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(57) ABSTRACT 

Aplasrna source includes a chamber that contains a process 
gas. The chamber has a chamber top comprising a ?rst 
section formed of a dielectric material that extends in a 
horizontal direction. A second section of the chamber top is 
formed of a dielectric material that extends a height from the 
?rst section in a vertical direction. A top section of the 
chamber top is formed of a conductive material that extends 
a length across the second section in the horizontal direction. 
Aradio frequency antenna is positioned proximate to at least 
one of the ?rst section and the second section. The radio 
frequency antenna induces radio frequency currents into the 
chamber that excite and ioniZe the process gas so as to 
generate a plasma in the chamber. 
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RF PLASMA SOURCE WITH CONDUCTIVE TOP 
SECTION 

RELATED APPLICATION SECTION 

[0001] This application is a continuation-in-part of US. 
patent application Ser. No. 10/805,966, ?led Mar. 22, 2004 
entitled “Plasma Immersion Ion Implantation Apparatus and 
Method,” the entire application of Which is incorporated 
herein by reference. 

INTRODUCTION 

[0002] The section headings used herein are for organiZa 
tional purposes only and are not to be construed as limiting 
the subject matter described in any Way. 

[0003] The present invention relates to plasma sources. 
Plasma sources are commonly used in the semiconductor 
industry and other industries for performing etching and 
deposition. Plasma immersion systems immerse a substrate 
or target in a plasma for processing. The substrate or target 
is biased With respect to the plasma potential in order to 
attract ions for processing. 

[0004] Recently plasma immersion systems have been 
used for performing ion implantation of semiconductor 
Wafers. Ions are not accelerated toWard the Wafer like in 
conventional ion implantation systems. Instead the Wafer is 
immersed in a plasma containing dopant ions. The ion 
penetration depths can be very shalloW. Therefore, plasma 
immersion systems can perform very shalloW ion implan 
tations that can be used for fabricating modern electronic 
and optical components. 

[0005] One type of plasma immersion source uses a pulsed 
DC poWer supply to generate the plasma. The DC poWer 
supply generates a voltage that creates a plasma discharge 
from a process gas in a chamber. The DC voltage and 
secondary electrons generated from collisions With chamber 
surfaces and With the target sustain the plasma. Other types 
of plasma immersion sources use a radio frequency (RF) 
source to generate the plasma. The RF source generates a RF 
voltage. The RF voltage generates and maintains the plasma 
by capacitively coupling RF energy from an electrode across 
the plasma sheath to electrons in the plasma. Other types of 
plasma immersion sources use microWave poWer applicators 
to generate and maintain the plasma. 

[0006] Plasma sources for ion implantation have more 
stringent requirements than plasma sources for other plasma 
processing applications, such as plasma etching and plasma 
deposition. For example, plasma immersion sources used for 
ion implantation must generate plasma With highly uniform 
plasmas ion ?ux in both the radial and the aZimuthal 
direction so that uniform ion ?ux impinges on the Wafer 
surface. 

[0007] In addition, plasma immersion systems must dis 
sipate the heat load and minimiZe charging effects that 
results from secondary electron emission from the Wafer. 
Typically secondary electrons are accelerated aWay from the 
surface of the substrate at the implant voltage and the poWer 
carried by these electrons is deposited in the chamber top. 
Conventional plasma immersion sources are used With 
chamber tops that are formed of insulating materials. The 
secondary electrons tend to heat and to charge the chamber 
tops, Which can adversely affect ion energy uniformity and 
process repeatability. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0008] The aspects of this invention may be better under 
stood by referring to the folloWing description in conjunc 
tion With the accompanying draWings, in Which like numer 
als indicate like structural elements and features in various 
?gures. The draWings are not necessarily to scale. The 
skilled artisan Will understand that the draWings, described 
beloW, are for illustration purposes only. The draWings are 
not intended to limit the scope of the present teachings in 
anyWay. 

[0009] FIG. 1 illustrates a RF plasma source having 
vertical and horiZontal RF coils and a conductive top section 
according to the present invention. 

[0010] FIG. 2 illustrates a RF plasma source having a ?rst 
RF coil in a ?rst direction, a second RF coil in a second 
direction, and a conductive top section according to the 
present invention. 

[0011] FIG. 3 illustrates a RF plasma source having 
vertical and horiZontal RF coils, a conductive top section, 
and an anode according to the present invention. 

[0012] FIGS. 4A-C illustrate graphs of radial plasma 
density pro?les for tWo different coil adjuster positions. 

[0013] FIGS. 5A-B illustrate graphs of plasma uniformity 
and mean ion current as a function of chamber pressure for 
a constant RF poWer level. 

DETAILED DESCRIPTION 

[0014] Aplasma source of the present invention provides 
a uniform ion ?ux and also dissipates the effects of second 
ary electrons. Some aspects of the plasma source of the 
present invention are described in connection With plasma 
doping for the purpose of illustrating the invention. HoW 
ever, it is understood that the plasma source of the present 
invention has many applications and is not limited to plasma 
immersion sources for plasma doping. 

