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BACKGROUND OF THE | NVENTI ON The present invention relates
generally to avbB‘ﬁ‘uﬁi%ﬁHJCt ance large area 5 coil for an i ndugkinggbeiroses
coupl ed plasma source. Mre specifically, the present I nvent1on
relates to a | ow inductance large area coil as a source for generating a

pl asma whi ch can be u | ent, condu ers | sure
processi ng equi pnent . ESQV%&‘{'&%&&&&M&%%%#& @W%Lﬁfi ety
of sem conductor fabrication 10 ROUPSED PLAISMA SGURCE enhanced et chi ng,
deposition, etc. Plasnas are generally produced froma | ow pressure

gas by inducing an electron flow which ionizes i ndi vi dual gas
mol ecut es through the transfer G AKKBROTINS U ¥ INPEEPION

R The present invention relates generally to a low inductance large area
5  coil for an inductivefy coupled plasma source. More specifically, the present
invention relates to a low inductance large area coil as a source for generating a
plasma which can be used for treating semiconductor wafers in low pressure
processing equipment.
Plasma generation is useful in a variety of semiconductor fabrication

10  processes, for example enhanced etching, deposition, etc. Plasmas are generally
produced from a low pressure gas by inducing an electron flow which ionizes
individual gas molecules through the transfer of kinetic energy through
individual electron-gas molecule collisions. The electrons are commonly
accelerated in an electric field, typically a radio frequency (RF) electric field.

15 Numerous methods have been proposed to accelerate the electrons in the
REF electric field. One method is to excite electrons between a pair of opposed
electrodes which ‘are oriented parallel to the wafer in a processing.chamber.

The use of an electric field normal to the wafer does not provide efficient
conversion of the kinetic energy to ions, since a-large portion of the electron

20  energy is dissipated through electron collisions with the walls of the processing
chamber or 'with the semiconductor wafer itself.

A more efficient technique for exciting electrons in the RF field is to use
a single winding coil (SWC) parallel to the plane of the wafer and the plasma to
excite the electrons. U.S. Patent No. 4,948,458 discloses a device for employing

25  such a technique, which is depicted in Figures 1-3. As shown in Figure 1, a
plasma generating device includes an enclosure 10 with an access port 12
formed in an upper wall 14. A dielectric shield 16 is disposed below the upper
wall 14 and extends across the access port 12. The dielectric shield 16 is scaled

. to the wall 14 to-define a vacuum-tight interior of the enclosure 10. A planar

30  single winding coil (SWC) 20 is disposed within the access port 12 adjacent the
dielectric shield 16 and oriented parallel to the wafer W which is supported by a
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maximizing power transfer. The primary coil 36 is mounted on a disk 40 which
10  may be rotated about a vertical axis 42 in order to adjust the coupling. A
tuning capacitor 44 is provided in series with the seconda_ry loop 38 to adjust
the circuit resonant frequency to the RF driving frequency. Another capacitor
34 is provided to cancel part.of the inductive reactance of the primary coil 36 in
the circuit. By resonating an RF current at a resonant frequency tuned to
15  typically 13.56 Mbz through the coil 10, a planar magnetic field is induced,
which penetrates the dielectric shield 16. The magnetic field causes a
circulating flow of electrons between the coil 20 and the wafer W. The
circulating flow of electrons makes it less likely that the electrons will strike the
enclosure wall 10 between the coil 20 and the wafer W, and since the electrons
20  are confined to a plane parallel to the planar coil 20, the transfer of kinetic
energy in non-planar directions is minimized.
- Shown in detail in Figure 3, the SWC 20 comprises a singular
conductive element formed into a planar spiral or a series of concentric rings.
~As shown in Figures, 1 and 3, the SWC 20 also includes a center tap labeled (+)
25  and an outer tap labeled (-), so that it can be connected to the circuitry of the
plasma generating device.
In certain applications, such as the production of 400 mm wafers or large
area flat panel displays, a large area plasma is needed. In order to produce a
large area plasma, the area or diameter of the SWC 20 shown in Figures 1-3
30  must be increased. For a fixed pitch between turns, the SWC 20 increases in
inductance if ‘turns are added to increase the diameter. At large diameters, the
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surface 22. A process gas is introduced into the chanber 18 through a port
24 formed on side of the enclosure 10. Figure 2 depicts
schematically tQ{gy &4 generating device illustrated in '

