
;e3eBB||}Fl>6tTw<1   ~~V^ O6 SEP ~  AN APPARATUS AND METHOD FOR GENERATING
PLASMA BACKGROUND TO THE INVENTION 1). Field of the Invention The present
invention relates generally to cleaning of semiconductor processing
chambers and auxiliary equipment such as interconnecting pipes and, more
specifically, to an apparatus and a method wherein an ion plasma is
generated externally of a semiconductor processing chamber and the ion
plasma is then introduced into the semiconductor processing for cleaning
purposes. 2). Discussion of Related Art Semiconductor chips axe
manufactured by processing a wafer in respective semiconductor processing
chambers. Such processing may include chemical vapor deposition (CVD),
physical vapor deposition (PVD}, or any other processing which is known in
the art. The processing chamber used for each process is designed for
purposes of carrying out the respective process. Chemical vapor
deposition, for example, includes the process of distributing a chemical
gas within a processing chamber to produce a film on a wafer substrate. The
deposition film is also deposited on the surfaces of other components
within the processing chamber. Byproducts that are produced during the film
deposition process are also deposited on the various components within the
chamber, including the chamber walls. As a result, the deposition films and
byproducts deposited onto the various processing chamber components must be
clean out from time to time.    o s sEP 2002 SUMMARY OF THE INVENTION In
one embodiment of the present invention, a system is provided comprising a
semiconductor processing chamber and a plasma generation chamber, located
externally of the semiconductor processing chamber, in which reactive ions
are generated for purposes of cleaning the semiconductor processing
chamber. A radio frequency generator is provided for dissociating a gas,
when contained within the plasma generation chamber, into reactive ions. A
magnetic device is also provided for creating a magnetic field which acts
to confine the ions to a central region within the generation chamber, away
from the chamber walls. A conduit permits the flow of ions from the
generation chamber to the processing chamber. The invention also provides a
method of cleaning a semiconductor processing chamber wherein a gas is
dissociated into reactive ions, the ions are magnetically confined, and the
ions are then introduced into the semiconductor processing chamber. 



The invention further provides a method of generating a plasma, comprising
the steps of dissociating a gas into reactive ions, and magnetically
confining the ions. The ions are preferably magnetically confined while
they are being formed. BRIEF-DESCRIPTION OF THE DRAWINGS: The invention is
further described by way of example with reference to the accompanying
drawings wherein: Figure 1 is a partially sectioned side view illustrating
a system according to the invention; 2    0 6 SEP 20p2 Figure 2 is a
partially sectioned perspective view of a plasma generator for use in the
system of Figure 1; Figure 3 is an end view of a portion of the plasma
generator of Figure 2; Figure 4 illustrates a particle with an electric
charge which is moving into a magnetic field; Figure 5 shows four magnets
facing one another arid a particle with an electric charge located in an
area between the magnets; Figure 6 is an end view of an electric coil which
is connected to an alternating current source; Figure 7 is a side view of
the coil of Figure 6; Figure 8 is a perspective view of a plasma generator
in another embodiment of the present invention; 



Figure 9 is a top view of the plasma generator of Figure 8 with the
magnetic device removed in order to expose the RF coils; Figure 10 is a
partial cross-sectional top view of the plasma generator shown in Figure 9;
3    o s sEP 2002 Figure 11 is a cross-sectional side view of the gas inlet
adapter shown in Figure 10; and Figure 12 is a cross-sectional side view of
the cooling medium inlet manifold shown in Figure 10. In the following
description, fox purposes of explanation, numerous details are set forth in
order to provide a thorough understanding of the present invention.
However, it will be apparent to one skilled in the art that these specific
details are not required in order to practice the present invention.
Certain specifics regarding apparatus, materials, dimensions) process
parameters and results are recited. These and other specifics are recited
in order to provide an example of a workable embodiment of the invention,
and may be altered according to preference or requirement without departing
from the broader scope of the invention. The following description relates
to an apparatus and a method of cleaning a semiconductor processing
chamber. A gas is introduced into a plasma generation chamber and vibrated
at radio frequency. Vibration of the gas causes disassociation of the gas
into reactive ions. The ions then flow out of the generation chamber
through a pipe and into a semiconductor processing chamber. The gas is then
allowed to clean the semiconductor processing chamber by reacting with
contaminants therein. Figure 1 of the accompanying drawings illustrates a
system 110 according to one embodiment of the present invention. The system
110 4   



