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Toroidal Plasma Channel with Varying Cross-Section 

Areas Along the Channel 

FIELD OF THE INVENTION 

[0001] 	This invention relates generally to toroidal plasma devices and more 

particularly to toroidal plasma devices with channels that can have varying sizes to adjust to 

different plasma sizes. 

BACKGROUND 

[0002] 	Plasma discharges can be used to excite gases to produce activated gases 

containing ions, free radicals, atoms and molecules. Activated gases are used for numerous 

industrial and scientific applications including processing solid materials such as 

semiconductor wafers, powders, and other gases. The parameters of the plasma and the 

conditions of the exposure of the plasma to the material being processed vary widely 

depending on the application. 

[0003] 	Plasmas can be generated in various ways including DC discharge, radio 

frequency (RF) discharge, and microwave discharge. DC discharges are achieved by 

applying a potential between two electrodes in a gas. RF discharges are achieved either by 

electrostatically or inductively coupling energy from a power supply into a plasma. Parallel 

plates are typically used for electrostatically coupling energy into a plasma. Induction coils 

are typically used for inducing current into the plasma. Microwave discharges are achieved 

by directly coupling microwave energy through a microwave-passing window into a 

discharge chamber containing a gas. Microwave discharges are advantageous because they 

can be used to support a wide range of discharge conditions, including highly ionized 

electron cyclotron resonant (ECR) plasmas. RF discharges and DC discharges inherently 

produce high energy ions and, therefore, are often used to generate plasma for applications 

where the material being processed is in direct contact with the plasma. Microwave 

discharges produce dense, low ion energy plasmas and, therefore, are often used to produce 

streams of activated gas for "downstream" processing. Microwave discharges are also useful 

for applications where it is desirable to generate ions at low energy and then accelerate the 

ions to the process surface with an applied potential. 

[0004] 	A toroidal plasma device generates plasma in an inductive discharge in which 

the plasma current circulates in a toroidal plasma channel. By eliminating electrostatic 
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coupling, the plasma current in a toroidal plasma device does not terminate at electrodes or 

chamber walls. This significantly reduces ion energies and surface erosion as compared to 

capacitively coupled discharges. In existing toroidal plasma devices, a toroidal plasma 

chamber typically has plasma channels with nearly-uniform cross-sectional areas. Gas 

injection can be a means for adjusting gas flow pattern and gas-plasma interactions within the 

plasma channels. However, performance of the plasma device remains limited by the 

chamber's design. 

[0005] 	In a toroidal plasma channel, the gas temperature, composition, ionization rate 

and plasma impedance are not constant along the dimensions of the channel. As gases flow 

along the plasma-filled channel, they are heated and dissociated by the plasma. In existing 

toroidal plasma channel designs with a nearly uniform cross-section area, these changes in 

gas or plasma conditions create undesirable or uncontrolled gas flow patterns and plasma 

profiles. The control of gas flow pattern by swirling injector, while effective near the inlet 

where the injector is located, weakens as gases flow further down along a plasma channel. 

As a result, the plasma device is not optimized in the entire plasma channel. More power is 

used to achieve required gas dissociation because of insufficient gas-plasma interaction and 

excessive plasma-surface interaction. Erosion in a plasma channel is also high, especially in 

areas where plasma is pushed to chamber walls or near the exit where the temperature and the 

density of dissociated atomic species are high. The erosion location in the plasma channel is 

also difficult to predict as it depends on the power, flow, pressure and species. As a result, 

toroidal plasma devices have a limited lifetime. 

SUMMARY OF THE INVENTION 

[0006] 	In one aspect, the invention features a toroidal plasma channel with varying 

cross-section areas along the channel to optimize gas flow and gas-plasma interactions. The 

plasma channel can also eliminate a sharp drop in dissociation rate at some particular flow 

rates, which occurred in previous toroidal plasma channel designs. In addition, plasma flow 

and gas-plasma interactions can be optimized by utilizing channel designs that are 

customized for a particular application or use. Further, this plasma channel design can reduce 

surface erosions by centering the plasma in the channel and controlling its profile, thereby 

extending the useful lifetime of the plasma chamber. 

