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APPARATUS AND METHODS FOR A LOW 
INDUCTANCE PLASMA CHAMBER 

[0001] This application claims priority from US. Provi 
sional Patent Application Ser. No. 60/587,195, ?led Jul. 12, 
2004, and entitled “APPARATUS AND METHODS FOR A 
LOW INDUCTAN CE PLASMA CHAMBER AND/OR A 
FIXED IMPEDANCE TRANSFORMATION NETWORK 
FOR USE IN CONNECTION WITH THE SAME”, Which 
is hereby incorporated by reference herein in its entirety. 

FIELD OF THE INVENTION 

[0002] The present invention relates to electronic device 
manufacturing and, more particularly, to apparatus and 
methods for a loW inductance plasma chamber. 

BACKGROUND OF THE INVENTION 

[0003] Plasma chambers are typically used to process 
substrates such as semiconductor Wafers, glass plates, poly 
mer substrates, etc. A plasma chamber may contain con 
ducting elements Which, When energized by a radio fre 
quency (RF) signal, behave like inductors, such as coils or 
chokes, and/or like capacitors. These “effective” inductances 
and/or “effective” capacitances, When driven by an RF 
signal, generate reactance components in the electrical cir 
cuit de?ned by the plasma chamber and its components. 
These reactance components can substantially increase the 
electrical impedance associated With the plasma chamber 
and the amount of voltage needed to drive the same. As a 
result, plasma chambers can be inef?cient and can experi 
ence reliability problems. 

SUMMARY OF THE INVENTION 

[0004] In certain aspects of the invention, a plasma cham 
ber is provided that has (1) a chamber siZe of at least about 
1.8 by 2.0 meters; and (2) an effective inductance having an 
inductive reactance of not more than about 12-15 ohms. 

[0005] In certain aspects of the invention, a method is 
provided that includes providing a plasma chamber having 
(1) a chamber siZe of at least about 1.8 by 2.0 meters; and 
(2) an effective inductance having an inductive reactance of 
not more than about 12-15 ohms. The method also includes 
employing the plasma chamber to process substrates used 
for ?at panel displays. 

[0006] In certain aspects of the invention, a plasma cham 
ber is provided that includes (1) a ?rst chamber portion 
having an inner surface; (2) a second chamber portion 
coupled to the ?rst chamber portion so as to de?ne an inner 
chamber region; (3) a ?rst electrode positioned a ?rst 
distance from the ?rst chamber portion; (4) a second elec 
trode positioned betWeen the ?rst electrode and the second 
chamber portion so as to de?ne a plasma region betWeen the 
?rst and second electrodes; and (5) a conductive piece 
positioned betWeen the ?rst chamber portion and the ?rst 
electrode and coupled to the ?rst chamber portion so as to 
create a current path that reduces an effective inductance of 
the plasma chamber. 

[0007] In certain aspects of the invention, a plasma cham 
ber is provided that includes (1) a ?rst chamber portion 
having an inner surface; (2) a second chamber portion 
coupled to the ?rst chamber portion so as to de?ne an inner 
chamber region; (3) a ?rst electrode positioned a ?rst 
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distance from the ?rst chamber portion; and (4) a second 
electrode positioned betWeen the ?rst electrode and the 
second chamber portion so as to de?ne a plasma region 
betWeen the ?rst and second electrodes. The ?rst chamber 
portion has an increased thickness that creates a current path 
that reduces an effective inductance of the plasma chamber. 
Numerous other aspects are provided. 

[0008] Other features and aspects of the present invention 
Will become more fully apparent from the folloWing detailed 
description, the appended claims and the accompanying 
draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0009] FIG. 1 illustrates an exemplary embodiment of the 
loW inductance plasma chamber of the present invention; 
and 

[0010] FIG. 2 illustrates another exemplary embodiment 
of the loW inductance plasma chamber of the present inven 
tion. 

DETAILED DESCRIPTION 

[0011] The present invention provides a loW inductance 
plasma chamber Which can be operated more ef?ciently and 
more reliably, and Which can be driven or poWered by a 
loWer voltage. 

[0012] FIG. 1 illustrates a ?rst exemplary embodiment of 
a loW inductance plasma chamber of the present invention 
Which is designated generally by the reference numeral 100. 
With reference to FIG. 1, the loW inductance plasma cham 
ber 100 includes a vacuum chamber enclosure 102. In the 
exemplary embodiment of FIG. 1, the vacuum chamber 
enclosure 102 can be any suitable chamber enclosure such as 
those chambers Which are utiliZed in the AKT, Inc. Plasma 
Chamber Models 20K, 25K and/or 25KA. 

[0013] The vacuum chamber enclosure 102 can be manu 
factured from any suitable material(s) consistent With its use 
in conjunction With the apparatus and methods of the present 
invention. In an exemplary embodiment, the vacuum cham 
ber 102 and its components are manufactured from Alumi 
num. 

[0014] In the exemplary embodiment of FIG. 1, the 
vacuum chamber enclosure 102 includes an upper vacuum 
enclosure 104 and a loWer vacuum enclosure 106. The upper 
vacuum enclosure 104 and the loWer vacuum enclosure 106 
are coupled or sealed together in any appropriate and/or 
suitable manner, as shoWn, so as to form the vacuum 
chamber 102 of the loW inductance plasma chamber 100. 
For example, a sealing element such as an o-ring (not 
shoWn) may be used to seal the upper vacuum enclosure 104 
relative to the loWer vacuum enclosure 106. 