o s sEP 2002 includes a plasma generator 112, a semiconductor processing
chamber 114, a pipe 116 connecting the plasma generator 112 and the
semiconductor processing chamber 114 with a shower head portion 118 of the
pipe 1i6 extending into the semiconductor processing chamber 114, and a
pump 120 with a low pressure side 122 connected to the semiconductor
process chamber 114. The semiconductor processing chamber 114 usually
contains a susceptor 115 and may be a chemical deposition chamber, a
physical deposition chamber, a high density plasma deposition chamber, a
reactive etch chamber, or any other semiconductor processing chamber which
is known in the art, regardless of the purpose that it serves. In the
embodiment described, the plasma generator 112 generates fluorine ions
which are introduced into the semiconductor processing chamber 114 through
the pipe 116 for purposes of cleaning the semiconductor processing chamber
114. The walls of the semiconductor processing chamber 114 and any other
components located within the semiconductor processing chamber 114 will
therefore be made of materials which can be cleaned with fluorine ions
without undue damage thereto. A material which can be cleaned with fluorine
ions is aluminum. ` The pipe 116 is made of aluminum and is formed with a
number of openings 124 in the shower head portion 118. The openings 124 are
spaced from one another so as to be spread out over the width of the
semiconductor processing chamber 114. Figure 2 is a perspective view of the
plasma generator 112 of Figure 1. The plasma generator 112 includes a
housing 130 and respectively a tubular s   a 0 6 SEP 20(i2 generation
chamber 132, a radio frequency generator 134 and a magnetic device 136
mounted within the housing 130. The radio frequency generator 134 is used
to generate a reactive ion plasma within the generation chamber 132 and the
magnetic device 136 is used to control the reactive ion plasma within the
generation chamber 132. The housing 130 is typically made of aluminum for
low magnetization reasons and is connected to ground 138. Although only a
section of the housing 130 is shown, it should be understood that the
housing surrounds the generation chamber 132, the radio frequency generator
134 and the magnetic device 136. The generation chamber 132 extends along
the length of the housing 130 with rings 140 supporting the generation
chamber 132 within opposing walls of the housing 130. A gas inlet 142 is
provided at one end of the generation chamber 132 and an opposing end of
the generation chamber 132 is open with a much larger ion outlet 144. The
generation chamber 132 is typically made of sapphire and has an inner
diameter of about 25 mm, a wall thickness of about 1.6 mm, and a length of
about 250 mm. The dimensions of the generation chamber 132 are not
important for purposes of the invention and are given merely for purposes
of providing an example of a workable embodiment of the invention. The
radio frequency generator 134 includes a bracket 150, a connector 



152, a radio frequency source I54, and a coil 156. Coil 156 is generally of
a tubular construction and is typically made of copper with an external
silver plating. 6   0 6 SEP 2002 The bracket 150 and the connector 152 are
located on opposing sides of a wall (not shown) of the housing 130 and a
electrically conductive link 158 connects the bracket to the connector 152.
The radio frequency source 154 is connected to the connector so that
alternating current within the radio frequency range is supplied to the
bracket 150. The coil 156 spirals around the generation chamber 132, and
has a first end 160 which is secured to the bracket 150. A second end 162
of the coil 156 is mounted to a wall of the housing 130 by means of a
bracket 164. The second end 162 is thus connected to the ground 138 via the
housing 130. The brackets I50 and 164 support the coil 156 substantiahy
concentrically around the generation chamber 132. Alternating current can
thus be supplied to the coil 156 by operation of the radio frequency source
154. The coil 156 typically has about five to ten turns. It is appreciated,
however, that the invention is not limited to any specific number of coil
turns. The number of turns will generally increase with the dimensions of
the generation chamber 132 in order to ensure sufficient coverage around
the generation chamber 1.32. Capacitors 166 bridge the bracket 150 and a
wall of the housing 130. The capacitors 166 are selected to match the
frequency supplied by the radio frequency source with the conductance
characteristics of the coil 156 so that the ahernating power delivered to
the coil 156 is tuned for optimal reasons. A water inlet connector 168 and
a water outlet connector 170 extend through a wall of the housing 130. A
flexible pipe 172 connects the water inlet connector 168 to the first end
160 of the coil 156. Water 174 can thus be introduced into the water inlet
connector 168 which then flows through the flexible pipe 172 into the first
end 160, whereafter the water flows through the    0 6 SEP 2002 coil and
out of the water outlet connector 170. The temperature of the coil 156 can
so be controlled. 