[0007] 	In one aspect, there is an assembly for adjusting gas flow patterns and gas-

plasma interactions that includes a toroidal plasma chamber and a gas injector. The toroidal 
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plasma chamber includes an injection member, an output member, a first side member and a 

second side member. The first and second side members are connected to the injection 

member and output member. The first side member has a first inner cross-sectional area in at 

least a portion of the first side member and a second inner cross-sectional area in at least 

another portion of the first side member, such that the first inner cross-sectional area and the 

second inner-cross-sectional area are different. The second side member has a third inner 

cross-sectional area in at least a portion of the second side member and a fourth inner cross-

sectional area in at least another portion of the second side member, such that the third inner 

cross-sectional area and the fourth inner-cross-sectional area are different. The gas injector 

can inject gas into the toroidal plasma chamber and cause a flow of gas for the formation of 

plasma within the toroidal plasma chamber. 

[0008] 	In another aspect, there is an assembly for adjusting gas flow patterns and gas- 

plasma interactions that includes a toroidal plasma chamber. The toroidal plasma chamber 

includes an injection member, an output member, a first side member and a second side 

member. The first and second side members connect the injection member and output 

member. The first side member has an inner cross-sectional area that is different from the 

inner cross-sectional area of the second side member. A gas injector is used to inject gas into 

the toroidal plasma chamber, so that the injection of gas causes a flow of gas for the 

formation of plasma within the toroidal plasma chamber. 

[0009] 	In yet another aspect, there is a kit for constructing a toroidal plasma chamber 

including an injection member capable of receiving and delivering a gas and an output 

member capable of allowing disassociated gas to flow out of the toroidal plasma chamber. A 

first side member and a second side member are capable of allowing gas and plasma to flow 

through a first inner cross-sectional area in at least a first portion and a second inner cross-

sectional area in at least a second portion, respectively. The kit also includes a first inner 

cross-sectional area that is smaller than an inner cross-sectional area of a connecting portion 

of either the injection member or the output member, and a second inner cross-sectional area 

that is smaller than an inner cross-sectional area of a connecting portion of either the injection 

member or the output member. Water cooled connectors create a vacuum seal to prevent 

leakage of gas and plasma, and an electric break. 

[0010] 	In yet another aspect, there is a method for adjusting gas flow patterns and 

gas-plasma interactions, including inserting a first side member into a toroidal plasma 

chamber that has a first inner cross-sectional area based on a first predetermined size of a 

plasma and inserting a second side member into a toroidal plasma chamber that has a second 
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inner cross-sectional area based on a second predetermined size of a plasma. The method 

also includes injecting a gas into the toroidal plasma chamber, causing a flow of gas within 

the toroidal plasma chamber and generating plasma within the toroidal plasma chamber such 

that plasma flows through an opening of the first side member and through an opening of the 

second side member. 

[0011] 	In yet another aspect, there is a method for replacing a side member of a 

toroidal plasma chamber, including removing a first connector connecting a first side member 

and an injection member, removing a second connector connecting the first side member and 

an output member, removing the first side member from the toroidal plasma chamber, and 

installing a second side member into the toroidal plasma chamber, the second side member 

being a replacement of the first side member. The method can also include installing the first 

connector to connect the second side member and the injection member and installing the 

second connector to connect the second side member and the output member. 

[0012] 	Each aspect described above can include one or more of the following 

features. In embodiments, the first and second side members come in various shapes and 

configurations to enhance performance of the assembly, kits, or methods. For example, in an 

embodiment, the first inner cross-sectional area (e.g., a section of the first side member) and 

the third inner cross-sectional area (e.g., a section of the second side member) can be the 

same. In various embodiments, the first side member and the second side member have a 

complementary shape. In some embodiments, the first side member and the second side 

member can be parallel. In embodiments, an inner cross-sectional area along the first side 

member and an inner cross-sectional area along the second side member can be connected in 

a smooth contour for continuous fluid flow. 

[0013] 	In some embodiments, the first and second side members have cross-sectional 

areas that can vary in size. The first inner cross-sectional area and the third inner cross-

sectional area can be in the range of 2 to 50 cm2. The second inner cross-sectional area and 

the fourth inner cross-sectional area can be in the range of 3 to 80 cm2. The first inner cross-

sectional area and the third inner cross-sectional area can be downstream of the second inner 

cross-sectional area and the fourth inner cross-sectional area, respectively, along the toroidal 

plasma chamber. 

[0014] 	In various embodiments, the first and second side members are removable. 

