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

Field of Invention

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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its interior and exterior termnals connected to the r.f. source 5 via an
‘i npedance mat chi ng networ k==Coils of this general type= produce oscillati-ng
+r.f. fields having nagneth’and capacitive field conp:}ents t hat propagate
t hrough t hevaagdgesst ri c wi ndow to heat el ectrons in the YHEPTEMBERPOIX | on of
the plasma in the chanber close to the window. The oscill atTnHUB000331; ¢| s
I nduce in the 10 plasma currents that heat electrons in the plasm. The
spatial distribution of the magnetic field in the plasm portion close to
the window is a function of the sum of individual nagnetic field
conponent s 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
transm ssion line effects of the coil at the frequency of the r.f. source.

For spiral Ogdei, gisSasPatent o584 Hy4 59 R DASESLQN At Le-458.; batent., the
r.f. ¢uil 8BhSeiE %hF SPifahe COLL 21 e di tribJ%gg @§1E20€B¥%dﬁ%ﬂp £8*toi dal
shaped_magnetic PPerd r'égi on TT The® porttofPifatnewBiahms gemsraldyt bé
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pl asmitsAintewipie i aSerd i e 10 _nirorr rapge, . di ffusion of the
2 teémgnégﬁcggnﬁ?géﬁg ggnEPFy‘bgak§OPﬁ§?

gl asng fromthe ring shaped .region produ ) \
above E‘%e %rw%%%ﬁ?% Batehingy netpder | plfoddls pd tilois généhsl chgpher,
so t herpdake densillimsing EhE.i ofibepdw 2LeahEONBHUGR: PLAGCRS LG ;
mrkpfﬁéfdafzémpbﬂeﬂ‘i:%x'a:'ﬂattty 69%%%@% |eceh§:elr11ter:.L I ne and V\BPEb L¥e
periphery. _At"intermedi ate pr r afgeughi fhehdiedeebrioowniidow tange,
gas %ﬁ%ge‘z%%ﬂ?%’i‘?n%?d#hﬁe!m dons, poatiéorand BRSIERAM i RECPLASIBA0
T s o L T TRA doie in ran |
Ping PIie reglgﬁ BES, ; tcBlBeErPEE 15 &dwea flaswes | Théespepigl and
peri pREsErilge kpnecob pPbet nagaetd MPiASEIOIRA0pPRBREMBER- 2003 c10se to
the window is a function of the sum of individual magnetic field
components 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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PCT/.US00/ 03314 These differing operating conditions result, in
substantially large ptasma flux (i.e., plasm de ty) variations between
-ithe. ring and the vol'urfes i nsi de and out si de of ?%l ring, resulting in a
" Substanti akyghpsgdes d deviation, i.e., in excess of threéwsﬁsgggﬁﬁgo asma
flux incident on the morkpiece. The substantial standard devi i t he
pl asma flux incident on the workpiece has a tendency to cause non-uniform
wor kpi ece processing, i.e, different portions of the workpiece are etched
to different extents and/or have different. anmounts of nol ecul es deposited
on them 10 Many coils have been designed to inprove the uniformty of the
pl asma. The comonly assigned U S. Patent 5,759,280, Holland et al.,
i ssued June 2, 1998, discloses a coil which, in the conmercial enbodinent,
*has a diameter of 12 inches and is operated in conjunction with a vacuum

chanber hamea e £ v dpEtelt i) w? lconla taioheuhsudkafBt 8ubsThARLEQI Ly
hanber interior via a quartz
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Wi ndow BT R 36 5.8 4 (AP TG HPERYRER. the
Gr culramgsemdcmirmm{qimmmfiersm Iqmcbm&salde pds ithieomddgon réswbtkﬁgeﬁ:ﬁ

hol det, gBRdtantifl LRGARACACHAYIAIBR! O L. A0k, Aeddif WA RN30 Lerfgnter

Of eac?h . pl ece |s col ncl dent V\At a ce e COI
“Soi | &lasme éegcpvan%%ﬁ B goicele cupskpdéeadt y Thal Fubstanadah st@mdard

vari alde@iatdemoss£t heopkaigse ﬂlha@ m@l&@ni @h thee * #e8xpakeat haEhe
stand%rd devi ation _of the plasga roduced b the cqil of ,the 1280
pat ent SR F TR POPRURE rg FCOFP S§ingy dres fHEFETSRE is

aboutp@rwlomscanﬁlmhﬂemmzkpngmwvenenetaﬂe@VEO ghéferantdaedtdavs aahgficof
appr 0XjaRal el folbriOa Cr)xﬁnﬁﬂié ot ddiRourded 4 g,‘&ﬁ%eﬁp%ha&hagl under the same

conditions. The call patent ca ic field to be
18ych t hat ?ﬁé‘Yngé-H‘ﬁ agﬁs#’??n@ﬁ#@%ﬁpe@msrovﬁetb@mmfw@mty gfether

t han iplasma.i ntEieedbahenpr isoighbe vwoOskpbeeent WBi ¢Boi NabUr BioEXss@dset he
al., issued 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 congiderable 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



pl asma density in the periphery of the workpiece. The plasma density
variations in the different, portions of the chanber for the coil of the. ..
1280 patent are nuch snal led than those of the coil of WD 00/ 58993 30
SEPTEMBER %9(% 8P / CJS00/ 0331 4 the '458 patent for thessHEErFEEMEER 203 Ng
conditions as %‘73 uce the |ower standard devi ation. O her aoRwSpoABNYS
directed to inproving the uniformty of the plasma density incident on a
wor kpi ece have al so concentrated on 5 geonetric principles, usually
concerning coil geonetry. See, e.g., US. Patents 5,304,279, 5,277,751,

5, 226, 967, 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 spatial
geonetries even though different processes have 10 different recipes
requiring differing chanber paraneters. The different recipes are
associ.aled w Lfferent processes performed on the workpiece. The
chanbé:?{e par%gn%[]%%é?%rg rp'g]??i EBWErOB%E‘T‘B%ngi fopfdithamss havergdmeralihe been
| i mit dPwer gemrdaowd rdewiabd@mouum pressure, gas species, r.f. power applied
to the excig@aid©0R+¢Q} r appl.ied to an el ectrode of an -
el ectrqstatic chu,gﬁg' %n gea‘%Pgﬁﬁggréﬁg?dﬁ% Feb Egg'éﬂgt B;“F PrhECHRrity o the

bi as. P@&ﬁ‘mdeﬁslﬁf{m’r@n‘bﬁ%n@twﬂmimihgve halpbasohcehtratad on

Wor kpigeometyippeiasieles) 4Heal Ghamend S I n addition,
somnet E,ngs PEEe'hEsC?S%(S@b%'Fg t-% g@%g% t he rrntg ‘&‘Pg%%és&%gr%m |5%cedu8|-5g ‘to
the 20 plasnma as a Tuhction sf tirfeldu? i hP t e’ s B 68edilse St 8p0,Bhidl,e

uni f oPm7gIta$e® rdénLitdy 359 ,usmal 1S5y 8dgsi7oabl e, there are applications in
which it | sdesr aRBbe1Eakat si;ty tq differ on_different
parts cof the workpiece g%?l%glgé%g%#x)ér& WIS PEAGTs BSE. CPRdFehave

ot her %?‘F&at?%?igl eFETRE A nEVeS ddwsighy déEfentmy havodesddd Shave
1fart i dalifferdesi reccipes upelal by differing chamber parameters. The

different recipes are associated with different processes performed
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 wofkpiece 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.



