?dggﬁer eﬁ“‘?%gﬁrﬂiwz? h&ER " forg Yef f_lggf‘SEEat&%e of
Toi | 2Escouidpid osay Geearde withot oflepaftind ukrem tipd asmee56ptan amdt her
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in the directions of nmutually orthogonal (x and y) axes by a pair of |ead
screws (not shown) that extend in a plane parallel to the upper face of
wi ndow 46 (i.e., in approximtely the sanme plane as |eaves 301-309) and
are fixedly connected to nutually orthogonal 5 edges of ISEFPTHMHEBCDII C
plate that carries stub shafts 310 of |eaves 301-309. Wil e there have

been described and illustrated specific enbodinents of the invention, it
will be clear that variations in the details of the enbodi nents
specifically illustrated and 10 descri bed may be nade w t hout departing

fromthe true spirit and scope of the invention as defined in the appended
clainms. 19 30 SEPTEMBER 2003 CLAIMS: 1. A nethod of controlling an RIF

pl as treating one or nore workpieces in a vacuum plasma processing
chan‘nngl-,p‘wI e wor kpi ece being on a workpi ece hol der, the nethod being
performed in accordance with one of plural recipes each including a set of
par anet ters_ _associated with each recipe including (a) flow

rs, the_para ! .
rate of %H@thggﬁﬁg?'&@%s TRF PRsmFclreatipg onp 08 §1q5 workpirqeRdn 8ARWER Pfa(sﬁba
pover pssteBking @hhidbér, Md dbrkbletd bemgi dndd Wdrkpiste! ndlddr, B endthés BBing dBHorWEd
desired coupling coefficient between the coil and Pl asma of an RIF field
conpofAPCARANCGELWIN Pae o PlUSY JEGIPES cBfe Nsludingsa sehal ARG e R MREmgers
pr ocessbdtgatad With lRtIe Eige in@l0Ging GaITR ratd &F dghsfdubliedob thé BRarhiesi] @F predstife t he
coupli,ng coeffjcient ad uste&ifﬂthere is a first r.e*at%on between RF field
corrpor%ﬂ?% chyn ?regc fRYYA PP agprifiitgRsexslalqecUbior e Plasaayi2rd #e) 2and
t her ealesierd EUPREP Sdatiitierd baRVICRItRE Coil Ancrpladhd aNas RM fidl orisrendthefcoll ieto
recipes with the coy(ut%)l i n& coefficient adjusted so there is a second
rel at |38H'V6%p\ﬁe‘ﬂ?ﬁ"ﬁi § BEMOE SHPBHERS £rassapine a WoskRigRs N arsffqra@rmw'%& b¥fs of
the caid reaipdstwith meacpling becitaent| dd\@taDed fthcare enk flpsti ool bublcRd RIY fig@r yi ng
t he spaci of the co d the ¥l asna

A N e T L U U S
t he caivdork@leceinretdrddnaf wittoateaind ol thearecigef with Asdouplieg@ todiiriam adpstearbe
ot L T e R e
pl ur althe el greishe aEsmian thelubupiingacceticienk bpiag aikiseidsy \ahgng theaspatiag etween
5 R Pl B8 O B B s Bl BBl BORRE e
exci t ataneinabeling fadii of the cpl.asnma, and (d) a desired coupling coefficient
between the coil and plasma of an RIF field conponent the coil is to
2. A method of controlling an RF plasma treating one or more workpieces in a vacuum plasma
processing chamber, the workpiece being on a workpiece holder, the method being performed
in accordance with one of plural recipes each including a set of parameters, the parameters
associated with each recipe including (a) flow rate of gas supplied to the chamber, {b) pressure
in the chamber, (c) power supplied to a multi-turn excitation coil for the plasma, and (d) a
desired coupling coefficient between the coil and plasma of an RF field component the coil is fo
apply to the plasma,the method comprising processing a workpiece in accordance with a first of
the recipes with the coupling coefficient adjusted so there is a first relation between RF field
components coupled from different portions of the coil to the plasma, and thereafter processing
a workpiece in accordance with a second of the recipes with the coupling coefficient adjusted so
there is a second relation between RF field components coupled between different portions of
the coit and the plasma, the coupling coefficient being adjusted by varying the amount of electric
shielding between different radial portions of the coil and the plasma.
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apply to the plasma the nmethod conprising processing a workpiece in
accordance with a first of the recipes with the coupling coefficient
adjusted so there is a first relation between RIF field conponents coupl ed
fromdifferent portions of the coil to the plasma, and tdosEesHMBER 2003
processing a workpiece in accordance with a second of the recipes with the
coupling coefficient adjusted so there is a second relation between RF
field conponents coupled between different portions of the coil and the

