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MAGNETIC ENHANCEMENT FOR
MECHANICAL CONFINEMENT OF PLASMA

electron temperature near the con?nement rings, thus

decreasing the density of the plasma at the con?nement rings,
Which enhances physical con?nement.

BACKGROUND OF THE INVENTION
DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

The present invention relates to plasma processing cham
bers With con?nement rings
US. Pat. No. 6,019,060, entitled “Cam-Based Arrange
ment For Positioning Con?nement Rings In A Plasma Pro
cessing Chamber,” by Eric H. LenZ, issued Feb. 1, 2000

The present invention Will noW be described in detail With
reference to a feW preferred embodiments thereof as illus

trated in the accompanying draWings. In the folloWing

discloses a plasma processing etch chamber that uses con

description, numerous speci?c details are set forth in order to

?nement rings to con?ne plasma Within volume. The con?ne
ment rings are place Within the plasma chamber Walls and
may help to reduce the amount of plasma and other gases
reaching the chamber Wall, maintain pressure Within the con
?nement rings, and control the How of gas past the con?ne
ment rings.
During various plasma processes, it may be desirable to
increase the How of gas past the con?nement ring, While
minimiZing the amount of plasma and other gases reaching
the chamber Walls.

provide a thorough understanding of the present invention. It
Will be apparent, hoWever, to one skilled in the art, that the
present invention may be practiced Without some or all of

these speci?c details. In other instances, Well knoWn process
steps and/or structures have not been described in detail in
order to not unnecessarily obscure the present invention.
To facilitate understanding, FIG. 1 is a schematic vieW of a

plasma processing chamber 100 that may be used in an
20

embodiment of the invention. The plasma processing cham
ber 100 comprises con?nement rings 102, an upper electrode
104, a loWer electrode 108, a gas source 110, and an exhaust

pump 120. Within plasma processing chamber 100, the Wafer
180 is positioned upon the loWer electrode 108, Which forms

SUMMARY OF THE INVENTION

To achieve the foregoing and in accordance With the pur
pose of the present invention a method for processing a sub
strate is provided. The substrate is placed in a process cham
ber. A gas is provided from a gas source to the process

25

chamber. A plasma is generated from the gas in the process
chamber. The gas ?oWs through a gap adjacent to at least one

30

con?nement ring to provide physical con?nement of the

plasma. Magnetic con?nement of the plasma is provided to
enhance the physical con?nement of the plasma.
In another embodiment of the invention, a plasma process

ing apparatus for processing a substrate is provided. A plasma
processing chamber With chamber Walls is provided. A sub
strate support is provided Within the chamber Walls. At least
one con?nement ring is provided, Where the con?nement ring
and the substrate support de?ne a plasma volume. A magnetic
source for generating a magnetic ?eld for magnetically
enhancing physical con?nement provided by the at least one

a Wafer support. The loWer electrode 108 incorporates a suit

able substrate chucking mechanism (e. g., electrostatic,

35

mechanical clamping, or the like) for holding the Wafer 180.
The reactor top 128 incorporates the upper electrode 104
disposed immediately opposite the loWer electrode 108. A
chamber volume is de?ned by the chamber Wall 152, the
chamber ceiling 107 and ?oor 109. Within the chamber vol
ume, the upper electrode 104, loWer electrode 108, and con
?nement rings 102 de?ne the con?ned plasma volume 140.
A plurality of magnets 112, 114, 116, 118 are placed
around the con?nement rings 102 to form a magnetic ?eld in
the region of the con?nement rings 102. The magnets 112,
114, 116, 118 are placed to provided a magnetic ?eld in the
region of the con?nement rings. In this embodiment, this is

accomplished by providing the magnets in pairs. A ?rst pair
40

of magnets 112, 114 are placed spacedpart from each other on
opposite sites of the con?nement rings 102, as shoWn. A

con?nement ring is provided.

second pair of magnets 116, 118 is placed spaced apart from

These and other features of the present invention Will be
described in more detail beloW in the detailed description of

each other on opposite sides of the con?nement rings 102, as
shoWn. FIG. 2 is a top schematic vieW of the con?nement

the invention and in conjunction With the folloWing ?gures.