characteristic during a first processing step, i.e., while a first recipe
i's -being performed, and has’ a second partlcular_deilred non- uniformty
4.Characteristic durlng alsecond processing step. To bur know edge, there is

- no general g,y Ea/% %ﬁbl e prior art or method of 30 Or appaRCSBEBTEMEER 28@Ni evi ng
t hese type QP ts in the same processi ng chanber. 4 tiPCHAIS0/038293 30

SEPTEMBER 2003 PCT/US00/ 03314 It is accordingly an object of the present
invention to provide a new and inproved vacuum pl asma processor and net hod
of operating sane wherein the plasma density incident on the workpi ece

has relatively high uniformty. 5 Another object of the invention is to
provide a new and inproyed vacuum pl asma processor having an r.f. coi

with the sane geonetry as the prior art coil but which is coupled to the
plasma in such a way as to enable the plasna to have relatively high

density unifgym yg%_acg tics ect of the invention is
.to provide a ne\%;v an %&glbéd&gacug}%cﬁl a3 tg\’eocg &5 et HOP MNP to
~appar atRFOVHS &t e a‘Fdfmlé‘i@‘f%%lt\rmtnmmlasmearpmgedsen dhfif eeehbd of

porti ompeafaﬂ Gaire whaveiflifHeH138maC | g ficients
wWth t ea%?ﬁa 5 ‘éﬁg d(lzll t, | ong oaae‘g?ﬂggefh%(%%%%rrl\'fc?%g t"lhrs(l‘gf"v ovi-Ge a

new an r%"-provela’e Y3 LB EHavi | ng increased flexibility i n
est abl i Shl n@lmﬁimssphgecbn@ft Hrilns iMeénepehhels Obbeqircﬂhdé‘ea' TSP Lol |S

Chanber mEro Y 20 e B e 0L aSE, HANIRI Fad -« SRITaMiED) EbPoRsner
pl asmg geometry 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
dengity uniformity characteristics.
10 A further object of the invention is .to provide a new and
improved vacuum plasma processor method and apparaf:us wherein an
r.f. excitation coil is arranged so different portioﬁs of the coil
have dlfferlng, 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

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



density. Summa of the Invention In accordance with one aspect of the
present invention, a coil "25 for exciting anr.f. plasma in a vacuum

pl asma processing chanber conprises plural radially and circunferentially
extending turns ‘connected between a pair of r.f. excita0iSERTEMAERI2EA S, and
a drive arrangenent for varying r.f. field coupling coefficients between
different radial and circunferential portions of the coil and the 30

pl asma. Another aspect of the invention relates to a nethod of controlling
an r.f. plasnma treating one or nore morkpieces on a workpiece holder in a
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directi substanti al | right angles to a plane inc radi | t he
coil . %ﬁé]tq?éqoné &hg oo an:[uchgwl ERE A q"@Pt&trb%Ub(SEﬁnaalerqu@@t éﬂ91@®m egllarieng an
RF pI&&nmw@ngaﬁbﬂgec@me or nore workpieces in a vacuum plasma processing
chanber, the workpi ece being on a workpiece holder. The nethod is
performed in accordance with plural recipes each including a set of

par aret er SAnerﬂner peyRIBE BE smfeﬂroreiméteé & RRANICHULBRAbIMg hh RY iy Réatgnlae gas
upplied to e chanmber and thelgas speci e supplied to the chamber he

r eci p8ne FBF‘OIS? g\@g{weecemn 2h¥acuum 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 supplied to
the chamber and the gas specie supplied to the chamber for the recipe, (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 to apply to
the plasma. The method includes 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 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



chanmber, (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 conponent the coil is to apply to the plasma. The nethod incl udes
processi ng a workpiece in accordance with a first of the0SERTHMBES 203t h t he
coupling coefficient adjusted so there is a first relation between RF field
conmponents coupled fromdifferent portions of the coil to the plasna, and

thereafter Procesm ng a workpi ece in accordance with a second of the
reci peSURRIIEHq e champen a0y the gre seeda supriiaf tathechembetier the recigesbi predsure
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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 rec1pes for different processing:
steps of at: least one workpiece that is processed by the processor.
Each recipe includes set points of various parameters of the
pProcessor. The set points are for (a) flow rate of gas into the

ba
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of the intercepted field portion to the plasma. A drive noves the
ving part portion relative to the coil and plasm so different

of the shie(ﬁ)cause di fferent amounts ibﬂ coupling of the plasma
n field to the plasma from different portions sfsepimvazeizbod | n
§038Wbdi nent a controller for the processor i NE¢TIUSR/@BIQAENDSY
| ural recipes for different processing, steps of at |east one
that is processed by the processor. Each recipe includes set
various paraneters of the processor- The set points are for (a)
of gas into the 6a 5 10 15 20 25 36 WO 00/ 58993 30 SEPTEMBER 2003
03314 processor chanber, (b) vacuum pressure in the processor

(c) power applied to the coil and (d) position of the drive
The controller responds to the stored set point signals to control
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d) position of the drive member,

The above and still further objects, features and advantages
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of the present invention will become apparent upon consideration of
the following detailed descriptions of several specific embodiments
therecf, especially when taken in conjunction with the accdmpanying
drawings.

Brief Description of the Drawing

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
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
plasma. |

Detailed Description of the Drawing

The workpiece processor illustrated in Fig. 1 inciudes vacuum
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



Fig. 1 is a schematic diagramof a vacuum plasma processor including-an
arrangenent for varying the, coupling coefficient of r.f. fields a coil
supplies to a plasnma in atpriocessi ng chanber; Fig. 2 ks)a perspective view,
of a fi rst“%&pﬁgg ed enbodi ment of a mechani sm for var yioxgpidMeeseded | Ng
coefficient C gngi ng the spacing of different portions OGfCTHEL0MH031H
relative to the plasma; and Fig. 3 is a top view of a second -preferred .
enbodi mrent of a nmechanismfor varying the coupling coefficient by changing
the dianeter of an iris of a shield | ocated between the coil and plasna.
Ret ai |l ed Description of the Drawi ng The workpi ece processor illustrated in
Fig. 1 includes vacuum plasma processing chanber assenbly 10, excitation
~circuitry 12 for driving a coil for exciting .ionizable gas in chanber
assenbly 10 to a plasma state, a second circuit 14 for applying r.f. bias
to a ' hgldec. | er,.assenbly -10_and a controller 7 WO
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Y  memo 30. Microprocessor 20 responds to the

10 various signals supplied to it to drive display 32, which can be a
typical computer monitor.