[0015] The inner Walls of the upper vacuum enclosure 104 
and the inner Walls of the loWer vacuum enclosure 106 
include electrically conducting materials so as to facilitate 
the conduction of electrical current along the same Within 
the plasma chamber 100 as described herein. In an exem 
plary embodiment, the inside Walls of the upper vacuum 
enclosure 104 and the inside Walls of the loWer vacuum 
enclosure 106 can be manufactured from aluminum. In other 
embodiments, the inside Walls of the upper vacuum enclo 
sure 104 and/or the inside Walls of the loWer vacuum 
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enclosure 106 can be manufactured from any other suitable 
electrical conducting material such as, but not limited to, any 
suitable non-ferrous material, Brass, or any suitable Nickel 
Alloy material. 

[0016] With reference to FIG. 1, the plasma chamber 100 
also includes a pair of electrodes, including an upper elec 
trode 108 and a loWer electrode 110, positioned inside the 
plasma chamber 100. The loWer electrode 110, in the exem 
plary embodiment, can be used to support a substrate Which 
is to be processed in the plasma chamber 100. The upper 
electrode 108 has a loWer surface 108A Which faces the 
loWer electrode 110 and an upper surface 108B Which faces 
a top inner Wall of the upper vacuum enclosure 104. The 
loWer electrode 110 has an upper surface 110A Which faces 
the upper electrode 108 and Which supports a substrate 
during processing and a loWer surface 110B Which faces a 
bottom inner Wall of the loWer vacuum enclosure 106. 

[0017] As noted above, in an exemplary embodiment, the 
loWer electrode 110 is adapted to support a substrate Which 
is to be processed. The loWer electrode can also include an 
inner region or chamber 110C shoWn in cut-aWay form in 
FIG. 1, and at least one heating element or heating element 
system 110D. The heating element or heating element sys 
tem 110D can be a resistive heating element or heating 
element system, or any other suitable heating element or 
system, Which can be used to heat the substrate supported on 
the loWer electrode 110. The loWer electrode 110, in an 
exemplary embodiment, can also be electrically grounded 
Within the loW inductance plasma chamber 100. 

[0018] The upper electrode 108 and the loWer electrode 
110 are spaced a pre-determined distance from one another 
so as to form a gap betWeen the same. In one embodiment, 
the pre-determined distance may be about 0.5-1.5 inches, 
although other distances may be employed. As Will be 
described herein, a plasma or plasma body 111 composed of 
a processing gas used in a respective electronic device 
and/or substrate processing step Will be formed in the gap or 
plasma region 112 located betWeen the upper electrode 108 
and the loWer electrode 110. In an exemplary embodiment, 
the processing gas and/or the plasma 111 Which can be 
utiliZed may include silane, ammonia, hydrogen, nitrogen 
argon or any other suitable processing gas or gas mixture. 

[0019] The upper electrode 108 and the loWer electrode 
110 can be, for example, of the type utiliZed in the AKT, Inc. 
Plasma Chamber Models 20K, 25K and/or 25KA or equiva 
lents thereof. In an exemplary embodiment, the upper elec 
trode 108 and the loWer electrode 110 can each be manu 
factured from aluminum. The upper electrode 108 and the 
loWer electrode 110 can also each be manufactured from any 
other suitable electrical conducting material such as, but not 
limited to, any suitable non-ferrous material, Brass, or any 
suitable Nickel Alloy material. 

[0020] The upper electrode 108 can be a holloW shoWer 
head type electrode having a reservoir 108C located therein 
for receiving processing gas and a series of apertures or 
spray jets 114 through the loWer surface 108A thereof for 
dispensing the processing gas as described herein. For 
example, the upper electrode 108 can be any of the upper 
electrodes utiliZed in the AKT, Inc. Plasma Chamber Models 
20K, 25K and/or 25KA or equivalents thereof. In an exem 
plary embodiment, the upper electrode 108, depending upon 
the application and siZe of the same, can have in excess of 
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50,000 apertures 114 Which are approximately equal in siZe 
so as to achieve an equal ?oW of gas from each aperture 114. 
Other numbers of spray jets or apertures may be used. 

[0021] The upper electrode 108 can receive a respective 
processing gas Which is used in a processing operation from 
a gas supply 150 via a gas feed tube 116 Which is coupled 
to the upper electrode 108, as shoWn in FIG. 1. In at least 
one embodiment, the gas feed tube 116 can be electrically 
coupled to the upper electrode 108, and manufactured from 
an electrically conducting material. For example, the gas 
feed tube can be manufactured from aluminum or any 
suitable electrical conducting material such as, but not 
limited to, any suitable non-ferrous material, Brass, or any 
suitable Nickel Alloy material. 

[0022] The processing gas from the gas supply 150 can be 
provided under pressure via the gas feed tube 116 into the 
inside reservoir 108C of the upper electrode 108 and dis 
persed through the apertures 114 into the gap 112 betWeen 
the upper electrode 108 and the loWer electrode 110 so as to 
form a plasma body 111 in the gap 112. In an exemplary 
embodiment, the pressure of the processing gas in the 
reservoir 108C can be about 10 Torr While the pressure of the 
plasma in the plasma body 111 can be about 1 Torr. Other 
pressures may be employed. By utiliZing a higher gas 
pressure in the reservoir 108C, a greater ?oW of the pro 
cessing gas through the apertures 114 can be achieved. 