Both the first side member and the second side member can be connected to the injection 

member and the output member with connectors that create a vacuum seal to prevent leakage 

of gas and plasma and an electric break. In some embodiments, the connectors can be fluid 
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cooled. The first side member and the second side member can be removable. The size of 

the first and the second side members can substantially match the size of plasma that is 

flowing through the toroidal plasma chamber. 

[0015] 	The above aspects of invention have numerous advantages over the 

conventional state. For example, the invention can control gas flow and plasma profile. The 

invention can also increase dissociation rate of reactive gases and reduce toroidal plasma 

channel erosion. This can possibly extend product life while increasing power efficiency and 

improving plasma stability. The invention can also lower manufacturing costs and improve 

serviceability. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0016] 	The advantages of the invention described above, together with further 

advantages, may be better understood by referring to the following description taken in 

conjunction with the accompanying drawings. The drawings are not necessarily to scale, 

emphasis instead generally being placed upon illustrating the principles of the invention. 

[0017] 	FIG. 1 is a prior art image of a toroidal plasma chamber. 

[0018] 	FIG. 2 is an image of a toroidal plasma chamber with side channels having 

smaller diameters, according to an illustrative embodiment of the invention. 

[0019] 	FIG. 3A is an image of a toroidal plasma chamber with side channels each 

having two cross-sectional diameters, according to an illustrative embodiment of the 

invention. 

[0020] 	FIG. 3B is an image of a toroidal plasma chamber with side channels having 

different inner cross-sectional areas than each other, according to an illustrative embodiment 

of the invention. 

[0021] 	FIG. 4A is an image of a toroidal plasma chamber with an output member 

having a larger diameter than any other member's diameter, according to an illustrative 

embodiment of the invention. 

[0022] 	FIG. 4B is an image of a toroidal plasma chamber with an injection member 

having a larger diameter than any other member's diameter, according to an illustrative 

embodiment of the invention. 

[0023] 	FIG. 4C is an image of an elliptical toroidal plasma chamber, according to an 

illustrative embodiment of the invention. 
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[0024] 	FIG. 4D is an image of an elliptical toroidal plasma chamber with output and 

injection members having a larger diameter than both of the side members, according to an 

illustrative embodiment of the invention. 

[0025] 	FIG. 4E is an image of a toroidal plasma chamber with bowtie-shaped side 

channels, according to an illustrative embodiment of the invention. 

[0026] 	FIG. 4F is an image of a toroidal plasma chamber with side channels having 

different sized diameters, according to an illustrative embodiment of the invention. 

[0027] 	FIG. 5 is an image of toroidal plasma chamber with a detailed image of a 

connector, according to an illustrative embodiment of the invention. 

[0028] 	FIG. 6 is an image of the water-cooling apparatus for a toroidal plasma 

chamber, according to an illustrative embodiment of the invention. 

DETAILED DESCRIPTION 

[0029] 	The present invention provides assemblies, kits, and methods for using 

toroidal plasma devices to adjust gas flow patterns and gas-plasma interactions. In general, 

toroidal plasma devices have a toroidal plasma chamber. 

[0030] 	FIG. 1 shows a prior art embodiment of a toroidal plasma chamber 101. The 

toroidal plasma chamber 101 has a first side member 105 and a second side member 109. 

The toroidal plasma chamber 101 also has an injection member 113 and an output member 

117. The injection member 113 is a point of entry where gas is introduced into the toroidal 

plasma chamber 101. The output member 117 is a point of exit where gas is permitted to exit 

the toroidal plasma chamber 101. A flow of gas will pass through both the first side member 

105 and the second side member 109, encircling a channel inside the toroidal plasma 

chamber 101. 

[0031] 	In existing toroidal plasma devices, the plasma channels have nearly-uniform 

cross-section areas. The first side member 105 has a substantially uniform cross-sectional 

area along its entire length. The second side member 109 also has a substantially uniform 

cross-sectional area along its entire length. The first side member 105 and the second side 

member 109 can have substantially the same-sized uniform cross-sectional area. In some 

embodiments, the first side member 105 and the second side member 109 are identical. 

Additionally, a point of connection between the first side member 105 and the injection 

member 113 and a point of connection between the first side member 105 and the output 

member 117 can have the same cross-sectional area. A point of connection between the 
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second side member 109 and the injection member 113 and a point of connection between the 

second side member 109 and the output member 117 can have the same cross-sectional area. 

Gas injection can be used for adjusting gas flow pattern and gas-plasma interactions; 

however, this method restricts performance of the plasma device. 