Hard disk 26 and ROM 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

15 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 éoupling

20 coefficients data for r.f. fields the coil supplies to the plasma
in chamber assembly 10. ,

Plasma chamber assembly 10 Ffor processing workpiéce 54
includes chamber 40 having métal, non-magnetic cylindrical side
wall 42, non-magnetic metal shield collar 43 that extends above

25 wall 42, and metal non-magnetic base 44, all of which are
electrically grounded. Dielectrié, 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 comnected to each other
by suitable gaskets to enable a vacuum to be established within the

30 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.



operation of mcroprocessor 20 and preset data associated with different
recipes for the process?s performed in chanber 10...The 15 different recipes
cHéRber

5 concern gas species .ahd.

flowrates applied to assenbly 10 during

di fferent {)%}g@}g t he out put power of a.c. sources i3GEERTEMBERROE rcuits
vacuu

12 and 14,

mapplied to the interior of chanber 1BCT/USIVG3a14

val ues of variable reactances included in matching networks of circuits 12
and 14, and coupling 20 coefficients data for r.f. fields the coil supplies
to the plasma in chanber assenbly 10. Plasma chanber assenbly 10 for
processi ng wor kpi ece 54 includes chaiber 40 having netal, non-nmagnetic
cylindri-cal side wall 42, non-nmagnetic netal shield collar 43 that extends
above 25 wall 42, and netal non-nmagnetic base 44, all of which are
.electrically grounded. Dielectric, typically quartz w ndow 46 is fixedly
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T"F‘Ei'-ﬂbtl:ﬁuﬁﬁl dEwrifor icdhcoidf radial fdrel ddrcumferential position.
‘The coupling coefficients for different recipes adjust the

magnitude of r.f. magnetic and electrostatic fields different
portions of coil 48 supply to plasma 50.

The different coupling coefficients can enable plasma density
uniformity on workplece 54 to be achieved for the dlfferent
recipes, e.g., for main and over etch steps on the same workplece
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
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
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
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 associated with



coil 48 supplies to plasma 50. The coupling coefficients are 10 vari able as
a function of coil radial .and circunferential position . The coupling

, coefficients for different fecipes adjust the magnitude of r.f. magneti c’

and el ectrq,?bgﬁj%e?g ields different portions of coil 48 ssggptamEEa 2pdsasma
50. The dif ¥ coupling coefficients can enabl e plasma darci/tisooodsd
‘uniformty on workpiece 54 to be achieved for the different recipes, e.g.,
for main and over etch steps on the sane workpiece. The mamin and over etch
steps are usually perfornmed in response to recipes in nmenory system 24
that cause m croprocessor 20 to control punp 80 so the pressures in
chanber 40 are respectively 10 20 mIliTorr and 60 m!lli Torr. Because of
these differing pressures the spatial distribution of plasm density on
wor kpi ece 54 has a tendency to differ for different parts of the

Wor K picaEE e k&rity ©F 1 SES haBi r t he signal(s) from
mi croprq esor Zag;tags cﬁg‘%g%ﬂghe r.#.%éghgﬁi ngmf:ogfaf‘kéil té%%%mnnon-
di f f er et Fap redpriansafigrpphsama Sdensi byt ahnwarkphetantial | y

uni f or m pl aaneordd usmbadi @itk pi @88cABhdPrigh : ' rent pressures. :
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coefficients For “different YHERT 495 otpebudes s pipitak tededierid nberi or
chBREAMatE-q Fokora hayisgbstharfitisalfor WAy Rl EE MBSO dﬁgiéigngn of
wor kpiceaq. 483 QWahgnggﬂtngiéﬂ%c%ﬂo% | I“;,tﬁsc# ratgg [ r:]L Fig. 1, 1t is"to be
underg]tl_ood t%la%ffgtore than one sourcé can Be4HtI thedtafd t Hhe ewppers
cont r 8F Wi ¢ Turkdialppng gizcunfechntiel 4td nofddiciilong MEROr Y
24 cadiffferdngatdi ssaneiat Seomi o aB8md0 3/ 58?&%‘0%3, %;’T@%%ER 2003 _
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18nbodPhedt, ofies’eh akam feat aathi nécipe n MapRepki@essor 20 responds to
the signals from memory 24 to derive motor control 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 iris 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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—M th Fi'g._2,-drive mechani sm 49 includes plural electric or 5 pneunatic
nmot or.s having shafts for dI’IVI ng different portions of coil 48 to different

. .hei ghts above wi ndow 46, i.e., the notors drive different radial and
ci rgumc erenti‘al éoarts of coi | 48 to differing distancessofseonanssrsoes 50.

--Menpry 24 SWOORES3 gnal s i ndicative of the desired positi ONPCT/EKeN/83384 t O
wi idow 46, of the 10 shaft of each notor far .each reci pe. M croprocessor 20
responds to _. the signals fromnenmpry 24 to derive notor control signals
for the nmotor shafts. In a second erbodi nent descri bed in detail in :
connection with Fig. 3, drive mechani sm49 includes one 'shaft for opening
and 15 closing a netal iris p03|t|ened bet ween coil 48 and wi ndow 49. The
irisis an-t.f. shield for attenuating r.f. fields coil 48 derives to
control thé magnitude of r.f. fields different parts of coil 48 supply, to

| asn h d ded t t al
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-or aniris wth a variable |nner d| amet e rive rre hanism 4

| east tWBYHBt 6Fs Fof-dECHESS tth SWPRLHRRJas FuEitable arleage thoovaht v of

coBl 48%wipcﬁ mmehoaﬁ)geoeémdatdw gkl eb ¢Dampe {ace, Anudindow 4G i the

upper f e gpéérom pI atecql4 g{arr5 es wor kpi ece holder 52 for workpiece
- 54, whic |s }tlyp ca{II 4 'ciT e ém conductor wafer, a rectangul ar

diel ectric pfdike mﬁmwms@ﬁ Sfﬂ:‘-fﬁeai ipaElaceali epl e];nsckorsa, mehel oy adicre

VOrkpi esenbpliies diddsy redl biiel 86| oS MudBtd Al 8.l o FHed I et o
carries rlcla er and S|ts on ectric layer
carri eao‘gyeji‘?‘l% ")f{bar@é@g’f %PQﬁtec?@ AEn@iLdslyakdc #2ni sfgqmot
shown) mmem kprelne dre ogas heouﬁ@@r 6Bage dncdelerctin CFiqyet . 58.The
Vor kpi ege 10; 30 3ERIENRER '?9 theludes valve 74 and flow rate meter 76 for
' respect;vely controlllng the flow rate of Qas through port 72.
Valve 74 responds to a signal micfoprocessor 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
:Tgate 16 der;ves to control valve 74 accordingly.
: Vacuum pump 80, connected to port 82 in base 44 of chamber 40
by 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.
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



WO 00/ 58993 PCT/ USOCQO 03314 54 is cool ed by supplying heliumfroma suitable -
source 62. to the wunderside of dielectric |layer 58 via conduit 64 and et

- grooves (not . shown) in electrode 56. Wth workpiece 54 in place on

diel ectric whaymgoep8, d.c. source 66 supplies a suitabl es0nsgPTEMBEREZNIDUGh a -
5 switch (not shown) to electrode 56 to clanp, i.e., chuck, WETR$0&03814 54
to holder, i.e., chuck, 52. Wth workpiece 54 secured in place on chuck 52,
one or nore ionizable gases. fromone or -nore sources 68 flowinto the
interior of chanber 40 through conduit 70 and port 72 in sidewall 42. For

10 conveni ence, only one gas source 68 is included in Fig. 1. The interior
of conduit 70 includes valve 74 and flowrate nmeter 76 for respectively
controlling the flow rate of gas through port 72. Valve 74 responds to
signal m croprocessor 20 derives, while gauge 76 supplies the I
M croprocesemiri ol hepacehefktics SN i ive of the gas flowrate
througlﬂ%)é)rﬁ& S}ﬁb#\)/gengré éxstem 24 _s?é)orﬁtla%é]%’? gg%h ?%%chﬁi“él OF%&S%PRIpiQ:fCG 54
processed | n chanber Ho" nﬁeg?r%tb‘éélf?Wg}at@iitrt&d)Mutheﬁﬁlasma and