[0015] FIG. 1 illustrates a RF plasma source 100 having 
vertical and horiZontal RF coils and a conductive top section 
according to the present invention. The plasma source 100 
includes a chamber 102 that contains a process gas. A gas 
source 104 that is coupled to the chamber 102 through a 
proportional valve 106 supplies the process gas to the 
chamber 102. A pressure gauge 108 measures the pressure 
inside the chamber 102. An exhaust port 110 in the chamber 
102 is coupled to a vacuum pump 112 that evacuates the 
chamber 102. An exhaust valve 114 controls the exhaust 
conductance through the exhaust port 110. 

[0016] A gas pressure controller 116 is electrically con 
nected to the proportional valve 106, the pressure gauge 108, 
and the exhaust valve 114. The gas pressure controller 116 
maintains the desired pressure in the chamber 102 by 
controlling the exhaust conductance With the exhaust valve 
114 and controlling the process gas ?oW rate With the 
proportional valve 106 in a feedback loop that is responsive 
to the pressure gauge 108. 

[0017] In some embodiments, a ratio control of trace gas 
species is provided by a mass ?oW meter (noW shoWn) that 
is coupled in-line With the process gas that provides the 
primary gas species. Also, in some embodiments, a separate 
gas injection means (not shoWn) is used for in-situ condi 
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tioning species. For example, silicon doped With an appro 
priate dopant can be used to provide a uniform coating in the 
chamber 102 that reduces contaminants. Furthermore, in 
some embodiments, a multi-port gas injection means (not 
shoWn) is used to provide gases that cause neutral chemistry 
effects that result in across Wafer variations. 

[0018] The chamber 102 has a chamber top 118 including 
a ?rst section 120 formed of a dielectric material that 
extends in a generally horiZontal direction. A second section 
122 of the chamber top 118 is formed of a dielectric material 
that extends a height from the ?rst section 120 in a generally 
vertical direction. The dimensions of the ?rst and the second 
sections 120, 122 of the chamber top 118 can be selected to 
improve the uniformity of plasmas generated in the chamber 
102. 

[0019] The dielectric materials in the ?rst and second 
sections 120, 122 provide a medium for transferring the RF 
poWer from the RF antenna to a plasma inside the chamber 
102. In one embodiment, the dielectric material used to form 
the ?rst and second sections 120, 122 is a high purity 
ceramic material that is chemically resistant to the process 
gases and that has good thermal properties. For example, in 
some embodiments, the dielectric material is 99.6% Al203 
or AlN. In other embodiments, the dielectric material is 
Yittria and YAG. 

[0020] A top section 124 of the chamber top 118 is formed 
of a conductive material that extends a length across the 
second section 122 in the horiZontal direction. In many 
embodiments, the conductivity of the material used to form 
the top section 124 is high enough to dissipate the heat load 
and to minimiZe charging effects that results from secondary 
electron emission. Typically, the conductive material used to 
form the top section 124 is chemically resistant to the 
process gases. In some embodiments, the conductive mate 
rial is aluminum. 

[0021] The top section 124 can be coupled to the second 
section 122 With a halogen resistant O-ring made of ?uoro 
carbon polymer, such as an O-ring formed of ChemrZ and/or 
Kalrex materials. The top section 124 is typically mounted 
to the second section 122 in a manner that minimiZes 
compression on the second section 122, but that provides 
enough compression to seal the top section 124 to the second 
section. In some operating modes, the top section 124 is RF 
and DC grounded as shoWn in FIG. 1. 

[0022] In some embodiments, the top section 124 com 
prises a cooling system that regulates the temperature of the 
top section 124 in order to dissipate the heat load generated 
during processing. The cooling system can be a ?uid cooling 
system that includes cooling passages 128 in the top section 
124 that circulate a liquid coolant from a coolant source. 
Some processes, such as plasma doping processes, generate 
a considerable amount of non-uniformly distributed heat on 
the inner surfaces of the plasma chamber because of sec 
ondary electron emissions. The non-uniformly distributed 
heat creates temperature gradients that are high enough to 
cause thermal stress points Within the chamber 102 that can 
result in a chamber 102 failure. 

[0023] In one embodiment, a ratio of the height 130 of the 
?rst section 122 of the chamber top 118 in the vertical 
direction to the length 132 across the second section 122 of 
the chamber top 118 in the horiZontal direction is approxi 
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mately betWeen 1.5 and 5.5. In the embodiment shoWn in 
FIG. 1, the second section 122 is formed in a cylindrical 
shape. HoWever, in other embodiments of the invention, the 
?rst section 120 of the chamber top 118 does not extend in 
exactly a horiZontal direction. Also, in other embodiments, 
the second section 122 of the chamber top 118 does not 
extend in exactly a vertical direction. 

[0024] A platen 134 is positioned in the chamber 102 a 
height 136 beloW the top section 124 of the chamber top 118 
and a height 138 beloW the ?rst section 120 of the chamber 
top 118. The platen 134 can be a substrate holder that holds 
a Wafer 140 for processing. For example, if the plasma 
source 100 is con?gured as a plasma immersion ion implan 
tation source, the platen 134 holds a target, such as a 
semiconductor Wafer to be implanted. In one embodiment, 
the platen 134 is dimensioned so that it is positioned Within 
the inner diameter 142 of the chamber top 118. 

[0025] In some embodiments, a bias voltage poWer supply 
144 is electrically connected to the platen 134. The bias 
voltage poWer supply 144 biases the platen 134 at a voltage 
that attracts ions in the plasma to the Wafer 140. The bias 
voltage poWer supply 144 can be a DC poWer supply or a RF 
poWer supply. 