[0032] 	FIG. 2 shows a toroidal plasma chamber with side channels having smaller 

diameters than the diameter of all other parts of the toroidal plasma chamber. The toroidal 

plasma chamber 201 has a first side member 205 and a second side member 209. A portion 

of the first side member 205 has a cross-sectional area that is smaller than another portion of 

the first side member 205 (e.g., the top and bottom portions of the first side member 205 have 

a larger diameter than the middle portion). A portion of the second side member 209 has a 

cross-sectional area that is smaller than another portion of the second side member 209 (e.g., 

the top and bottom portions of the second side member 209 have a larger diameter than the 

middle portion). The toroidal plasma chamber 201 also has an injection member 213 and an 

output member 217. 

[0033] 	The plasma channel design can have non-uniform cross-sectional areas and/or 

shapes along a plasma channel to better accommodate changing gas flow and plasma 

conditions. For example, as shown in FIG. 2, the middle sections of segmented plasma 

channel (e.g., the first side member 205 or the second side member 209), where most gas-

plasma interactions occur, can be made smaller than the inlet and exit sections. In some 

embodiments, the diameters of the middle plasma channel sections can be, for example, 

reduced from 1.25" to about 1", while the inlet and outlet sections can remain at 1.25". The 

inlet section (e.g., the injection member 213) can control the gas flow pattern while the exit 

section (e.g., the output member 217) can allow activated gases to flow out of the plasma 

channel smoothly. The inner contour of the reduced middle sections can be contoured to 

ensure smooth transition from a large diameter area to avoid erosion of the plasma channel 

surface. In some embodiments, a coating can be applied to the plasma channel to further 

avoid erosion. 

[0034] 	As a result of customizing the internal areas of the plasma channel, 

improvements in gas dissociation can be made, even at low pressures where gas interactions 

are less frequent. That is, a smaller (or tailored) cross-sectional area in the middle sections 

can provide a higher probability for the gas to react with plasma. A coating on the plasma 

channels can be used in various embodiments, including, for example, embodiments in which 

the material forming portions of the toroidal plasma chamber is reactive with the plasma. 
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the top and bottom portions of the second side member 209 have a larger diameter than the 

middle portion). The toroidal plasma chamber 201 also has an injection member 213 and an 

output member 217. 
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embodiments, the diameters of the middle plasma channel sections can be, for example, 

reduced from 1.25" to about 1", while the inlet and outlet sections can remain at 1.25". The 
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The diameter of the plasma channel can take into account a thickness of the coating. That is, 

a dielectric or other material which does not interact with the plasma can be provided on the 

chamber wall. For example, in some embodiments, the plasma channel is made of metal such 

as aluminum, and the inner surface (e.g., area) is coated with a layer of aluminum oxide, 

silicon oxide, aluminum nitride, yttrium oxide, yttrium-aluminum oxide, or other dielectric 

materials. In other embodiments, the plasma channel can also be made of a dielectric such as 

quartz. The surface of the quartz toroidal plasma chamber can be bare or can include a 

coating material, such as aluminum oxide, aluminum nitride, yttrium oxide, or yttrium-

aluminum oxide. 

[0035] 	Optimization of the plasma channel can improve the toroidal plasma 

chamber's performance. By optimizing the plasma channel, the plasma profile can be 

controlled and plasma can be centered. Having a diameter (or cross-sectional dimension for a 

non-circular cross-section) of the toroidal plasma chamber being slightly larger than the 

diameter of the plasma can be optimal for the toroidal plasma chamber (e.g., minimize wear 

on the toroidal plasma chamber). Optimization can also potentially increase the lifetime of 

the parts of the toroidal plasma chamber. Additionally, certain parts can be designed to be 

sacrificial. The toroidal plasma chamber can be designed so that certain parts or areas will be 

more likely to be affected by erosion. Having sacrificial parts can reduce costs since only 

those parts have to be replaced (as opposed to the entire toroidal plasma chamber). In some 

embodiments, the side channels are designed to be sacrificial. 

[0036] 	FIG. 3A shows a toroidal plasma chamber 301 with side channels each having 

different two cross-sectional diameters. The first side member 305 and the second side 

member 309 have two cross-sectional areas each. The first side member 305 has a first inner 

cross-sectional area 313 and a second inner cross-sectional area 317. The second side 

member 309 has a third inner cross-sectional area 321 and a fourth inner cross-sectional area 

325. The toroidal plasma chamber 301 also has an injection member 329 and an output 

member 333. 