It should be noted that electric power, in the form of the radio frequency
source 154, and a supply of water are both connected to the first end 160,
which could be hazardous. ?he electrically non-conductive flexible pipe 172
is, however, sufficiently long so as to increase the resistance of the
water 174 flowing therethrough. The water 174 entering through the water
inlet connector 168 is thus safe and power loss to the water is minimized.
The majority of the flexible pipe 172 is a roll 176 lying on a floor of the
housing 130. The second end 162 of the coil I56 is grounded by means of the
bracket 164, thus making safe the water leaving the coil 156. The magnetic
device 136 is in the form of tubular member 180 located around the coil
156. (See Figure 3.) The tubular member 180 includes four permanent magnets
182 which extend along the length thereof. The magnets 182 oppose one
another with the generation chamber 132 located between the magnets 182.
The magnets create a magnetic field of between 200 and 4000 Gauss)
typically less than 2000 Gauss. The magnetic field created by the magnets
may be adjusted to meet the performance requirements of a particular
application. -Figure 4 is a representation of a particle with an electric
charge q which moves into a magnetic field. The magnetic field has a
magnetic flux density B and the particle moves with a velocity u. A force f
is created on the particle according to the vector notation: f=quxB. 8   0
6 SEP 2002 The force f is in a direction which is normal to a plane
containing a and B. The force f thus causes deflection of the particle so
that the particle is prevented from moving through the magnetic field.
Figure 5 represents a magnetic field 14 that is produced by the magnets 182
of magnetic device 136. The magnets 182 are used for confining a particle
with an electric charge q. Opposing magnets 182a and 182c are polarized
with north facing one another and opposing magnets 182b and 182d are
polarized with south facing one another. A magnetic field 14 runs through
an area 16 between the magnets 182 and from one magnet to an adjacent
magnet. The particle with an electric charge q is located within the area
16. Movement of the particle into the magnetic field results in a force
acting upon the particle which deflects the particle as hereinbefore
described. Continuous deflection of the particle results in the particle
being confined primarily within a center region of the area 16. The center
region of the area 16 typically corresponds to the center region of the
generation chamber 132. Figures 6 and 7 are end and side views of an
electric coil 156 which is connected to a radio frequency source 154, such
as an alternating current source. An electromagnetic field is created by
the electric coil 156. The eleetromagnetic field comprises an alternating
electric field 22 and an alternating magnetic field 24. The alternating
electric field 22 is created within the coil 156 when the alternating
current source is operated. The electric field 22 is circular with a center
point corresponding to the center of the coil 156. 9   ~ 6 SEP 2002 The
alternating magnetic field 24 is also created within the coil 156 when the
alternating current source is operated. The magnetic field 24 forms along
the length of the coil 156. The magnetic field 24 is substantially
perpendicular to the magnetic field 14 and there is little or no
interaction between the magnetic fields 14 and 24. The electric field 22
and the magnetic field 24 may be utilized for actuating gas particles so
that the gas particles are dissociated into ionized particles. The gas
particles are dissociated by vibration in the directions of both the
electric field 22 and the magnetic field 24. The electric field 22 and the
magnetic field 24 acting in unison causes the gas particles to spin, which
results in dissociation of the gas particles into ionized particles. Any
dissociation is, of course, dependent on the current and frequency provided
by alternating current source 154. It should be noted that the gas
particles and the ionized particles are 



activated in the directions of the electric field 22 and the magnetic field
24 only. There is thus no component of movement of the gas particles or the
ionized particles in a direction away from the center axis toward the coil
156. Possible damage to the coil due to contact by the gas particles or
ionized particles is therefore prevented. - Figure 3 is an end view of the
components shown in Figure 2, and shows the generation chamber 132, the
coil 156 around the generation chamber 132, and the tubular member 180,
including the magnets 182, around the coil l56. In use, the radio frequency
source 154 is operated so as to create a frequency within the radio
frequency range of between about 300 kHz and 300    0 6 SEP 2002 MHz. Such
a frequency may be about 13.5b MI~z, about 2 MHz, or between 350 kHz and
500 kHz. Electric power of between 100 W and 2 kW is supplied to the radio
frequency source 154. An alternating current within the radio frequency
range is thus created within the coil 156. An alternating electric field
and an alternating magnetic field are also created as hereinbefore
described with reference to Figures 6 and 7. A gas, such as NF3, is then
introduced through the gas inlet 142 into the generation chamber 132. The
gas is then dissociated into a reactive ion plasma containing nitrogen and
fluorine ions, as also hereinbefore described with reference to Figures 6
and 7. The fluorine ions are very reactive and may cause damage to the
generation chamber 132 should they come into contact with the generation
chamber 132. The magnets 182 are arranged as previously described with
reference to Figure 2 so that they confine the fluorine ions primarily in a
center region of the generation chamber 132. The fluorine ions are thus
continuously deflected away from an inner wall of the generation chamber
132. Damage to the generation chamber by the ions is thereby prevented and
reduction in wall bombardment minimizes cooling requirements of the chamber
132. The NF3 molecules are dissociated by spinning caused by the electrical
field-and the magnetic field generated by the coil 156, as previously
described. The magnetic field created by the magnets 182 assists in further
spinning the NF3 ions so that the NF3 molecules are dissociated at a faster
rate and more effectively than with the coil 156 alone. The electric field
vibrates the molecules in a circular path with a center point corresponding
to the center of the generation chamber 132 and the tt   0 6 SEP 2002
magnetic field vibrates the NF3 molecules in a direction which is along the
length of the generation chamber 132 so that movement of the NF3 molecules,
or the fluorine ions) is not in a direction which is towards an inner wall
of the generation chamber 132. The forces acting on the molecules are
therefore not in a direction which would cause damage to the generation
chamber 132. 



