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During various Plasma processes, 1t may be desirable to increase the flow of

15 gas past the confinement nng, Wh_ile m1mnuzmg the _ambunt of plasnia and other gases

reaching the chamber walls.

SUMMARY OF THE INVENTION

To achieve the foregoing and in accordance with the purpose of the present

2_0 ir}?’e.n.ﬁon a method F-::r processing a substrate is provided. The substrate is placed in a
process chamber. A gas is providéd from a gassource fo the'proces-s éhz;tmber. A
plasma is generated from the gas in the process chamber. The gas flows through a gap
adjacent to at least one confinement ring to provide physical confinement of the
plasma. Magnetic confinement of the plasma is provided to enhance the physical

25  confinement of the plasma.

In another embodiment of the invention, a plasma processing apparatus for
processing a substrate is provided. A plasma processing chamber with chamber walls
is provided. A substrate support is provided within the chamber walls, At least one
confinement ring is provided, where the coﬁﬁncment ring and the substrate support
30 define a plasma volume. A magnetic source for generating a magnetic field for

magnetically enhancing physical conﬁnemﬁnt provided by the at least one confinerment



~ring is provided. These and other features of the present invention wll be-
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1G. 3 15 an enlarged view of part of the confinement rings with a first pair of

15 magnets.
FIG. 4 is a top view of part of the confinement ring.
FIG. 5 is a top view of another embodiment of the invention.
FIG. 6 is a schematic cross-sectional view of another embodiment of the
invention.
20 FIG. 7 is a top schematic view of the confinement rings and top magnet ring of
- the embodiment shown in FIG. 6.
FIG. 8 15 a schematic illustration of a process chamber that uses a magnetic field
to boost the local plasma density and/or electron temperature near the confinement
rings, thus decreasing the density of the plasma at the confinement rings, which

25  enhances physical confinement.

DETATLED DESCRIPTION OF THE PREFERRED EMBODIMENTS

The present invention will now be described in detail with reference to a few

preferred embodiments thereof as illustrated in the accompanying drawings. In the
30  following description, numerous specific details are set forth in order to provide a

thorough understaﬁdmg of the present invention. It will be apparent, however, to one

skilled in the art, that the present invention may be practiced without soms or all of

these specific details. In other instances, well known process steps and/or structures
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The top magnet of the first pair of magnets 112 is shown as being above

part of the dorERGths wmeeelgstradndOddavwersientiode i 0%gnd oonfirkment tpesignet of 25
t he second pad‘eﬁg@%e@@?ﬁédfsql&sln?axiﬁ sf?g&p as bei ng above part of the

circunference 0 confi nenent 0102 on the opposite side of a

di anet er1of the conpiuReiiPot magdegs 112021211 6Ndi8Rg Hleid bad B coBIRELLPT the
second pair of magnets 112. Additional top nmgnets 204 forma circle above
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confinement confinement rings. In this embodiment, this is accomplished by providing the magnets

30

in pairs. A first pair of magnets 112, 114 are placed spaced part from each other on

20 opposite sites of the confinement rings 102, as shown. A second pait of magnets 116,
‘118 15 placed spaced apart from each other on opposite sides of the confinement rings
102, as shown. FIG. 2 is a top schematic view of the conﬁnefncnt rings 102 and top
magnets 112, 116, 204. The top magnet of the first pair of magnets 112 is shown as
being above part of the circumference of the confinement ring 102, The top magnet of

25 - the second pair of magnets 116 is shown as being above part of the circumference of
the confinement ring 102 on the opposite side of a diameter of the confinement ring
102 exiending from the top magnet of the secoﬁd pair of magnets 112. Additional top
magnets 204 form a circle above the circumference of the confinement ring 102 as

shown. In this embodiment, all of the top poles of the top magnet are the north poles,

, 30 so that the magnets are not alternated between adjacent magnets. The confinernent

rings 102 have an inner diameter D1 and an outer diameter D2. The ring formed by
the top magnets 112, 116, 204 has a diameter D3. In this embodiment, the ring D3
formgd by the top magnets 112, 116, 204 is less than the outer diameter D2 of the

3 .