As shown in Figures and 2, an RF source 30 is coupled viaa 5 coaxl al
cable 32 through an |npedance matching circuit 35 to the SWC 20. The

i npedance matching circuit 35 includes a primgry coil 36 and a secondary

| oop* 38 which may be p05|t|oned to adjust the effective coupling of

the circuit and  swcohd ol f BN ioRled Wit udlokRobiuency of

operation, thereby m2|n ower trans e prinary c 36 is
mounted on a di sk 4fequenayhofithe SWiE20b s he a@léebsemmug feequency |bc<aqmmnesrenmei n

order o adut v SRIBLIDAy Ay arying S OREK 4, 13 000, 1

frequency to the RFingedatice gnaftdflﬁﬁglbﬁb@;hes Aropd e mﬁﬁnﬁfﬂdmr This is beCwsé & is

provided to cangel palt o bl i it G 2958 Buabdhty Pliglh SO °°
increased sensmvxty of the match condition to changes in the settings of the
impedance matching components. Therefore, a difficulty arises in rhaximizing

power transfer when using an SWC to generate a larger area plasma.

SUMMARY OF THE INVENTION

10 The invention provides an apparatus for generating an inductively
coupled plasma, the apparatus comprising an enclosure surrounding a plasma
reaction chamber bounded by a dielectric shield, an inlet in the enclosure
supplying a process gas into the chamber, a coil comprising at least two
electrically conductive windings disposed outside the enclosure proximate the

15  dielectric shield, and a radio frequency source coupled to the windings via
impedance matching circuitry which matches the impedance of the radio
frequency source to the windings and a frequency tuning mechanism which
provides resonance, the radio frequency source being effective to resonate a
radio frequency current in the coil and excite the process gas into a plasma

20  within the chamber.

According to various aspects of the invention, the coil can have different
configurations. For instance, the windings can be paralle] and in the same
plane, the coil can be non-planar, the windings can be connected together at

| opposite ends thereof, the windings can be unconnected together at opposite
25  ends thereof, the windings can be interleaved, the windings can be non-
interleaved but cover different surface areas and/or the turns of one of the
windings are separated by the turns of the other one of the windings. The
R enclosure can comprise a multiple or single wafer etching apparatus wherein a —
wafer chuck supports one or more semiconductor wafers having a surface to be
30  processed parallel to the plane of the coil.
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i nductance if turns are added to increase the dianeter. At |arge dianeters,
t he excite the process gas into a plasma within the qhamber.
The method can be carried out using the various coil configurations
mentioned above. Further, the plasma can be used to process one or more
10. substrates such as semiconductor wafers or flat panel displays. For instance, a
semiconductor wafer can be located in the chamber and a layer on the wafer can
be etched by the plasma. During processing, the chamber can be maintained at
a wide range of pressures but in a preferred embodiment the pressure is

maintained below 100 mTorr.

15 BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 depicts a plasma generating device employing a conventional
single winding coil. _
Figure 2 illustrates schemaﬁcally a plasma generating device employing a
conventional single winding coil. '
20 ~ Figure 3 illustrates in detail a conventional single winding coil.
Figures 4A and 4B show comparisons between a conventional single
winding coil and a double winding coil according to the present invention.
Figure 5 depicts an interleaved double winding coil according to one
| embodiment of the present invention.
25 Figure 6 depicts a non-interleaved multiple winding coil according to
another embodiment of the present invention.
Figure 7 depicts a plasma generating device employing a low inductance
large area coil according to the present invention.
Figure 8 illustrates schematically a plasma generating device employing a
30 low inductance large area coil according to the present invention.
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SWC 20 produces a high inductance, which reduces the self-resonating
frequency of the SWC 20. As the self-resonating frequency beconmes nearer

t he radi o cy (RF) driving frequency, which is nor

MHz, . i npeagé%tchi ng becones nore and nore difficult. IS 1S
because it is 5 hard to exactly match i npedance within a snmall frequency
range, due to the i ncreased sensitivity of the match condition to
changes in the settings of the irrpedanc'e5 mat chi ng conponents.