45

rings 102 and top magnets 112, 116, 204. The top magnet of

50

the ?rst pair of magnets 112 is shoWn as being above part of
the circumference of the con?nement ring 102. The top mag
net of the second pair of magnets 116 is shoWn as being above
part of the circumference of the con?nement ring 102 on the
opposite side of a diameter of the con?nement ring 102

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention is illustrated by Way of example, and
not by Way of limitation, in the ?gures of the accompanying
draWings and in Which like reference numerals refer to similar
elements and in Which:
FIG. 1 is a schematic vieW of a plasma processing chamber

extending from the top magnet of the second pair of magnets
112. Additional top magnets 204 form a circle above the
circumference of the con?nement ring 102 as shoWn. In this

that may be used in an embodiment of the invention.

FIG. 2 is a top schematic vieW of con?nement rings and top
magnets in the embodiment shoWn in FIG. 1.
FIG. 3 is an enlarged vieW of part of the con?nement rings
With a ?rst pair of magnets.
FIG. 4 is a top vieW of part of the con?nement ring.
FIG. 5 is a top vieW of another embodiment of the inven
tion.

embodiment, all of the top poles of the top magnet are the
55

adjacent magnets. The con?nement 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 formed by the top magnets 112,
60

FIG. 8 is a schematic illustration of a process chamber that

uses a magnetic ?eld to boost the local plasma density and/or

116, 204 is less than the outer diameter D2 of the con?nement
rings 102 and greater than the inner diameter D1 of the con

?nement rings.

FIG. 6 is a schematic cross-sectional vieW of another
embodiment of the invention.
FIG. 7 is a top schematic vieW of the con?nement rings and

top magnet ring of the embodiment shoWn in FIG. 6.

north poles, so that the magnets are not alternated betWeen

Gas is supplied to the con?ned plasma volume by gas
source 1 1 0 and is exhausted from the con?ned plasma volume
65

through the con?nement rings 102 to an exhaust port through
the exhaust pump 120. A ?rst RF so electrically connected to
the upper electrode 104. A second RF source 148 is electri

US 7,455,748 B2
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cally connected to the lower electrode 108. Both the ?rst RF

Under various regimes, physical con?nement is suf?cient,

source 144 and the second RF source 148 may comprise a 27

since the con?nement rings are kept close enough so that a
suf?cient number of charged particles collide With the con
?nement rings. HoWever, it has been found that in some

MHZ poWer source and a 2 MHZ poWer source. Different

combinations of connecting RF poWer to the electrode are
possible. In the case of Exelan HP made by LAM Research

processes a high How of neutral gases is desired. In such a
case, the con?nement rings are separated to form a larger gap
to alloW a higher How of neutral gas to pass Within the gap to
the exhaust pump 120. The larger gap also causes a loWer

CorporationTM of Fremont, Calif. modi?ed With additional
magnets, Which may be used in a preferred embodiment of the
invention, both the RF sources are connected to the loWer

rings 102, and the exhaust pump 120.

fraction of the charged particles from colliding With the con
?nement rings. The presence of the magnetic ?eld increases
the fraction of the charged particles that collide With the
con?nement rings. A plasma extinction line 332 is the border

In operation, an etch is used Where a high gas ?oW rate is
desired. The con?nement rings 102 are adjusted to provide a
large gap betWeen the con?nement rings, to reduce the How