[0026] A RF antenna is positioned proximate to at least 
one of the ?rst section 120 and the second section 122 of the 
chamber top 118. The plasma source 100 illustrated in FIG. 
1 shoWs tWo separate RF antennas that are electrically 
isolated. Aplanar coil antenna 146 having a plurality of turns 
is positioned adjacent to the ?rst section 120 of the chamber 
top 118 and a helical coil antenna 148 having a plurality of 
turns surrounds the second section 122 of the chamber top 
118. 

[0027] A RF source 150, such as a RF poWer supply, is 
electrically connected to at least one of the planar coil 
antenna 146 and the helical coil antenna 148. The RF source 
150 is coupled to the RF antennas 146, 148 by an impedance 
matching netWork 152 that maximiZes the poWer transferred 
from the RF source 150 to the RF antennas 146, 148. Dashed 
lines from the output of the impedance matching netWork 
152 to the planar coil antenna 146 and the helical coil 
antenna 148 are used to indicate that electrical connections 
can be made from the output of the impedance matching 
netWork 152 to either or both of the planar coil antenna 146 
and the helical coil antenna 148. 

[0028] The RF source 150 resonates RF currents in the RF 
antennas 146, 148. The RF current in the RF antennas 146, 
148 induces RF currents into the chamber 102. The RF 
currents in the chamber 102 excite and ioniZe the process gas 
so as to generate a plasma in the chamber 102. 

[0029] The plasma source of the present invention can 
have many different antenna con?gurations. At least one of 
the planar coil antenna 146 and the helical coil antenna 148 
is an active antenna. The term “active antenna” is herein 
de?ned as an antenna that is driven directly by a poWer 
supply. In other Words, a voltage generated by the poWer 
supply is directly applied to an active antenna. 

[0030] In some embodiments, at least one of the planar 
coil antenna 146 and the helical coil antenna 148 is formed 
such that it can be liquid cooled. For example, the planar coil 
antenna 146 and the helical coil antenna 148 can be tubular 
members that are connected to a pressuriZed ?uid source. 
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Cooling at least one of the planar coil antenna 146 and the 
helical coil antenna 148 Will reduce temperature gradients 
caused by the RF poWer propagating in the RF antennas 146, 
148. 

[0031] In some embodiments, one of the planar coil 
antenna 146 and the helical coil antenna 148 is a parasitic 
antenna. The term “parasitic antenna” is de?ned herein to 
mean an antenna that is in electromagnetic communication 
With an active antenna, but that is not directly connected to 
a poWer supply. In other Words, a parasitic antenna is not 
directly excited by a poWer supply, but rather is excited by 
an active antenna. 

[0032] For example, in one embodiment, the planar coil 
antenna 146 is an active antenna that is electrically con 
nected to the output of the poWer supply 150 and the helical 
coil antenna 148 is a parasitic antenna that is positioned in 
electromagnetic communication With the planar coil antenna 
146. In another embodiment, the helical coil antenna 148 is 
an active antenna that is electrically connected to the output 
of the poWer supply 150 and the planar coil antenna 146 is 
positioned in electromagnetic communication With the heli 
cal coil antenna 148. 

[0033] In some embodiments of the invention, one end of 
the parasitic antenna is electrically connected to ground 
potential in order to provide antenna tuning capabilities. In 
this embodiment, the parasitic antenna includes a coil 
adjuster that is used to change the effective number of turns 
in the parasitic antenna coil. Numerous different types of 
coil adjusters can be used. For example, the coil adjuster 154 
shoWn in FIG. 1 is a metal short that is positioned betWeen 
a ?oating end of the parasitic coil and a desired number of 
turns in the helical coil antenna 148. In other embodiments, 
the parasitic antenna is electrically ?oating at both ends. In 
these other embodiments, a sWitch (not shoWn) is used to 
select the desired number of turns in the parasitic antenna 
coil. 

[0034] In some embodiments, the plasma source 100 
includes a plasma igniter 156. Numerous types of plasma 
igniters can be used With the plasma source of the present 
invention. In one embodiment, the plasma igniter 156 
includes a reservoir 158 of strike gas, Which is a highly 
ioniZable gas, such as argon (Ar), that assists in igniting the 
plasma. The reservoir 158 can be a relatively small reservoir 
of knoWn volume and knoWn pressure. The reservoir 158 is 
coupled to the plasma chamber 102 With a high conductance 
gas connection 160. Aburst valve 162 isolates the reservoir 
158 from the chamber 102. In another embodiment, a strike 
gas source is plumbed directly to the burst valve 162 using 
a loW conductance gas connection. 

[0035] In operation, the chamber 102 is evacuated to high 
vacuum. The process gas is then introduced into the chamber 
102 by the proportional valve 106 and exhausted from the 
chamber 102 by the vacuum pump 112. The gas pressure 
controller 116 is used to maintain the desired gas pressure 
for a desired process gas ?oW rate and exhaust conductance. 

[0036] The RF source 150 generates a RF signal that is 
applied to the RF antennas 146, 148. In some embodiments, 
the RF source 150 generates a relatively loW frequency RF 
signal. Using a relatively loW frequency RF signal Will 
minimiZe capacitive coupling and, therefore Will reduce 
sputtering of the chamber Walls and the resulting contami 
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nation. For example, in these embodiments, the RF source 
150 generates RF signals beloW 27 MHZ, such as 400 kHZ, 
2 MHZ, 4 MHZ or 13.56 MHZ. 