Therefore, a difficul tpﬁ;di@ bggm g Bf THE PREFERRED ERBOSHVINGES

using an SWC to genera .

SUMVARY COF THE | NVENTI ONI'Hépresent inventionl pueviday & idw drduptancel ldege anen anjil(@Ill2A Gy
for genmerating an ind

conpri sing an encl ogﬁﬁg“géﬁkéﬁﬂ%ﬁﬁ“’g‘%ﬁf lggg{h&lnﬁgcr{& F’Ea%'g%? gﬁgﬁ%ﬁé@ﬁﬂounded
by a diel ectric shi glrdraréia iaPgeired Plabiie. St @RULB.AC has multiple windings, fewer
5 turns of winding are required to obtain a large diameter than if only one
winding were used, as in a single-winding coil. Fewer turns of winding creates
less inductance, which keeps the self-resonating frequency of the LILAC high,
well above the normal 13.56 MHz RF driving frequency. The broad frequency
range between the self-resonating frequency of the LILAC and the RF driving
10  frequency enables accurate imbedarice matching, ensuring 4 maximum power
transfer and an efficient generation of plasma. - '
According to the present invention, a low inductance large area coil
(LILAC) is provided as a source for generating a large area plasma. The
LILAC comprises at least two windings which, when connected to an RF source
15 via impedance matching circuitry, produce a circulating flow of electrons to
cause a magnetic field in the plasma. Because the LILAC employs multiple
windings, few turns of winding are required to obtain a large area coil, so that
the inductance of the LILAC is low. The low inductance of the LILAC ensures
that the self-resonating frequency of the LILAC is kept at a level far above the
20  RF driving frequency, allowing a broad frequency range for impedance
matching. Thus, there is no difficulty in impedance matching, and power
transfer can be maximized, permitting efficient generation of a large area
plasma.
_ Figures 4A and 4B illustrate a comparison between an SWC and a
25 LILAC with the same diameter. In Figure 4A, the SWC 20 has four turns of
winding with a pitch of 0.5 inches between conductors. The LILAC 50 in
Figure 4B has the same diameter and same interconductor spacing as the SWC
20 in Figure 4A, but has two turns of each winding with a pitch of 1 inch.
. Since the LILAC 50 of the same diameter as the SWC 20 has half as many
30 turmns, the inductance of the LILAC is lower, which makes impedance matching
easier at large diameters. Another reason that the LILAC inductance is low is
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SWC of the same diameter, with the windings interleaved to give a coil with

about the same spacing between conductors as the SWC. The two windings are
connected together at each end. A center tap (+) and an outer tap (-) facilitate
10  connection to a plasma generating device.

Although in Figure 5, the ends of the windings are connected, the ends
of the windings do not have to be connected. One or more of the windings can
be shorter than another winding and connected to that winding at some other
point than the end.

15  Alternatively, more than two interleaved windings may be used or the coil may
be non-planar. '

Figure 6 depicts another embodiment of the LILAC, in which there are
four windings, and the windings are not interleaved. The windings have (+)
taps in their respective centers and there is a (-) tap where the windings meet to

20 facilitate connection to a plasma generating device. The four windings can
cover different surface areas, similar to several SWCs in parallel. A LILAC
using non-interleaved multiple windings to cover an area requires fewer turns
than an SWC covering the same area. Thus, the non-interleaved LILAC
configuration keeps inductance low and ensures an efficient large area plasma

25 | generation.

