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(57) ABSTRACT 

An apparatus is provided for semiconductor wafer plasma 
processing. The apparatus includes a chamber having a 
lower electrode and an upper electrode disposed therein. The 
lower electrode is defined to transmit a radiofrequency 
current through the chamber to generate a plasma within the 
chamber. The upper electrode is disposed above the lower 
electrode and is electrically isolated from the chamber. A 
Voltage source is connected to the upper electrode. The 
Voltage source is defined to control an electric potential of 
the upper electrode relative to the chamber. The electric 
potential of the upper electrode as controlled by the voltage 
Source is capable of influencing an electric potential of the 
plasma to be generated between the lower and upper elec 
trodes. 
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Generate plasma within chamber 
between lower electrode and upper electrode. 

2. 503 

Control voltage source connected between upper electrode and 
chamber such that electric potential on upper electrode is controlled. 

Fig. 5 
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APPARATUS AND METHOD FOR 
CONTROLLING PLASMA POTENTIAL 

BACKGROUND OF THE INVENTION 

0001. Semiconductor wafer (“wafer') fabrication often 
includes exposing a wafer to a plasma to allow the reactive 
constituents of the plasma to modify the surface of the wafer. 
The plasma processing of wafers is generally performed in 
a chamber in which a reactant gas is exposed to radiofre 
quency (RF) power to be transformed into the plasma. 
Currently, plasma confinement within the chamber is lost at 
high reactant gas flow rates. It is believed that this loss of the 
plasma confinement is due to Paschen breakdown in regions 
between the plasma and the chamber. 
0002 Electrons introduced into a neutral gas will gain 
energy if there is an electric field permeating the neutral gas. 
However, these same electrons will also lose energy via 
collisions with neutral gas molecules. If the energy gain of 
the electrons is, on average, large enough to ionize the 
neutral gas, plasma breakdown will occur. In the Paschen 
model, the effect of collisions between the electrons and the 
neutral gas molecules is characterized by the product (Pd), 
where (P) is the neutral gas pressure and (d) is a character 
istic scale length of the device (the distance between the 
higher potential region and ground). The Paschen model 
qualitatively explains many observed reactant gas flow rate 
threshold trends for unconfinement of the plasma. Therefore, 
plasma confinement efforts have traditionally focused on 
minimizing the product (P*d). However, minimization of 
the product (Pod) often requires substantial re-design of 
existing plasma processing systems. Therefore, alternative 
methods are sought for improving plasma confinement while 
minimizing plasma processing system re-design. 