“rings 102 have an inner.diameter-D-1 and an outer dianeter--D2. The ring
formed by the top magnets 112, 116, 204 has a dianeter D3. In this
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confi nement conhgsme@aingsd 03 amnbhieatdr than thednsanfiimeter Pl asti@ cydiins@-ddy gas
source 110 and is exhausted fromthe confined plasma vol ume through the
confinenent ri'¥§s 102 to an 5 exhaust port through the exhaust punp 120. A

first RF source 146%# Ll Gal ectrode 104. A
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27 MHz power source and a 2 MHz power source. Different’ conbinations of
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i nvention, batohntdiad isRhs tuwe ekcdd: BN MR 8@ frg RIhsoureVei4 Lliekd §L688d rRgNd
the upper electrode is grounded. A controller 149 nmay be controll ably
connect ed t o PHECJ4S mayspmpsisg 237 M apewersiournsgnd @ ZROWSDIBICS OUr ces

144, 148, th '@&gﬁ L e, exhaus u 0._1

oper ati on, aﬁ){eﬂ%g‘%{ L u@éﬁ!i%ﬂ%‘%gﬁlﬁecﬁ?%yg%gm} &o%%%?%o‘%esa?ﬁggﬁs’ibiﬂmltﬁ%

confi nenbht rdasgef BareHP neudic by T @M Resgi €y Coporatioa™o6f BraRioRe CAB&intahe
confinenent rin to reduce the flow resistance caused by the confinenent

rings 102, wineH o Wathedditionplipagnetsywhish enaytbegised it mafsived nmbodindent ofrent
e b e e b R BRI RFAGurk Eure Mo b RRNIGRGE b ol Sl R 00

t hrough the continenenit rings, "an ncr

al so flow t hrebesglode iegroamtied N anEsdtrollé IS rhay BOBNABIIAAY Bortdested 6BRBIBE wal | s
152. The purpose of the nagnets is to work with the confinenment rings to

i ncrease t he soBtsAflilAche firstgnd sevand BE nower sairess 1¢#ol8, thedioofineshant rings's) |
ncr eacert compenahfp hflndd L0 °haUng The magnetic 11 el d i ncr ease the
percentage of chdn@petaper, tah GledSs iftatwiesd A hidh s Bbwirhe is gaabi nepent rings.
confinement rings 102 are adjusted to provide a large gap between the confinement
rings, to reduce the flow resistance caused by the confinement rings 102, which
increases the flow rate of gas through the confinement rings 102 to the exhaust pump
20 120. With an increase in the flow of gas through the confinement rings, an increase of
tons and contaminants may also flow through the confinement rinigs to contaminate the
chamber walls 152.
The purpose of the magnets is to work with the confinement rihgs to increase the
confinement of charged particles (ions and/or electrons), while allowing a high flow
25 rate of neutral gas. In this example, the increased confinement is achieved by having
the magnetic field increase the percentage of charged particles that collide with the
confinement rings.
FIG. 3 is an enlarged view of part of the confinement rings 102 with the first pair
of magnets 112, 114 to show general workings of this embodiment of the invention. A -
30 more rigorous description of the theory behind the invention will be provided later.
Magnetic field lines 304 between the magnets 112, 114 are shown. The magnetic field

lines 304 pass through the confinement rings 102.
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20 particles do not collide with the confinement rings. Therefore, the physical
confinement of the confinement rings and the magnetic enhancement does not cause
these particlesto collide with the confinement rings. These particles may collide with

- other particles, causing a change in their trajectory, which could cause them to collide
with the confinement rings 102.

25 Under various regimes, physical confinement is sufficient, since the confinement
rings are kept close enough so that a sufficient number of charged particles collide
with the confinement rings. However, it has been found that in some processes a high
flow of neutral gases is desired. In such a case, the confinement rings are separated to
form a larger gap to allow a higher flow of neutral gas to pass within the gap to the

30 exhaust pump 120. The larger gap also causes 2 lower fraction of the charged particles
from colliding with the confinement rings. The presence of the magnetic field
increases the fraction of the charged particles that collide with the confinement rngs.
A plasma extinction line 332 is the border where the plasma is extinguished. As