Where the plasma is extinguished. As shoWn, the plasma is
extinguished betWeen the con?nement rings 102, and there
fore does not extend beyond the con?nement rings 102, and

resistance caused by the con?nement rings 102, Which

does not reach the Walls of the plasma chamber, Which pre
vents the plasma from damaging or contaminating the Walls
of the plasma chamber. It has been found that the con?nement
of the plasma results in the con?nement of polymer deposi
tion. As the fraction of the charged particles that collide With
the con?nement rings 102 increases, it is believed that for
processes using polymer gases, the fraction of polymer that
forms on the con?nement ring 336 increases, decreasing the
fraction of polymer that forms on the Walls of the plasma

electrode, and the upper electrode is grounded. A controller
149 may be controllably connected to the gas source 110, the
?rst and second RF poWer sources 144, 148, the con?nement

increases the How rate of gas through the con?nement rings
102 to the exhaust pump 120. With an increase in the How of

gas through the con?nement rings, an increase of ions and
contaminants may also How through the con?nement rings to
contaminate the chamber Walls 152.
The purpose of the magnets is to Work With the con?ne
ment rings to increase the con?nement of charged particles
(ions and/or electrons), While alloWing a high ?oW rate of
neutral gas. In this example, the increased con?nement is

20

25

achieved by having the magnetic ?eld increase the percentage
of charged particles that collide With the con?nement rings.
FIG. 3 is an enlarged vieW of part of the con?nement rings
102 With the ?rst pair of magnets 112, 114 to shoW general
Workings of this embodiment of the invention. A more rigor
ous description of the theory behind the invention Will be

30

ment rings 102 form the physical con?nement system by
providing in these embodiments three gaps through Which

provided later. Magnetic ?eld lines 304 between the magnets
112, 114 are shoWn. The magnetic ?eld lines 304 pass

through the con?nement rings 102.
Various examples of charged particle trajectories are
shoWn. A ?rst charged particle trajectory 320 is directed to

35

collide into the loWer con?nement ring 102. In such a case,
the magnetic ?elds 304 are not needed to help in the con?ne

ment of such particles. The prevention of plasma from pass

ing through the con?nement rings is provided by the con?ne
ment rings (physical con?nement) alone. A second particle

chamber. This is desirable to loWer the amount of contami
nation from the chamber Walls.
It should also be noted that the magnetic ?elds may
increase the percentage of ions or electrons that collide With
the inner ceiling 107 and the ?oor 109 of the plasma chamber.
The inner ceiling 107 and ?oor 109 together With the con?ne

40

gas may be exhausted With a ?rst gap betWeen the inner
ceiling 107 and the top surface of a con?nement ring, a second
betWeen the con?nement rings 102, and a third gap betWeen
the ?oor 109 and a bottom surface of a con?nement ring. The
Widest gap is betWeen the con?nement rings 102.
An example of a device in Which the invention may be
practiced With the addition of magnets is an Exelan-HP made

by LAM Research CorporationTM of Fremont, Calif. For such
a device, the How rate is preferably betWeen 100 and 300

trajectory 324 is not directed to collide With the con?nement

sccm.

rings 1 02 Within the normal path length of the particle passing

The basic principal behind the above described Magnetic
Trajectory Extensioni(MTE) relies on the idea that con?ne
ment is largely due to the extinction of plasma betWeen the
con?nement rings. This idea implies that if the effective
length of the con?nement rings is extended, With ?xed con
?nement ring gap, con?nement 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 propa
gates betWeen the rings, the loss eventually becomes so great

betWeen the con?nement rings and is not parallel to the con
?nement rings 102, so that the particle approaches one of the

45

con?nement rings. As such, particles pass through the mag
netic ?eld 304 the trajectory of the particle path is bent. In this
embodiment, the trajectory is bent to increase the particle
path length betWeen the con?nement rings 102. The increased
path length causes the approach of the particle to the con?ne

50

ment ring to be suf?cient to cause the particle to collide With

the con?nement ring. Therefore, the prevention of these
charged particles from passing betWeen the con?nement
rings is enhanced by the magnetic ?eld. A third charged
particle trajectory 328 is almost parallel to the con?nement
rings 102. As such, particles pass through the magnetic ?eld
304 the trajectory of the particle path is bent. The trajectory is
bent to increase the particle path length betWeen the con?ne
ment rings 102. These particles are suf?ciently parallel to the
con?nement rings 102 so that even With an increased path

that the plasma is ?nally extinguished. If this length of travel
could be extended, then one Would expect that con?nement
could be enhanced. This concept uses a magnetic ?eld pro
55