SUMMARY OF THE INVENTION 

0003. In one embodiment, an apparatus for semiconduc 
tor wafer plasma processing is disclosed. The apparatus 
includes a chamber, a lower electrode, and an upper elec 
trode. The lower electrode is disposed within the chamber 
and is defined to transmit a radiofrequency current through 
the chamber. The lower electrode is further defined to 
Support a semiconductor wafer in exposure to a plasma to be 
generated within the chamber by the radiofrequency current. 
The upper electrode is disposed above and in a spaced apart 
relationship with the lower electrode. The upper electrode is 
electrically isolated from the chamber. The apparatus also 
includes a voltage source connected to the upper electrode. 
The voltage source is defined to control an electric potential 
of the upper electrode relative to the chamber. The electric 
potential of the upper electrode is capable of influencing an 
electric potential of the plasma to be generated between the 
lower electrode and the upper electrode. Thus, by enabling 
control of the electric potential of the upper electrode, the 
Voltage source also enables control of the electric potential 
of the plasma. 
0004. In another embodiment, an apparatus for semicon 
ductor wafer plasma processing is disclosed. The apparatus 
includes a chamber, a lower electrode, an upper electrode, 
and an impedance control device. The lower electrode is 
disposed within the chamber and is defined to transmit a 
radiofrequency current through the chamber. The lower 
electrode is further defined to support a semiconductor wafer 
in exposure to a plasma to be generated within the chamber 
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by the radiofrequency current. The upper electrode is dis 
posed above and in a spaced apart relationship with the 
lower electrode. The plasma is to be generated and confined 
to a volume between the lower electrode and the upper 
electrode. The impedance control device is connected 
between a central region of the upper electrode and a 
reference ground. The impedance control device is defined 
to control a radiofrequency current transmission path 
through the central region of the upper electrode. Control of 
the radiofrequency current transmission path by the imped 
ance control device enables confinement control of the 
plasma. 
0005. In another embodiment, an apparatus for semicon 
ductor wafer plasma processing is disclosed. The apparatus 
includes a lower electrode disposed within a chamber. The 
lower electrode is defined to transmit a radiofrequency 
current through the chamber. The lower electrode is further 
defined to Support a semiconductor wafer in exposure to a 
plasma to be generated within the chamber by the radiofre 
quency current. An upper electrode is disposed above and in 
a spaced apart relationship with the lower electrode. The 
upper electrode is defined by a doped semiconductor mate 
rial. A doping concentration within the upper electrode 
varies radially from a center to a periphery of the upper 
electrode. 
0006. In another embodiment, a method is disclosed for 
controlling plasma confinement. The method includes an 
operation for generating a plasma within a chamber between 
a lower electrode and an upper electrode. The method also 
includes an operation for controlling a voltage source con 
nected between the upper electrode and the chamber. Con 
trolling the Voltage source in turn controls an electric 
potential on the upper electrode. An electric potential of the 
plasma responds to control of the electric potential on the 
upper electrode. The electric potential of the plasma affects 
a confinement of the plasma within the chamber. 
0007. Other aspects and advantages of the invention will 
become more apparent from the following detailed descrip 
tion, taken in conjunction with the accompanying drawings, 
illustrating by way of example the present invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0008 FIG. 1 is an illustration showing a plasma process 
ing system for semiconductor wafer processing, in accor 
dance with one embodiment of the present invention; 
0009 FIG. 2 is an illustration showing a plasma process 
ing system for semiconductor wafer processing, in accor 
dance with another embodiment of the present invention; 
0010 FIG. 3 is an illustration showing a plasma process 
ing system for semiconductor wafer processing, in accor 
dance with another embodiment of the present invention; 
0011 FIG. 4 is an illustration showing a plasma process 
ing system for semiconductor wafer processing including an 
impedance control device, in accordance with one embodi 
ment of the present invention; and 
0012 FIG. 5 is an illustration showing a flowchart of a 
method for controlling plasma confinement, in accordance 
with one embodiment of the present invention. 