- 25 Under various regines, physical confinenment is sufficient, since the
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Frenont, California. For such a device, the flowrate is preferabf:y bet ween
100 and widest gap 1s between the confinement rings 102.
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An example of a device in which the invention may be practiced with the
20 addition of magnets is an Exelan-HP made by LAM Research Corporation™ of
Fremont, California. For such a device, the flow rate is preferably between 100 and
300 scem.
The basic principal behind the above described Magnetic Trajectory Extension
—(MTE) relies on the idea that confinement is largely due to the extinction of plasma
25 between the confinement rings. This idea implies that if the effective length of the
confinement rings is extended, with fixed confinement ring gap, confinement will be
enhanced. This is due to the ions and electrons having more opportunity to be lost due
to collision with the ring’s surface. As the plasma propagates between the rings, the
loss eventually becomes so great that the plasma is finally extinguished. If this length
30 oftravel could be extended, then one would expect that confinement could be
enhanced. This concept uses a magnetic field produced by magnets, as described
above, to effectively extend the trajectories of both the ions and electrons so that

opportunity for plasma loss between the rings is enbanced. These magnets produce a
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The required minimum magnetic field is then given by:

_ MV, (40)(1.67x1077)(304)

e
pe | (0.06)(Loxi0™) -t Gauss

20 B

Where, g is the radius of the orbit, e is the charge of the ion (single ionization is
assumned). For the purposes of this demonstration calculation, Argon is assumed.
Argon has a mass of 40%1.67X10™ kg.
It should be noted that this same magnetic field would also affect the electrons.
25 To consider electron behavior, it is assumed that the average the electrons will enter
the confinement region with the electron thermal velocity. The electrons are assumed

to have a temperature of 4 €V (46,400°K). Ata temperature of 4 eV the electron
thermal velocity is '
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Furthernore, jhey V:Z?,exfgﬁ-"i g region with higher velocity and

t hus experierce a h I arger™ maghet1c force. By inspection of the above
results, it is clear that if the ion trajectories are sufficiently bent so
as to enhance confjnhenent, the electrgon trajectories will be,  even nore
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even more bent. Thus, for the remainder of this discussion, only the magnetic field

10  required for ion confinement enhancement will be considered.

It should be noted that the magnetic value determined above, for ion
confinement enhancement is technologically easy to achieve. For example, it is
common fo find Samarium Cobalt magnets quoted af fields of 2,000 Gauss. The
smaltness of the field required for this application implies an additional advantage.

15 When considering any magnetic confinement concept it is usually desired to arrange
the magnetic field such that over the wafer the magnetic field is of the same order of
magnitude as the carth’s magnetic field. The carth’s magnetic field is 0.6 Gausz. If
one begins with a small field, the difficulty in obtaining this requirement is reduced.

The permanent magnets used are arranged essentially as a magnetic dipole.

20 Such a field will have a dipole like character. Thus, one could expect the B-field to
decay as the inverse cube of the distance away from the centerline of the magnets.
Using such arguments one can estimate the spatial decay by use of the relations given

below.

) 1/3
B(d) C;l?s —d= [-0%}5) =3.26 cm

25
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confinenment ring t mtmg%@b%@nﬁoﬁggﬁt s that
at pressures - SRR N ' '
- A hard-sphere cross section of Chardsphere=9. 73X 107'% cm? has been assumed.

Assuming confinement rings 6 cm wide, about 10 collisiots can be expected during a

15 confineruent ring traversal. This is a rather large number and suggests that at pressures
above 50 mT, the effect of the magneﬁ_c erthancement will be significantly intpaired,
By increasing the magnetic field such that the La_&nor_ radius is about equal to the
collision length this effect is reduced. For the 50 mT case, a Larmor radius of 0_76 cm
may be used. To achieve this radius of curvature, 2 B-field of 210 Gauss would be

20 required.

FIG. 5 is a top view of another embodiment of the invention. FIG.S may usé the

same process chamber as shown in Figs. |-4 except that the plurality of magnets 112,
114, 116, 118, 204 are replaced with an upper ring magnet 504 above the confinerment
rings 102 and a lower ring magnet is placed below the confinement rings. The upper

25 ring magnet 504 would pass through the regions of the upper magnets in the previous
embodiment. The lower ring magnet would pass through the lower magnets in the
previous embodiments. Such a configuration would provide a more uniform magnetic
field.