A plasma generating device employing the LILAC is depicted in Figures
7 and 8. The LILAC 50 may be simply powered by a single RF source 30 and
an impedance matching circuit 35, like those used to power the SWC 20 as
shown in Figures 1 and 2. Alternatively, although not illustrated, a complex

30 LILAC design with multiple windings can employ multiple matching networks
and generétors. 3
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The invention al so provides a nethod for generating an inductively

coupl ed plasma, the method conprising the steps of introducing a process
gas into SV‘?*’?@% reaction chanber encl osed by an encl os

by a di el ectt Shield, and resonating a radio frequency current 1 n a
coil conprising at 5 | east two electrically conductive wi ndings di sposed
out si de the encl osure proxi mate the dielectric shield, the radio
frequency current being effective to exclte the process gas into a

pl asma within the chanbe, . t hod can. rrd {_using
the various coil confi gﬁh&"t FEHaC 30 descq?s%?ﬁ%\geep&na Lb%@legggﬁﬁéard,ogg)ﬁgqﬁggsm '_
can be used to procases piasmaorAltwnogh pérticulandmbodihans ofithe ineentionhavesbeat or
waf ers *or flat panel displays.. For instance, a . sem.conduct o fer
can be located in t A€ e‘?"“a‘??damcéﬁkg]b%f?°§%%f%§¥’@w {P%\ﬁm_ ea“%ét\,\@f'ched
by the plasma. Duri pisdnt afRationean B \mbdieOR otlier Rp&tefiePoriis ailRdt ddparting 2
wi de range of pressures but in a preferred enbodinent the pressuré is

mai nt ai ned bel oW 10froputhe spirit or essential characteristics thereof. For example, although a

LILAC with two or four windings has been illustrated, the number of windings
is not limited thereto, but may be any number which meets the demands of large
area plasma generation. Also, although the LILAC has been described as the
primary coil for plasma generation, it can also be used as an auxiliary coil in

10  conjunction with a different primary coil. The presently disclosed embodiments
are therefore considered in all respects to be illustrative, and not restrictive. The
scope. of the invention is indicated by the appended claimé, rather than the
foregoing description, and all changes that come within the meaning and range

of equivalence thereof are intended to be embraced therein.



BRI EF DESCRI PTI O\I DRAW NGS Fi gure

1 depicts a plasm generati ng a conventi onal single
wi ndi ng coil . Fi g schenat ically a plasna
generating device enploying a single winding coil. 20

Figure 3 illustgat 1 detail a convent [ onal 5| ngl e w ndi ng coi,é.l. 0804
Fi gures 4A and %§WCOWF)&I’I sons between a conventional single fus96/t

wi nding coil and a double wi nding coil according to t ern
Figure 5 depicts an interleaved doubl e w ndi ng | coi | agcordr & N
embodi nent of the present invention. 25 Figlre 6 AGER a 5

non-interl eaved m“\ﬂ Bllgdhﬂﬂsh% coil according to anot her enbodi nent

of the present inv Figure 7 depicts a plasma generating
devi ce enploying a | ow |lnducwana@aratus for penegetingrancindurtively couplel plysiha thére

present invention. igure 8 illustrates schematically a plasma
generating device @RB?’BWﬁB"‘&“?@g | ow i nduct ance | arge area coil according
to the present invention. an enclosure surrounding a plasma reaction chamber bounded by

5 a dielectric shield;
an inlet in the enclosure supplying a process gas into the
chamber;
a coil comprising at least two electrically conductive windings
dxsposed outside the enclosure proximate the dielectric shield;

10 a radio frequency source coupled to the windings via impedance
matching circuitry which matches the impedance of the radio frequency source
to the windings and a frequency tuning mechanism which provides resonance,
the radio frequency source being effective to resonate a radio frequency current
in the coil and excite the process gas into a plasma within the chamber.

15 2. The apparatus of Claim 1, wherein the windings are parallel and

in the same plane or the coil is non-planar.