[0023] The loW inductance plasma chamber 100 can also 
include a support column 118 Which is coupled to, and 
supports, the loWer electrode 110 at the loWer portion of the 
loWer vacuum enclosure 106, as shoWn. In the exemplary 
embodiment of FIG. 1, the support column 118 is manu 
factured from aluminum, and can be any suitable support 
column such as, but not limited to those support columns 
utiliZed in the AKT, Inc. Plasma Chamber Models 20K, 25K 
and/or 25KAor equivalents thereof. The support column 118 
can also be manufactured from any other suitable electrical 
conducting material such as, but not limited to, any suitable 
non-ferrous material, Brass, or any suitable Nickel Alloy 
material. 

[0024] The loWer region 120 of the loWer vacuum enclo 
sure 106 includes a ?exible coupling 122. The ?exible 
coupling 122 is manufactured from aluminum and/or any 
other suitable material(s) in any suitable manner consistent 
With its use in the apparatus 100 of the present invention. In 
an exemplary embodiment, the ?exible coupling 122 can be 
any ?exible coupling such as, but not limited to, those 
?exible couplings utiliZed in the AKT, Inc. Plasma Chamber 
Models 20K, 25K and/or 25KA or equivalents thereof. The 
?exible coupling 122 can also be manufactured from any 
other suitable electrical conducting material such as, but not 
limited to, any suitable non-ferrous material, Brass, or any 
suitable Nickel Alloy material. 

[0025] The loW inductance plasma chamber 100 can also 
include an RF delivery cover box 124 Which can be con 
nected to the top portion of the upper vacuum enclosure 104, 
as shoWn. The RF delivery cover box 124 can also be 
electrically coupled to the inside Wall of the upper vacuum 
enclosure 104. The RF delivery box 124, in the exemplary 
embodiment, can be adapted to supply an alternating current 
signal or an RF signal current from an RF Signal Supply 160 
to the gas feed tube 116 and to provide a return line of 
alternating current or RF current from the loW inductance 
plasma chamber 100 to the RF signal source 160. 
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[0026] The RF delivery cover box 124 can be made from 
aluminum or any other suitable material such as, for 
example, a non-ferrous material, Brass, or a Nickel Alloy 
conducting material. In an exemplary embodiment, the RF 
delivery cover box 124 can be any suitable electrical deliv 
ery cover box device such as, but not limited to, those RF 
delivery cover boxes utiliZed in the AKT, Inc. Plasma 
Chamber Models 20K, 25K and/or 25KA or equivalents 
thereof. 

[0027] The loW inductance plasma chamber 100 also 
includes a conducting element such as a pan structure 126 
Which is coupled to, or attached to, the top inside Wall of the 
upper vacuum enclosure 104, as shoWn. The pan structure 
126 is a conducting element. In the exemplary embodiment 
of FIG. 1, the pan structure 126 can be manufactured from 
aluminum. The pan structure 126 can also be manufactured 
from any suitable electrical conducting material such as, but 
not limited to, any suitable non-ferrous material, Brass, or 
any suitable Nickel Alloy material. The pan structure 126 
can be siZed and shaped in any appropriate manner depend 
ing upon the siZe and shape of the vacuum chamber enclo 
sure 102 and/or the upper vacuum chamber enclosure 104. 
In an exemplary embodiment, the pan structure 126 is 
formed from aluminum, and has a thickness of about 0.125 
inches, a height of about 3 inches, a Width of about 1.8 
meters and a length of about 2 meters for a plasma chamber 
adapted to process 1.8 meter><2 meter substrates. Other pan 
shapes, dimensions and/or materials may be used. 

[0028] The pan structure 126 can be positioned a pre 
determined distance from the second surface 108B of the 
upper electrode 108. The pre-determined distance betWeen 
the pan structure 126 and the second surface 108B of the 
upper electrode 108 de?nes a gap betWeen the respective 
elements. In one embodiment, the distance betWeen the pan 
structure 126 and the second surface 108B of the upper 
electrode 108 is about 1.5 inches or less, although other 
distances may be used. As another example, a spacing of 
about 0.5 to about 2 inches may be used and more preferably 
about 1-2 inches. 

[0029] When it is desired to utiliZe the loW inductance 
plasma chamber 100 of FIG. 1 to perform a processing 
operation or step on a substrate, the folloWing exemplary 
process can be performed. A process gas can be supplied 
from the gas supply 150 to the gas feed tube 116 under 
suitable pressure While an alternating current or RF signal 
current can be provided from the RF Signal Supply 160 to 
the outside surface of the gas feed tube 116. 

[0030] The process gas ?oWs inside the gas feed tube 116 
and into the reservoir 108C inside the upper electrode 108. 
The process gas is then forced out through the series of 
apertures 114 in the surface 108A of the upper electrode 108 
and into the gap 112 forming plasma body 111. 

[0031] For ease of understanding and for purposes of 
illustration, the folloWing description of the current flow of 
the RF signal current Will be described for a positive half 
cycle of the same. 