FIG. 6 is a schematic cross-sectional view of another embodiment of the
30 invention. The process chamber 600 in this embodiment may be the same as the

process chamber in FIG. [, except that canted magnetic fields are provided. Therefore
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102. In this cheiged pauticles inth thetcopfinmgerdtrings 192.612 i s near the inner edge of

t he confinenent ri 102 while the bottom nmagnet ring 614 is nearer 10
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much larger than what has often commercially been typically nsed.
Computation of the required field begins by first noting that a Larmor radius of
20 about 0.5 cm in a direction normal to the plane of the confinement rings is desired.
-Again, a temperature of 450° K. is assumed. It is also assumed that the ions enter the

confinement ring region at an average velocity equal to the ion thermal velocity. At a

temperature of 450° K. the ion thermal velocity is:

’/ ,
V.= %-: 304 meters/second

25  Therefore, the required minimum magnetic field is (converting 0.5 cm to meters):

_ MV, (40)(1.67x1077)(304)3/2
(0.€)cos(45°) (0.005)(1.6x107)

~ 360 Gauss

19
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|l ength nkl r egeetiadeiipafiondechgvionmulenhon@deomfifment atay $60 baBbemved. one or two
col lisions can be before.col.lision wth the caonfinenent rings. It
i's believed that ! ﬁl 5?@) %Pgﬁ%%mﬁpgﬁmnﬁ%?tﬁ%Fgﬁeﬁ%ﬁr?w Q‘Fﬁ\“j@évtla’fg% 10
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observed. If |nproved confinement performance at higher pressures 1s .
desired, lar 8@-/2%@&‘?@(}3@iﬁ§¢1@§mm spatinecessari |y help; since one does

Spacing. i the cHbaeHRRPET e AR n Ele [Pt hiie Fogoadtiotiet i o 11 el os
Pﬁts Z . é?tSt th[] gu@lfghtthe_c@ﬁﬂifemﬁﬂﬁﬂgs- 1020Shat We mhghetilHeldshitefiBgngl 1 ¢ fields
confinement rings. In'addition, these embodiments use magnetic fields to increase the
percentage of charged ions or electrons that collide with the confinement rings.
Various other magnetic configurations may be used to increase the percentage of ions
orelectrons that collide with the confinement rings. For example, adjacent magnets
20 may have alternating magnetic fields or magnets forming a maguetic pair may have
their poles placed in opposite directions. In these embodiments, whether magnet rings
ora plurality of magnets is used, it is desirable that the magnets be radially symmetric.
In these embodiments, the magnets are placed above and below the confinement rings.
This is done by forming the magnets in a ring, either as a solid ring or smaller magnets
25  placed inya ring shape. The diameter of the ring shape formed by the magnets is less
than the outer diameter of the confinement rings and greater than the inner diameter of
the confinement rings.
FIG. 8 is a schematic iltustration of a process chamber 800 that uses a magnetic
field to boost the local plasma density and/or electron temperature near the
30 confinement rings, thus decreasing the density of the plasma at the confinement rings,
| which enhances physical confinement. In this embodiment, the magnets 812, 814 are

moved to positions above and below a region within the confinement rings, as shown

in FIG. 8. This concept may have either one of two effects. The local enhancement of

11
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passed through the confinement rings the magnetic fields may be generally defined as
20 passing through the region of the confinement rings. |

In this embodiment, whether magnet rings or a plurality of magnets is used, it is
«:lesu able that the magnets be radially symmetric. In this embodiments, the magnets
are placed above and below the confinement rings. This is done by forming the
magnets in a ring, either as a solid ring or smaller magnets placed in a ring shape. The
25 diameter of the ring shape formed by the magnets is less than the inner diameter of the
confinement rings. Since the chamber may be placed at various orientations, the
placement of {he magnets may be more generally described as being on a first side of
the confinement rings and second side of the confinement Tings opposite from the first
side, where placing the magnets above and below the confinement rings is an example
30 of such placement.
Generally, the plasma chamber has a high wafer diameter to electrode gap ratio.
A typical wafer size may be 300 mm. Generally, the lower electrode is about the same

size as the wafer, so that the lower electrode is about 300 mm. For such a wafer

12




L e i ously shown that a 21 Gauss _.
‘I n.an=exanpl e -of - this enbodi ment, it was. previousl y s L1 >
Fieltl s expacted 1o provide an. el ectron Larmor radius of D23 cm . The .
regi on, ovAYO20080M87EH pl asma enhancenent | ;ldggl redmbgeﬁﬁfﬁ?@g %\/\%ul 4 be
kFn the r ange .of f r.om 1.5 t 02 cm ThUS, a el g el : asses t hrOUgh t he
sufficient. | niidditsr SYBRA BModLDH Kolllbe TBINS LS Held P he-WaGHPHeWES '
:";?)ert ure formeé:'i' fl n”_';t_:-'é_'fCon'f?.l--_ne_}f.éTYg L ngg%ﬁ@i% BB IetBisaprenEs