DETAILED DESCRIPTION 

0013. In the following description, numerous specific 
details are set forth in order to provide a thorough under 
standing of the present invention. It will be apparent, how 
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ever, to one skilled in the art that the present invention may 
be practiced without some or all of these specific details. In 
other instances, well known process operations have not 
been described in detail in order not to unnecessarily 
obscure the present invention. 
0014 FIG. 1 is an illustration showing a plasma process 
ing system 100 for semiconductor wafer processing, in 
accordance with one embodiment of the present invention. 
The system 100 includes a plasma processing chamber 
(“chamber) 101 within which a plasma 109 can be gener 
ated in exposure to a substrate 104. It should be understood 
that the substrate 104 can represent a semiconductor wafer 
or any other type of substrate within which electronic 
elements are to be defined. The chamber 101 includes a 
lower electrode 103 and an upper electrode 105. During 
operation, radiofrequency (RF) power is generated by an RF 
power source 117 and transmitted through a matching net 
work 115 to the lower electrode 103, via connections 119 
and 121. It should be appreciated that the matching network 
115 is defined to provide appropriate impedance matching to 
ensure that the RF power is properly transmitted from the 
source 117 to a load. The RF power received at the lower 
electrode 103 is transmitted through the chamber 101 vol 
ume to the upper electrode 105, which is maintained at a 
controlled electric potential relative to a reference ground. In 
one embodiment, the chamber 101 serves as the reference 
ground. 
0015 The upper electrode 105 is connected to a direct 
current (DC) voltage source 123 through connection 125. 
The DC voltage source 123 is in turn connected to the 
reference ground through connection 127. A filter network 
122 is connected between the upper electrode 105 and the 
reference ground to provide a means by which RF current 
can be routed around the DC voltage source 123 directly to 
ground. It should be appreciated that the upper electrode 105 
is electrically isolated from the chamber 101. In one embodi 
ment, the upper electrode 105 is electrically isolated from 
the chamber 101 by a dielectric material 113. In the embodi 
ment where the upper electrode is disc-shaped, the dielectric 
material 113 may be ring-shaped. Because the upper elec 
trode 105 is electrically isolated, the electric potential of the 
upper electrode 105 relative to ground, i.e., relative to the 
chamber 101, can be controlled by the DC voltage source 
123. Furthermore, because the electric potential of the 
plasma 109 is influenced by the electric potential of the 
upper electrode 105, control of the electric potential of the 
upper electrode 105 via the DC voltage source 123 enables 
control of the electric potential of the plasma 109. 
0016. During operation, a reactant gas is Supplied to the 
chamber 101 volume in a controlled manner. The RF power 
transmitted from the lower electrode 103 through the cham 
ber 101 Volume, i.e., through the reactant gas, to the upper 
electrode 105 serves to transform the reactant gas into the 
plasma 109. A density of the plasma 109 at a particular 
location within chamber 101 is proportional to an amount of 
RF power being transmitted through the particular location 
within the chamber 101. Therefore, increased RF power 
transmission through a particular location within the cham 
ber 101 will result in an increased plasma 109 density at the 
particular location within the chamber 101, Vice-versa. 
0017. A set of confinement rings 111 are positioned 
within the chamber 101 to surround a volume overlying the 
substrate 104 between the lower and upper electrodes 103/ 
105. It should be appreciated that FIG. 1 shows an exem 
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plary number of confinement rings 111. In other embodi 
ments, there may be more or less confinement rings 111 than 
what is shown in FIG.1. The confinement rings 111 serve to 
confine the plasma 109 to the volume overlying the substrate 
104. More specifically, the plasma 109 extinguishes in the 
slots between the confinement rings 111. An electric poten 
tial between the inner and outer periphery of the slot 
between confinement rings 111 influences the ability of the 
slot to confine the plasma 109. Therefore, control of the 
electric potential of the plasma 109 relative to the region 
outside the confinement rings 111 enables control of the 
plasma 109 confinement. In general, a lower electric poten 
tial of the plasma 109 with respect to the chamber 101 
enables easier confinement of the plasma 109. 
0018. It should be appreciated that the plasma processing 
chamber 101 and system 100 includes many other features 
and components that are not described herein to avoid 
unnecessarily obscuring the present invention. The present 
invention is primarily concerned with controlling electric 
potential of the plasma 109 within the chamber 101 by 
controlling an electric potential of the upper electrode 105 
and/or RF power transmission paths through the chamber 
101. 

(0019. In the embodiment of FIG. 1, the DC voltage 
source 123 is connected near a center of the upper electrode 
105. The electric potential of the upper electrode 105, as 
controlled by the DC voltage source 123, is capable of 
reducing the electric potential of the plasma 109 relative to 
the chamber 101. Thus, the DC voltage source 123 is 
capable of “biasing the electric potential of the plasma 109 
with respect to the chamber 101. The polarity of the DC 
voltage source 123 is set to bias the electric potential of the 
plasma 109 such that an electric field present between the 
confinement rings 111 and the chamber 101 is reduced. The 
reduction in electric field strength between the confinement 
rings 111 and the chamber 101 serves to increase a plasma 
confinement capability. The voltage level of the DC voltage 
Source 123 can be set to optimize plasma confinement. The 
particular Voltage level required to optimize the plasma 
confinement, i.e., the optimum Voltage level, can vary 
depending on chamber specific configuration details. How 
ever, the optimum voltage level should be less than the 
electric potential of the plasma 109 with respect to the 
chamber 101. 