pl asma, the coupling coefficient being adjusted by varying the anmount of
electric shielding between different radial portions of the coil and the
pl asma. 20 30 SEPTEMBER 2003 3. A nethod of controlling an RF plasma
treating one or nore workpieces in a vacuum plasnma processing chanber, the
wor kpi ece bei ng on a workpi ece hol der, the method being performed in

accor darcmethiotifof costraliingrdruRE| plaseed pestingarl drnﬁémdrizdim@ce%ah aOfacRam PBRIne S,
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to ?f rinlsictertiande wm|ohﬁtofmmra!onebupbt9reat:h;mqnjcmyaf ,se il pél@_}ne@%rsdm‘él ﬁd?é#n?l@fbﬁ' ing
coe 1 Cl.en et en, the col e as (0] al | e co nen e
Cort ! eaSdhsel SiERn ket BoaRl el i Rd REt o the Shnben il grassure
wor F]Piledbe ichambe.or(coameemudpnaj td iar m’uItIGIernt becither peis fon thé mdrsmaml q'dr)ga

coe | CF t
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corrponeeﬁfrlé;é 8%” ﬁétﬁg%@%qttcﬁeﬁr’%i ac%:a% I P%?mlﬁoz 35@5'&,\? Ft‘?lg CPWQ°B?§§%C°"and
ﬁ 25 Ir eds toeapplptookhesﬂaanlg;;, ahe/\?e:ﬂdiexgmpnmngqnmeéamg@ Mbﬂ(ﬁ:eae &m@ﬂﬁhagg?) ?]\hﬁ a
rel a? ﬁi?)n\xtf)tﬂ{b Fe@ﬁe%&%tﬁ tb%lgo'é@%ocﬁgh-‘fe; E%%B t8§ Bg?%é%agi“%f%[?té‘?ﬂ getﬂ@?’f‘ Rns of
It Qeac Icﬁetd amipmahmtqo bawcoefﬂ;ore|demnt t; pugticeebf thel esit tcbmeng!atarihj;ag&jhggl!fuéutéa]icftfvfg:n ea
cent e ?%%Is%t %12%) 4rh£g%eo'f1lacf ?lr AT Wlﬂlglsﬁcoqgf%t{"%ﬁesc'pﬁs "Y'@'&ﬁ%"@'}‘g\ﬁﬂgﬁ‘éeﬁa i's
gr eat edjustesin sitheretis T becomd rblatiorobeteizan RFEMewmpanehtm&wpl&nlﬁen@amﬁérbmi ent

dj diff ti f
BRI P L BB SRR BB YR ER 1Bt 89 5 BTG LR
pl ane Cpnldlngdloa@cneatlvetweén tdikpaetiors. at fadidhB, fremneockntdr poirdiofihé oolh évami for tdile
r adi alg @EE |ap tu@&%@ﬂér‘éﬁﬁgg?e%tei(}r?ﬁanshde of an outer turn of the coil is

farth rom anot her stde of the outer turn of the coil. 6.
The nmethod of claim 3 wherein the coupling coefficient is adjusted by

o . | port i
var Y DOTOAI ol 39,8k g o] A0 RERe RS gl on
pl asmiefywespetiffiragt reHiahbetionoafthiegiod gindl tae @Iasrrraa;dlaaﬂquctlamaubstamlalﬁﬁ at dgitti al |y

ext endj, Qsid‘é W d 4PEE Wgég a pair of RF excitation termnals, and a

drive a range r arylng |eId coupling coefficients between
di fferent radlal and circunferential portions of the coil and the plasng,

the var yhdghetHot YR SRIHF AlwHPLiR %he radial portions are adjusted so one side of an outer turn of

the coil is farther from the window than another side of the outer turn of the coil.