[0037] The RF signal applied to the RF antennas 146, 148 
generates a RF current in the RF antennas 146, 148. Elec 
tromagnetic ?elds induced by the RF currents in the RF 
antennas 146, 148 couple through at least one of the dielec 
tric material forming the ?rst section 120 and the dielectric 
material forming the second section 122 and into the cham 
ber 102. In some operating modes, RF current is induced 
through the ?rst section 120 of the chamber top 118 With an 
active antenna that is electrically coupled to the RF source 
150 and through the second section 122 of the chamber top 
118 With a parasitic antenna. In other operating modes, RF 
current is induced through the second section 122 of the 
chamber top 118 With an active antenna that is electrically 
coupled to the RF source 150 and through the ?rst section 
120 of the chamber top 118 With a parasitic antenna. 

[0038] The electromagnetic ?elds induced in the chamber 
102 excite and ioniZe the process gas molecules. Plasma 
ignition occurs When a small number of free electrons move 
in such a Way that they ioniZe some process gas molecules. 
The ioniZed process gas molecules release more free elec 
trons that ioniZe more gas molecules. The ioniZation process 
continues until a steady state of ioniZed gas and free elec 
trons are present in the plasma. In some embodiments, the 
characteristics of the plasma are tuned by changing the 
effective number of turns in the parasitic antenna coil With 
the coil adjuster 154. 

[0039] Plasma ignition is dif?cult for some process gases, 
such as diborane in helium (15% BZH6 in 85% He). For 
these gases, it is desirable to use a strike gas to initiate the 
plasma. In one embodiment, a strike gas is controllably 
introduced into the plasma chamber 102 at a predetermined 
time by opening and then closing the burst valve 162. The 
burst valve 162 passes a short high-?oW-rate burst of strike 
gas into the plasma chamber 102 in order to assist in igniting 
the plasma. 

[0040] The burst gas pro?le is characteriZed by the ampli 
tude, shape, and duration of the burst. The burst gas pro?le 
is de?ned by several factors, such as the length of time the 
burst valve 162 is open, the pressure and the volume of the 
strike gas in the reservoir 158, the conductance of the gas 
connection 160, the pumping speed of the vacuum pump 112 
and the position of the exhaust value 114. In some embodi 
ments, a portion of the reservoir 158 is separated by a limited 
conductance ori?ce 164 or metering valve that provides a 
steady ?oW rate of strike gas after the initial high-?oW-rate 
burst. 

[0041] The gas pressure controller 116 senses an increase 
in chamber pressure and a corresponding decrease in the 
process gas ?oW that results from the burst of strike gas. The 
pressure controller 116 then adjusts the exhaust conductance 
and varies the process gas ?oW rate in a feedback loop that 
is responsive to the pressure gauge 108 so that the chamber 
pressure recovers to the desired processing conditions Within 
the desired response time. 

[0042] For example, a strike gas comprising argon can be used to ignite diborane in helium (15% BZH6 in 85% 

He). In this example, a plasma can be struck With a burst of 
argon that is introduced during a 0.5-5.0 second time interval 
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from a limited conductance gas supply having a pressure 
that is approximately 500 Torr. The burst of argon increases 
a pressure in the chamber by about 20 mTorr, Which pro 
vides reliable ignition of the plasma. 

[0043] FIG. 2 illustrates a RF plasma source 200 having 
a ?rst RF coil in a ?rst direction, a second RF coil in a 
second direction, and a conductive top section according to 
the present invention. The RF plasma source 200 is similar 
to the RF plasma source 100 that Was described in connec 
tion With FIG. 1. The plasma source 200 includes a chamber 
102 that contains a process gas. A gas source 104, Which is 
coupled to the chamber through a proportional valve 106, 
supplies the process gas to the chamber 102. 

[0044] Apressure gauge 108 measures the pressure inside 
the chamber 102. A gas pressure controller 116 is used to 
maintain the desired pressure in the chamber 102 by estab 
lishing an exhaust conductance and varying the process gas 
?oW rate in a feedback loop that is responsive to the pressure 
gauge 108. The chamber 102 includes an exhaust port 114 
that is coupled to a vacuum pump 112 that evacuates the 
chamber 102. 

[0045] The chamber 102 has a chamber top 202 that 
including a ?rst section 204 formed of a dielectric material 
that extends in a generally curved direction. A second 
section 206 of the chamber top 202 is formed of a dielectric 
material that extends in a generally vertical direction. The 
?rst and second sections 204, 206 are not orthogonal. The 
shape and dimensions of the ?rst and the second sections 
204, 206 can be selected to improve the uniformity of 
plasmas generated in the chamber 102. Atop section 124 of 
the chamber top 118 is formed of a conductive material and 
extends a length 132 across the second section 206. In some 
embodiments, the top section 124 of the chamber top 202 
includes cooling passages 128 for passing cooling ?uid to 
control the temperature of the chamber top 124. 

[0046] A platen 134 is positioned in the chamber 102 a 
height 136 beloW the top section 124 of the chamber 102. 
The platen 134 can be a substrate holder that holds a Wafer 
140 for processing as described herein. In some embodi 
ments, a bias voltage poWer supply 144 is electrically 
connected to the platen 134. 