[0037] 	In some embodiments, the first inner cross-sectional area 313 and the third 

inner cross-sectional area 321 can be in the range of 2 to 50 cm2. The second inner cross-

sectional area 317 and the fourth inner cross-sectional area 325 can be in the range of 3 to 80 

cm2. The inner cross-sectional areas can be connected in a smooth contour for continuous 

fluid flow. 
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[0038] 	A plasma channel with varying cross-section areas along the channel can be 

used to optimize gas flow and gas-plasma interactions. The gas dissociation rate can increase 

at some threshold power levels. When a higher power is used, a dissociation rate can be at or 

near saturation. In some embodiments, 2 to 30 kW of power is used with the toroidal plasma 

device. Higher power can also eliminate drops in dissociation rate at some particular flow 

rates. The toroidal plasma device can apply pressure of 0.1 to 50 ton at a flow rate of 1-100 

liters per minute. The plasma channel designs in accordance with the present invention can, 

in some embodiments, force the flow of plasma to travel substantially down the center of the 

channel. Controlling the flow of plasma can prevent plasma from touching the sides of the 

channel, thereby reducing or eliminating serious erosions that can occur when plasma does 

come into contact with the sides of a channel. That is, in some embodiments the side 

members can be removed and replaced with side members having different cross-sectional 

dimensions in order to increase the lifetime of the plasma chamber and/or to accommodate a 

desired plasma flow pattern. In other embodiments, the side members can be removed and 

replaced as needed with identical side members. 

[0039] 	FIG. 3B shows a toroidal plasma chamber 351 with a first side member 355 

having a different inner cross-sectional area than that of a second side member 359. Two 

inlet gases or mixtures of gases are flowed into a plasma channel through gas inlets 363 and 

367, which is part of an injection member 371, and are located adjacent to the first side 

member 355 and the second side member 359, respectively. After being excited in the first 

and second side members of the plasma channel, the gases mix in an output member 375 and 

subsequently flow out of the plasma chamber 351. The inner cross-sectional areas of the first 

and second side members 355 and 359 can be selected based on the properties of the gases 

(flow rate and chemical properties) and the plasmas (e.g. resistivity, electron life time, plasma 

diffusion length). This can allow optimization of energy efficiency and/or control of gas 

chemistries. 

[0040] 	The size of plasma can vary not only from configuration (e.g., flow rate, 

temperature, pressure, etc), but also from within the toroidal plasma device. To 

accommodate for various sizes of plasma, a toroidal plasma chamber can be configured in 

many shapes and sizes. FIG 4. shows a number of various configurations for the toroidal 

plasma chamber. The various parts of a toroidal plasma chamber can come in any shape or 

size to accommodate a desired plasma flow pattern. The manner in which a toroidal plasma 

channel can be configured is not limited to the exemplary figures shown in FIG 4. In some 

embodiments, the side members can have complimentary shapes (e.g., side members A and B 
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as shown in FIGS. 4C and 4D). In other embodiments, the side members can be parallel 

(e.g., side members A and B as shown in FIGS. 4A, 4B, 4E, and 4F). In addition, parts of the 

toroidal plasma chamber can be replaceable and interchangeable. In embodiments, an 

injection member or an output member can be the parts of a toroidal plasma channel that 

varies in size and/or shape (e.g., as shown in FIGS. 4A and 4B). In other embodiments, an 

injection member or an output member may be part of the same member as a first side 

member or a second side member (e.g., as shown FIG. 4F). In various embodiments, a 

toroidal plasma chamber may have more than four parts or less than four parts (e.g., parts are 

not limited to just an injection member, an output member, a first side member, and a second 

side member). The shape of the chamber can be selected for use in a particular application to 

accommodate the plasma flow such that plasma chamber interactions are either minimized or 

located at chamber parts which can be easily replaced. 

[0041] 	FIG. 4A shows an exemplary toroidal plasma chamber with an output member 

having a larger diameter than any other member's diameter. FIG. 4B shows an exemplary 

toroidal plasma chamber with an injection member having a larger diameter than any other 

member's diameter. FIG. 4C shows an exemplary elliptical toroidal plasma chamber. FIG. 

4D shows another exemplary elliptical toroidal plasma chamber with output and injection 

members having a larger diameter than both of the side members. FIG. 4E shows an 

exemplary toroidal plasma chamber with bowtie-shaped side channels. FIG. 4F shows an 

exemplary toroidal plasma chamber with side channels having different sized diameters. 