0020. In one embodiment, the DC voltage source 123 is 
defined as an “ideal” Voltage source that appears as a short 
circuit with respect to RF current. In another embodiment, 
the DC voltage source 123 is not “ideal, but is defined to 
represent low impedance to RF current. In yet another 
embodiment, the DC voltage source 123 is defined to 
represent a constant impedance to RF current. 
0021. A known difficulty with confined plasma process 
ing systems is the loss of plasma confinement at high 
reactant gas flow rates. Control of the electric potential of 
the plasma 109, as provided by the DC voltage source 123, 
enables reduction of the electric field between the confine 
ment rings 111 and the chamber 101, thereby expanding the 
plasma confinement window. The expanded plasma confine 
ment window allows the plasma to be confined at higher 
reactant gas flow rates. Therefore, the expanded plasma 
confinement window afforded by the DC voltage source 123 
allows increased flexibility in establishing the plasma pro 
cess parameters, such as gas flow rate. 
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0022. It should be appreciated that enhanced control of 
the plasma electric potential provides for enhanced process 
control, even beyond the allowable increase in gas flow rate. 
For example, enhanced control of the plasma electric poten 
tial can enable adjustment of the ion energy distribution 
incident upon the surface of the wafer 104. Adjustment of 
the ion energy distribution incident upon the surface of the 
wafer 104 affects an etch profile obtained across the surface 
of the wafer 104. More specifically, the electric potential 
between the plasma 109 and the surface of the lower 
electrode 103 determines the energy that will be acquired by 
ions as they travel through the region, i.e., sheath, between 
the plasma 109 and the wafer 104. Through manipulation of 
the plasma electric potential, as afforded by the DC voltage 
source 123, it is possible to manipulate the electric potential 
difference across the sheath. Manipulation of the electric 
potential difference across the sheath has a direct effect on 
the ion energy distribution contacting the wafer 104. 
0023. In some situations it may be desirable to have more 
spatial control of the plasma electric potential. Increased 
spatial control of the plasma electric potential can be real 
ized by enabling increased spatial control of the electric 
potential across the upper electrode 105. FIG. 2 is an 
illustration showing a plasma processing system for semi 
conductor wafer processing, in accordance with another 
embodiment of the present invention. The plasma process 
ing system of FIG. 2 is essentially the same as that previ 
ously described with respect to FIG. 1, with the exception of 
the upper electrode 105 and DC voltage source 123. In the 
embodiment of FIG. 2, the upper electrode is defined by a 
central section 105A1, an annular section 105A2, and an 
annular section 105A3, wherein the annular sections are 
disposed concentrically outside the central section. Adjacent 
sections of the upper electrode are electrically separated 
from each other by dielectric material regions 129A and 
129B. It should be appreciated that the particular sectioning 
of the upper electrode as illustrated in the embodiment of 
FIG. 2 is exemplary and is not intended to be limiting. In 
other embodiments, the number and size of upper electrode 
sections and corresponding DC voltage sources may be 
established in essentially any manner as necessary to fulfill 
plasma processing requirements. 
0024. Each section of the upper electrode (105A1, 
105A2, and 105A3) is connected to a respective DC voltage 
source (123A, 123B, and 123C). The DC voltage sources 
123A, 123B, and 123C are defined in the same manner as the 
DC voltage source 123, previously described with respect to 
the embodiment of FIG. 1. The filter network 122 is con 
nected between the each section of the upper electrode 
(105A1, 105A2, 105A3) and the reference ground to provide 
a means by which RF current can be routed around the DC 
voltage sources (123A, 123B, 123C) directly to ground. The 
DC voltage sources 123A-123C can be used to maintain 
their respective section of the upper electrode at a different 
electric potential with respect to the chamber 101. Thus, the 
sectioned upper electrode enables establishment of an elec 
tric potential distribution above the plasma 109. By influ 
encing the electric potential distribution within the plasma 
109, the electric potential distribution of the sectioned upper 
electrode has an associated effect on the etch characteristics 
across the wafer 104. 