duced by magnets, as described above, to effectively extend
the trajectories of both the ions and electrons so that oppor

tunity for plasma loss betWeen the rings is enhanced. These
magnets produce a magnetic ?eld, Which Will result in ions
and electrons folloWing a curved trajectory With radius p (i.e.
60

the “Larmor” radius p), as shoWn in FIG. 4. FIG. 4 is a top

length, these particles do not collide With the con?nement

vieW of part of a con?nement ring 102. Magnetic ?led lines

rings. Therefore, the physical con?nement of the con?nement

304 are coming out of the page, as shoWn. The magnetic ?eld
causes a particle With trajectory path 408 to travel a curved

rings and the magnetic enhancement does not cause these
particles to collide With the con?nement rings. These par
ticles may collide With other particles, causing a change in
their trajectory, Which could cause them to collide With the

con?nement rings 102.

trajectory folloWing the path of circle 412. Trajectory 416 is
65

the trajectory that Would result if no magnetic ?eld Was
present. As can be seen, the path of a trajectory along the
circle 412 from the magnetic ?eld is greater than the trajec

US 7,455,748 B2
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tory 416 if no magnetic ?eld Was present. This Will result in

tional advantage. When considering any magnetic con?ne

extending the time an ion or electron needs to traverse the

ment concept it is usually desired to arrange the magnetic

con?nement rings. In this example, the goal is not to actually
magnetically con?ne a plasma. If the radius p is nearly the

?eld such that over the Wafer the magnetic ?eld is of the same

order of magnitude as the earth’s magnetic ?eld. The earth’s
magnetic ?eld is 0.6 Gauss. If one begins With a small ?eld,

same as the con?nement ring length, then a signi?cant

the di?iculty in obtaining this requirement is reduced.

enhancement of the con?nement ring transit time (or effective
con?nement ring length) can be expected.

The permanent magnets used are arranged essentially as a
magnetic dipole. Such a ?eld Will have a dipole like character.
Thus, one could expect the B-?eld 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.

For illustrative purposes, the con?nement rings are
assumed to be 0.06 meters Wide, Which is the difference
betWeen an inner radius and outer radius of the con?nement
rings. The ions are assumed to have a temperature of 4500 K.
It is assumed that on average the ions enter the con?nement

ring region With the ion thermal velocity. At a temperature of
4500 K the ion thermal velocity is:

20

_:

kBTi

V; =

d [2111/3 326
_

_.

cm

= 304 meters/second

Although this may be an approximation of the actual mag
20

Working of the invention.

The required minimum magnetic ?eld is then given by:

:: 21 Gauss

netic ?eld spatial decay, this analysis re?ects the general

25

An additional concern is the ion-neutral collision rate. The
ion-neutral collision rate has the effect of setting an upper
limit on the pressure for a system using the concepts outlined
here. If a de?ected ion suffers many collisions With neutrals

before completing a signi?cant portion of its de?ected traj ec
tory, then it becomes doubtful that the curved orbits assumed
above Will actually be folloWed. The effect desired Will be
Where, pl- is the radius of the orbit, e is the charge of the ion
(single ioniZation is assumed). For the purposes of this dem
onstration calculation, Argon is assumed. Argon has a mass of

30

40*1 .67><l0_27 kg.
It should be noted that this same magnetic ?eld Would also
affect the electrons. To consider electron behavior, it is
assumed that the average the electrons Will enter the con?ne
ment region With the electron thermal velocity. The electrons

either diminished or lost. This effect may be estimated by
assuming that the neutral-neutral collision mean free path
best estimates the ion-neutral collision mean free path. The
Working gas is assumed to be Argon at a pressure of 50 mT.
The ion-neutral collision mean free path is estimated as:

35

l

kT

i = i 2 A;1n(50 mT) : 0.62 cm

are assumed to have a temperature of 4 eV (46,4000 K). At a

NAPWMMMM

(9.73 X l0’16)P

temperature of 4 eV the electron thermal velocity is
40
V2 :

k8 TL,

A hard-sphere cross section of omlrdspherf9.73><l0-l6 cm2
has been assumed. Assuming con?nement rings 6 cm Wide,
about 10 collisions can be expected during a con?nement ring