[0032] The RF signal current, Which is introduced to the 
outside surface of the gas feed tube 116, as shoWn by current 
arroW 130, ?oWs doWnWardly as shoWn by arroWs 131 to the 
upper surface 108B of the upper electrode 108. The RF 
signal current continues to How radially outWardly from the 
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base of the gas feed tube 116 onto and along the upper 
surface 108B of the upper electrode 108, as shoWn by 
current arroWs 132. At the outer perimeter of the upper 
electrode 108, the RF signal current ?oWs around the edge 
of the upper electrode 108 and is capacitively coupled into 
the plasma body 111 in the gap 112. In an exemplary 
embodiment, the RF signal current has a frequency at or 
approximately at 13.56 MHZ. In another embodiment, a 
frequency of about 27 MHZ may be used. It is to be 
understood, hoWever, that any appropriate or suitable RF 
signal frequency can be employed depending upon the 
plasma chamber utiliZed, its dimensions, and the opera 
tion(s) to be performed. 

[0033] The RF signal current is then capacitively coupled 
from the bottom of the plasma body 111 to the upper surface 
110A of the loWer electrode 110. The RF signal current then 
?oWs radially outWardly across the upper surface 110A of 
the loWer electrode 110. The RF signal current then ?oWs 
around the outer edge of the loWer electrode 110 and onto its 
loWer surface 110B Where it ?oWs radially inWardly toWard 
and to the support column 118 as shoWn by the current 
arroWs. The RF signal current then ?oWs doWnWardly and 
along the outer surface of the support column 118. At the 
bottom of the support column 118, the RF signal current 
turns upWardly and ?oWs along the ?exible coupling 122 
and radially outWardly along the inside Walls of the loWer 
vacuum enclosure 106. The RF signal current continues to 
How upWardly and along the inside vertical Walls of the 
respective loWer vacuum chamber enclosure 106 and the 
upper vacuum chamber enclosure 104. 

[0034] The RF signal current then ?oWs along the top of 
the inside Wall of the upper vacuum enclosure 104 and along 
the bottom surface 126A of the pan structure 126, as shoWn. 
The RF signal current flows, as shoWn by current arroWs 
133, along the bottom surface 126A of the pan structure 126 
to the inside of the RF delivery box cover 124 and is returned 
to the RF Signal Supply 160 as shoWn by current arroW 135. 
The direction and How of the RF signal current, through the 
loW inductance plasma chamber 100, Would then be 
reversed for the next, or negative, half cycle of the RF signal. 

[0035] With reference once again to FIG. 1, Without the 
pan structure 126, the RF signal current ?oWing along the 
inside Wall of the upper vacuum enclosure 104 would flow 
along the top Wall of the upper vacuum enclosure 104, as 
shoWn by the dashed line arroWs 140, and into the inside of 
the RF delivery box cover 124. 

[0036] As shoWn in FIG. 1, the RF signal current ?oWs 
along the top surface 108B of the upper electrode 108 in a 
?rst direction, as shoWn by current arroW 132, While current 
?oWs along the surface 126A of the pan structure 126 in an 
opposite direction as shoWn by current arroW 133. The 
proximity of the tWo conductors, namely, the upper surface 
108B of the upper electrode 108 and the pan surface 126A 
of the pan structure 126, to one another in the loW inductance 
plasma chamber 100, and the How of the respective currents 
on or along each in directions opposite to one another, 
creates a parallel plane transmission line in the loW induc 
tance plasma chamber 100. As a result, the upper surface 
108B of the upper electrode 108 and the pan surface 126A 
of the pan structure 126, behave as an inductor having an 
“effective” inductance Which is directly proportional to the 
siZe of the gap or the amount of separation betWeen the 
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upper surface 108B of the upper electrode 108 and the 
surface 126A of the pan structure 126. The placement of the 
respective current carrying conductors 108B and 126A 
closer to one another, as illustrated in the exemplary embodi 
ment of FIG. 1, and as effectuated by the use of the pan 
structure 126, serves to reduce the “effective” inductance, 
and the resulting inductive reactance, of the electrical circuit 
Which exists in the loW inductance plasma chamber 100. 

[0037] The “effective” inductance created by the parallel 
transmission line formed by the surface 126A of the pan 
structure 126 and the upper surface 108B of the upper 
electrode 108 is electrically in series With an “effective” 
resistance of the loW inductance plasma chamber 100 Which 
includes the resistance of the plasma body 111 and any other 
resistances associated With any of the components of the loW 
inductance plasma chamber 100. 

[0038] By reducing the inductance and the inductive reac 
tance of this series electrical circuit inside the loW induc 
tance plasma chamber 100, the reactance, as Well as the total 
impedance, of the electrical circuit are reduced. As a result, 
the input voltage needed to drive the loW inductance plasma 
chamber 100 is reduced. The reduction of the input voltage 
required to drive the loW inductance plasma chamber 100 
reduces stress or stresses on or in other portions of the RF 
signal supply and/or in other components of the loW induc 
tance plasma chamber 100 and provides for increased effi 
ciencies and reliability in the operation of the same. 

[0039] In another exemplary embodiment of the present 
invention, a conducting element can be formed from an 
inner Wall of a loW inductance plasma chamber, thereby 
dispensing With the need to use a separate pan structure. For 
example, FIG. 2 illustrates a second exemplary embodiment 
of the loW inductance plasma chamber or apparatus of the 
present invention Which is designated generally by the 
reference numeral 200. With reference to FIG. 2, the loW 
inductance plasma chamber 200 includes a vacuum chamber 
enclosure 202. 

[0040] The vacuum chamber enclosure 202 can be manu 
factured from any suitable material(s) consistent With its use 
in conjunction With the apparatus and methods of the present 
invention. In an exemplary embodiment, the vacuum cham 
ber 202 and its components are manufactured from Alumi 
num. 