where the mag @éqcﬁgdﬁdmgrtmsﬁmdetghﬁﬂiﬁghn%mﬁeﬁ%]ﬁé %ﬂﬁﬁ% 3@05%3%:%51 egi on

. . “dof i 20 passi ng t hrougl
e SRR o i i
. e h it nets be radia
pturality 0‘; n?gngfeéandgégiléne 2 Qgii_é:g{z}gs @nglgaﬁé{ﬁ%%?%%g‘%ﬁ%‘g&t%g%ﬂmohét ow t he
symmetric. In this enbodiments, ‘the magnets~ are” GIPTRR i ther
o e ) St AN kRIS 1B By
ésasolidrin I S --er Sbat e -'k' v ter of
f ihe i o, sH PPty SN e vomse et gt e
the con! nen@ﬁﬁ’rﬁm%%%%g’% a4 B ‘%%g%ﬁt&t@eﬂ BPER S g g ddescr i bed
orientations, the “placer 1w or - LHE - TTRYTEtS: ey i f the
SRRt bl S T S A
~confinement rjngs o %Ofl € s sham | : i f such pl acenent.
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or 15:1. Typical wafer dianet b g D al-canfinement but do
to 60;1.° Becsaﬁs@qﬁthemm@ent-ﬂngejﬂ&ca%%?@%%é%@oggﬁ ot extend
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into the gap X i : aghet.s. do not extend into
e SontLTETe, ot o A R s
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I':Qﬁ icng and tihebpestof comfiregreat rittigslﬁﬁa)ﬂbﬁ used! 206l 2 PP AU Ele bREGIATREE of O as
shown in the c\olr?tclrlte?nl’é?lt relggsc.)q!‘re erably, at least one confinement ﬁr;g i2 movable to allow

changes in process pressures. Some confinement ring configuration. may comprise a
20 single movable confinement 1ing.
Wiule this invention has been described in terms of several preferred
embodiments, there are alterations, permutations, and various substitute equivalents,
which fall within the scope of this invention. It should also be noted that there are

many alternative ways of implementing the methods and apparatuses of the present
25 invention. It is therefore intended that the following appended claims be inferpreted as

including all sach alterations, permutations, and various substitute equivalents as fall

within the true spirit and scope of the present invention.
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10 O her enbodi ments of the invention may have ot her magnetic
configurations that provide an additional magnetic confinenent to a

physi cal confinenent using confinenment rings. As nmentioned above, the
magnets may be positioned to provide an alternnating magnetic field. This
may create magnetic field lines that are parallel to the surface of the
confinenent rings which may direct Cr@i%ﬁffig particles into the 15 confi nenent
ring surface. Qther confinenment ring configurations may be provided. For
exanpl e ot Wéhat islgitmed &5: of confinement rings may be used, such as a single
confinement ring or three confinenent rings. Preferably, at |east one
confinenent ring is novable to allow changes in process pressures. Sone
confinement. ri ng piafd [BYécating Bppa¥us RIFRIORSIAS 2 &%sﬁhﬂagé&noﬁﬂw ol e
confinenment ring. Wile this invention has been described in ternms of
sever al3 pr ef er r eBlasmapbesaing chambgewith ghambgriveallat | ons, pernutations, and

various substit i . i fall . .wthin the scope of this
invention. It S%%'FHS% alss@qgg&ﬁ%?etﬁ@%lﬁag‘%beﬁwg}l% are nmany alternative ways of
i npl ement i ng t ha lewt bedksonfinemapaioadidse and bpdcb@ apirefemtth@Ehdnibeetlailgn. It is

therefore iFtendgd tr%at the foll owm ng appended cl ains be interpreted as
i ncl udi ng WPereRy e coptinement dpgand e sistatesypporhAefing plavma walp®ei t ut e

equi val ents as T AR . e t
i nvention. 13 Czii gfla%%eti@'\xhgmtc@ iféﬁ‘{epg{a#g%ﬁﬁisg@ %tl@ﬁggﬁgrggnggn %&%%@sesn@ gf‘n‘g"?‘? par at us
f or pridcespliypabeanfibemestpeovidediyy theiantpast ome @opfiresmant fingcessi ng chanber with
chanber walls; rate support within the chanmber walls; at |east one