6

V = 1.18 X 10 meters/second

traversal. This is a rather large number and suggests that at
pressures above 50 mT, the effect of the magnetic enhance
At 30 gauss the radius of curvature pc of the electron traj ec

45

tories is given by:

pe=

M EVE
B2

= 2.3 X 1073 meters

ment Will be signi?cantly impaired. By increasing the mag
netic ?eld such that the Larmor radius is about equal to the
collision length this effect is reduced. For the 50 mT case, a

50

Larmor radius of 0.6 cm may be used. To achieve this radius
of curvature, a B-?eld of 210 Gauss Would be required.
FIG. 5 is a top vieW of another embodiment of the inven
tion. FIG. 5 may use the same process chamber as shoWn in

FIGS. 1-4 except that the plurality ofmagnets 112, 114, 116,
This is a much smaller radius than the 0.06 meter ion
radius. This is merely a consequence of the fact that the
electrons are less massive. Furthermore, they enter the con

55

?nement region With higher velocity and thus experience a
much larger magnetic force. By inspection of the above
results, it is clear that if the ion trajectories are suf?ciently
bent so as to enhance con?nement, the electron trajectories
Will be even more bent. Thus, for the remainder of this dis

60

cussion, only the magnetic ?eld required for ion con?nement
enhancement Will be considered.
It should be noted that the magnetic value determined

Cobalt magnets quoted at ?elds of 2,000 Gauss. The small
ness of the ?eld required for this application implies an addi

Such a con?guration Would provide a more uniform magnetic
?eld.
FIG. 6 is a schematic cross-sectional vieW of another
embodiment of the invention. The process chamber 600 in
this embodiment may be the same as the process chamber in

above, for ion con?nement enhancement is technologically
easy to achieve. For example, it is common to ?nd Samarium

118, 204 are replaced With an upper ring magnet 504 above
the con?nement rings 102 and a loWer ring magnet is placed
beloW the con?nement rings. The upper 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.

65

FIG. 1, except that canted magnetic ?elds are provided.
Therefore, in this embodiments, the plurality of magnets
comprise a ring shaped top magnet 612 and a ring shaped
bottom magnet 614, Where the diameter of the top magnet 612

US 7,455,748 B2
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is greater than the diameter of the bottom magnet 614. As a

centage of charged ions or electrons that collide With the

result, magnetic ?eld lines 608 are produced betWeen the
upper magnet 612 and the loWer magnet 614, Which is canted
(not perpendicular) to the largest surfaces of the con?nement

may be used to increase the percentage of ions or electrons

con?nement rings. Various other magnetic con?gurations
that collide With the con?nement rings. For example, adjacent
magnets may have altemating magnetic ?elds or magnets
forming a magnetic pair may have their poles placed in oppo
site directions. In these embodiments, Whether magnet rings

rings 102.
FIG. 7 is a top schematic vieW of the con?nement rings 102

and top magnet ring 612. The top magnet ring 612 is shoWn as
being above part of the circumference of the con?nement ring
102. In this embodiment, the top magnet ring 612 is near the
inner edge of the con?nement rings 102 While the bottom
magnet ring 614 is nearer the outer edge of the con?nement
rings 102. This concept not only relies on increasing the
distance traveled betWeen the con?nement rings 102, but also
enhances the collision rate of charged particles into the rings

or a 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 con?nement 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 diameter
of the ring shape formed by the magnets is less than the outer
diameter of the con?nement rings and greater than the inner
diameter of the con?nement rings.

by magnetically de?ecting the charged particles into the con
?nement rings 102.