Once the fluorine ions are formed, they flow from the generation chamber
132 through the ion outlet 144. The ion outlet 144 is much larger than the
gas inlet 142 so as not to unnecessarily restrict the flow of the reactive
fluorine ions. It should be noted that the fluorine ions are magnetically
confined while they are being formed. It should also be noted that the NF3
gas is dissociated while the fluorine ions are magnetically confined within
the generation chamber 132, while the gas flows into the generation chamber
through the gas inlet 142, and while the ions are flowing out of the
generation chamber 132 through the ion outlet 144. The fluorine ion plasma
then flows through the pipe 116 to the shower head portion 118 from where
it is sprayed into the semiconductor processing chamber 114 through the
openings 124. The pipe 116 and the shower head portion 118, being made of
aluminum, are relatively resistant to attack by the fluoride ions so that
minimal damage is caused to the pipe 116 or the shower head portion 118
when the fluorine ions flow therethrough. Introduction of the fluorine ion
plasma into a semiconductor processing chamber 114 causes the fluorine ions
to react with contaminants such as oxides) deposition byproducts, acidic
particles or other contaminants within the semiconductor 12   o s sEP 2002
processing chamber 114. Any products resulting from the reaction are then
pumped out of the semiconductor processing chamber 114 by means of the pump
120. A higher plasma density can be created by generating the plasma under
controlled conditions within a specifically designed plasma generation
system, when compared to generating a similar plasma within a semiconductor
processing chamber L 14 utilizing the same techniques. A fluorine ion
plasma density of about 1014/cm3 can generally be created when a 2 kW
frequency of 13.56 MHz is applied to the coil 156 and the magnets 182
create a magnetic field of about 2000 Gauss. By locating the source of
fluorine ions externally of the semiconductor processing chamber 114,
allows for introduction of the fluorine ion plasma at more accurately
selected locations within the semiconductor processing chamber 114. The
fluorine ion plasma may also be introduced into the semiconductor
processing chamber 114 in a pre-set manner, such as by spraying the
fluorine ion plasma into the semiconductor processing chamber 1i4. Although
the description has been directed mainly at the use of a radio frequency
generator for dissociating a gas, it should be understood that the
invention is not limited to such dissociation of a gas. Other methods of
dissociating a gas may also be used, including dissociation by means of a
device emanating microwave frequency. Figures 8, 9 and 10 illustrate a
plasma generator 212 in another embodiment of the present invention. The
plasma generator 212 includes a housing 230, generation chamber 232, a
radio frequency generator 234 and a I3  