subs
confinement ri nahwlpﬁ}t'“ﬁméﬁ%e@ps%@ﬂ CHFRFECSA G TREHR st sppeedapartyner e n
the confi ngsmnhd iaRed and QiR WrHd eﬁtlés%%%hﬁngﬁéﬁt'?ﬁ}g?sooﬂhﬁtsﬂ? Fi@@' ume; a
gnet i cal Iy

magnetic source for generating a magnetic field for enhanci ng
10 physi canagsfit elegrenhis ghaseriodbel substratiesuport thas theaat deastooniei coefimembent i ng

wherein the magnetic source.c ri ses first magnetic el enent, spaced apart
from and pg%g%?%ﬁecgnama&et& %QBSIF spﬁceeagpaqtirgg{ %a@gmwmm&f?@ o)
that tise fiheatlcasiegdeérffetlcaiBid, sb $hat HRSREoridImhdRtis R AL FaldiPBRRE t han
the at | east one confinenent ring, and a second magnetl c el enent spaced

apart fronthafebsppigsapprashthan ghecas hepssongecopfinement ring, wherein magnetic field
lines passing from the first magnetic element to the second magnetic element pass

through the confinement ring.

20 2. The plasma processing apparatus, as recited in claim 1, wherein the magnetic
source is configured such that the magnpetic field passing through the at least one
confinement ring increases collisions of charged particles with the at least one

confinement ring,

25 3. The plasma processing apparatus, as recited in claim 2, wherein the first
inagnetic ¢lement forms a ring shape with a diameter and the second magnetic element
forms a ring shape with a diameter, and wherein the at least one confinement ring has
an inner diameter and an outer diameter, wherein the diameters of the first magnetic
element and the second magnetic element are less than the outer diameter of the at

30 Tleast one confinement ring and greater than the inner diameter of the at least one

confinement ring.
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15 the at | east one confinenent ring, so that the second magnetic el ement
is farther from the substrate support than the at | east one confinenent
ring, wherein magnetic field Ilines passing fromthe first nmagnetic el enent
to the second magnetic el ement pass through the confinenent ring. 20 2.
The plasnma processing apparatus, as recited in claim1, wherein the

TRGNeti ¢ $OUT OFd SaGONbONE A B Aclg ITBARRY Grbios] fle BRRRAGGs hr ough

the at | east one enment g I ncreases collisions o

particl es thefinstiniegnetic ¢lemsit ipnet cqualrtbithedemicter bfithe sé&mama'gneth:)élamﬂm
processi ng apparatus, as recited in claim2, wherein the first nagnetic
el enment forns a ring shape with a dianeter and the second nagnetic el enent

forms arigg s h%lﬂﬁ%@c@sﬁ@%bﬁiratu@% r8hRHSH Bnd BeclFins! 1RASIhRBR the

confinenent ring has an inner dianeter and an outer diameter, wherein the
di amet ér s ®agnetie ficlds passthrpugh ithe region wé the atenst ore weboementaigget i ¢ el ement
are less than the outer dianeter of the at 30 | east one confinenent ring
and greater than the inner dianeter of the at |east one confinenment ring.

14 4. The @l asmBhdyFlaeLspiobesARAPPAEIS, asdScifedGh hRFof daiflsal-fMNvherhiehei N t he
diameter of the first nagnetic_element is not equal to the di aneter of the

second nng“r?@ﬁfl%m@lté'%ﬁﬁ movgble Théelpreasyrsiapledispswhergindhpwariablesgapas vsedci t ed i n

any of cl aj, réssuimﬁrtﬁé %Iﬂgwﬁuﬂﬁgnetl c fields pass through the region of
t he at Ieast confine 6. The plasma processing apparatus, as

recitdd i n any of clainms 1-5, V\/nereln the confinenment ring is rmvable to
define a varia wherein the variable gap |s used to vary pressure
in the plasm \%Tedﬁ%ﬁmal Oﬁssmﬁépﬁré%‘ﬁﬁsﬁf‘%@éé%FlﬁﬁnépWB‘?rﬁwge tigt" recited in

claim6, wWighRlid elehfent étfdsstecoﬂ?ﬁﬁ kg eﬁhﬁﬂ?% nG o REON: tic el ement do

not cross the variable gap. processi ng a strate,
conprising: 15 placing the substrate in a process chanber; providing a gas