[0047] A RF antenna is positioned proximate to at least 
one of the ?rst section 204 and the second section 206. The 
RF antenna can have many different antenna con?gurations 
as described herein. The plasma source 200 illustrated in 
FIG. 2 shoWs tWo separate RF antennas that are electrically 
isolated. A coil antenna 208 having a plurality of turns 
surrounds the curved portion of the ?rst section 204 of the 
chamber top 202. A helical coil antenna 210 having a 
plurality of turns surrounds the second section 204 of the 
chamber top 202. At least one of the coil antenna 208 and the 
helical coil antenna 210 is an active antenna as described 
herein. In some embodiments, at least one of the coil antenna 
208 and the helical coil antenna 210 is formed such that it 
can be liquid cooled. 

[0048] A RF source 150, such as a RF poWer supply, is 
electrically connected to at least one of the coil antenna 208 
and the helical coil antenna 210. The RF source 150 is 
coupled to the RF antennas 208, 210 by an impedance 
matching netWork 152 that maximiZes the poWer transferred 
from the RF source 150 to the RF antennas 208, 210. In 
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some embodiments, the plasma source 200 includes a 
plasma igniter 156 that assists in igniting the plasma. The 
operation of the plasma source 200 is similar to the operation 
of the plasma source 100 that Was described in connection 
With FIG. 1. 

[0049] FIG. 3 illustrates a RF plasma source 300 having 
vertical and horiZontal RF coils, a conductive top section, 
and an anode according to the present invention. The RF 
plasma source 300 is similar to the RF plasma source 100 
that Was described in connection With FIG. 1. The plasma 
source 300 includes a chamber 102 that contains a process 
gas. A gas source 104, Which is coupled to the chamber 
through a proportional valve 106, supplies the process gas to 
the chamber 102. 

[0050] Apressure gauge 108 measures the pressure inside 
the chamber 102. A gas pressure controller 116 is used to 
maintain the desired pressure in the chamber 102 by estab 
lishing an exhaust conductance and varying the process gas 
?oW rate in a feedback loop that is responsive to the pressure 
gauge 108. The chamber 102 includes an exhaust port 114 
that is coupled to a vacuum pump 112 that evacuates the 
chamber 102. 

[0051] The chamber 102 has a chamber top 118 including 
a ?rst section 120 formed of a dielectric material that 
extends in a horiZontal direction. Asecond section 122 of the 
chamber top 118 is formed of a dielectric material that 
extends a height from the ?rst section in a vertical direction. 
A top section 124 of the chamber top 118 is formed of a 
conductive material that extends a length across the second 
section 122 in the horiZontal direction. In some embodi 
ments, the top section 124 of the chamber top 118 comprises 
a cooling system as described herein. The dimensions of the 
?rst and the second sections 120, 122 can be selected to 
improve the uniformity of plasmas generated in the chamber 
102 as described herein. 

[0052] An anode 302 is positioned in the chamber 102 
adjacent to the top section 124 of the chamber top 118. In 
some embodiments, the ratio of an area of the anode 302 to 
an area of the top section 124 of the chamber top 118 is less 
than one. In some embodiments, the anode 302 has a planar 
geometry as shoWn in FIG. 3. HoWever, there are many 
other anode geometries that are Within the scope of the 
present invention. For example, in some embodiments, the 
anode 302 forms a baffle that disperses the process gas in the 
chamber 102. Also, in some embodiments, the anode 302 
forms a shoWer head that dispenses the process gas into the 
chamber 102. Furthermore, in some embodiments, the posi 
tion of the anode 302 in the chamber 102 relative to the top 
section 124 of the chamber top 118 is adjustable. For 
example, the position of the anode 302 in the chamber 102 
relative to the top section 124 can be chosen to achieve a 
particular plasma uniformity. 
[0053] In one embodiment, a poWer supply 304 is elec 
trically connected to the anode 302 as shoWn in FIG. 3. The 
poWer supply 304 can be a pulsed DC poWer supply, a RF 
poWer supply, or a combination of a pulsed DC poWer 
supply and a RF poWer supply. The poWer supply 304 biases 
the anode 302 to emit electrons. In other embodiments, the 
anode 302 is electrically connected to ground potential or is 
electrically ?oating. 
[0054] A platen 134 is positioned in the chamber 102 a 
height 306 beloW the anode 302 and a height 136 beloW the 
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?rst section 120 of the chamber 102 top. The platen 134 can 
be a substrate holder that holds a Wafer 140 for processing 
as described herein. In some embodiments, a bias voltage 
poWer supply 144 is electrically connected to the platen 134. 

[0055] A RF antenna is positioned proximate to at least 
one of the ?rst section 120 and the second section 122. The 
plasma source 300 illustrated in FIG. 3 shoWs tWo separate 
RF antennas that are electrically isolated. A planar coil 
antenna 146 having a plurality of turns is positioned adjacent 
to the ?rst section 120 of the chamber top 118 and a helical 
coil antenna 148 having a plurality of turns surrounds the 
second section 122 of the chamber top 118 as described in 
connection With FIG. 1. At least one of the planar coil 
antenna 146 and the helical coil antenna 148 is an active 
antenna. In some embodiments, at least one of the planar coil 
antenna 146 and the helical coil antenna 148 is formed such 
that it can be liquid cooled. 