3. The apparatus of Claim 1, wherein the windings are connected
together at opposite ends thereof or the windings are not connected together at

opposite ends thereof.

20 4. The apparatus of Claim 1, wherein the windings are interleaved

or the windings are not interleaved but cover different surface areas.

5. The apparatus of Claim 2, wherein the enclosure comprises a
single wafer plasma etching apparatus and includes a wafer chixck supporting a
semiconductor wafer, the wafer having a surface to be processed parallel to the
"""""" 7 25  plane.

* c L M s *
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EMBODI MENTS The present invention provides a | ow i nductance

| arge area coil (LILAC) with nultiple w ndings which, when connected

to an RF source,wgiohjpssent | y generates a | arge area pl asmperiosssiesdshe
LI LAC has nmulti ple wi ndings, fewer 5 turns of winding are’'required to

obtain a large dianeter than if only one wi nding were used, as in a
si ngl e-wi nding coil. Fewer turns of w nding crgates | ess i nduct ance,
whi ch keeps the self-resonating frequency of t’he LILAC high, wel |

above the normal 13.56 Mz RFTHY dpparaths|oF TIMANE, Ywheléifi the RS S GHOWT MY
range between the self-resonating frequency of the LILAC and the RF driving

10  frequency enabwindings @ ssperajiadjuytin semnsref dniother oap ofi thenyindingsxi mum
power transfer and an efficient generation of plasna.
According to the present invention, . a |ow i.nductance |arge area coil
(LILAC).is provided as al.sourenstiod fpe geneaatinggnanductiyely zoupled plasma, thdhe
LI LAC conpri ses at Imeeal%a &Wﬁwngglmnsqespsm&g ch, when connected to an RF source
5 introducing a process gas into a plasnia reaction chamber
enclosed by an enclosure bounded by a dielectric shield;
resonating a radio frequency current in a coil comprising at least
two electrically conductive windings disposed outside the enclosure proximate
the dielectric shield, the radio frequency current being effective to excite the

10  process gas into a plasma within the chamber.

| 8. The method of Claim 7, wherein the windings are parallel and in
the same plane or the coil is non-planar.

9. The method of Claim 7, wherein the windings are connected
together at the ends thereof or the windings are not connected together at the
15  ends thereof. -

10. The method of Cléim 7, wherein the windings are interleaved or

the windings are not interleaved but cover different surface areas.

11.  The method of Claim 7, wherein a semiconductor wafer is located
in the chamber and a layer on the wafer is etched by the plasma.

20 12.  The method of Claim 7, wherein the chamber is maintained at a
pressure below 100 mTorr.

. | 13.  The method of Claim 7, wherein the windings lie in a plane and
are separated from each other by a uniform distance.

\
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15 vi a i npedance matching circuitry, produce a circulating flow of
electrons to cause a magnetic field in the plasnma. Because the LILAC
enpl oys multiple wi ndi ngs, few turns of winding are required to
obtain a large area coil, so that t he inductance of the LILACis |ow
The | ow i nduct aaﬁﬁ.,@ he LILAC ensures that the self-re '
frequency of the is kept at a | evel far above the 20 - RF driving
frequency, allow ng a broad frequency range for inpedance mat chi ng.
Thus, there is no difficulty in inpedance mat mﬂ_ng, and power

transfer can be maxim zed, permtting efficie generation of a large area

pl asma. Fi gur e But ; Ij n
SUC and a 25 LILAC i £ e B e R s

four turns of gasiim diplagmai reaction whambero¢omipringaches bet ween conduct ors.

The LILAC 50 in Figure 4B..has the s janmeter. and -

i nter conduct or spaci ng agptiﬁ‘ﬁaé' %?mpns’ngﬁ%phﬁf‘gn@ cﬁﬁ?‘ﬁé{g w(‘%“ﬁ:lr ns
of each wi nding W tifie doipbtiap abthchhblet6 A plasma reacbiol Ghathbé anl lcdfabROofofentiating
sane dianeter as the SWC 20 has hal f as,_nmany 30 turns, the inductance of

the LILAC is | oder PlagmacsnsRfidubstantistiy aniferm-glatma depsity in a pianas wgionrofithe ge
di aneters. Another giags0Radtitl ctiahBerl by-RSorafiflg! radl6 Frelgfierlcy Butrént in the coil.