1O 2 90 SOU o Bl E BLESEES ERAFIE Gy ither 2110 2 plastm {rom the gas
one caqnfi nemi‘ntplidn@thb@ubg{ﬁra@ﬁh(aq)r@é’&@b]%llbeg’o nf i nenent of the plasm; and
providing a gas from a gas source to the process chamber;
generating a plasma from the gas in thé process chamber;
flowing the gas through a gap adjacent to at least one confinement ring to
provide physical confinement of the plasma; and
20 providing magnetic confinement of the plasma to enhance the physical
confinement of the plasma by providing a magnetic field in the region of the
confinement rings so as to increase collisions of charged particles with the

confinement rings.

25 9. The method, as recited in claim8, wherein the magnetic field passes through

the at least one confinement ring.

10.  The method, as recited in claims 8 or 9, further comprising moving the at least
one confinement ring to control plasma pressure.
30
11.  The plasma processing apparatus, as recited in claim 1, wherein the
first magnetic element has a pole from a north pole of the first magnetic element to a

south pole of the first magnetic element, wherein the pole of the first magnetic element
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20 providing magnetic confinenent of the plasma to enhance the physi cal
confinement of the plasnma by providing a magnetic field in the region of
the confinenent rings so as to increase collisions of charged particles
with the confinenent rings. 25 9. The nethod, as recited in clains,
wherein the magnetic field passes through the at | east one confinenent

ring. 10. {he %ﬂ%tha@éct&ﬁﬁ'b%ﬁ?eeh% &llzu?llbgstog &4 cl? 1%!1’ 'iaf;ﬁ&{l B8 Wleksd N9

novi ng the at one confinement ring t asma pressure. 30
11. The pl thesecond meapssticgcappdnaat psle fmmaemrtl@dla of thé @actmdmagﬂimfcei n the
[ rth pole of the first nagnetic

first magnetic el ene has ole from a,
el enent '? oﬁgne'%t&ﬁtaﬁo%lpgﬂs&ﬂ‘g%ecf’? maghel ?W‘?Pt whereindthe pplePEMS t he pol e of
the first gREMPHkEnERMBMUENt hds™h direction that extends BiRed tHE E%ﬁ-%seg ('gooﬁ ﬂg%e ext ends

bet ween a chanber "top to a chanber bottom and wherein t magneti c
el enent5 haghagbgpbettdnm.om a north pole of the second magnetic element to a
south pole of the second nagnetic el enent, wherein the pole of the second
magneti c el ement has a direction that ext ends bet ween the chanber top to

the 5 charmher Digd 1@sﬂ1a13racesmg apb@aB, RTOGRITH BRiAAPFhalelStheas recited in
claiml1, whereint confinement ring has sides that form | argest surfaces

of the con(fqnﬁ@ﬁ@ﬁm rmgﬁgs wides ﬁiahformﬂérgﬁﬁgnﬁmqs of fhel c@nﬁnmgmmgsv ifir om t he
first mg %m&&hb@sréaﬁﬁngﬁ%womst% L BehiTE Mo RASRY L hrough the

sides of t I nenen rm i surfa

conf i ri@me rmagneng ebtneanpm direudiethweries bEiho gopxidpesndiiay i:Irﬁtlt fdrfh kgewi th  the
si des of the.confinene ring.that form/| argest, surfaces of the confinenent

ring. 13.Sufaeesithe e %é@ﬁ%"&ﬁﬁ&g 3@6@%65?6%@1@{@&@@%%&%@ wher ei n
the at 15 eqQks ONBe CQMHHNRABSE {Haf'ﬂﬁmq Kl Eﬁﬁ?eg oﬂl{esc%nﬁﬂé}ﬂéﬂ? ring

and a second confinenent ring pac Irst continenen rlng,
wherein the flrst magnetic elenent is placed on a first side of the first

confi nene and second .confi nenent | oser to the first
conf i nerren]t3 ri ng'@ %ﬁ%l@f"‘f‘?ﬁ@lngéBmeéa&%F?%@ﬁg%alawAgw \al mtg‘ﬁé second

magnetjisc  EbRFBAS cdrFinBmef@shdd eoﬁpﬁ%mﬂs@oﬁﬁnaﬁeﬁt%g%a%tse&ﬁfaf' nenent ring
20 and second confinenment ring a is closer to the second confinenment ring

t han to t Irenfinement ring spaced from the ﬁrst confinement ring, wherein the first magnetic
element is placed on a first side of the first confinement ring and second confinement
ring and is closer to the first confinement ring than to the second confinement ring and
the second magnetic element is placed on a second side of the first confinement ring