o s sEP 2002 magnetic device 236 mounted within the housing 230. The radio
frequency generator 234 is used to generate a reactive ion plasma within
the generation chamber 232 and the magnetic device 236 is used to control
the reactive ion plasma within the generation chamber 232. A gas inlet 242
is provided at a first end of the generation chamber 232 and an opposing
second end of the generation chamber 232 includes an opening with a much
larger outlet 244. The plasma generator housing 230 is electrically coupled
to a ground 238. The radio frequency generator 234 includes a bracket 250,
a connector 252, a radio frequency source 254, and a coil 256. Coil 256
includes two spiral sections 257a and 257b and is coupled to bracket 250 by
bracket 253. Coil 256 is generally of a tubular construction and is
typically made of copper with an external silver plating. The bracket 250
and the connector 252 are located on opposing sides of a wall of the
housing 230 and a link 258 electrically connects the bracket to the
connector 252. Bracket 250 is electrically isolated from housing 230. The
radio frequency source 254 is connected to the connector 252 so that
alternating current within the radio frequency range is supplied to the
bracket 250. Coil 256.is generally electrically coupled to bracket 250 at a
midpoint between the two spiral sections 257a and 257b. Coil section 257a
spirals around the generation chamber 232 between a middle section 352 and
an inlet section 350 of chamber 232. Coil 257b, on the other hand, spirals
around the generation chamber 232 between the middle section 352 and an
outlet section 354 of the chamber. A first end 262a of coil 256 is mounted
to a wall of the housing 230 by means of a bracket 264a. A second end 262b
of coil 256 is also mounted to a wall of the housing 230 by means of a
bracket 264b. Brackets is   o s sEP zooz 264a and 264b are grounded,
thereby eliminating the need for a cooling water loop as was described in
connection with the embodiment of Figure 2. The brackets 253, 241, 264a and
264b support the coil Z56 substantially concentrically around the
generation chamber 232. Alternating current can thus be supplied to coil
256, and thus, spiral sections 257a and 257b, by operation of the radio
frequency source 254. Each of coil sections 257a and 257b typically has
about five to ten turns. It is appreciated) however, that the invention is
not limited to any specific number of coil turns. The number of turns will
generally increase with the dimensions of the generation chamber 232 in
order to ensure sufficient coverage around the generation chamber. In
addition, coil sections 257a and 257b are configured such that the magnetic
fields generated by each of the sections are synchronized. That is, the
coils are wrapped around the chamber 232 in the same direction. As a
result, the magnetic fields generated by each of the coil sections 257a and
25Th are added together in the region between the two coil sections. By
effectively doubling the magnetic force between coil sections 357a and
357b, the ionization of the gas within the middle section 352 of chamber
232 is greatly enhanced. The split coil configuration, as shown in Figure
9, also results in a more-uniform electric field across the length of coil
256, as opposed to a coil having a single spiral section that extends along
the full length of the chamber 232. In a plasma generator having a coil
with a single spiral section, the electric field is concentrated within the
first few loops of the coil which are located near the inlet section 350 of
the chamber 232.. As such, the heat generated within the inlet section of
the chamber much higher than the other ~s 



0 6 SEP 2002 chamber sections. By providing a coil 256 having two spiral
sections 257a and 257b, the power into the chamber 232 is more evenly
distributed, resulting in a more efficient ionization process and better
temperature control. Splitting the radio frequency current between the coil
sections 257a and 257b also results in a net voltage drop across the coil
256 and a higher current flow for a given power input. The higher current
enhances the magnetic field that is produced by each of coil sections 257a
and 257b which increases the efficiency of the system. Moreover, the
voltage drop reduces the possibility of capacitance coupling between the
plasma within chamber 232 and the coil 256, thereby making the plasma
generation system more robust and efficient. As previously discussed, each
of coil sections 257a and 257b is coupled to a grounded bracket 262a and
262b, respectively. By grounding the respective ends of the coils sections,
the likelihood of producing secondary plasma within the inlet section 350
and outlet sections 354 of chamber 232 is greatly. reduced since there is
little, or no, electric field within these sections of the chamber to
induce ionization. of the gas. In addition) since there is essentially no
voltage potential between the end coils of spiral sections 257a and 257b
and the adjacent plasma generator components located at the gas inlet-242
and plasma outlet 244 of the chamber 232, the possibility of capacitance
coupling occurring within sections 350 and 354 is greatly reduced. The
likelihood that sputtering will occur within sections 350 and 354 is also
reduced. Capacitors 266 bridge the bracket 250 and a wall of the housing
230. The capacitors 266 are selected to match the frequency supplied by the
radio 16   0 6 SEP 2002 frequency source with the conductance
characteristics of the coil 256 so that the alternating power delivered to
the coils is tuned for optimal reasons. A water inlet connector 268 and a
water outlet connector 270 extend through a wall of the housing 230. The
water inlet and outlet connectors are located outside housing 230 and are
supported by brackets 269 and 271, respectively. Water inlet connector 268
is coupled to the first end 262a of coil 256, whereas the water outlet
connector 270 is coupled to the second end 262b of the coil. Water 274 can
thus be introduced into the water inlet connector 268, whereafter the water
flows through coil 256 and out of the water outlet connector 270. The
temperature of the coil 256 is therefore controlled by the flow of water
through tubular portion of coil 256. By controlling the temperature of coil
256, variations in the electrical characteristics (e.g., inductance,
resistance, etc.) of the coil 256 are minimized permitting a better control
of the ionization process. The magnetic device 236 is in the form of
tubular member 280 located around the coil 256. In one embodiment, tubular
member 280 has four permanent magnets 282 attached to an inner surface
thereof. The magnets 282 extend along the length of the tubular member 280.
The tubular member 280 is made of a magnetically conductive material to
provide a closed loop path fey the magnetic fields generated by magnets
282. The magnetic device 236 is configured such that the ions produced
within the chamber 232 are confined within a central region of the chamber)
away from the internal wall of the chamber. In one such embodiment, magnets
282 oppose one another with the generation chamber 232 located between the
magnets 282. The magnets create a magnetic field of between 200 and 4000
Gauss, typically about 