15. The plasma inductor of Claim 14, wherein the windings are
~ electrically connected together at opposite ends thereof.

16. The plasma inductor of Claim 14, wherein the turns of one of the
10 windiﬁgs are separated by the turns of the other one of the windings.

17. The plasma inductor of Claim 14, wherein the windings lie in a
plane and are separated from each other by a nniform distance.

_—
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that some or all of the wi ndings can be electrically connected in parall el
and I nduct ances connected in parallel have a | ower net inductance '
t han t he LAdhdeglial i nductors. A sinpl e dou 10867080
ver si on of the‘kﬁ?ﬂ@s% Illustrated in Figure 5. 5 Referri ngb'?o Fi gure
5, the double wi nding LILAC 50 has a planar spiral geonetry, with two
windings in parallel. The pitch is doubled, relative to an SWC of the

same dianeter, with the w ndings interleaved tfégi ve a coil with

about the sanme spacing between conductors as t SWC. The two wi ndings are
connected together at each end. "A center t&@ (+) and an outer tap (-)
facilitate 10 connection to a plasma ¢ neratj'»gng devi ce.

Al though in Figure 5, the ends of /:,.--‘- ng (ajé connected, the ends

of the wi ndings do not have to be cofhg . r nmore of the w ndings
can be shorter than anot he¥6wj eME2connected to that w nding at
sone ot her point than the end\ er natively, nore than two
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be non-pl anar. Figure 6 depicts another enbodi nent of the

LI LAC, in which there are four wi ndings, and the w ndings are not

i nterl eaved. The w ndi ngs have (+) taps in their respective centers
and there is a (-) tap where the windings neet to 20 facilitate
connection to aghl gagdRegenerating device. The four w ndings ca er
di fferent surfagge&areas, simlar to several SWCs in parallel. Arbﬂﬁ%nw
usi ng non-interleaved nultiple windings to cover an area requires fewer

turns than an SWC covering the sanme area. Thus, the non-interleaved
LI LAC configuration keeps inductance Iomkaﬁg ensures an efficient

| arge area plasma 25 generati on. pl asma generating device
enploying the LILAC is depicted in Figures 7 and 8. The LILAC 50 may
be sinmply powered by a single RF source 30 and an i npedance nmat chi ng
circuit” 35, like those used to power the SWC 20 as shown in Figures 1
and 2. Alternatively, although not illustrated, a conplex 30 LI LAC desi gn
with multiple wi ndings can enpl oy multiple matching net 8s and

generators.

0.5" PITCH—> 0.5"
BETWEEN
CONDUCTORS

FIG. 4A
PRIOR ART

50

e

1° PITCH 0.5"
BETWEEN
CONDUCTORS

FIG. 4B
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The LILAC 50 described above permts efficient generation of a |large

area plasma. Although particular enbodi mrents of the invention have been
described, it mﬁbéygﬁwﬁppreciated by those of ordinary skill iPCI/S96/10804
that the 'ﬁ I nvention can be enbodied in other sSpecific forns

wi t hout departing 5 fromthe spirit or essential characteristics thereof.