[0041] Referring to FIG. 2, the vacuum chamber enclo 
sure 202 includes an upper vacuum enclosure 204 and a 
loWer vacuum enclosure 206. The upper vacuum enclosure 
204 and the loWer vacuum enclosure 206 are coupled or 
sealed together in any appropriate and/or suitable manner, as 
shoWn, so as to form the vacuum chamber enclosure 202 of 
the loW inductance plasma chamber 200. For example, a 
sealing element such as an o-ring (not shoWn) may be used 
to seal the upper vacuum enclosure 204 relative to the loWer 
vacuum enclosure 206. 

[0042] The inner Walls of the upper vacuum enclosure 204 
and the inner Walls of the loWer vacuum enclosure 206 
include electrically conducting materials so as to facilitate 
the conduction of electrical current along the same Within 
the plasma chamber 200 as described herein. For example, 
the inside Walls of the upper vacuum enclosure 204 and the 
inside Walls of the loWer vacuum enclosure 206 can be 
manufactured from aluminum. In other embodiments, the 
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inside Walls of the upper vacuum enclosure 204 and the 
inside Walls of the loWer vacuum enclosure 206 can be 
manufactured from any suitable electrical conducting mate 
rial such as, but not limited to, any suitable non-ferrous 
material, Brass, or any suitable Nickel Alloy material. 

[0043] The plasma chamber 200 also includes a pair of 
electrodes, including an upper electrode 208 and a loWer 
electrode 210, positioned inside the plasma chamber 200. 
The loWer electrode 210, in the exemplary embodiment, can 
be used to support a substrate Which is to be processed in the 
plasma chamber 200. The upper electrode 208 has a loWer 
surface 208A Which faces the loWer electrode 210 and an 
upper surface 208B Which faces a top inner Wall of the upper 
vacuum enclosure 204. The loWer electrode 210 has an 
upper surface 210A Which faces the upper electrode 208 and 
Which supports a substrate during processing and a loWer 
surface 210B Which faces a bottom inner Wall of the loWer 
vacuum enclosure 206. 

[0044] As noted above, in an exemplary embodiment, the 
loWer electrode 210 is adapted to support a substrate Which 
is to be processed. For example, the loWer electrode can also 
include an inner region or chamber 210C shoWn in cut-aWay 
form in FIG. 2, and at least one heating element or heating 
element system 210D. The heating element or heating 
element system 210D can be a resistive heating element or 
heating element system, or any other suitable heating ele 
ment or heating element system, Which can be used to heat 
the substrate supported on the loWer electrode 210. The 
loWer electrode 210, in an exemplary embodiment, can also 
be electrically grounded Within the loW inductance plasma 
chamber 200. 

[0045] The upper electrode 208 and the loWer electrode 
210 are spaced a pre-determined distance from one another 
so as to form a gap betWeen the same. In one embodiment, 
the electrodes 208, 210 may be spaced by about 0.5-1.5 
inches, although other spacings may be used. As Will be 
described herein, a plasma or plasma body 211 composed of 
a processing gas used in a respective substrate processing 
step Will be formed in the gap or a plasma region 212 located 
betWeen the upper electrode 208 and the loWer electrode 
210. In an exemplary embodiment, the processing gas and/or 
the plasma or plasma body 211 Which can be utiliZed can 
include silane, ammonia, hydrogen, nitrogen argon or any 
other suitable processing gas or gas mixture. 

[0046] The upper electrode 208 and the loWer electrode 
210 can, for example, be manufactured from aluminum. The 
upper electrode 208 and the loWer electrode 210 can also 
each be manufactured from any other suitable electrical 
conducting material such as, but not limited to, any suitable 
non-ferrous material, Brass, or any suitable Nickel Alloy 
material. 

[0047] The upper electrode 208 can be a holloW shoWer 
head type electrode having a reservoir 208C located therein 
for receiving processing gas and a series of apertures or 
spray jets 214 through the loWer surface 208A thereof for 
dispensing the processing gas as described herein. In an 
exemplary embodiment, the upper electrode 208, depending 
upon the application and siZe of the same, can for example, 
have in excess of 70,000 apertures 214 Which are approxi 
mately equal in siZe so as to achieve an equal How of gas 
from each aperture 214. Other numbers of spray jets or 
apertures may be used. 
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[0048] The upper electrode 208 can receive a respective 
processing gas Which is used in a respective processing 
operation from a gas supply 250 via a gas feed tube 216 
Which is coupled to the upper electrode 208 as shoWn in 
FIG. 2. In an exemplary embodiment, the gas feed tube 216 
can be electrically coupled to the upper electrode 208. The 
gas feed tube 216 can be manufactured from an electrically 
conducting material, such as aluminum or any other suitable 
electrical conducting material such as, but not limited to, any 
suitable non-ferrous material, Brass or any suitable Nickel 
Alloy material. 

[0049] The processing gas from the gas supply 250 can be 
provided under pressure via the gas feed tube 216 into the 
inside reservoir 208C of the upper electrode 208 and dis 
persed through the apertures 214 into the gap betWeen the 
upper electrode 208 and the loWer electrode 210 so as to 
form a plasma body 211 in the plasma region 212. In any 
exemplary embodiment, the pressure of the processing gas 
in the reservoir 208C can be about 10 Torr While the pressure 
of the plasma in the plasma body 211 can be about 1 Torr. 
Other pressures may be employed. By utiliZing a higher gas 
pressure in the reservoir 208C, a greater ?oW of the pro 
cessing gas through the apertures 214 can be achieved. 