FIG. 8 is a schematic illustration of a process chamber 800

that uses a magnetic ?eld to boost the local plasma density
and/or electron temperature near the con?nement rings, thus

For the purposes of a preliminary analysis, it is assumed
that the magnets can be positioned such that the B-?eld forms

a 45° angle With the plane formed by the con?nement rings.
Furthermore, the gap spacing betWeen the con?nement rings

20

the magnets 812, 814 are moved to positions above and beloW
a region Within the con?nement rings, as shoWn in FIG. 8.
This concept may have either one of tWo effects. The local

is assumed to be 1.12 cm (about 1/2 inch), Which is a very

aggressive gap spacing and much larger than What has often

commercially been typically used.
Computation of the required ?eld begins by ?rst noting that

enhancement of density near the magnets may result in a more

a Larmor radius of about 0.5 cm in a direction normal to the 25

plane of the con?nement rings is desired. Again, a tempera
ture of 4500 K is assumed. It is also assumed that the ions

enter the con?nement ring region at an average velocity equal
to the ion thermal velocity. At a temperature of 4500 K the ion

thermal velocity is:

decreasing the density of the plasma at the con?nement rings,
Which enhances physical con?nement. In this embodiment,

rapid plasma decay betWeen the magnets and the con?nement
rings than Would otherWise exist, resulting in reduced density
in front of the rings. Alternatively, this approach may also
enhance plasma potential at the magnet position. This Would
be due to a preferential con?nement of hot electrons, Which

30

Would boost the local plasma electron temperature. This
could result in a local increase of the plasma potential in the

“positive” (ion con?ning) direction. This may then aid in
V; =

kBTi

V = 304 meters/second

35

Therefore, the required minimum magnetic ?eld is (convert

such electrons Will complete several gyro-orbits before being

ing 0.5 cm to meters):
40

:: 360 Gauss

45

pl. is the radius of the orbit, e is the charge of the ion (single
ioniZation is assumed). For the purposes of this demonstra
tion calculation, the ion is assumed to be Argon, Which has a
mass of40*1.67><10_27 kg.
The assumed Larmor radius is less than the ion-neutral
collision length calculated above for a 50 mT neutral pres

plasma con?nement. To accomplish a local enhancement of
plasma density and/or electron temperature, the electron tra
jectories must have a radius of curvature (i.e. the “Larmor
Radius”) less than the scale siZe of the region over Which one
seeks to obtain an enhancement. The expectation then is that
lost and thus enhance local ioniZation of the neutral gas.
In an example of this embodiment, it Was previously shoWn
that a 21 Gauss ?eld is expected to provide an electron Larmor
radius of 0.23 cm. The region, over Which plasma enhance
ment is desired, in this example, is in the range of from 1.5 to
2 cm. Thus, a 21 Gauss magnetic ?eld Would be su?icient.
In this embodiment Where the magnetic ?eld passes

through the aperture formed in the con?nement rings and the

previous embodiments Where the magnetic ?elds passed
through the con?nement rings the magnetic ?elds may be
generally de?ned as passing through the region of the con
50

?nement rings.
In this embodiment, Whether magnet rings or a plurality of
magnets is used, it is desirable that the magnets be radially
symmetric. In this embodiments, the magnets are placed
above and beloW the con?nement rings. This is done by

sure. From these values, one can infer that collisions may not

signi?cantly affect this approach for pressures up to 50 mT. At
100 mT, the ion-neutral collision length may reduce to values

of about 0.3 cm. Thus at 100 mT only one or tWo collisions 55 forming the magnets in a ring, either as a solid ring or smaller

can be expected before collision With the con?nement rings.
It is believed that this collision rate may only marginally
affect the magnetic de?ection behavior and enhanced con
?nement may still be observed.