FIG. 4F also shows an exemplary toroidal plasma chamber with a first side member that 

includes an injection member and a second side member that includes an output member. 

[0042] 	FIG. 5 shows a toroidal plasma chamber with an expanded image of a 

connector 501. The connector 501 joins an injection member 505 and a first side member 

509. In FIG. 5, there are four connectors (e.g., one located at each of W, X, Y, and Z). 

[0043] 	In some embodiments, the connector 501 can create a vacuum seal to prevent 

leakage of gas and plasma. The connector 501 can also create a voltage or electric break for 

the toroidal plasma device. For example, in some embodiments, the connector 501 includes a 

dielectric spacer positioned therein to form an electric break. In the embodiment shown in 

Fig. 5, the electric break is a coating applied to inner, outer, and end surfaces of the connector 

501. In some embodiments, the electric break is a coating applied to one or more of the 

inner, outer and end surfaces of the connector. Exemplary coating materials include, but are 
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as shown in FIGS. 4C and 4D). In other embodiments, the side members can be parallel 

(e.g., side members A and B as shown in FIGS. 4A, 4B, 4E, and 4F). In addition, parts of the 

toroidal plasma chamber can be replaceable and interchangeable. In embodiments, an 

injection member or an output member can be the parts of a toroidal plasma channel that 

varies in size and/or shape (e.g., as shown in FIGS. 4A and 4B). In other embodiments, an 

injection member or an output member may be part of the same member as a first side 

member or a second side member (e.g., as shown FIG. 4F). In various embodiments, a 

toroidal plasma chamber may have more than four parts or less than four parts (e.g., parts are 

not limited to just an injection member, an output member, a first side member, and a second 

side member). The shape of the chamber can be selected for use in a particular application to 

accommodate the plasma flow such that plasma chamber interactions are either minimized or 

located at chamber parts which can be easily replaced. 

[0041] FIG. 4A shows an exemplary toroidal plasma chamber with an output member 

having a larger diameter than any other member's diameter. FIG. 4B shows an exemplary 

toroidal plasma chamber with an injection member having a larger diameter than any other 

member's diameter. FIG. 4C shows an exemplary elliptical toroidal plasma chamber. FIG. 

4D shows another exemplary elliptical toroidal plasma chamber with output and injection 

members having a larger diameter than both of the side members. FIG. 4E shows an 

exemplary toroidal plasma chamber with bowtie-shaped side channels. FIG. 4F shows an 

exemplary toroidal plasma chamber with side channels having different sized diameters. 

FIG. 4F also shows an exemplary toroidal plasma chamber with a first side member that 

includes an injection member and a second side member that includes an output member. 

[0042] FIG. 5 shows a toroidal plasma chamber with an expanded image of a 

connector 501. The connector 501 joins an injection member 505 and a first side member 

509. In FIG. 5, there are four connectors (e.g., one located at each of W, X, Y, and Z). 

[0043] In some embodiments, the connector 501 can create a vacuum seal to prevent 

leakage of gas and plasma. The connector 501 can also create a voltage or electric break for 

the toroidal plasma device. For example, in some embodiments, the connector 501 includes a 

dielectric spacer positioned therein to form an electric break. In the embodiment shown in 

Fig. 5, the electric break is a coating applied to inner, outer, and end surfaces of the connector 

501. In some embodiments, the electric break is a coating applied to one or more of the 

inner, outer and end surfaces of the connector. Exemplary coating materials include, but are 



WO 2013/074597 

	

	 PCT/US2012/064970 
11 

not limited to aluminum oxide, silicon oxide, aluminum nitride, yttrium oxide, and yttrium-

aluminum oxide. 

[0044] 	In embodiments in which the connector 501 includes a vacuum seal, the 

dielectric spacer can also provide mechanical support to an elasmer o-ring which forms the 

vacuum seal. In these embodiments, the electric break is an element or member that protects 

the o-ring from plasma and ultraviolet light radiated from the plasma. The connector 501 can 

also ensure a smooth connection between that various parts of the toroidal plasma chamber 

such that multiple parts of the toroidal plasma chamber can come together with little to no 

effect to the smoothness of the inner channel, allowing plasma flow through the toroidal 

plasma chamber without encountering substantial disruptions or discontinuities. 