[0050] The loW inductance plasma chamber 200 can also 
include a support column 218 Which is coupled to, and 
supports, the loWer electrode 210 at the loWer portion of the 
loWer vacuum enclosure 206, as shoWn. In the exemplary 
embodiment of FIG. 2, the support column 218 is manu 
factured from aluminum. The support column 218 can be 
any suitable support column, and can also be manufactured 
from any other suitable electrical conducting material such 
as, but not limited to, any suitable non-ferrous material, 
Brass, or any suitable Nickel Alloy material. 

[0051] The loWer region 220 of the loWer vacuum enclo 
sure 206 includes a ?exible coupling 222. In an exemplary 
embodiment, the ?exible coupling 222 is manufactured from 
aluminum and/or any other suitable material(s) in any suit 
able manner consistent With its use in the apparatus 200 of 
the present invention (e.g., any suitable non-ferrous mate 
rial, Brass, or any suitable Nickel Alloy material). The 
?exible coupling 222 may be similar to the ?exible coupling 
122 of FIG. 1. 

[0052] The loW inductance plasma chamber 200 can also 
include and RF delivery cover box 224 Which can be 
connected to the top portion of the upper vacuum enclosure 
204, as shoWn. The RF delivery cover box 224 can also be 
electrically coupled to the inside Wall of the upper vacuum 
enclosure 204. The RF delivery box 224, in the exemplary 
embodiment, can be adapted to supply an alternating current 
signal or an RF signal current from an RF Signal Supply 260 
to the gas feed tube 216 and to provide a return line of 
alternating current or RF current from the loW inductance 
plasma chamber 200 to the RF signal source 260. 

[0053] The RF delivery cover box 224 can be made of any 
suitable material, including a conducting material such as, 
for example, Aluminum, and/or any other non-ferrous mate 
rial, Brass, or Nickel Alloy conducting material. In the 
exemplary embodiment, the conducting material used in the 
RF delivery cover box 224 can be Aluminum. In an exem 
plary embodiment, the RF delivery cover box 224 can be 
any suitable electrical delivery cover box device, and may be 
similar to the RF delivery cover box 124 of FIG. 1. 
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[0054] The loW inductance plasma chamber 200 also 
includes a conducting element 226 Which is formed as, in, 
With, and/or on, the top inside Wall of the upper vacuum 
enclosure 204, as shoWn in FIG. 2. In the exemplary 
embodiment of FIG. 2, the conducting element 226 can be 
manufactured from aluminum. The conducting element 226 
can also be manufactured from any suitable electrical con 
ducting material such as, but not limited to, any suitable 
non-ferrous material, Brass, or any suitable Nickel Alloy 
material. The conducting element 226 can be shaped in any 
appropriate manner depending upon the siZe and shape of 
the vacuum chamber enclosure 202 and/or the upper vacuum 
chamber enclosure 204. In an exemplary embodiment, the 
conducting element 226 is formed and positioned to be 
parallel With, or substantially parallel With, and to be located 
at a pre-determined distance from, the second surface 208B 
of the upper electrode 208. The pre-determined distance 
betWeen the conducting element 226 and the second surface 
208B of the upper electrode 208 de?nes a gap betWeen the 
respective elements. In at least one embodiment, the dis 
tance betWeen the conducting element 226 and the second 
surface 208B of the upper electrode 208 is about 1.5-2 
inches, and more preferably about 1.75 inches, although 
other distances may be employed. As another example, a 
spacing of about 0.25 to about 2 inches may be used and 
more preferably about 1-2 inches. 

[0055] When it is desired to utiliZe the loW inductance 
plasma chamber 200 of FIG. 2 to perform a processing 
operation or step on a substrate, the following exemplary 
process can be performed. A process gas can be supplied 
from the gas supply 250 to the gas feed tube 216 under 
suitable pressure While an alternating current or RF signal 
current can be provided from the RF Signal Supply 260 to 
the outside surface of the gas feed tube 216. 

[0056] The process gas ?oWs inside the gas feed tube 216 
and into the reservoir 208C inside the upper electrode 208. 
The process gas is then forced out through the series of 
apertures 214 in the surface 208A of the upper electrode 208 
and into the plasma region 212 forming plasma body 211. 

[0057] For ease of understanding and for purposes of 
illustration, the folloWing description of the current ?oW of 
the RF signal current Will be described for a positive half 
cycle of the same. 

[0058] The RF signal current, Which is introduced to the 
outside surface of the gas feed tube 216, as shoWn by current 
arroW 230, ?oWs doWnWardly as shoWn by arroWs 231 to the 
upper surface 208B of the upper electrode 208. The RF 
signal current continues to ?oW radially outWardly from the 
base of the gas feed tube 216 onto and along the upper 
surface 208B of the upper electrode 208, as shoWn by 
current arroWs 232. At the outer perimeter of the upper 
electrode 208, the RF signal current ?oWs around the edge 
of the upper electrode 208 and is capacitively coupled into 
the plasma body 211 in the plasma region 212. In an 
exemplary embodiment, the RF signal current has a fre 
quency at or approximately at 13.56 MHZ. It is to be 
understood, hoWever, that any appropriate or suitable RF 
signal frequency can be employed depending upon the 
plasma chamber utiliZed, its dimensions, and the opera 
tion(s) to be performed. 