6. The method of claim 3 wherein the coupling coefficient is adjusted by varying the amount of
electric shielding between different radial portions of the coil and the plasma.

7. A coil for exciting an RF plasma in a vacuum plasma processing chamber comprising plural
radially and circumferentially extending turns connected between a pair of RF excitation
terminals, and a drive arrangement for varying RF field coupling coefficients between different

radial and circumferential portions of the coil and the plasma, the varying arrangement being
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21 30 SEPTEMBER 2003 arranged for driving different portions of the coi
toward and away fromthe plasna to space the different coil portions by
differing amounts fromthe plasma. 8. The coil of claim7 wherein the
varyi ng arrangenent includes plural drive shafts fixedl ys0S&EPTEMEFEE020
different portions of the coil, the drive shafts being connected to the
coil portions so the coil portions can have differing spacings fromthe
pl asma. 9. The coil of claim8 wherein the portions of the coil that are
connected to the shafts are relatively rigid and are nechanically and
el ectrically connected to each other by a relatively flexible netal
menber. 10. A coil for exciting an RF plasnma in a vacuum plasma processi ng
chanb Y d ns
chanbelahBBRIdr kiUt ah poh B b, Ao S e i
ar r anghffarant Cfodlpovanybmglffmhg ampdnte Fopl thaglasoef f i ci ent s bet ween di ff erent
radial and circunferential portions of the coil and the plasma, the varying
arrangenent including a shield having at | east one noving part for
i nt er ceplfiengoib opelaim ohwbereim tRE valymgnarranaeineat inphudes i plird! deve ebaftsh fixadhe

col ! AR 1o RUEHISLARNRI WedH e hﬁhrb%?’%ﬁ§ﬁ&h§gorfﬂe% & 8BS EApdold'S

pl asma, and a drive for noving e shi e novi art portion PErative to
t he cadh¢ caihepriypnsstan haye diffefieg émcm@dsm fherplaspfa.t he shi eI d cause different
anounts of coupling of the plasma excitation field to the plasma from

different portions of the coil. 11. The coil of claim 10 wherein w ndings
of t hé.cldiel cailr of ¢aim Bdﬂmrgmrtéeamﬂmswf thaecod Hhal eresemmnecthdibdhe shafts Free

coi | %Iaﬁx'réﬂr %%%N&%‘%F@h@cﬁé?ﬁca‘ﬁ?!{a‘ﬁh%lé&n@éﬁ Q!oﬂﬁéét{a& e iraspﬁgg 1 rGOLREt or

connect ed erence potehti al he col erein‘the
shleldbw§b§ﬁdb@meﬁ@eé menber having an inner perineter with a variable
length and a center point substantially aligned with a center point of the
coil, the nenber being coupled with the drive so the drive varies the
menbert0: Arfel foreaxgiting ag%%was@mmmgesma pragessing ichatgpercsomnrising pigret ei n

the cQhdiafNeng héu%h%félréﬁnawréﬂé%ﬂ%d nkms acoaﬁ@a@@ sAv&drd a5 Bélpec# Rﬁseﬁ:itgﬁﬂnl ar

and havi ng an out er peri neter siZzed appr oxi nmat el e Sahe as
the peaHRAsiay 2 HeYfharargemant fﬁ?r"iaﬁé'ﬂgeRF f c@@@emogfﬁwemta bﬁé’\’ﬁer'?gdiﬁﬁeﬂhner
peri rr%@m a?id%ﬁh?@ér‘atbéi p@ﬂ&mn&qh@eanpﬁﬁd uﬁecpmﬂ%mr?éivérﬂné aﬁaﬁwn%m REJUSRET Y

of the shield having the variable inner perineter. he coil of claim
14 whér g1igld thauing it éfFfi‘ft RBE iMRyincnrart fr iinterceptingna POﬁ@ﬂ.qfr@pe‘RF PiasgRapEHation g

field derived by the coil and for reducing coupling of the intercepted field portion to the plasma,
and a drive for moving the shield moving part portion relative to the coil and plasma so different
positions of the shield cause different amounts of coupling of the plasma excitation field to the

plasma from different portions of the coil.