[0056] A RF source 150, such as a RF poWer supply, is 
electrically connected to at least one of the planar coil 
antenna 146 and the helical coil antenna 148. The RF source 
150 is coupled to the RF antennas 146, 148 by an impedance 
matching netWork 152 that maximiZes the poWer transferred 
from the RF source 150 to the RF antennas 146, 148. In 
some embodiments, the plasma source 300 includes a 
plasma igniter 156 that assists in igniting the plasma. 

[0057] The operation of the RF source 300 is similar to the 
operation of the RF source 100. HoWever, the anode 302 is 
biased to emit electrons. The RF poWer 150 resonates RF 
currents in the RF antenna 146, 148. The RF current in the 
RF antenna 146, 148 induces radio frequency currents into 
the chamber 102. The poWer supply 304 applies a pulsed 
direct current and/or a RF ?eld the anode 302 at a voltage 
that causes the anode 302 to emit electrons. Both the 
electrons emitted by the anode and the electrons induced 
radio frequency currents excite and ioniZe the process gas, 
Which ignites a plasma in the chamber 102. Aplasma igniter 
156 can be used to assist in igniting the plasma. The plasma 
is sustained by one or both of the electrons emitted from the 
anode 302 and the induced radio frequency currents. 

[0058] Plasma sources according to the present invention 
can be used to perform numerous types of plasma processes. 
Some plasma processes are performed under isobaric and 
isothermal conditions to minimiZe shock to the processing 
system. Minimizing shock to the system Will reduce par 
ticulate contamination in the chamber and on the Wafer. For 
example, plasma sources according to the present invention 
can be used for plasma immersion ion implantation. Plasma 
immersion ion implantation requires the generation of a 
highly uniform plasma. Also, plasma immersion ion implan 
tation requires that the poWer supply 144 biases the platen 
134 With a negative voltage so that ions are attracted to the 
Wafer or target 140. 

[0059] A method of generating a uniform plasma for ion 
implantation according to the present invention includes 
introducing a process gas into a chamber 102. A radio 
frequency current is induced through the dielectric material 
of at least one of the ?rst and second sections 120, 124 of the 
chamber top 118. The radio frequency current excites and 
ioniZes the process gas so as to generate a plasma in the 
chamber 102. The geometry of the ?rst and the second 
sections 120, 124 of the chamber top 118 and the con?gu 
ration of the RF antenna is chosen so that a uniform plasma 
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is generated. In addition, the electromagnetic coupling can 
be adjusted With the coil adjuster 154 to improve the 
uniformity of the plasma. A Wafer or target 140 positioned 
on the platen 134 is biased so that ions in the plasma are 
attracted to the Wafer or target 140. 

[0060] Secondary electrons are generated When the ions in 
the plasma impact the Wafer or target 140. These secondary 
electrons are dissipated by the conducting material forming 
the top section 124 of the chamber top 118. Dissipating the 
secondary electrons reduces or eliminates charging effects 
caused by the secondary electrons and, therefore, improves 
the uniformity of the plasma. The top section 124 of the 
chamber top 118 may require ?uid cooling in order to 
dissipate the heat generated When the secondary electrons 
impact the conducting material. 

[0061] The dimensions of the chamber top 118 of the 
plasma sources 100, 200, 300 described in connection With 
FIGS. 1-3 can be chosen so that the plasma sources 100, 
200, 300 achieve exceptionally high radial and aZimuthal 
plasma uniformity. The radial and aZimuthal plasma unifor 
mity can be adjusted by varying the ratio of the height 130 
of the ?rst section 120 of the chamber top 118 to the length 
132 of the second section 122 of the chamber top 118. 
Varying the ratio of the height 130 of the ?rst section 120 to 
the length 132 of the second section 122 of the chamber top 
118 Will affect the RF coupling into the plasma and, there 
fore, the uniformity of the ion ?ux at the platen 134. 

[0062] The dimensions of the chamber top 118 of the 
plasma sources 100, 200, 300 described in connection With 
FIGS. 1-3 can also be chosen so that the plasma sources 
100, 200, 300 minimiZe the effects of secondary electrons on 
the plasma density, plasma uniformity, and the plasma 
chemistry. Furthermore, the dimensions of the chamber top 
118 of the plasma sources 100, 200, 300 described in 
connection With FIGS. 1-3 can be chosen so that the 
chamber volume and, therefore, the gas residence time 
improves or maximiZes the plasma uniformity and repeat 
ability. It is understood, hoWever, that the optimal ratio of 
the dimensions of the chamber top 118 of the plasma sources 
100, 200, 300 is also a function of several non-geometrical 
factors, such as the chamber material, the process gas, and 
the RF poWer level. 

[0063] In some embodiments of the invention, the coil 
adjuster 154 illustrated in FIGS. 1-3 is used to adjust the 
number of parasitic coil turns in order to change the prop 
erties of the plasma generated in the chamber 102. FIGS. 
4A-C illustrate graphs of radial plasma density pro?les for 
tWo different coil adjuster 154 positions. 

[0064] FIG. 4A illustrates a graph 400 of ion saturation 
current as a function of radius for a one turn vertical parasitic 
coil With a chamber pressure of 2 mTorr and a RF poWer 
level of 750 W. Also, FIG. 4A illustrates a graph 402 of ion 
saturation current as a function of radius for a four turn 
vertical parasitic coil With a chamber pressure of 2 mTorr 
and a RF poWer level of 750 W. The graphs 400, 402 in FIG. 
4A illustrate that adjusting the coil adjuster 154 to a position 
that results in four vertical turns Will result in a relatively 
uniform plasma over about a 15 cm radius. 