M cr opt@dekadr t20 thepmmsctométer Stil£d windds 59T gfsisrigg f‘lvgm’r te and’
val ve accordirfyl y.

t he bl O ve ha rives.to, control )

2% Vggl%m u édéé(%:\,lv 980%%3_? gg_gt %gp‘gﬁ? ErIFrhaheTay smisksdvby mlastim 50

cdndui t° A@Pgs’aéﬂa?é§cf:ﬁéci flgnpdr tof mibhrophaobesot-02@., S Wil ARl o JULIIUT €,

typi cald wespdrds tangheokigngit g 1 LLipTorr.. Pressure gauge 86
e0ki8f] pQEErBHlQ@!éQd off! ing}:%g%? % tect, an &ﬁ%‘

i cRTE off (e VIR br (SLEPEE DECnangnawbdenes: ipmr plapsbesoode |
iR Py i 1 RN
Syt E%ﬁ%ﬁ?&%}fﬁ@?eggcae i il T 5, <GBl rehory mrstendipmssone.
gauge 8616 ¢UFpIYF &h EhdERFFerdgtirged tie vastpun pufPsBBct fofBEALAE t he
press@sscciatkdnbeith0 @ end point to supply the memory with an
a?propriate signal to indicate that the recipe has been completed.
Microprocessor 20 then responds to signals from memory system 24 to
?top 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.
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
}00 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.
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Electric motors 118 and 120, preferably of the step type,
respond to signals from microprocessor 20 to control the values of

par

capacitors 112 and 116 in relatively small increments to maintain
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an'impedance match between the impedance seen by looking from the
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
amplifier 102, microprocessor 20 controls motors 118 nd 120 so the
impédance seen looking from amplifier 102 into directional coupler
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 looking into the output terminals of
amplifier 102 and the impedance amplifier 102 drives,
microprocessor 20 responds to signals indicative of the reflected
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 51gnals indicative of
the power amplifier 102 supplies to its output 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.

i3



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 storel SERTHMBERRJOISYSt em
24 or cont r¥Oa§{589%e output power of amplifier 102 can be orca/usbeesds ! oop
f eedback basis. 0 12 WD 00158993 30 SEPTEMBER 2003 PCT/ US00103314 The

out put power of anplifier 102 drives coil 48 via cable 106 and natching
network 108. Matching network 108 has a "T" configuration, including two
series legs respectively including variable capacitors 112 and 116, as
well as a shunt leg including 5 fixed capacitor 114. Coil 48 includes input
and output terminals 122 and 124, respectively connected to one el ectrode
of capacitor 112 and to a first el ectrode of serles capaci tor 126, hayi ng
a rounde he _val ue. of. capaci 126 i.s selected as.
desgrl bed %\éﬁ‘g&g s %%Igl%g:gg “Lngla ‘ﬁ’erslcé'fs ar ﬁd?‘BFerPFa?r@ cheghar g .
previ dts| yhixsht ﬁéﬁ@gtpaﬂ@ma Eioectixhe: phasms H4dS andraﬂ.&blry efvpreatineef t he
step tHe, con@BPRRbKs B i MahS iy th;:ﬁgr 9¥$‘§S-95tgoaﬁ ntrol rﬁg vaI ues

citors 112 and 116 in relatively I 'ncr enen
i rrpeda‘%t% éﬂa‘t $EREMFT ReTFrfred aF}R%"'Ts%térPrt%/ mo‘e'har@rqe%nrehm lfhzmhqmt
tSer m nt0 sared Gty fheert i, :c ﬂhOalda]l?teoﬂxggré@ilﬁle bis |é194fétﬂﬁm=f1§ r%ﬁﬂ{l&ltjém
into t t 0 ifi or t previously _
descrlrﬂﬁd %5%&3 o%ogut pu?lirp (f%'r? oFe c‘%ﬂﬁﬁl??% C'io‘zg mi RS sor
20 corﬁ?%]r%c‘h%@o 1q189 adordp Jsrcfﬂtmtbl-ng nptaamze @eehabholﬁmgthéomlmﬁﬁu fier
102 | Ni@xrili RET4 | @ﬂa|an£§ll§m1@'r 262 104Mi8r8pr6L088025 RO HSnde (80 chd O)
onar t

ohnms. T ontrol E % and 120 to-nmarntain a matche
the | MEERA eségﬁﬂ ?08 |ﬁ%BcFﬁESo&PSEFd?ﬁrhﬂnﬁ?§3@r 104 to control
10 motors 118 and 120 to vary the values of capacitors 112 and 116 to

maintain the impedance driven by the 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

14



anplifier 102 and the inpedance anplifier 102 drives, mcroprocessor 20
responds to signals indjcative of the reflected 25 voltage and current

- cabl e 106 coupl es back o cabl e 106. Sensor 104 { nkl udes circuits (not

'“shovvn) for_deriving signals indicative of the reflectedosebtmgpErRans

current an¥QH&ss Hase angl e between the reflected vol tage ROWUSN/W03IBN4 .
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 matchi ng network 108 back to cable
106. M croprocessor 20 responds to output signals of sensor 104 to

control notors 118 and 120 to attain the matched condition. 13 30 SEPTEMBER
2003 ° WD 00/ 58993 PCTI USCQO' 03314 13 Because of variations in conditions in
the interior of chanber 40 which affect plasma 50, the plasma has a

vari a ed n r berratiops in the flow rate and
speci i&doéfmt aﬂqg 2%1 %Q gh%%g@%n% Plfgr?zth%bﬁr at?zaﬁggYnci‘FEubFeéLéure
in chaRpkies 4'(9 CGF-‘I@@P 3 cﬁ@ﬁglexmt%&lcmqn&)mn pdiased §0serewbrkpisdep! i ed
to nmmeors 118 and 120. Al of these factors affect the inpedance
reflected t he | oad cl udi ng sma Sp back to the output term nals of
anpl i fier "TTEFORGGSSSA Ec8§s’6? E‘gf“? EPoRdgRReSt Ferivrd hMt cdrghdits dhothe

@ r cuisthovmiclimdadied 3ansemsdaﬁ4134) toobbhekol Omobdes St 4d & d sh2Qnkocyhar Y

the v f apag 12 d 6 4ty maintain the i ance driven by
t he oﬁ‘tégﬁ%é)f of ?%I a?‘f}ve 3/; consfante &% cﬁg?‘ gﬁrfd?" sEBE}Fyl ng
r.f. Ifﬁ)%ﬁ@ﬁrécwl?:h Tegard| e copizolsofiasaprcinsts Uctd emdsilaiél af t o

ci rcumtattfhlrié‘ muwbrk410§5 IHE&d#&%gignséﬁétcif&%l%“ihﬂmifdséﬁ né'%ﬁs%%o

h
' Conar AU sl en T8 TR o3 e e ShenShinepis aba vabkaggarabpensPs

1ol | medilects back to the output terminals of amplifier 132, as well as
the phase angle between the reflected voltage and current.

The r.£. coeff1c1ent coupllng arrangement il}llustrated in Flg.