0 6 SEP 2002 2000 Gauss. The magnetic field created by the magnets may
adjusted to meet the performance requirements of a particular application.
Turning now to Figure 10, a partial cross-sectional top view of plasma
generator 212 is shown. A gas inlet assembly 241 is provided for directing
and disbursing a gas into the inlet section 350 of chamber 232. The gas
inlet assembly 241 includes a gas inlet adapter 220 and a sleeve 222. As
shown in Figure 11, inlet adapter 220 includes a flange section 230, a
protruding cylindrical portion 231 and a gas inlet 242 that is connectable
to a gas source (not shown}. A plurality of distribution holes 226 are
provided within the gas inlet passage to distribute a gas around the
periphery of cylindrical portion 231. Pursuant to one embodiment of the
invention, the inlet adapter has an inlet diameter of 0.188 inches and
contains four distribution holes 226, each of the holes having a diameter
of 0.098 inches. A recess 228 along the periphery of cylindrical portion
231 produces an annular gap between the inlet adapter 220 and sleeve 222
when the components are assembled within the plasma generator 212. The
annular gap has a thickness of about 0.065 inches. By introducing the gas
into the chamber 232 through the annular gap) the gas is more evenly
distributed into the inlet section 350 of the chamber. The gas inlet
assembly configuration also prohibits the cool gas from entering the
chamber 232 and impinge directly on the internal wall of the chamber 232,
thereby minimizing thermal stresses in the chamber wall. The use of a thin
profile annular passage for directing a gas into the chamber also reduces
the likelihood that an ion will be introduced into the passage. The
introduction of ions into the inlet passage could cause sputtering to occur
within the passage, thus resulting in the generation of unwanted
particles/contaminates. 18   0 6 SEP 2002 It is important to control the
temperature of the various plasma generator components to within certain
prescribed limits. For example, it is important to control the temperature
of the magnets 282 since the magnets will begin to demagnetize when they
reach a certain threshold temperature. O-rings in the system must also be
maintained below a certain temperature, otherwise the o-ring coating (e.g.,
Teflon) will melt. In addition, some form of temperature control is
necessary to maintain temperature gradients within the sapphire chamber 232
to within acceptable limits. In accordance with one embodiment of the
present invention, a cooling jacket or casing 276 is provided around
generation chamber 232. The casing 276 is sized such that a cooling medium
channel 278 is disposed between the inner wall of casing 276 and the
external wail of chamber 232. A cooling medium inlet connection 272 is
provided at one end of the generation chamber, while a cooling medium
outlet connection 274 is provided at the opposing end of the chamber.
Cooling of the chamber 232 is achieved by directing a cooling medium into
connector 272, through cooling channel 278, and out connection 274. The
cooling medium preferably comprises compressed air, but may include other
types of cooling mediums. Compressed air is a preferred cooling medium
since it easily accommodates the attachment of a conventional leak
detection device at the outlet connection 274. Additionally) if a leak
exists within chamber 232, the introduction of air into the system will not
cause damage to the plasma generator or the semiconductor processing
chamber. The plasma generator 212, as depicted in Figures 8 through 10, is
configured to accommodate compressed air as the cooling medium. 19 