[0059] The RF signal current is then capacitively coupled 
from the bottom of the plasma body 211 to the upper surface 
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210A of the lower electrode 210. The RF signal current then 
?oWs radially outwardly across the upper surface 210A of 
the loWer electrode 210. The RF signal current then ?oWs 
around the outer edge of the loWer electrode 210 and onto its 
loWer surface 210B Where it ?oWs radially inWardly toWard 
and to the support column 218 as shoWn by the current 
arroWs. The RF signal current then ?oWs doWnWardly and 
along the outer surface of the support column 218. At the 
bottom of the support column 218, the RF signal current 
turns upWardly and ?oWs along the ?exible coupling 222 
and radially outWardly along the inside Walls of the loWer 
vacuum enclosure 206. The RF signal current continues to 
How upWardly and along the inside vertical Walls of the 
respective loWer vacuum chamber enclosure 206 and the 
upper vacuum chamber enclosure 204. 

[0060] The RF signal current then ?oWs along the top of 
the inside Wall of the upper vacuum enclosure 204 and along 
the surface 226A of the conducting element 226, as shoWn. 
The RF signal current ?oWs, as shoWn by current arroWs 
233, along the surface 226A of the conducting element 226 
to the inside of the RF delivery box cover 224 and is returned 
to the RF Signal Supply 260 as shoWn by current arroW 235. 
The direction and How of the RF signal current, through the 
loW inductance plasma chamber 200, Would then be 
reversed for the next, or negative, half cycle of the RF signal. 

[0061] As shoWn in FIG. 2, the RF signal current ?oWs 
along the top surface 208B of the upper electrode 208 in a 
?rst direction, as shoWn by current arroW 232, While current 
?oWs along the surface 226A of the conducting element 226 
in an opposite direction as shoWn by current arroW 233. The 
proximity of the tWo conductors, namely, the upper surface 
208B of the upper electrode 208 and the surface 226A of the 
conducting element 226, to one another in the loW induc 
tance plasma chamber 200, and the How of the respective 
currents on or along each in directions opposite to one 
another, creates a parallel plane transmission line in the loW 
inductance plasma chamber 200. 

[0062] As a result, the upper surface 208B of the upper 
electrode 208 and the surface 226A of the conducting 
element 226, behave as an inductor having an “effective” 
inductance Which is directly proportional to the siZe of the 
gap or the amount of separation betWeen the upper surface 
208B of the upper electrode 208 and the surface 226A of the 
conducting element 226. The placement of the respective 
current carrying conductors 208B and 226A relative to each 
other serves to reduce the “effective” inductance, and the 
resulting inductive reactance, of the electrical circuit Which 
exists in the loW inductance plasma chamber 200. 

[0063] The “effective” inductance created by the parallel 
transmission line formed by the surface 226A of the con 
ducting element 226 and the upper surface 208B of the upper 
electrode 208 is electrically in series With an “effective” 
resistance of the loW inductance plasma chamber 200 Which 
includes the resistance of the plasma body 211 and any other 
resistances associated With any of the components of the loW 
inductance plasma chamber 200. 

[0064] By reducing the inductance and the inductive reac 
tance of this series electrical circuit inside the loW induc 
tance plasma chamber 200, the reactance, as Well as the total 
impedance of the electrical circuit, are reduced. As a result, 
the input voltage needed to drive the loW inductance plasma 
chamber 200 is reduced. The reduction of the input voltage 
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required to drive the loW inductance plasma chamber 200 
reduces stress or stresses on or in other portions of the RF 
signal supply and/or in other components of the loW induc 
tance plasma chamber 200 and provides for increased ef? 
ciencies and reliability in the operation of the same. 

[0065] In an exemplary embodiment, the dimensions of 
the loW inductance plasma chamber 100 or 200 can result in 
an “effective” inductance having an inductive reactance of 
approximately 12-15 ohms (inductive) and an “effective” 
resistance of approximately 0.3 to 2.0 ohms for a chamber 
siZe of about 1.8 meters by 2.0 meters or greater. 

[0066] The foregoing description discloses only exem 
plary embodiments of the invention. Modi?cations of the 
above disclosed apparatus and method Which fall Within the 
scope of the invention Will be readily apparent to those of 
ordinary skill in the art. For instance, in at least one 
embodiment of the invention, a method is provided that 
includes the steps of providing a plasma chamber having (1) 
a chamber siZe of at least about 1.8 by 2.0 meters; and (2) 
an effective inductance having an inductive reactance of not 
more than about 12-15 ohms. The method further includes 
the step of employing the plasma chamber to process 
substrates used for ?at panel displays. The plasma chamber 
also may have an effective resistance of not more than about 
0.3 to 2.0 ohms. 

[0067] Accordingly, While the present invention has been 
disclosed in connection With exemplary embodiments 
thereof, it should be understood that other embodiments may 
fall Within the spirit and scope of the invention, as de?ned 
by the folloWing claims. 

The invention claimed is: 
1. A plasma chamber having: 

a chamber siZe of at least about 1.8 by 2.0 meters; and 

an effective inductance having an inductive reactance of 
not more than about 12 to 15 ohms. 

2. The plasma chamber of claim 1 further comprising an 
effective resistance of not more than about 0.3 to 2.0 ohms. 

3. The plasma chamber of claim 1 Wherein the plasma 
chamber is adapted to process substrates used for ?at panel 
displays. 