2 includes step motors 201, 202 and 203 respectively respeonsive 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 spixal, 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 1nter10r terminal portion 226 connected by
30 a fixed copper strap (not shown) 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




132, which in turn drives the cascaded arrangenent including cable 136 and
nétchrng network 138. Matchi ng network 138 includes a 20 series |leg

. conprising the series conbination of fixed inductor 146) and vari abl e
"capacitor 142, as well as a shunt leg including fixed i3deEeTEMBERSd03ANd
variabl e c¥S0UB¥B 146. Motors 148 and 150, which are pref ercbsisvomsan
notors, vary the values of capacitors 142 and 146, respectively, in
response to signals from m croprocessor 20. 25 Qutput term nal 152 of ,
mat ching network 138 supplies an r.f. bias voltage to el ectrode 56 by way
of series coupling capacitor’ 154 which isolates matching network 138 from
the chucking voltage of d.c. source 66. The r.f. energy circuit 14 applies
to electrode 56 is capacitively coupled via dielectric |ayer 48, workpiece
S4 30- and a pl asna sheath between the workpi ece and plasma to a portion of

h f huck 52
E:gﬁprlag%qg' pl a?ﬁfﬁ?& o ghlt g%é&g‘%ggggé%l;n%%n@erg L%}llebﬁe'lida&lybi as
t ypi c&tlomum;sngalmetsabet(\p&erfe&&kﬂ@d &@@@eﬂ;ﬂ W\?fégélt?lﬁgllr 3?2%5-6%51@;%%' rgggﬁt |
PCT/ USRAHIRR18ayabbhc T8adof clikas begubbyng fro K

€ kpi ece 54.
14 applies_to electro acce H E &Sma 50 to workp
M cr oglrooce§§6Ft2@cﬁésﬁ6ﬁ’d‘sa‘an§| hadles da4 1 vade bybamdedlitcs t(l-nzo'fz;op5e§§8§n)

sncl uegdthe seRgs fhihihng Eﬁ%&obzﬂpﬁﬁﬁs ﬂ-f‘? @ﬂﬁ cgo cFesc%'l 1S ggiﬁgz h

r simlar
Fehar e ERen frR oot B iy Sh wtidiesis spoceridrinsosoh t
Accor gthgly byt H.QO(S’l,r M&dlmddlﬂmﬂ:ﬂ mﬁ?{aéfcﬂ;e?%rg%rkbaft§%§é‘géfpiﬂﬂéfa ive
o Lrespain et g0 yaktiogena ot el it et s, L i,
refl eéiéﬂnﬁél ike Backsr P»éﬁr-?@he frmedlaoe:fcfmmcamomnm tugnar 22mggRE Nt
1DIIusEEatedFiiE&Hnbds (not shown) fixedly mounted in a plate (not 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
extending winding portions 232-233, as well as the portions of
turns 222, 223 and 224 abutting them are flexible, braided

20 electrically conducting straps. As a result, the signals
microprocessor 20 éupplies Lo motors 201-203 cause outer turns 223

and 224 to be lifted and lowered relative to the top face of window
48, . B

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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2. includes step notors 201, 202 and 203 respectively respon5|ve to signals
nennry system 24 suppl es to mcroprocessor 20 for_each '15 processing
- recipe of workpieces lh)chanber 40. Mdtors 201, 2§§)and 204 respond to the
vsignals to diive |lead screws 211, 212 and 213 in the vejtdcoatmetirees i on,
i e., towdFQAOUSI9%way fromdielectric wndow 46. The ends pPETUSEWbIS@r €WS
211-213 are fixedly secured to dlfferent portions of spiral, radially and
circunferentially 20 extending coil (i.e., wnding) 216, schenatically
illustrated in Fig. | as coil 48. (To sinmplify Fig. 2, shield 43 is not
shown.) The signals m croprocessor 20 supplies to notors 201-203 thus
enabl e 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
preferably_fornmed o& Epcogg%r band. . Turns 221-224 are concentric with
center axi8°93B5E0 e feringr digkanses phcFuyes 233 eandr224r froml
.por t i wAndee éBnmeéEEdvbytoZrﬁﬁxms‘ |2zn reincla“z% =~the+rf! ﬂleidvco ‘{',‘?
ter turn 214

S11 t k 108

ol udgs TELEReAEl e bELTicIR, it cBkE, B9 gt R PRt o ( Pafican
capacFhgr plasgapdifEsy pl e Hel’tﬂmar dhstrextl@ndgngan@nducfor n&’ghetﬁrcefﬁ@bl y a
soppeélb&ardgda&5c Vﬁ@ﬂd%&&%@l TEMBER 22003 fngﬁfL}ﬁQQ 983 f‘rr%é il

Radi al | rc erenti al tendln electrica conduc

(preferéb?]%j '%b %}1 ?rzﬁng?f?gs 2%’»"3‘i %%-ne@?néa’f)&ééﬁg ehelsr of . turns

221- zéﬂeldgmmlnflhaﬁuramlduﬂfaﬂemu pgrbheﬁlsSoﬁ%ﬁﬂ@16baﬁﬁeﬁlégm£*’E?b top

cadrsendp e o sheapE ok RN Sadde e LY SRS
Fig. 3 is a top view of another embodiment for controlling the

10 r.£. fields different portions of the excitation coil supplies to
plasma S0. Coil 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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of her by 1200, fixedly connect three different portions of inner turns
221-222 and bl ocks 244-246,. which are respectively angularly aligned w th
. bl ocks 241- 243 fixedly c@rﬂect outer turns 223 and 10 224. Fixed rods (not
shown) fi xegl ?ted in a plate (not shown) fit into dSECRSVEERRO@A3 t O
pr event anenent of bl ocks 241-243 relative to w ndow 46 toPEHESEA314
fixedly nount interior turns 221 and 222 relative to wi ndow 46. The plate
carrying the rods that fit into blocks 241-243 also carries notors
201-203. 15 The ends of lead screws 211-213, respectively fixedly nounted
to bl ocks 244-246, vertically drive bl ocks 244-246 and the portions of
w ndi ngs 223-224 connected to bl ocks 244-246. Radially extending w nding
portions 232-233, as well as the portions of turns 222, 223 and 224
abutting themare flexible brai ded 20 electrlcally conductlng straps. As a |,

resul t [ ssor 20 su ies to notors 201-203 cause:

out er turrnsl:;'%f%!}?:i cggﬁggnggte&ogn BBﬁEF@dlﬁ£QHﬂ4R§t@ﬁ¥%% fia3sf ace

of w AdSw m&smmnﬁ@ betweer cham ldotwemt edgss 288 abfd2A4ssasal bspopkjgons .
of 25,&&@@¢4gur@§n@&g,§p d and 222 and

Wi ndow 48 gy gg %ﬁge g]s?§%E38 §%€£§C¥A 6%2 Zé‘:1 §g§c55ﬁc e

out er H %ZEeEUe?ﬂe§@1§u?EP ﬁGﬁn@léﬁmatﬁWted Exnstm@B hasga. (1)
the pmml omx:esa Bnnna:ﬁ&ﬂ:ﬁ&d;&%&i)n@é‘&ﬁﬁéiltﬁx1§| 96k 2. o rg_l._:‘%ser to

W ndo t, turns 30.that are connected to bllock 245,
and (\g) %'%h ar t s ur HS ezﬁéféﬁz aﬂ’zlf‘e% QEFSJeFébBVOEEPEQB) aleavest her
from \&%@\9 8 ‘ﬁb@lh inelugdings aofsoniesdatouteart tallns mwd ﬁr@t bhaslk 245.