For exanpl e, although a LILACwith two or four wi ndings has been
Il lustrated, the nunber of w ndings S g?l5lin1ted thereto, but may
be any nunber which neets the demands of larg area plasm

generation. Also, although the LILAC has been described as the
primary coil for plasma generation, it can also be used as an auxiliary

coil in 10 conjunction with a different primary coil. The presently

di scl osed enbodi nent s are therefore considered in all respects to be
illustrative, and not restrictive. The scope of the invention is

i ndi cafed by the appended clains, rather than the f or egoi ng

description, and all changes that conme within the neaning and range
of equival ence thereof are ‘intended to be enbraced therein. 50

(+)

FIG. 5



8 18. A vacuum pl asma processor conprising a vacuum plasma processing

chanber arranged to be responsive to a source of ionizable gas and
i ncl udi ng a workpi ece hol der, a coil responsive to an r.f. source
for exciting the gas to a plasnma capabl e of processi ng wor kpi eces on

t he hol der; the L dnakddCl Ui N | ural w ndi ngs, each of the LNngs
I ncl udi ng inner‘@gghgﬁgér tergigals and pIurgI turns extending FSEF@*? gd
circunferentially between the inner and outer termnals, the r.f. source

i ncl-udi ng a mat chi ng network having first and second out put
termnals, the matching network first : og;gft term nal being
connected to the inner termnals, the matching wor k second out put
term nal being connected to the outer termi nals, the connections between

t he mat chi ng network first and second output terrgpals and the inner
and outer term nals of the plural w ndings bei ch that current

fl owi ng through the nmatchi ng network out put tgfrmnals drive the
plural wi ndings in parallel,

®)) ({{{((@

(+) (+)

FIG. 6



19. The vacuum pl asma processor of claim 18 wherein each of the w ndings
I ncl udes plural interleaved turns. 20. The vacuum pl asma
processor of claim 18 or 19 wherein the inner termnals of the
pl ural w ndi ngs have a comon connection at a single location in the coil.
21. The vacuum pla processor of any of clains 18-20 wherej | f
the plural wo ngs have segnents extending radially ini§38§é#@®&
directions away fromthe single | ocati on. " WD 97/ 02588
PCT/.US96/ 10804
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et 9, £, 2 m
one of the W nd| ngs arg 222:; ZE 23 gy tclhiII ;nurnsmg ?m JEQ go 4

t he W ndi ngs. 7. A met hod for generagP fdu vel
coupl ed plasma, ‘the met hod conprising the steps MTS 3U ig7
I ntroduci ng a process gas into a plasma reacti on chanber enclose

an encl osure bounded by a dielectric shield, resonating
a radio frequency current in a coil conprising at | east t wo

el ectrically conductive w ndings disposed outside the enclosure proxinate
the dielectric shield, the radio frequencyg’current being effective to
excite the 10 process gas into a plasma within the chanber.

8. The net hod ofLSCI'aiAmvacumer:eliasmm@mclel’sags eemppasingel ayAduum
t he sanme pl an h Rkl t hod
of O aim 7 WLEeneBrbliseind PR xrangpd to be reS?ﬁgfla't 5 “ends

gs are connec
t hereof or th8OWFRE AfsiarizableFapanddnagding aatmﬁr iece holder,

a coil responsive to an r.f. source for exciting the gas
to a plasma capable of processing workpieces on the
holder, the coil including plural windings, each of the
windings including an inner terminal and an outer
terminal and plural turns extending radially and
circumferentially between the inner and outer terminalé,

the r.f. source including a matching network having first

and second output terminals, the matching network first

output terminal being connected to the inner terminals,
the matching network second output terminal being

connected to the outer terminals, the connections between

the matching network first and second output terminals

and the inner and outer terminals of the plural windings
being such that current flowing through the matching
network output terminals drives the plural windings in
parallel.

19. The vacuum plasma processor of claim 18 wherein
each of the windings includes plural interleaved turns.

20. The vacuum plasma processor of claim 18 or 19
wherein the inner terminals of the plural windings have
a common connection at a single location in the coil.