4. The plasma chamber of claim 1 Wherein the plasma 
chamber comprises: 

a ?rst chamber portion having an inner surface; 

a second chamber portion coupled to the ?rst chamber 
portion so as to de?ne an inner chamber region; 

a ?rst electrode positioned a ?rst distance from the ?rst 
chamber portion; 

a second electrode positioned betWeen the ?rst electrode 
and the second chamber portion so as to de?ne a plasma 
region betWeen the ?rst and second electrodes; and 

a conductive piece positioned betWeen the ?rst chamber 
portion and the ?rst electrode and coupled to the ?rst 
chamber portion so as to create a current path that 
reduces an effective inductance of the plasma chamber. 

5. The plasma chamber of claim 4 Wherein the conductive 
piece is approximately parallel to the ?rst electrode and 
approximately the same length and Width as the ?rst elec 
trode. 
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6. The plasma chamber of claim 4 wherein the conductive 
piece comprises aluminum. 

7. The plasma chamber of claim 4 Wherein the conductive 
piece is spaced about 0.5 to 2.0 inches from the ?rst 
electrode. 

8. The plasma chamber of claim 4 Wherein the conductive 
piece is spaced about 1.5 to 1.75 inches from the ?rst 
electrode. 

9. The plasma chamber of claim 4 Wherein the ?rst 
electrode is an upper electrode. 

10. The plasma chamber of claim 1 Wherein the plasma 
chamber comprises: 

a ?rst chamber portion having an inner surface; 

a second chamber portion coupled to the ?rst chamber 
portion so as to de?ne an inner chamber region; 

a ?rst electrode positioned a ?rst distance from the ?rst 
chamber portion; and 

a second electrode positioned betWeen the ?rst electrode 
and the second chamber portion so as to de?ne a plasma 
region betWeen the ?rst and second electrodes; 

Wherein the ?rst chamber portion has an increased thick 
ness that creates a current path that reduces an effective 
inductance of the plasma chamber. 

11. The plasma chamber of claim 10 Wherein the inner 
surface of the ?rst chamber portion is spaced about 0.5 to 2.0 
inches from the ?rst electrode. 

12. The plasma chamber of claim 10 Wherein the inner 
surface of the ?rst chamber portion is spaced about 1.5 to 
1.75 inches from the ?rst electrode. 

13. The plasma chamber of claim 10 Wherein the ?rst 
electrode is an upper electrode. 

14. A method comprising: 

providing a plasma chamber having: 

a chamber siZe of at least about 1.8 by 2.0 meters; and 

an effective inductance having an inductive reactance 
of not more than about 12 to 15 ohms; and 

employing the plasma chamber to process substrates used 
for ?at panel displays. 

15. The method of claim 14 Wherein the plasma chamber 
has an effective resistance of not more than about 0.3 to 2.0 
ohms. 

16. A plasma chamber comprising: 

a ?rst chamber portion having an inner surface; 

a second chamber portion coupled to the ?rst chamber 
portion so as to de?ne an inner chamber region; 

a ?rst electrode positioned a ?rst distance from the ?rst 
chamber portion; 
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a second electrode positioned betWeen the ?rst electrode 
and the second chamber portion so as to de?ne a plasma 
region betWeen the ?rst and second electrodes; and 

a conductive piece positioned betWeen the ?rst chamber 
portion and the ?rst electrode and coupled to the ?rst 
chamber portion so as to create a current path that 
reduces an effective inductance of the plasma chamber. 

17. The plasma chamber of claim 16 Wherein the con 
ductive piece is approximately parallel to the ?rst electrode 
and approximately the same length and Width as the ?rst 
electrode. 

18. The plasma chamber of claim 16 Wherein the con 
ductive piece comprises aluminum. 

19. The plasma chamber of claim 16 Wherein the con 
ductive piece is spaced about 0.5 to 2.0 inches from the ?rst 
electrode. 

20. The plasma chamber of claim 16 Wherein the con 
ductive piece is spaced about 1.5 to 1.75 inches from the ?rst 
electrode. 

21. The plasma chamber of claim 16 Wherein the ?rst 
electrode is an upper electrode. 

22. The plasma chamber of claim 16 Wherein the plasma 
chamber has a chamber siZe of at least about 1.8 by 2.0 
meters. 

23. A plasma chamber comprising: 

a ?rst chamber portion having an inner surface; 

a second chamber portion coupled to the ?rst chamber 
portion so as to de?ne an inner chamber region; 

a ?rst electrode positioned a ?rst distance from the ?rst 
chamber portion; and 

a second electrode positioned betWeen the ?rst electrode 
and the second chamber portion so as to de?ne a plasma 
region betWeen the ?rst and second electrodes; 

Wherein the ?rst chamber portion has an increased thick 
ness that creates a current path that reduces an effective 
inductance of the plasma chamber. 

24. The plasma chamber of claim 23 Wherein the inner 
surface of the ?rst chamber portion is spaced about 0.5 to 2.0 
inches from the ?rst electrode. 

25. The plasma chamber of claim 23 Wherein the inner 
surface of the ?rst chamber portion is spaced about 1.5 to 
1.75 inches from the ?rst electrode. 

26. The plasma chamber of claim 23 Wherein the ?rst 
electrode is an upper electrode. 

27. The plasma chamber of claim 23 Wherein the plasma 
chamber has a chamber siZe of at least about 1.8 by 2.0 
meters. 