11. The coil of claim 10 wherein windings of the coil are stationary relative to the shield and
chamber.

12. The coil of claim 11 wherein the shield is an electric, non-magnetic conductor connected to

a reference potential.
13. The coil of claim 12 wherein the shield is shaped as a member having an inner perimeter

with a variable length and a center point substantially aligned with a center point of the coil, the

member being coupled with the drive so the drive varies the member inner length.
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ring and is formed as an iris. 16. A plasma processor conprising a vacuum
pl asma processing chanber, a coil for exciting gas in the chanber to an RF
pl asma, the coil including plural radially and circunferentially extending
turns connected between a pair of RF excitation term nal ® SERMEMEERG00Y €
arrangenment for varying an RF field coupling coefficient between different
radial and circunferential portions of the coil and the plasm, the
varyi ng arrangenent being arranged for driving different portions of the
coil toward and away fromthe plasna to space the different coil portions
by differing amounts fromthe plasma. 17. The processor of claim 16
wherein the varying arrangenent includes plural drive shafts fixedly
attached to different portions of the coil, the drive shafts being
connected to the coil portions so the coil portions can have differing
spaci nigs The @nil bhdaipl &3 whereir8theTdod andohédd are sifrrochdédrbyl @ sehemdshielti lsdaped
ortians i J: r cl hafts. l atively rigid
nd ars aeelin iR Riind A5 byt BT SR MR B BriSun b B GheEt the
r el at ipre¢essing| dmiribee ontet abrimetebethe sk8ondAshikldshexingr a éswso pedmiefer iekichrgally
vacuu I j r | o Clyl: S,L.n the chanper
o an T RERerRteAy FaRhAE S IRE i ihel b BECHIME P s B sr e T
ext endiengietarr ns connected between a pair of RF excitation termnals, and a
drive arrangenent for varying an RF field coupling coefficient between
different radial and circunferential portions of the coil and the plasma
t he vadyiThg cail cholgewmdhiwhiersih titd sigeld helvingl te variabig) inmer perirséteniseshzed@s a
SEPTE i rt for intercepting a portion of an RF plasma
exci tg‘tﬁgggagﬁﬂ)@{@@e{dgggcg "by the coil and for reducing coupling of the
intercepted field portion to the plasma, and a drive for noving the shield
nmovi n r i | at.i e i d Lffe i t]ons
of "t nel o b pLeRed, BriphSinh % balfufibbios @l it AR hamBeh oL or B3 1
fi el d 9a8 inHbe shamher for amRE plasmantthe goif irichusiingoplurtahgadialil an@ Gircdhfergntiallyessor
of cla I i 0l f i I (VA o i
shi el %’xf@gﬁ%g%ﬁbedgﬁ@&ﬁ@b%egﬁ o%ég'g%@?# %f( %ﬁ%ﬁrﬁ?@lﬁgﬁgiaﬁﬁe&g}n&]gﬁng%s an
el ect fercvaryiam andidniéald eourding geeleientchrtween differapt sadial fand sivcemisntrdiat paitions22.
The pregRSSRanaf ' ' iglid, i FEZh i ng
an i P\r?gr per%nre}é?&elr}@\bmi tﬁﬁgw\%gf#@aﬁéﬁggﬁg% ﬁélg%a§%[§£ﬁt8§?@ﬁt sugﬁs? antially
al i gn®d the eoil oweeheed gusyfrorpfthe plasmeotol spach dhengiifisegnt ivell mgrtivna givedifiednoh t he
dri ve s3@yuhRrdi tneeiyhd es the nenber inner length. 23. The processor of
claim 22 wherein the coil and shield are surrounded by a second shield

17. The processor of claim 16 wherein the varying arrangement includes plural drive shafts
fixedly attached to different portions of the coil, the drive shafts being connected to the coil

portions so the coil portions can have differing spacings from the plasma.

18. The processor of claim 17 wherein the portions of the coil that are connected to the shafts
are relatively rigid and are mechanically and electrically connected to each other by a relatively

flexible metal member.