0025 FIG. 3 is an illustration showing a plasma process 
ing system for semiconductor wafer processing, in accor 
dance with another embodiment of the present invention. 
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The plasma processing system of FIG. 3 is essentially the 
same as that previously described with respect to FIG. 1, 
with the exception of the upper electrode 105 and DC 
voltage source 123. In the embodiment of FIG. 3, the upper 
electrode is defined by a doped semiconductor material, e.g., 
doped silicon, wherein a doping concentration within the 
upper electrode varies radially from the center to the periph 
ery of the upper electrode. For example, in one embodiment, 
the upper electrode includes a first doping concentration in 
a central section 105B1, a second doping concentration in an 
annular section 105B2, and a third doping concentration in 
an annular section 105B3, wherein the annular sections are 
disposed concentrically outside the central section. It should 
be appreciated that the particular sectioning of the upper 
electrode, as illustrated in the embodiment of FIG. 3, is 
exemplary and is not intended to be limiting. In other 
embodiments, the upper electrode may be sectioned to have 
essentially any doping profile as necessary to fulfill plasma 
processing requirements. 
0026. The doping concentration at a given location within 
the upper electrode in the embodiment of FIG. 3 is defined 
to control an electrical resistance through the given location 
of the upper electrode. The electrical resistance through the 
given location of the upper electrode is capable of influenc 
ing an electric potential of the upper electrode at the given 
location. Thus, the upper electrode having the doping profile 
enables establishment of an electric potential distribution 
above the plasma 109. As previously stated, by influencing 
the electric potential distribution within the plasma 109, the 
electric potential distribution of the upper electrode has an 
associated effect on the etch characteristics across the wafer 
104. In one embodiment the upper electrode (105B1-105B3) 
is electrically isolated from the chamber 101. In this embodi 
ment, one or more Voltage sources can be connected to the 
upper electrode to control an electric potential distribution 
across the upper electrode. 
0027 FIG. 4 is an illustration showing a plasma process 
ing system for semiconductor wafer processing including an 
impedance control device 133, in accordance with one 
embodiment of the present invention. The plasma process 
ing system of FIG. 4 is essentially the same as that previ 
ously described with respect to FIG. 1, with the exception of 
the DC voltage source 123. The embodiment of FIG. 4 does 
not require the DC voltage source 123, however, some 
embodiments may implement the DC voltage source 123. 
The plasma processing system of FIG. 4 includes the imped 
ance control device 133 connected between a central region 
of the upper electrode and a reference ground, e.g., the 
chamber 101. The impedance control device 133 is defined 
to control the RF current transmission path through the 
central region of the upper electrode 105. Control of the RF 
current transmission path enables confinement control of the 
plasma. 
0028. For example, in one embodiment, the lower elec 
trode is controlled to transmit RF power at both 2 MHZ and 
27 MHz. In this embodiment, the impedance control device 
133 is defined as a filter network, i.e., an inductor and 
capacitor in parallel, which provides high impedance to the 
2 MHz. RF current passing through the central region of the 
upper electrode 105. Therefore, the impedance control 
device 133 causes the 2 MHz. RF current to favor a trans 
mission path near the periphery of the upper electrode 105, 
thus causing an increase power deposition near the periphery 
of the upper electrode 105. The increased power deposition 
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near the periphery of the upper electrode 105 serves to 
enhance, i.e., strengthen, confinement of the plasma 109. 
0029 FIG. 5 is an illustration showing a flowchart of a 
method for controlling plasma confinement, in accordance 
with one embodiment of the present invention. The method 
of FIG. 5 can be implemented using the plasma processing 
system previously described with respect to FIGS. 1 and 2. 
The method includes an operation 501 for generating a 
plasma within a chamber between a lower electrode and an 
upper electrode. The method also includes an operation 503 
for controlling a voltage source connected between the 
upper electrode and the chamber such that an electric 
potential on the upper electrode is controlled. In one 
embodiment, the Voltage source is a DC voltage source 
having low impedance to RF current. An electric potential of 
the generated plasma responds to control of the upper 
electrode electric potential. The electric potential of the 
plasma affects confinement of the plasma within the cham 
ber. 