16 WOcoin2238%3 3BvS MBER-1200 4 ff
dlsta?ﬁgafgf turﬁg Eggﬁgnd 5%2 §$€§?E§$§E2Qﬁ_8 Fgfaau RS PBFH |é§§régg

292 Gtr *?é?ﬁaE%u ppﬁgs hown} . The dielectric plate is fixedly
10 mounted in a plane parallel and 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 biaseduplanar 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

dlameter 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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coefficients between the different wi nding portions of coil 216 and the

pl asma differ. ance,fLFere is greater r.f. magnetic and 5 electrostatic
. field coupling to thetpfasma frominner w ndings 221 and 222 than from
- outer mjnq%ﬁgﬁ 23 and 224. Controlling the r.f. field TENRERZO0EEN
di fferent P8R of coil 2.16 and plasma 50 enabl es t he PEHUP 3314
previously described results to be attained. Fig. 3 is a top view of
anot her enbodi nent for controlling the 10 r.f. fields different portions
of the excitation coil supplies to plasma 50. Coil 250 illustrated in Fig.
3, (schematically illustrated in Fig. 1 as coil 48) has the sane
configuration as the <coil disclosed in comonly 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

el ectry #¥ggggg' I strapssa fixedl .

posi ti%{r:lgi eyrdé ative I%é;%eéa%&g%r}g’? g)r%?l\%aﬁéé\]iv Z% Qﬁlﬁr 22 g&%szbg' ave 't
-progr 533 FeravnsingF rawwn). thieg: ieysend denarnlangi pazsdlel &ei thepo
250. hifpRint OFacd ek N ol i4ecl @des ,t ue sppabat Aat¥lIyethbCabhk pRaskt maned
sectiqns 258 f@f—f@? having thg.sggg arcuat e Ifngéh. Segilons 58 and 259
incl udEFi®ry hi AR 5358 2E EREILY 4CoRRRRERY ot Y FRaGLY 285t ERFO to
& outsgiges eofli die ofliebectwing phataoithat08 zand exnesellcishade sof 3 T@paci t or
126, reshRel V@] Yaged Sections 258 and 259 also include ternmnals 270 and
272, connected by radially and circunferentially extending netal U shaped
bar 274 arfthile argeresthaye oheeno deserihgd 2zsdofildmstrarsnd t gpprcificand
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is in é@&sﬁé | Y| $h&| Dot R4 Hd Yo Al inl RHEM LBheWBLh 8faglgeve shaped
shield 43. 17
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WO 00/ 58993 30 SEPTEMBER 2003 PCTI QS00/ 03314 El ectrically conducti ng,
non- magnetic, grounded netal iris 298, positioned between the bottom edges
of wi ndi ngs 251-254 and w ndow 46, controls the coupling coefficients of
r.f. electric and magnetic fields between coil 250 and 3olsasTAMERB.200% i s 298
has a 5 central axis 300 coincident with central axis 256 of coil 250.
Iris 298 includes nine identical netal (preferably copper) |eaves 301-309,
each including a sonewhat centrally | ocated pivot axis connected by
dielectric stub shaft 310 to a fixed point on a dielectric plate (not
shown). The dielectric plate is fixedly 10 nounted in a plane parallel and
adj acent to the bottom edges of turns 251-254. Metal pins 312 nechanically
and el ct&lcally connect adjacent pairs of |eaves 301-309 together so the
adj ac Peaves pi vot about pins 312. Adjacent pairs of |eaves 301-309
have abutting spring biased planar surfaces to assist in maintaining al

SO they serve as an r.f.

15 of the | eaves at ¢roun ot enti al et her
shi el d-?‘d?‘ei‘ %6’? P Retd &F?&“@i Eatipg ong o é“‘%’gé‘ffiﬂ@‘?f@fsw%érvaewm Plasg® and
pl as W@r&%ssnﬁ@bﬂéMbétUtMm&bﬁﬁé baﬂqé o a %ﬂ@é&ﬂﬁﬂ&b@%@&hetﬁéd ¥&ing Performed

connected close tg exteri edge | eaf 301, responds to a 20 signal

from M BFERsHNEESY 5% of 13l TR P%%ﬁagfmn%maﬂegofpp ginelpts.sthe Reramelgis 301
in tura@saitratwsnth eath Bém)et:hﬂ@dig@ (D flowsrhds oftgarsrﬁubguéafto th@alﬁanam (16 pHskarel N
tur n| %@gb 3?% t hi s ner rlot ation {% turns all of

I eave i p‘écf‘f"eén%'pell' gnpulfiig e’ﬁ’ﬁﬁ“%?@" éhg pfas”?l &0 r({dg 2and
magnetdes.réd Sudting eddfficiar? betiiehake toil 2 ptbaamf anl IR fidld sorﬁmfaainnmeio%n @ tocul ar
for all a.ndt i cal | s.its smallest dia ter

about BG4S TR e BHGR cOppTe Yops5onaY W Bi9ce B GOt MRt e B Ut | y
I N exdes tecifestith thdl @ity cadffidieitradidded 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 spacing between
different radial portions of the coil and the plasma in a direction substantially at right angles to a

plane including radii of the coil.

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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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 plasivsEBCEMEERZOENOt her
side of the coil, iris 298 can be translated 18 WO 00/58993 30 SEPTEMBER

2003 PCT/US00/ 03314 in the directions of mutually orthogonal (x and y)
axes by a pair of |ead screws (not shown) that extend in a plane parall el
to the upper face of window 46 (i.e., in approximately the same pl ane as

| eaves 301-309) and are fixedly connected to nutually orthogonal 5 edges of
the dielectric plate that carries stub shafts 310 of |eaves 301-309. Wile
t here have been described and illustrated specific enbodi nents of the
invention, it will be clear that variations in the details of the

enbodi mnnmtmpeﬁicbhmmgyad RF ysidsnad gehtimgbntrdasre nidiasledaryin evarage pM?sInliwut

d t f t true spirit and scope of the. inyenti n
b L oBrksshaEratet. Mo walblsen HalRer 3 Otton fasern e Bangpertoimed
cont r dh lacogrdanmceRivin phamlarale?tipeg sapk :mUc{)ﬁg @ 350K paeeRsersNthe pe’:ksmh | dtdt@'s o
I hanber ., the ce, bein i ece, hol der e
et hodBaraet S e RARE howtRg ARIRErR 51 0% Amahot o he o Rubein e Pusiotie
i ncl udn rige a:hamberof(c)pam\mr&ﬂmpﬁed tde mamaumt enﬁtancas soit fartthd pmm eadh(dyeci pe
I a) f. ow as e c
e o lelfied Bdupling HoliiE Honfieh B R 6 oblin BB TS il RorBProR oS ool
pl asmds tcamblg( tb) tha plabesd, rttmjnmumloongarsmgfdm@semg al).ebmﬁaeee td&o@ﬂjalnﬁ@mthw agmi
f an £ _Ccoi t he o]
corpr 11 UsFtsCipE 8 WHB"ES el Bo Bticish pn R Redndif it 2 drftrafet perhprE R
r eci pdeidacomperents comliéd drooo effferant epuirtiangj ofstredcabtd krer plasmaa ah?rtaﬁre@ﬂérat I on
bet onent s,_coupl.ed fer r of t
Dhe. oiPtedesing 8 S OAD AR A BRI A sobaHH i o FackEs, i1t 8P GpuRE coRFent,
secon@dnlstetdheo thecé [Bes sedant rélatorc betpeem G Fdetd Edroparentsadiupetiadngsen different
portions of the coil and the plasma, the coupling coefficient being adjusted so there is a lower
coupling coefficient between coil portions at radius R from a center point of the coil than for coil

portions at radius R,, where R; is greater than R,.