21. The vacuum plasma processor of any of claims
18-20 wherein pairs of the plural windings have segments
extending radially in opposite directions away from the

51ngle 1ocatlon
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15 ends t her
mﬁndlngs are i
cover differen
wherein a sem
on the wafer i
Caim7, where
mrorr .

in a plane and

ﬁ'?];rl eave’)r tlge W -rll-g?ﬁgg't 2?2 g](‘)t ?aguSe%ng J‘Jb

t surface areas. ’PM ﬁal m
conductor wafer is |ocated |n thec

t he

80 4

s etched by the plasna. 20 The nethod of
In the chanber is nmaintained at a pressure bel ow 100
13. The net hod of aim7, wherein the windings lie

22" € PRPAGALEAn pILRACHOREEIW F WHY 06 dhglagce.

18-21 wherein the outer terminals of the plural windings
have a common connection at a single location in the
coil. |

23. The vacuum plasma processor of any of claims
18-22 wherein each of the windings comprises a spiral
like configuration. '

24. The vacuum plasma processor of any of claim 18
or claim 23, as depehdent on claim 18, wherein the outer
terminals of the plural windings have different locations
in the coil, a separate lead connecting the outer
terminal of each of the plural windings at the different
coil locations to the matching network second output
terminal. |

25. The vacuum plasma processor of claim 24 wherein
the coil windings are spatially displaced so that the
inner terminals of the plural windings have different
locations in the coil. '

26. The vacuum plasma processor of any of the

preceding claims wherein each of the windings has about -

the same length between its inner and outer terminals.

27. The vacuum plasma processor of claim 21 wherein
the segments include straight lines.

AMENDED SHEET
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14. A transforner ceuplgj(l’# rra |nductor for use in florming a plasma

qusaby-2

gas in a plasma reaction chanber, conprising: .. a planar coil

conprising at

least two el ectricall y conductive w ndi ngs, t he coil

being attachable to a plasma reacti on chanber and capabl e of generating 5
pl asma gas of substantially uniformplasna density in a planar region of

t he pl asma reacti on chanber by resonaéi ng a radi o frequency current
in the coil. 15. The plasma 9 nductor of C aim 14, wherein
the w ndings are electrically connected together at opposite ends

t her eof . 18.

A vacuum plsm7Fhprop¢sseiEOMNHSiog o VeeuU plasmay progesying rehamber

Lur s of one. of thEedPuo ol'riSfoffite 3 5 SRR 8f fbifbbie' B A Boning RSviiite

one of the w ndi

19.

20.

21.

holder, a coil responsive to an r.f. source for exciting the gas to a plasma capable of
processing workpieces on the holder; the coil including plural windings, each of the
windings including inner and outer terminals and plural turns extending radially and
circumferentially between the inner and outer terminals, the r.f. source including a
matching network having first and second output terminals, the matching network first
output terminal being connected to the inner terminals, the matching network second
output terminal being connected to the outer terminals, the connections between the
matching network first and second output terminals and the inner and outer terminals
of the plural windings being such that current flowing through the matching network
output terminals drive the plural windings in parallel.

The vacuum plasma processor of claim 18 wherein each of the windings includes

plural interleaved turns.

The vacuum plasma processor of claim 18 or 19 wherein the inher terminals of the

plural windings have a common connection at a single location in the coil.

The vacuum plasma processor of any of claims 18-20 wherein pairs of the plural
windings have segments extending radially in opposite directions away from the single

location.
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17. The pl'asma fnductdc of O aim 14, wherein the windings lie in a T2%%&*
pl ane and are separated from each other by a uniformdistance. BLA)
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(57) Abstract

AImemlugemwﬂ(LEAC)mwﬁedasamfmgmungah:gempm'l‘heLlLACwnpﬂsesatleast
two windings which, when connected to an RF source via impedance matching circuitry, produce a circulating flow of electrons to canse a
magnetic field in the plasma. Because the LILAC employs multiple windings, few turns of winding are required to obtain a large area coil,
so that the inductance of the LILAC is low. The low inductance of the LILAC ensures that the self-resonating frequency of the LILAC is
kept at a level farabovemeRFdnvmgﬁequmcy allowing a broad frequency range for impedance matching. Thus, there is no difficulty
in impedance matching, and power transfer can be maximized, penmmngefﬁcwmgeneranonohlargemaplamn.