0030. In one embodiment, the voltage source is con 
trolled to cause the electric potential of the plasma to be 
decreased relative to the chamber. The decreased electric 
potential of the plasma serves to support confinement of the 
plasma. The method can further include an operation for 
establishing a polarity of the Voltage source Such that the 
electric field strength between the plasma and the chamber 
is reduced. This reduction in electric field strength serves to 
Support confinement of the plasma. In another embodiment, 
operation 503 can include independently controlling mul 
tiple Voltage sources, wherein each of the multiple Voltage 
Sources is defined to control an electric potential of a 
respective section of the upper electrode. Independent con 
trol of the electric potential of the various sections of the 
upper electrode enables establishment of an electric poten 
tial profile across the entirety of the upper electrode. The 
established electric potential profile across the upper elec 
trode can be used to correspondingly control the electric 
potential of the plasma. 
0031. The plasma processing chamber 101 in the above 
described embodiments provides the confinement rings 111 
as a confinement mechanism. However, it should be under 
stood that the plasma processing chamber 101 can include 
other confinement mechanisms in addition to the confine 
ment rings 111. Regardless of the particular confinement 
mechanisms implemented within the plasma processing 
chamber 101, it should be appreciated that plasma confine 
ment is improved when the potential drop from the plasma, 
through the confinement rings 111, to the chamber walls is 
such that the resulting electric field is sufficient to enhance 
ion confinement. Therefore, regardless of the particular 
confinement mechanisms implemented within the plasma 
processing chamber 101, it should be recognized that DC 
voltage source 123 provided herein serves to improve 
plasma confinement by influencing the potential drop from 
the plasma to the chamber walls. 
0032. While this invention has been described in terms of 
several embodiments, it will be appreciated that those 
skilled in the art upon reading the preceding specifications 
and studying the drawings will realize various alterations, 
additions, permutations and equivalents thereof. Therefore, 
it is intended that the present invention includes all such 
alterations, additions, permutations, and equivalents as fall 
within the true spirit and scope of the invention. 
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What is claimed is: 
1. An apparatus for semiconductor wafer plasma process 

ing, comprising: 
a chamber, 
a lower electrode disposed within the chamber and 

defined to transmit a radiofrequency current through 
the chamber, the lower electrode defined to support a 
semiconductor wafer in exposure to a plasma to be 
generated within the chamber by the radiofrequency 
current; 

an upper electrode disposed above and in a spaced apart 
relationship with the lower electrode, wherein the 
upper electrode is electrically isolated from the cham 
ber; and 

a Voltage source connected to the upper electrode, the 
Voltage source defined to control an electric potential of 
the upper electrode relative to the chamber, wherein the 
electric potential of the upper electrode as controlled by 
the Voltage source is capable of influencing an electric 
potential of the plasma to be generated between the 
lower electrode and the upper electrode. 

2. An apparatus for semiconductor wafer plasma process 
ing as recited in claim 1, wherein the Voltage source is a 
direct current Voltage source. 

3. An apparatus for semiconductor wafer plasma process 
ing as recited in claim 1, wherein the electric potential of the 
upper electrode as controlled by the Voltage source is 
capable of reducing an electric potential of the plasma 
relative to the chamber, the plasma electric potential reduc 
tion enabling plasma confinement. 

4. An apparatus for semiconductor wafer plasma process 
ing as recited in claim 1, wherein the Voltage source is 
defined to maintain the electric potential of the upper 
electrode at a level less than the electric potential of the 
plasma. 

5. An apparatus for semiconductor wafer plasma process 
ing as recited in claim 1, wherein the Voltage source is 
defined to represent low impedance to the radiofrequency 
current to be transmitted through the chamber. 

6. An apparatus for semiconductor wafer plasma process 
ing as recited in claim 1, wherein the upper electrode is 
defined by a central section and one or more annular sections 
disposed concentrically outside the central section, wherein 
adjacent sections of the upper electrode are electrically 
separated from each other by a dielectric material, wherein 
each section of the upper electrode is connected to a respec 
tive Voltage source. 

7. An apparatus for semiconductor wafer plasma process 
ing as recited in claim 6, wherein each Voltage source is 
defined to control an electric potential of the upper electrode 
section to which the Voltage source is connected to enable 
establishment of an electric potential profile across an 
entirety of the upper electrode. 