[0045] 	In some embodiments, plasma chamber members are removable from the 

chamber. For example, the first side member 509 can be removed from the toroidal plasma 

chamber by disconnecting at connector 501 without destroying the chamber. As a result, 

connector 501, injection member 505, and/or the first side member 509 can be removed and 

replaced to increase the lifetime of the plasma device. For example, if the first side member 

509 becomes worn, the connector 501 can be freed and the first side member 509 can be 

disconnected from the injection member 505, so that the first side member 509 can be 

removed. A new side member can be interchanged with the worn one. Alternatively or in 

addition, if the connector 501 is worn, the connector can be interchanged with a new 

connector. The connector 501 can be reusable. The connector 501 can also be used with a 

number of different and interchangeable toroidal plasma chamber parts that can come in 

different shapes and sizes. 

[0046] 	In some embodiments, the connector 501 is formed of a number of segments. 

The connector 501 can be made up of joints that can be made up of a number of segments 

(e.g., 2, 3, 4 and 5). In some embodiments, the connector 501 may be 4-8 segments. An 

advantage of a connector formed of a number of parts is the ability to distribute the electric 

potential along a toroidal plasma channel, and to replace/interchange just a portion (or a 

segment) of the connector. Another advantage is to form the segments out of different 

materials based upon their function. This advantage may result in cost savings as the 

inclusion of expensive materials may be limited to areas of need only. 

[0047] 	In some embodiments, a coating may be applied to the entirety of the 

connector. A coating can be applied to the connector 501 to protect the connector as well as 

the parts of the toroidal plasma chamber that it is connecting. In certain embodiments, the 

coating is applied only to sacrificial parts. The coating can be made of materials such as 
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aluminum oxide, silicon oxide, aluminum nitride, yttrium oxide, or yttrium-aluminum oxide, 

depending on applications. 

[0048] 	In some embodiments, the connector 501 can also be water-cooled. FIG. 6 

shows a water-cooling apparatus 601 for a toroidal plasma chamber. The water-cooling 

apparatus 601 has four connector cooling areas 605 for cooling the connectors W, X, Y, and 

Z of FIG. 5. 

[0049] 	In some embodiments, the connector 501 can be any type of fitting, adapter, or 

coupling. In some embodiments, a connector 501 is not necessary and the first side member 

(e.g., first side member 305 as shown above in FIG. 3) or the second side member (e.g., 

second side member 309 as shown above in FIG. 3) can be attached to a toroidal plasma 

chamber without the need for a separate component. In some embodiments, a side member is 

threaded to allow the side member to be screwed to an injection member or an output 

member. A side member can also be crimped so that an injection member or an output 

member fits over the side member. Other forms of connection without the connector 501 

known to those of ordinary skill in the art can also be used. 

[0050] 	The water-cooling apparatus 601 can cool a toroidal plasma chamber through 

convectional cooling. Heat is generated within the toroidal plasma chamber as gas is 

dissociated. The water-cooling apparatus 601 can cool the toroidal plasma chamber by 

drawing away heat through water that flows through. The connectors of FIG. 5 can be fitted 

so that the water-cooling apparatus 601 has gaps that match the electric breaks in the 

connector. For example, in some embodiments, the connector cooling area 605a and 605c 

cools the connector from the side of the injection member while the connector cooling area 

605b and 605d cools the connector from the side of one of the side members. 

[0051] 	One skilled in the art will realize the invention may be embodied in other 

specific forms without departing from the spirit or essential characteristics thereof. The 

foregoing embodiments are therefore to be considered in all respects illustrative rather than 

limiting of the invention described herein. Scope of the invention is thus indicated by the 

appended claims, rather than by the foregoing description, and all changes that come within 

the meaning and range of equivalency of the claims are therefore intended to be embraced 

therein. 
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CLAIMS 

1. An assembly for adjusting gas flow patterns and gas-plasma interactions, the 

assembly comprising: 

a toroidal plasma chamber, wherein the toroidal plasma chamber comprises an 

injection member, an output member, a first side member and a second side member, the first 

and second side members connecting the injection member and output member, wherein: 

the first side member has a first inner cross-sectional area in at least a portion 

of the first side member and a second inner cross-sectional area in at least another 

portion of the first side member, the first inner cross-sectional area and the second 

inner-cross-sectional area being different, and 

the second side member has a third inner cross-sectional area in at least a 

portion of the second side member and a fourth inner cross-sectional area in at least 

another portion of the second side member, the third inner cross-sectional area and the 

fourth inner-cross-sectional area being different; and 

a gas injector for injecting gas into the toroidal plasma chamber through the injection 

member, the injection of gas causing a flow of gas for the formation of plasma within the 

toroidal plasma chamber. 