0 6 SEP 2002 Compressed air causes a high density of air molecules to flow
through cooling channel 278 and also induces turbulent flow through cooling
channel. Each of these factors contribute to enhancing the efficiency of
the cooling system. Connections 272 and 274 are coupled to channel 278
through an inlet manifold 280 and an outlet manifold 282, respectively. In
one embodiment, the air flow channel 278 has a thickness of approximately
0.04 inches and a length of approximately 10 inches. Figure 12 is an
enlarged view of inlet manifold 280. Outlet manifold 282 typically has the
same configuration as the inlet manifold 280 to ensure that the air flow is
even throughout the length of the cooling channel 278. The inlet and outlet
manifolds 280 and 282 are placed near the plasma generator o-rings 320
through 325 to provide cooling to the o-rings. Inlet manifold 280 includes
an inlet port 290 in which the air inlet tubing 291 is attached. The inlet
port 290 is coupled to an annular distribution ring 294 that contains a
plurality of spaced apart apertures 296. Compressed air enters the inlet
port 290 of manifold 280 and is evenly distributed into the cooling channel
278 through the apertures 296 in the distribution ring 294. In one
embodiment, inlet tubing 291 comprises 1 /4 inch tubing having an inside
diameter of 0.219 inches with the distribution ring 294 containing eight
apertures 296) each aperture having a diameter of 0.109 inches. The
combined area of apertures 296 is significantly greater than the inside
area of tubing 291. This ensures that the air flow is not restricted after
it has been introduced into the inlet connection 272. The expanding flow
volume within inlet manifold 280 also creates a cooling effect due to the
expansion of the compressed air flowing into the inlet manifold. In order
to induce a cooling of the 20   o s sEP 2002 compressed area, it is
desirable to provide a relatively large volume expansion ratio between the
cooling medium inlet tubing 291 and the inlet manifold 280. For example, in
one embodiment, the volume expansion ratio within the inlet manifold is
approximately 1/10. It is important to note that the present invention is
not limited by the manner in which the plasma generator is cooled. For
instance, in lieu of using compressed air as the cooling medium, an inert
gas, or other cooling medium, such as deionized water may be used. Other
forms of cooling, such as water coils, may be used in lieu of the cooling
jacket described above. Note also that the water and air connections 268,
270, 272 and 274 are located external to the plasma generator housing 230.
Therefore, any leakage at these connections will not result in the
discharge of air or water into the interior of the housing. An ionization
detection assembly 310 is attached to the outside of housing 230 by a
bracket 311. An opening 312 in housing 230 is provided for accommodating a
connector that couples assembly 310 to an ionization detector 314. The
split configuration of coil 256 permits the ionization detector 314 to be
placed at the middle section 352 of chamber 232 where the majority of the
ionization occurs, thus providing an accurate indication of the ionization
process. The foregoing description has been directed primarily at a system
which includes a semiconductor processing chamber which is made of
aluminum, and which is cleaned with a reactive fluorine ion plasma. Other
semiconductor processing chambers may exist or may in the future be
designed which axe made of materials which are attacked by fluorine ions.
21  



0 6 SEP 2002 Other reactive ion plasmas would thus be utilized in order to
clean these other semiconductor processing chambers. Quartz is an example
of a material which is attacked by fluorine ions. A chlorine containing
gas, such as C12, may, for example, be utilized for a semiconductor
processing chamber which is made of quartz. ClZ dissociates into Cl- ions
which would be suitable for purposes of cleaning a quartz containing
semiconductor processing chamber. Cl' is also aluminum and stainless steel
"friendly" so that the processing chamber may be made partially of quartz
and partially of stainless steel or aluminum. Although the foregoing
description has been directed primarily at cleaning of a semiconductor
processing chamber, it should be understood that other equipment, such as
interconnecting pipes, may also be cleaned in a similar manner. 22   CLAIMS
What is claimed is: 1. An apparatus comprising: 0 B SEP 2002 a chamber
having an inlet opening at a first end, an outlet opening at a second end,
an internal surface and an external surface; an electrically conductive
coil disposed around at least a portion of the external surface of the
chamber connectable to an alternating current source; and a magnet means
creating a magnetic field confining the ions to an area within the chamber,
the area being away from the internal wall. 2. The apparatus of claim 1
wherein the coil emanates a frequency which dissociates a gas, when
contained within the chamber, into reactive ions. 3. The apparatus of claim
2 wherein the frequency is within the radio frequency range. 4. The
apparatus of claim 1 wherein the generation chamber is tubular. 5. The
apparatus of claim 1 wherein the coil includes a fluid passage passing
through at least a portion of the length thereof. 23   



0 B SEP 20p2 6. The apparatus of claim 1 wherein the magnet means includes
a first set of magnets on opposite sides of the area and a second set of
magnets on opposite sides of the area. 7. The apparatus of claim 6 wherein
the first set of magnets and the second set of magnets have opposite
polarity. 8. The apparatus of claim 1 wherein the magnet means is located
externally of the generation chamber. 9. The apparatus of claim 1 wherein
the coil generates a vibration within the chamber within the radio
frequency range. 10. The apparatus of claim 1 further comprising means for
directing a cooling medium across the external surface of the chamber. 11.
The apparatus of claim 1 wherein the directing means includes a casing
surrounding at least a portion of the external surface of the chamber, the
casing and external wall of the chamber producing a flow channel. 12. The
apparatus of claim 10 wherein the cooling medium comprises compressed air.
24   0 6 SEP 2002 13. The apparatus of claim 1 further comprising a
semiconductor processing chamber and a conduit providing a passage between
the outlet opening and the semiconductor processing chamber; 14. An
apparatus comprising: a chamber having an internal surface and an external
surface; an inlet into the chamber; means for dissociating a gas, when
contained within the chamber, into reactive ions; magnet means creating a
magnetic field confining the ions to an area within the chamber; 