19. A plasma processor comprising a vacuum piasma processing chamber, a coil for exciting
gas in the chamber to an RF plasma, the coil including plural radially and circumferentially
extending turns connected between a pair of RF excitation terminals, and a drive arrangement
for varying an RF field coupling coefficient between different radial and circumferential portions

of the coit and the plasma the varying arrangement including a shield having at least one
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shaped as a collar and having an outer perineter sized and shaped
approximately the sane as the processing chanber outer perineter, the
second shield having an inner perineter electrically and nechanically
connected to the outer periphery of the shield having th® SE&TEMEHRE003 nner
perimeter. 24. The processor of claim23 wherein the shield having the
variable inner perinmeter is shaped as aring and is forned as an iris. 25.
The pl asna processor of any of clains 16-24 further including a signal
source for deriving a set point signal for controlling novenent of the
drive arrangenent, and a signal coupler responsive to the signal source
for activating the drive arrangenent in response to the signal derived by

t he s ) . Pr . i ms
10 25 o ot 1o RSPy crbree M) AR RIS ey By 0ol fief
i ncl ucreﬂ'g:"ag ﬁemnilng ofttbe iintgrogbteddicld poitipadofibe plisfragredta grive éxsnogng tiieps

of at Jneafin FBh%ﬁerel%ﬂ@e?&?ﬂ\et 90i|b§100B@gr%§%%ddlﬁé/rebpﬁ%é?tr o%%e&%%’sh?e?och
reci pe 1nclu g se oints for various paranet cessor,

i ncl udiadge §Ef@rqmlaﬁtosmtsd?f ceypling oftheaplesnod exgilatipmiigld te the pasmeﬁrs»m difermnber ,
(b) v REgesiyye in the processor chanber, (c) power applied to the

coil and ) position of the drive nenber, the controll er being arranged to
respond to the stored set point signals for controlling (a) flow rate of

gas i %OTEQ%rcEHeQQ&‘S&Qﬁ hﬁmﬁémw(mg[ﬁg& (fjﬁe(ﬁlea?é Qfa‘ﬁoha}ytrgtgti\%; B&ﬁ?\%ﬁreid

chanber, power app e cC ositron o
r’renberand amber

21. The processor of claim 20 wherein the shield is an electric, non-magnetic conductor

connected fo a reference potential.

22. The processor of claim 21 wherein the shield is shaped as a member having an inner
perimeter with a variable length and a center point substantially aligned with a center point of

the coil, the member being coupled with the drive so the drive varies the member inner length.

23. The processor of claim 22 wherein the coil and shield are surrounded by a second shieid
shaped as a collar and having an outer perimeter sized and shaped approximately the same as
the processing chamber outer perimeter, the second shield having an inner perimeter
electrically and mechanically connected to the outer periphery of the shield having the variable
inner perimeter. _

24. The processor of claim 23 wherein the shield having the variable inner perimeter is shaped

as a ring and is formed as an iris.
25. The plasma processor of any of claims 16-24 further including a signal source for deriving a
set point signal for controlling movement of the drive arrangement, and a signal coupler

responsive to the signal source for activating the drive arrangement in response to the signal

derived by the source.
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Title: PLASMA PROCESSOR WTH CO L HAVI NG VARI ABLE RF COUPLI NG  Abstract A
coil for exciting an r.f. plasma in a vacuum pl asma processi ng chanber

i ncludes plural radially and circunferentially extending turns connected
between a pair of r.f. excitation termnals. In one enbodl SEFHENMBER 2903 ve
mechanismvaries r.f field coupling coefficients between different radial
and circunferential portions of the coil and the plasma. The drive

mechani sm i ncl udes plural drive shafts which drive different portions of
the coil toward and away fromthe plasma. In a second enbodi nent, the drive
mechanismdrives an r.f. shield having at |east one noving part for
intercepting a portion of an r.f. plasma excitation field derived by the

coil. 26 The plasma processor of any of claims 16-25 further including a controller for the
processor, the controller including a memory storing plural recipes for different processing steps
of at least one workpiece adapted to be processed by the processor, each recipe including set
points for various parameters of the processor, including set points for (a) flow rate of gas into
the processor chamber, (b) vacuum pressure in the processor chamber, (¢) power applied to the
coil and (d) position of the drive member, the controller being arranged to respond to the stored
set point signals for controlling (a) flow rate of gas into the processor chamber, (b) vacuum
pressure in the processor chamber, (c) power applied to the coil and (d) position of the drive
member.

25