2. The assembly of claim 1, wherein the first inner cross-sectional area and the third 

inner cross-sectional area are the same. 

3. The assembly of claim 1, wherein the first side member and the second side member 

have a complementary shape. 

4. The assembly of claim 3, wherein the first side member and the second side member 

are parallel. 

5. The assembly of claim 1, wherein an inner cross-sectional area along the first side 

member and an inner cross-sectional area along the second side member are connected in a 

smooth contour for continuous fluid flow. 

6. The assembly of claim 1, wherein first inner cross-sectional area and the third inner 

cross-sectional area are in the range of 2 to 50 cm2. 
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7. The assembly of claim 1, wherein the second inner cross-sectional area and the fourth 

inner cross-sectional area are in the range of 3 to 80 cm2. 

8. The assembly of claim 1, wherein the first inner cross-sectional area and the third 

inner cross-sectional area are downstream of the second inner cross-sectional area and the 

fourth inner cross-sectional area, respectively, along the toroidal plasma chamber. 

9. The assembly of claim 1, wherein both the first side member and the second side 

member are connected to the injection member and the output member with connectors that 

create a vacuum seal to prevent leakage of gas and plasma and an electric break. 

10. The assembly of claim 9, wherein the connectors are fluid cooled. 

11. The assembly of claim 1, wherein the first side member and the second side member 

are removable. 

12. An assembly for adjusting gas flow patterns and gas-plasma interactions, the 

assembly comprising: 

a toroidal plasma chamber, wherein the toroidal plasma chamber comprises an 

injection member, an output member, a first side member and a second side member, the first 

and second side members connecting the injection member and output member, wherein: 

the first side member has an inner cross-sectional area that is different from 

the inner cross-sectional area of the second side member; and 

a gas injector for injecting gas into the toroidal plasma chamber through the injection 

member, the injection of gas causing a flow of gas for the formation of plasma within the 

toroidal plasma chamber. 

13. A kit for constructing a toroidal plasma chamber, the kit comprising: 

an injection member capable of receiving and delivering a gas; 

an output member capable of allowing disassociated gas to flow out of the toroidal 

plasma chamber; 

a first side member capable of allowing gas and plasma to flow through, the first side 

member having a first inner cross-sectional area in at least a first portion, the first inner cross- 
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sectional area smaller than an inner cross-sectional area of a connecting portion of either the 

injection member or the output member; 

a second side member capable of allowing gas and plasma to flow through, the second 

side member having a second inner cross-sectional area in at least a second portion, the 

second inner cross-sectional area smaller than an inner cross-sectional area of a connecting 

portion of either the injection member or the output member; and 

water cooled connectors, the water cooled connectors creating a vacuum seal to 

prevent leakage of gas and plasma, and an electric break. 

14. The kit of claim 13, wherein the first side member and the second side member are 

removable. 

15. A method for adjusting gas flow patterns and gas-plasma interactions, the method 

comprising: 

inserting a first side member into a toroidal plasma chamber having a first inner cross-

sectional area based on a first predetermined size of a plasma; 

inserting a second side member into a toroidal plasma chamber having a second inner 

cross-sectional area based on a second predetermined size of a plasma; 

injecting a gas into the toroidal plasma chamber through an injection member; 

causing a flow of gas within the toroidal plasma chamber; and 

generating plasma within the toroidal plasma chamber such that plasma flows through 

an opening of the first side member and through an opening of the second side member. 

16. The method of claim 15, wherein the first and the second predetermined plasma size 

substantially matches the size of plasma that is flowing through the toroidal plasma chamber. 

17. A method for replacing a side member of a toroidal plasma chamber, the method 

comprising: 

removing a first connector connecting a first side member and an injection member; 

removing a second connector connecting the first side member and an output member; 

removing the first side member from the toroidal plasma chamber; 

installing a second side member into the toroidal plasma chamber, the second side 

member being a replacement of the first side member; 
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installing the 

member; and 

installing the 

first connector to 

second connector 

connect the second side member and the injection 

to connect the second side member and the output 

member. 
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installing the first connector to connect the second side member and the injection 

member; and 

installing the second connector to connect the second side member and the output 

member. 