[0065] FIG. 4B illustrates a graph 406 of ion saturation 
current as a function of radius for a one turn vertical parasitic 
coil With a chamber pressure of 4 mTorr and a RF poWer 
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level of 750 W. Also, FIG. 4B illustrates a graph 408 of ion 
saturation current as a function of radius for a four turn 
vertical parasitic coil With a chamber pressure of 4 mTorr 
and a RF poWer level of 750 W. The graphs 406, 408 in FIG. 
4B illustrate that adjusting the coil adjuster 154 to a position 
that results in four vertical turns Will result in a relatively 
uniform plasma over about a 12 cm radius. 

[0066] FIG. 4C illustrates a graph 410 of ion saturation 
current as a function of radius for a one turn vertical parasitic 
coil With a chamber pressure of 8 mTorr and a RF poWer 
level of 750 W. Also, FIG. 4C illustrates a graph 412 of ion 
saturation current as a function of radius for a four turn 
vertical parasitic coil With a chamber pressure of 8 mTorr 
and a RF poWer level of about 750 W. The graphs 410, 412 
in FIG. 4C illustrate that adjusting the coil adjuster 154 to 
a position that results in four vertical turns Will result in a 
relatively uniform plasma over about a 8 cm radius. Com 
paring FIGS. 4A-C indicates that both the number of turns 
of the vertical parasitic coil and the chamber pressure affect 
the uniformity of the plasma and that the chamber pressure 
affects the ion saturation current. 

[0067] FIGS. 5A-B illustrate graphs of plasma uniformity 
and mean ion current as a function of chamber pressure for 
a constant RF poWer level. FIG. 5A illustrates a graph 500 
of percent ion saturation current change for a one turn 
vertical parasitic coil as a function of chamber pressure over 
a 15 cm distance. The RF poWer is 750 W. The graph 500 
indicates that the percent ion saturation current change is at 
a minimum in the pressure range of about 4-8 mTorr. 

[0068] FIG. 5A also illustrates a graph 502 of percent ion 
saturation current change for a four turn vertical parasitic 
coil as a function of chamber pressure over a 15 cm distance. 
The RF poWer is 750 W. The graph 502 indicates that the 
percent ion saturation current change is at a minimum When 
the chamber pressure is about 4 mTorr. The graphs 500, 502 
indicate that increasing the number of parasitic coil turns 
Will improve the uniformity of the plasma. 

[0069] FIG. 5B illustrates a graph 504 of mean ion 
saturation current as a function of chamber pressure for a 
one turn vertical parasitic coil With a RF poWer level of 750 
W. FIG. 5B also illustrates a graph 506 of mean ion 
saturation current as a function of chamber pressure for a 
four turn vertical parasitic coil With a RF poWer level of 750 
W. The graphs 504, 506 indicate that increasing the number 
of turns in the parasitic coil Will decrease the plasma density. 

[0070] Equivalents 
[0071] While the present teachings are described in con 
junction With various embodiments and examples, it is not 
intended that the present teachings be limited to such 
embodiments. On the contrary, the present teachings encom 
pass various alternatives, modi?cations and equivalents, as 
Will be appreciated by those of skill in the art. 

What is claimed is: 
1. A plasma source comprising: 

a chamber that contains a process gas, the chamber having 
a chamber top comprising: a ?rst section formed of a 
dielectric material that extends in a horiZontal direc 
tion; a second section formed of a dielectric material 
that extends a height from the ?rst section in a vertical 
direction; and a top section formed of a conductive 
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material that extends a length across the second section 
in the horiZontal direction; and 

a radio frequency antenna that is positioned proximate to 
at least one of the ?rst section and the second section, 
the radio frequency antenna inducing radio frequency 
currents into the chamber that excite and ioniZe the 
process gas so as to generate a plasma in the chamber. 

2. The plasma source of claim 1 Wherein a ratio of the 
height from the ?rst section in the vertical direction to the 
length across the second section in the horiZontal direction 
is approximately betWeen 1.5 and 5.5. 

3. The plasma source of claim 1 Wherein the radio 
frequency antenna comprises a planar coil that is positioned 
proximate to the ?rst section. 

4. The plasma source of claim 1 Wherein the radio 
frequency antenna comprises a coil that surrounds the sec 
ond section. 

5. The plasma source of claim 1 Wherein the radio 
frequency antenna comprises a planar coil that is positioned 
adjacent to the ?rst section and a coil that surrounds the 
second section. 

6. The plasma source of claim 5 Wherein the planar coil 
that is positioned adjacent to the ?rst section and the coil that 
surrounds the second section are electrically connected. 

7. The plasma source of claim 5 Wherein the planar coil 
that is positioned adjacent to the ?rst section and the coil that 
surrounds the second section are positioned in electromag 
netic communication. 

8. The plasma source of claim 1 Wherein the radio 
frequency antenna comprises an active antenna that is elec 
trically coupled to a radio frequency poWer supply and a 
parasitic antenna that is electromagnetically coupled to the 
active antenna. 

9. The plasma source of claim 8 Wherein one end of the 
parasitic antenna is electrically coupled to ground potential. 

10. The plasma source of claim 1 Wherein the top section 
comprises a ?uid cooling system that regulates a tempera 
ture of the top section. 