4. The method of claim 3 wherein the coupling coefficient is adjusted by varying the spacing
between different radial portions of the coil and the plasma in a direction substantially at right

angles to a plane including radii of the coil.

5. The method of claim 4 wherein the 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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there is a second relation between RF field conponents coupl ed between
different portions of the coil and the plasm, the coupling coefficient
bei ng adjusted by varying the spacing between different radial portions of
the coil and the plasnma in a direction substantially at 0iSGRTEMBEGI26E t 0 a
pl ane including radii of the coil. 2. A nmethod of controlling an R F plasm
treating one or nore workpieces in a vacuum plasma processi ng chanber, the
wor kpi ece bei ng on a workpi ece hol der, the nmethod being performed in
accordance with one of plural recipes each - including a set of paraneters,
the paraneters associated with each recipe including (a) flow rate of gas
supplied to the chanber, (b) pressure in the chanber, (c) power supplied
to a i i l'ing
(0., Tkl S BHG AL ARCRA of e STl 3000 endield SRR
i s to diftgspntycoil gottiens py disfering h@onﬁtslffom bemtasimgi ng processi ng a workpi ece 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
~ from difFher eeit opeleim ohwhetein the vaiyingt @'rar‘m@rrmnamdearmumhdri%fsh@‘ts fixedly
proce I | d t he
Coupl o fb HRTER! RS by B QU R g St So G BBhlod Bind EFLANEH! 1o
fi el d teenpibperiens eeosve diffsdogeracintsiffam thetplassa.i ons of the coil and the
pl asma, the coupling coefficient being adjusted by varying the anmount of

electric shielding between different radi al gﬁrtlons of the coil and the
pl asme: T7e qul SERTiENVBERIOI03NS portianst ¢foltie ofoll dbalt atel ¢dnngetad RN Isheftm are

treat lr@@t.\w rgfd &R Br'RKRARGRS dnd é}ec‘.‘[ﬁ&wg%ﬂhﬁé@@ to résa@%ﬁ% &baaﬁ%ry

wor kpi ece on a wor kpl ece” hol der d being per or med
accord@ﬁ@@EMP@Eméﬁ@ebf plural recipes each including a set of paraneters
the paraneters associated with each recipe including (a) flowrate of gas
supplied to the chanber, (b) pressure in the chanber, (c) power supplied
to a rid Aicoll ferrexeiing eaRFoplag®a in a gRcUURR PlPmERIoCeSHINY @aymaer ayirisieg eabl i ng

coef firghigRt aH@t(‘,ﬁf%ﬁﬁiférQﬁnaW'éxt@rﬂﬁngt 'ﬁﬁn@'&%ﬁ@ct@cﬁ Hvddn i ghi cS‘fOﬁPOéB@;"{étuénhe

coil is to apply to the plasma, the nmethod conprising processing a
wor kpit@/anals) aqdcd At asangemenk forpiandng BF fteﬂfbcc?%m)e‘ge ienfs tigbvessufferagt

coef f 'rﬁﬂlglrﬁndacﬁlbuﬁlfe‘?@nﬁppérhgﬁseof‘tﬁe 8oil hicPthe PRisRid, Bk Ml%@ﬂaﬁgﬁemédt flcfliding
conponents coupled fromdifferent portions of the coll to t pl asma, "and

t her e & $higld rﬁﬂ'@@%é‘?% oBe [AVKISH RarkTor intarcentingam pertipntah aa B plasmacexditation

reci pegidMdrited BY t5O8E AldroE %Emglc@nﬁnngadiltw@ tneéiceiﬁea has ?oh%n% HREQBSMa,
relati on between RF field conponents coupl ed between ferent portl ons of

the céPf affityederempying e, shﬂ% "t?diﬁ'ﬂlﬂaﬁgo%%‘f 'Pia@%m thsaohgn@e]aamaé& dilferepler e

s a lRwabns 60MBIshrRe ARE difdremtanRint®8Ncdiplihg BOIE Ridbxditatirfelitlo fHeOM a

center point of the coil than for coil
plasma from different portions of the caoil.

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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portions at radius R2, where R4 is greater than R2. 4. The nethod of claim
3 wherein the coupling coefficient is adjusted by varying the spacing
between different radial portions of the coil and the plasna in a direction
substantially at right angles to a plane including radi3osEPTEMBERCDDY . 5.
The nethod of claim4 wherein the radial portions are adjusted so one side
of an outer turn of the coil is farther fromthe w ndow than anot her side
of the outer turn of the coil. 6. The nethod of claim3 wherein the
coupling coefficient is adjusted by varying the amount of electric
shi el ding between different radial portions of the coil and the plasm. 7.
A coil for exciting an RF plasma in a vacuum pl asma processi ng chanber
conprising plural radially and circunferentially extending turns connected
between a pair of RF excitation termnals, and a drive arrangenment for
varyi nigl. RRe fcoib bticlaiou pd Mgretimﬂfl’efdoﬁimdt@idlxéawesmrodlhﬁécbbﬁatsecomﬂislaéldaﬂhdped

o B PO ol e 3 e BB G B o v
por | ecassinglnhavEt ovlenpetimater thacpcondhicHhaingsam ier spavetet isciically
di ff era%tat T%Bﬁéméﬁ(ﬂ%téoﬂnéctg&/ t&i ﬂtlé %'ij'[er?%)e%ﬁﬁé’&t gf {hlreo |é|99qa91n Sphgr vaq’lableh a]ngm |

of clarm arra inc Ive's

fi xedlperimetérached to di fferent portions of the coil, the drive shafts being
connected to the coil portions so the coil portions can have differing
spacings fromthe plasma. 9. The coil of claim8 wherein the portions of

t he cdiS Thaavil af daipoAhadieeszin the shield Haxingshanariabie inmer pelingeter & shagad aare

mecha cally connected to each other by a relatively
flexi mnéaJnWsFJﬂqe%?%Hrlfo A coil for exciting an RF plasma in a vacuum

pl asma processi ng chanber conprising plural radially and circunferentially

t t it t ernd d
i ve 15 PAGn pFARSER BihoReh e UactuREbibsly oSl FabBl, o MiblEding " 2
di f f erg@atin the¢hambemntd an Mfuplesmentivealcoip includings plgfal tradialtyoaind simclnoieeentiblys ma,

the Vae&b@nﬂﬂxg%(n@’?;%ﬁﬁ&!ﬂéd b&ﬁﬂegﬁ’ ’X%F@f R RO YA Athal a'n?%sﬁﬁ d}éd”ﬁrdﬁgéénlgggtypa”

for interceptin ortion o l'asma exci tati on he
coi | derovanghg pe dirciiald) ceunlipg icagffigipnt tm!ween differspt eadlial jaat irpenierantiat portidres

pl as r ; dve to
Phe co INam it M8 oL PRt Ao e, e iraacRh! aRAid AfGehBu s
amountoé Uit celbigyiarhgned fawandrqsm é‘@‘?rﬁlaém foatriash the difigrans colheortiginadiyediffering

di ffe%ﬁ%n&qmnl‘ faspidmd.he coil. 11. The coil of claim 10 wherein wi ndings
of the coil are stationary relative to the shield and