If improved con?nement performance at higher pressures
is desired, larger magnetic ?elds may not necessarily help,

magnets placed in a ring shape. The diameter of the ring shape
formed by the magnets is less than the inner diameter of the
con?nement rings. Since the chamber may be placed at vari
ous orientations, the placement of the magnets may be more
60

since one does not Want a Larmor radius less than 1/2 the

desired con?nement ring spacing.
In the embodiments shoWn in FIG. 1 and FIG. 6, the mag

netic ?elds pass through the con?nement rings 102, in that the
magnetic ?elds intersect the con?nement rings. In addition,
these embodiments use magnetic ?elds to increase the per

generally described as being on a ?rst side of the con?nement

rings and second side of the con?nement rings opposite from
the ?rst side, Where placing the magnets above and beloW the
con?nement rings is an example of such placement.
Generally, the plasma chamber has a high Wafer diameter
65

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

US 7,455,748 B2
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a Wafer diameter a typical electrode gap Would be about 2 cm.
Therefore, the Wafer or loWer electrode diameter to electrode

netic ?eld passing through the con?nement rings increases
collisions of charged particles With the con?nement rings.

gap ratio in this example Would be 300:20 or 15:1. Typical

nets do not extend into the gap betWeen the con?nement rings

3. The plasma processing apparatus, as recited in claim 2,
Wherein the ?rst magnetic element forms a ring shape With a
diameter and the second magnetic element forms a ring shape
With a diameter, and Wherein the con?nement rings have an
inner diameter and an outer diameter, Wherein the diameters
of the ?rst magnetic element and the second magnetic ele

or do not cross the gap betWeen the con?nement rings. More

ment are less than the outer diameter of the con?nement rings

preferably, the magnets do not extend into the chamber, so
that the top magnet does not extend beloW the chamber ceil
ing and the bottom magnet does not extend above the cham
ber ?oor, as shoWn in the various embodiments.
Other embodiments of the invention may have other mag
netic con?gurations that provide an additional magnetic con
?nement to a physical con?nement using con?nement rings.
As mentioned above, the magnets may be positioned to pro
vide an alternating magnetic ?eld. This may create magnetic
?eld lines that are parallel to the surface of the con?nement

and greater than the inner diameter of the con?nement rings.
4. The plasma processing apparatus, as recited in claim 3,
Wherein the diameter of the ?rst magnetic element is not equal
to the diameter of the second magnetic element.
5. The plasma processing apparatus, as recited in claim 1,
Wherein the magnetic ?elds pass through the region of the

Wafer diameter to electrode gap ratios Would be from 6:1 to
60: 1.

Because the magnetic ?elds enhance physical con?nement
but do not provide physical con?nement, preferably the mag

rings, Which may direct charge particles into the con?nement

con?nement rings.

20

ring surface.
Other con?nement ring con?gurations may be provided.
For example other numbers of con?nement rings may be
used, such as a single con?nement ring or three con?nement
rings. Preferably, at least one con?nement ring is movable to

25

alloW changes in process pressures. Some con?nement ring
con?guration may comprise a single movable con?nement

ring.
While this invention has been described in terms of several

preferred embodiments, there are alterations, permutations,

30

9. The plasma processing apparatus, as recited in claim 1,

35

40

strate, comprising:

largest surfaces of the con?nement ring Wherein the magnetic

a substrate support Within the chamber Walls;
45

a magnetic source for generating a magnetic ?eld for mag

netically enhancing physical con?nement provided by

50

55

element spaced apart from and placed on a ?rst side of
the con?nement rings, so that the ?rst magnetic element
is closer to the substrate support than the con?nement
60

magnetic ?eld lines passing from the ?rst magnetic ele
ment to the second magnetic element pass through the

con?nement rings.

con?nement rings.
11. The plasma processing apparatus, as recited in claim 1,
Wherein the con?nement rings, comprises a ?rst con?nement
ring and a second con?nement ring spaced from the ?rst
con?nement ring, Wherein the ?rst magnetic element is
placed on a ?rst side of the ?rst con?nement ring and second
con?nement ring and is closer to the ?rst con?nement ring
than to the second con?nement ring and the second magnetic
ring and second con?nement ring and is closer to the second
con?nement ring than to the ?rst con?nement ring, and

Wherein magnetic ?eld lines passing from the ?rst magnetic

that the second magnetic element is farther from the
substrate support than the con?nement rings, Wherein