11. The plasma source of claim 1 Wherein the chamber top 
is electrically connected to ground potential. 

12. The plasma source of claim 1 further comprising a 
platen for holding a target that is positioned adjacent to the 
top section. 

13. The plasma source of claim 12 further comprising a 
bias voltage poWer supply having an output that is electri 
cally connected to the platen, the bias voltage poWer supply 
generating a voltage on the platen that attracts ions in the 
plasma to the target. 

14. A plasma source comprising: 

a chamber that contains a process gas, the chamber having 
a chamber top comprising: a ?rst section formed of a 
dielectric material that extends in a ?rst direction; a 
second section formed of a dielectric material that 
extends a height from the ?rst section in a second 
direction; and a top section formed of a conductive 
material that extends a length across the second section; 
and 

a radio frequency antenna that is positioned proximate to 
at least one of the ?rst section and the second section, 
the radio frequency antenna inducing radio frequency 
currents into the chamber that excite and ioniZe the 
process gas so as to generate a plasma in the chamber. 



US 2005/0205212 A1 

15. The plasma source of claim 14 wherein the ?rst 
section is curved. 

16. The plasma source of claim 14 Wherein the ?rst and 
second directions are not orthogonal. 

17. Amethod of generating a uniform plasma, the method 
comprising: 

introducing a process gas into a chamber; 

inducing a radio frequency current through at least one of 
a horiZontal dielectric WindoW and a vertical dielectric 
WindoW of the chamber, the radio frequency current 
exciting and ioniZing the process gas so as to generate 
a plasma in the chamber; and 

biasing a target so that ions in the plasma are attracted to 
the target, Wherein secondary electrons generated When 
the ions hit the target are dissipated by a top section of 
the chamber that is formed of a conductive material, 
thereby reducing charging effects and improving a 
uniformity of the plasma. 

18. The method of claim 17 further comprising cooling 
the top section of the chamber to dissipate heat generated 
When the secondary electrons hit the target. 

19. Amethod of generating a uniform plasma, the method 
comprising: 

introducing a process gas into a chamber; 

inducing a radio frequency current through one of a 
horiZontal dielectric WindoW and a vertical dielectric 
WindoW of the chamber, the radio frequency current 
exciting and ioniZing the process gas so as to generate 
a plasma in the chamber; 

electromagnetically coupling the induced radio frequency 
current from the one of the horiZontal dielectric Win 
doW and the vertical dielectric WindoW to the other of 
the horiZontal dielectric WindoW and the vertical dielec 
tric WindoW; and 

biasing a target so that ions in the plasma are attracted to 
the target, Wherein secondary electrons generated When 
the ions hit the target are dissipated by a top section of 
the chamber that is formed of a conductive material, 
thereby reducing charging effects and improving a 
uniformity of the plasma. 

20. The method of claim 19 further comprising adjusting 
the electromagnetic coupling to improve the uniformity of 
the plasma. 

21. A plasma source comprising: 

a chamber that contains a process gas, the chamber having 
a chamber top comprising: a ?rst section formed of a 
dielectric material that extends in a horiZontal direc 
tion; a second section formed of a dielectric material 
that extends a height from the ?rst section in a vertical 
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direction; and a top section formed of a conductive 
material that extends a length across the second section 
in the horiZontal direction; 

an anode that is positioned in the chamber adjacent to the 
top section; and 

a radio frequency antenna that is positioned proximate to 
at least one of the ?rst section and the second section, 
the radio frequency antenna inducing radio frequency 
currents into the chamber that excite and ioniZe the 
process gas so as to generate a plasma in the chamber. 

22. The plasma source of claim 21 Wherein the position of 
the anode in the chamber relative to the top section is 
adjustable. 

23. The plasma source of claim 21 Wherein the position of 
the anode in the chamber relative to the top section is chosen 
to achieve a predetermined plasma uniformity. 

24. The plasma source of claim 21 Wherein a ratio of an 
area of the anode to an area of the top section is less than 
one. 

25. The plasma source of claim 21 Wherein the anode 
comprises a baffle that disperses the process gas. 

26. The plasma source of claim 21 Wherein the anode 
comprises a shoWer head that dispenses the process gas. 

27. The plasma source of claim 21 Wherein the anode is 
electrically connected to ground potential. 

28. A method of generating a plasma, the method com 
prising: 

introducing a process gas into a chamber; 

biasing an anode that is positioned in the chamber to emit 
electrons from the anode; 

inducing a radio frequency current through a horiZontal 
dielectric WindoW of the chamber; and 

inducing a radio frequency current through a vertical 
dielectric WindoW of the chamber, Wherein at least one 
of the electrons emitted by the anode and the induced 
radio frequency currents exciting and ioniZing the 
process gas to ignite a plasma in the chamber. 

29. The method of claim 28 Wherein the biasing the anode 
comprises applying a pulsed direct current to the anode. 

30. The method of claim 28 Wherein the biasing the anode 
comprises applying a RF ?eld to the anode. 

31. The method of claim 28 Wherein the biasing the anode 
comprises applying a combination of pulsed DC and RF 
signals. 

32. The method of claim 28 further comprising sustaining 
the plasma With the induced radio frequency currents. 

33. The method of claim 28 further comprising sustaining 
the plasma With the electrons generated from the anode. 

* * * * * 