8. An apparatus for semiconductor wafer plasma process 
ing, comprising: 

a chamber, 
a lower electrode disposed within the chamber and 

defined to transmit a radiofrequency current through 
the chamber, the lower electrode defined to support a 
semiconductor wafer in exposure to a plasma to be 
generated within the chamber by the radiofrequency 
current; 

an upper electrode disposed above and in a spaced apart 
relationship with the lower electrode, wherein the 



US 2008/0006205 A1 

plasma is to be generated and confined to a Volume 
between the lower electrode and the upper electrode: 
and 

an impedance control device connected between a central 
region of the upper electrode and a reference ground, 
the impedance control device defined to control a 
radiofrequency current transmission path through the 
central region of the upper electrode, wherein control of 
the radiofrequency current transmission path enables 
confinement control of the plasma. 

9. An apparatus for semiconductor wafer plasma process 
ing as recited in claim 8, wherein the impedance control 
device is defined to increase a low frequency impedance. 

10. An apparatus for semiconductor wafer plasma pro 
cessing as recited in claim 8, wherein the impedance control 
device is defined to enable increased power deposition near 
a periphery of the upper electrode, the increased power 
deposition near the periphery of the upper electrode 
strengthening confinement of the plasma. 

11. An apparatus for semiconductor wafer plasma pro 
cessing, comprising: 

a chamber, 
a lower electrode disposed within the chamber and 

defined to transmit a radiofrequency current through 
the chamber, the lower electrode defined to support a 
semiconductor wafer in exposure to a plasma to be 
generated within the chamber by the radiofrequency 
current; and 

an upper electrode disposed above and in a spaced apart 
relationship with the lower electrode, wherein the 
upper electrode is defined by a doped semiconductor 
material, wherein a doping concentration within the 
upper electrode varies radially from a center to a 
periphery of the upper electrode. 

12. An apparatus for semiconductor wafer plasma pro 
cessing as recited in claim 11, wherein the doping concen 
tration at a given location within the upper electrode is 
defined to control an electric resistance through the given 
location of the upper electrode, the electric resistance 
through the given location of the upper electrode capable of 
influencing an electric potential of the upper electrode at the 
given location. 

13. An apparatus for semiconductor wafer plasma pro 
cessing as recited in claim 11, wherein the upper electrode 
is defined as a doped silicon material. 
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14. An apparatus for semiconductor wafer plasma pro 
cessing as recited in claim 11, wherein the upper electrode 
is electrically isolated from the chamber, the chamber rep 
resenting an electric ground. 

15. An apparatus for semiconductor wafer plasma pro 
cessing as recited in claim 14, further comprising: 

a Voltage source connected to the upper electrode, the 
Voltage source defined to control an electric potential of 
the upper electrode relative to the chamber. 

16. A method for controlling plasma confinement, com 
prising: 

generating a plasma within a chamber between a lower 
electrode and an upper electrode; and 

controlling a Voltage source connected between the upper 
electrode and the chamber such that an electric poten 
tial on the upper electrode is controlled, wherein an 
electric potential of the plasma responds to control of 
the electric potential on the upper electrode, the electric 
potential of the plasma affecting a confinement of the 
plasma within the chamber. 

17. A method for controlling plasma confinement as 
recited in claim 16, wherein the voltage source is a direct 
current Voltage source having low impedance to radiofre 
quency current. 

18. A method for controlling plasma confinement as 
recited in claim 16, wherein the voltage source is controlled 
to cause the electric potential of the plasma to be decreased 
relative to the chamber, the decreased electric potential of 
the plasma serving to support confinement of the plasma. 

19. A method for controlling plasma confinement as 
recited in claim 16, further comprising: 

establishing a polarity of the Voltage source Such that an 
electric field strength between the plasma and the 
chamber is reduced, reduction in the electric field 
strength serving to Support confinement of the plasma. 

20. A method for controlling plasma confinement as 
recited in claim 16, wherein controlling the Voltage source 
includes independently controlling multiple Voltage sources, 
wherein each Voltage source is defined to control an electric 
potential of a respective section of the upper electrode to 
enable establishment of an electric potential profile across an 
entirety of the upper electrode. 