20  and second confinement ring and is closer to the second confinement ring than to the
first confinement ring, and wherein magnetic field lines passing from the first
magnetic element to the second magnetic element pass through the first confinement

ring and the second confinement ring.

25 14.  The plasma processing apparatus, as recited in claim 13, wherein the
first magnetic element has a pole from the north pole of the magnetic element to the
south pole of the magnetic element, wherein the pole of the first magnetic element has

a direction that extends from the first confinement ring to the second confinement ring.
30 15.  The plasma processing apparatus, as recited in claim 14, wherein the

confinement ring has sides that form largest surfaces of the confinement ring wherein

the magnetic field lines passing from the first magnetic element to the second
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first confinenent ring, and wherein magnetic field lines passing fromthe
first magnetic elenment to the second nagnetic el enent pass through the
first confinement ring and the second confinenent ring. 25 14. The plasm
processi ng apparatus, as recited in claim13, wherein the first nagnetic
el ement has a pole fromthe north pole of the nmagnetic el enent to the
south pol ey, QIR BhdsthdheBtsid i L4 magnetic
el enent has E%l directi gn Stﬁg’t ext ghﬁ%??%n@?ﬁ@%@ﬁ?ﬁg%aﬁ;@%e{#@{ri ng to

t he secondswtaces sfshe confmengnt ridatéh. anFledeph eenrteiny merpendicatir app3fr@itus, as
recited in,clajmi14, wherein the confinenent rin s sides that form

| ar gest suWégdé’goééetcﬂ%ﬁ%eﬁ?ﬁ“it HB%\Q??? ??W“ﬁ@rgﬁﬁteﬁuéﬁlaw% ‘{}E}é" SOPU M| d | i nes
passing fromthe first magnetic elenment to the second 16 nmagnetic el enent

pass through the sides of the confinenent ring that formlargest surfaces
of t he Tonfé-nenkht plasmypmcessingapghretuscasmedtedinicligmpewbereiti hal ar to 45 with

conf i nemsni* MAEE YeRERERY gie S IPhensl FlopPaEa pali 126 Bl 1
claim1l1, wherein the first nagnetic elenment and the second magnetic el enent
are wthin the chanber walls, 17. The plasma processing apparatus, as
recited inltl ai Hreplasipproressingepparats, asragjtediin elaamdpwhereinstha firinged in a
ring shap i i L RSk . : i C epent is
arranged ie%lQ rlle%lgeﬁls giégd}ﬁggl ng a?@gﬁ%ﬂﬁf%%? %?déa%e?%%gﬁ%ﬁefsregéﬁlﬁhe first
di anmetdr, maghetibelenient isheranpahieta ring shapehdvimes sq@ansd diaghctdrdifférbg fdni St
magneti c | ement to the second, magnetjc_el enent pass through the .

conf i nenmen e%irﬁjialqnﬁ:t%f’ %"a@n‘f’g el“ﬁﬁ?lﬁ’%@?"'“fﬁé@h“%%ﬂ&?ﬁﬁl the S5 saagagfic _
appar at us, el@fiedt§ tHeQdodrd HhgHelt 316 hltod Geach i Infegdr €2t er
than the first diameter. 19 eThe f)n!elggﬁé pr%c jssF%g app:fggt %ne%%dn?eggi ted in
claiml1, whemst.n the first magnetic elenent is provided near the inner
edge of the at |east one confinenent ring, 20 and the second magnetic

el enent is provided near the outer edge of the at |east one confinenent

ring. 157 18.  The plasma processing apparatus, as recited in claim 17, wherein the

second diameter is greater than the first diameter.

19.  The plasma processing apparatus, as recited in claim 1, wherein the first
magnetic element is provided near the inner edge of the at least one confinement ring,

20  and the second magnetic element is provided near the outer edge of the at least one

confinement ring.
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