2. The plasma processing apparatus, as recited in claim 1,
Wherein the magnetic source is con?gured such that the mag

?eld lines passing from the ?rst magnetic element to the
second magnetic element pass through the sides of the con
?nement rings that form largest surfaces of the con?nement
rings at an angle betWeen being perpendicular to 450 With the
sides of the con?nement rings that form largest surfaces of the

element is placed on a second side of the ?rst con?nement

rings, and a second magnetic element spaced apart from
and placed on a second side of the con?nement rings, so

a chamber bottom and Wherein the second magnetic element
has a pole from a north pole of the second magnetic element
to a south pole of the second magnetic element, Wherein the
pole of the second magnetic element has a direction that
extends betWeen the chamber top to the chamber bottom.

10. The plasma processing apparatus, as recited in claim 1,
Wherein each of the con?nement rings has sides that form

a plasma processing chamber With chamber Walls;

the con?nement rings, the magnetic ?eld having a
strength to bend a trajectory of a particle pas sing through
the magnetic ?eld but not having a strength to magneti
cally con?ne a plasma,
Wherein the magnetic source comprises a ?rst magnetic

magnetic element, Wherein the pole of the ?rst magnetic
element has a direction that extends betWeen a chamber top to

1. A plasma processing apparatus for processing a sub

a plurality of con?nement rings spaced apart from each
other, and Within and spaced apart from the chamber
Walls, Wherein the con?nement rings and the substrate
support de?ne a plasma volume; and

the plasma volume.
8. The plasma processing apparatus, as recited in claim 7,
Wherein the ?rst magnetic element and second magnetic ele
Wherein the ?rst magnetic element has a pole from a north
pole of the ?rst magnetic element to a south pole of the ?rst

lents as fall Within the true spirit and scope of the present
invention.

What is claimed is:

Wherein the con?nement rings are movable to de?ne a vari
able gap, Wherein the variable gap is used to vary pressure in

ment do not cross the variable gap.

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 appara
tuses of the present invention. It is therefore intended that the

folloWing appended claims be interpreted as including all
such alterations, permutations, and various substitute equiva

6. The plasma processing apparatus, as recited in claim 5,
Wherein the ?rst magnetic element forms a ring shape With a
diameter and the second magnetic element forms a ring shape
With a diameter, and Wherein the con?nement rings have an
inner diameter and an outer diameter, Wherein the diameters
of the ?rst magnetic element and the second magnetic ele
ment are less than the inner diameter of the con?nement rings.
7. The plasma processing apparatus, as recited in claim 1,

65

element to the second magnetic element pass through the ?rst
con?nement ring and the second con?nement ring.
12. The plasma processing apparatus, as recited in claim
11, Wherein the ?rst 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 ?rst magnetic
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element has a direction that extends from the ?rst con?ne

having a ?rst diameter and the second magnetic element is
arranged in a ring shape having a second diameter different
from the ?rst diameter, and Wherein the magnetic ?eld lines
passing from the ?rst magnetic element to the second mag
netic element pass through the con?nement rings in a canted

ment ring to the second con?nement ring.
13. The plasma processing apparatus, as recited in claim
12, Wherein each of the con?nement rings has sides that form

largest surfaces of the con?nement ring Wherein the magnetic
?eld lines passing from the ?rst magnetic element to the
second magnetic element pass through the sides of the con
?nement rings that form largest surfaces of the con?nement
rings at an angle betWeen being perpendicular to 45° With the
sides of the con?nement rings that form largest surfaces of the

con?nement rings.
14. The plasma processing apparatus, as recited in claim 1,
Wherein the ?rst magnetic element and the second magnetic
element are Within the chamber Walls.

15. The plasma processing apparatus, as recited in claim 1,
Wherein the ?rst magnetic element is arranged in a ring shape

manner.

16. The plasma processing apparatus, as recited in claim
15, Wherein the second diameter is greater than the ?rst diam
eter.

17. The plasma processing apparatus, as recited in claim 1,
Wherein the ?rst magnetic element is provided near the inner

edge of the con?nement rings, and the second magnetic ele
ment is provided near the outer edge of the con?nement rings.