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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chanber. 12. The coil of claim 11 wherein the shield is an electric,

non- magneti c conductor connected to a reference potential. 13. The coil of
claim12 wherein the shield is shaped as a nenber having an inner perimnmeter
with a variable length and a center point substantially 9EgNedaER 2008 a
center point of the coil, the nenber being coupled with the drive so the
drive varies the nenber inner length. 22 30 SEPTEMBER 2003 14. The coil of
claim 13 wherein the coil and shield are surrounded by a second shield
shaped as a collar and having an outer perineter sized and shaped
approximately the same as the processing chanber outer perineter, the
second shield having an inner perineter electrically and nmechanically

per | map i ot RE 1 AUEBNR] baieh Ut 4t REpfesiit Scilalficlas fEa YIMERIFITBE,
I nner rpevdingreupling ofHhpduewspied fidlhgordind to gheé @tam asdamdnve sﬁor héving\ td asnma
Pr OCeSHia GRIUNG S Boiok 36K B ERBIPLRE §r§§ﬂn9%hcélﬁ&%ﬁ{ podtidi! dr tLe 2 shield

exciting gas I'n er to an e col

r adi aldayseddfecant emetipiseait peunlipg O‘éﬁteam@ﬂm@ exailation tiegdhe thecplatroa \fmendlﬁerpmat r of
RF exq dH%th? He&ddii nal s, and a drive arrangenment for varying an RF field
coupli'ng coe |C|ent betmeen different radial and circunferential portions
of the coil and the plasma, the varying arrangenent being arranged for

drivi ng ghlfy ﬁc%@&omrdéirﬂnﬁa wﬁ’érefnhﬁg&ﬂgé ; P DDAy | {élgmet ﬁethglsﬁ%@ to

space the different coil portions ering anounts’fromt

17 Trradghaebssor of claim 16 mhereln t he varyi ng arrangenent |ncludes
plural drive shafts fixedly attached to different portions of the coi

the drive shafts being connected to the coil portions so the coil portlons
can h&le Tief proepsrgr 3 a@laing 20 wheteinhwepshieldsis arg eleTirs, mopgesgnstic gfondlietpm 17

wher eidgnhdie PR feidtend pdtBRiafoi | that are connected to the shafts are
relatively rigid and are nmechanically and electrically connected to each

other by a relatively flexible netal nenber. 19. A pI asma processor
conpr ixgi naeapru@&aaynbpb@m1%ﬁéﬁﬁsi!hagsmé?@@gﬁape% ﬂr mE% g*hg% inB@s 1 n

t he chanmber to an | asma, the coil i1nclu Eu_g‘ al
ci r culrEMERriviih @xva@bﬂ% leaptigand.a senieo apiat sukstaniialicaligngd p‘aihra @entRFpomt of

excit aid &g, fl‘%rrﬁérﬂﬁérsoe[f?d‘éb@ié@rdmfﬁh@rdﬁ?@&?m%’?}nve f\/erless"tﬁé3{‘r\é?19t)éf‘rhr@":leng
coupl ing coefficient between different radial and circunferenti ortions
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 vériable
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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of the coil and the plasma the varying arrangenent including a shield
havi ng at | east one 23 30 SEPTEMBER 2003 noving part for intercepting a
portion of an RF plasma excitation field derived by the coil and for

reduci ng coupling of the intercepted field portion to tha $HPIEVBER 2208 a
drive for noving the shield noving part portion relative to the coil and
pl asma so different positions of the shield cause different anmounts of
coupling of the plasma excitation field to the plasma fromdifferent
portions of the coil. 20. The processor of claim 19 wherein w ndings of the
coil are stationary relative to the shield and chanber. 21. The processor
of claim20 wherein the shield is an electric, non-magnetic conductor
connec$ged o) ne S I in
Cho sheel a1 AECRRAESP BTN & s 1% R ROofly, § A M 3Fo0: o
| engt hPTapRpsar. demewntroferi lmluc@m;strmmcpralstqrmalnltgalerdcws fmr atffeeam erocpssing sieps t he
coi | t

omber R S WG cRHRleA L, B ghocsSad bl 1 B85St Sl Fedi i iondey
shi el draints feruvarious gedmejera of &w@cwﬂellmﬁlumwmms forda) llew ratedf bavintg an
out er I i ng
chamber oL e s SoABH, )Rt BresRhRl P i b ko Bt Fhows MBpRICETRS

el ect rqqianﬂjdmltf@édﬁm ¢rivel rpercbmétetmtmuﬁrtuemgwta@ge@& rqshein(ytcnthetstteed

shi el 23
wher ei & Pt ana foR Mg, (el S5 o Pas o #e priBeR ETRGE, (B Bl T
and i PrESHUWRH He %rﬁCErSﬁprschaQ@erTm ppwas m'@dd@éb% ¢eil end W@itl00|(ﬁlth$ dfigs 24
furthghemB& uding 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 the source: 24 30 SEPTEMBER 2003 26. The
pl asma processor of any of clains 16-25 further including a controller for
the processor, the controller including a nenory storing plural recipes
for different processing steps of at |east one workpi ece adapted to be
processed by the processor, each recipe including set points for various
paranmeters of the processor, including set points for (a) flow rate of gas
into
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power applied to the :C§i| and (d) position of the~drive member
‘.controller being arrariged to respond to the stored Jset point /2
“controlling ( ow rate @buSAsm r._chamber, §

pressure in tggg‘r ocessor chanber, %@fﬁ%@&%ﬁé@ﬁﬁéﬂ%o t he cd

posi t i BYRRNATIONAIL AFPLICRTION PUBEISHED UNDER THE PATHL SocBRARY
W TR XS] N, ARLABEE7F—COPE NG T b I 2Tl SodRegR

the processor chanber, (b) vacuum pressure in the processor chg‘rateﬁgpoz[ma

r.fl. plaspa_ Ln a uum pl dsma pr of esditHyinehatiisaPublcaibusasep! ur al WadpeisEeos
and ci F@iﬁ?@?@rﬁ?@i%’ﬁextendi ng tlARY connected between a pair of r.f. »
exdi-tat inals. In one enbodl medt®® Rtefptap PrliatiamPaten v arsiQoeber 2000 (05.60.0d)
COYpl4i fflclent etween different radial and circunferential
elell F%l%)ﬁ%n%? &ta L%’%iécg{?ﬁn%é"ﬁ’ "t he pld&eY/03%¢H b BLDesjgnat ﬁﬁﬁsﬂh ¥ SGRiessamiagst AT, BE,
dr i VA3) Bilvadatigaliing Datedr | Ve rdixﬁai—@b@gto_gp_@,s i ons it iia’ Coi T Tolall Hnd &ady. MC,
frgmthe plasma. In a second enbodi nent| the drive nmechanismdrives an r.f.
Shi ?Joflpriot]‘@vﬂa&g at | east one noving partjfor hi ntercepting a portion of an
pl '

r.f. anim exci t at i3@9[art:li @béj@g(ﬁ!bé)ved Qy l!)l zlm'eman‘onal search report.
. With amended claims.
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