a semiconductor processing chamber; and a conduit allowing the flow of ions
from the chamber to the semiconductor processing chamber. 15. The apparatus
of claim 14 wherein the magnet means confines the ions to an area away from
the internal wall of the chamber. 16. The apparatus of claim 14 wherein the
generation chamber is tubular. 17. The apparatus of claim 14 wherein the
dissociation means includes a member emanating a frequency which
dissociates the gas into reactive ions. 18. The apparatus of claim 17
wherein the frequency is within the radio frequency range. 25   0 6 SEP
2ar1 19. The apparatus of claim 17 wherein the member is located externally
of the generation chamber. 20. The apparatus of claim 17 wherein the member
spirals around the generation chamber. 21. The apparatus of claim 17
wherein the member is an elongate member with a fluid passage passing
through the length thereof. 22. The apparatus of claim 14 wherein the
magnet means includes at least a first set of magnets on opposite sides of
the area and a second set of magnets on opposite sides of the area. 23. The
apparatus of claim 22 wherein the first set of magnets and the second set
of magnets have opposite polarity. 24. The apparatus of claim 14 wherein
the magnet means is located externally of the generation chamber. 25. The
apparatus of claim 14 further comprising means for directing a cooling
medium across the external surface of the chamber. 26   



0 6 SEP 2002 26. The apparatus of claim 24 wherein the directing means
includes a casing surrounding at least a portion of the external surface of
the chamber, the casing and external wall of the chamber producing a flow
channel. 27. An apparatus comprising: a generation chamber having an
internal wall; means for dissociating a gas, when contained within the
chamber, into reactive ions; and magnet means creating a magnetic field
confining the ions to an area within the chamber. 28. The apparatus of
claim 27 wherein the magnet means includes at least a first set of magnets
on opposite sides of the area and a second set of magnets on opposite sides
of the area. 29. The apparatus of claim 28 wherein the first set of magnets
and the second set of magnets have opposite polarity. 30. The apparatus of
claim 27 wherein the magnet means is located externally of the generation
chamber. 31. The apparatus of claim 27 wherein the dissociation means
includes a member emanating a frequency which dissociates the gas into
reactive ions. 27   0 B SEP 2002 32. The apparatus of claim 31 wherein the
frequency is within the radio frequency range. 33. The apparatus of claim
27 wherein the member is located externally of the generation chamber. 



34. The apparatus of claim 33 wherein the member spirals around the
generation chamber. 35. The apparatus of claim 27 wherein the dissociation
means includes an electrically conductive coil disposed around at least a
portion of the chamber, the coil producing an electric field and magnetic
field when connected to an alternating current source. 36. The apparatus of
claim 35 wherein the coil includes a fluid passage through at least a
portion of the length of the coil. 37. The apparatus of claim 27 wherein
the chamber includes an inlet opening at a first end, an outlet opening at
a second end, and a central portion located between the first and second
ends, the dissociation means including a first electrically conductive coil
disposed between the central portion and the first end of the chamber and a
second electrically conductive coil disposed between the central portion
and the second end of the chamber, each of the first and second coils
producing an electric field and magnetic field when connected to an
alternating current source. 28   0 6 SEP 2002 38. The apparatus of claim 37
wherein each of the first and second coils includes a fluid passage through
at least a portion of the length of the coil. 39. The apparatus of claim 27
wherein the magnet means is configured to confine the reactive ions to an
area away from the internal wall of the chamber. 40. A method of cleaning a
semiconductor processing chamber, comprising the steps of: dissociating a
gas into reactive ions; magnetically confining the ions; and introducing
the ions into the semiconductor processing chamber. 41. The method of claim
40 wherein the gas is dissociated by a frequency within the radio frequency
range. 42. The method of claim 40 wherein the gas is dissociated within a
generation chamber which is made of a material which is resistant to the
ions. 43. The method of claim 42 wherein the ions include fluorine. 



44. The method of claim 43 wherein the generation chamber is made out of
sapphire. 29   0 6 SEP 2~2 45. The method of claim 40 wherein the ions
include fluorine. 46. The method of claim 40 wherein the ions are
introduced into the semiconductor processing chamber at two or more
different locations. 47. The method of claim 40 wherein the ions are
sprayed into the semiconductor processing chamber. 48. A method of cleaning
a semiconductor processing chamber, comprising the steps of: introducing a
gas into a generation chamber; means for dissociating the gas into reactive
ions; magnetically confining the ions to an area within the generation
chamber; and introducing the ions to the semiconductor processing chamber.
49. The method of claim 48 wherein the gas is dissociated at a frequency
within the radio frequency range. 50. A method of generating a plasma,
comprising the steps of: dissociating a gas into reactive ions; and
magnetically confining the ions. 30   0 8 SEP 200'2 51. The method of claim
50 wherein the ions are magnetically confined while they are being formed.
52. The method of claim 50 wherein the gas is dissociated and the ions are
magnetically confined while the gas flows into a chamber and while the ions
are flowing out of the chamber. 
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