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(57) ABSTRACT 

A plasma processing module for processing a Substrate 
includes a plasma containment chamber having a feed gas 
inlet port capable of allowing a feed gas to enter the plasma 
containment chamber of the plasma processing module 
during the processing of the Substrate. An inductively 
coupled Source is used to energize the feed gas and Striking 
a plasma within the plasma containment chamber. The 
Specific configuration of the inductively coupled Source 
causes the plasma to be formed Such that the plasma includes 
a primary dissociation Zone within the plasma containment 
chamber. A Secondary chamber is Separated from the plasma 
containment chamber by a plasma containment plate. The 
Secondary chamber includes a chuck and an exhaust port. 
The chuck is configured to Support the Substrate during the 
processing of the Substrate and the exhaust port is connected 
to the Secondary chamber Such that the exhaust port allows 
gases to be removed from the Secondary chamber during the 
processing of the Substrate. A chamber interconnecting port 
interconnects the plasma containment chamber and the 
Secondary chamber. The chamber interconnecting port 
allows gases from the plasma containment chamber to flow 
into the Secondary chamber during the processing of the 
Substrate. The chamber interconnecting port is positioned 
between the plasma containment chamber and the Secondary 
chamber Such that, when the Substrate is positioned on the 
chuck in the Secondary chamber, there is no Substantial 
direct line-of-Sight exposure of the Substrate to the primary 
dissociation Zone of the plasma formed within the plasma 
containment chamber. 
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INDUCTIVELY COUPLED PLASMA 
DOWNSTREAM STRIP MODULE 

BACKGROUND OF THE INVENTION 

0001. The present invention relates to plasma processing 
modules for the processing of a Semiconductor Substrate in 
the manufacture of integrated circuits. More particularly, the 
present invention relates to downstream, inductively 
coupled plasma processing modules and methods of using 
the modules during the processing of the Semiconductor 
Substrates. 

0002 Semiconductor Substrates are typically processed 
using plasma processing modules to perform various proceSS 
Steps during the manufacture of the Semiconductor devices. 
Generally, these plasma-enhanced processes are well known 
to those skilled in the art and include various etching 
processes and Stripping processes. 
0003. In recent trends, plasma-enhanced processes have 
been more frequently used to perform resist Stripping. Tra 
ditionally, the resist Stripping or ashing process has been 
considered a fairly Straight forward process. However, due 
to the Small feature size and increased complexity of devices 
now common in the Semiconductor industry, conventional 
plasma processing modules tend to cause plasma-induced 
damage to the Semiconductor devices during the processing 
of the Semiconductor Substrates. To more thoroughly illus 
trate the problems associated with the use of conventional 
plasma processing modules, a prior art inductively coupled 
plasma processing module 100 will be described with ref 
erence to FIG. 1. 

0004. As illustrated in FIG. 1, plasma processing module 
100 includes a plasma chamber 102 formed by chamber 
walls 104 and dielectric window 106. Plasma processing 
module 100 includes a feed gas inlet 108 for allowing feed 
gasses 109 to flow into chamber 102. An exhaust port 110 is 
also provided for exhausting gases from chamber 102. An 
inductive Source 112, typically taking the form of a coil 
positioned on dielectric window 106, is used to energize 
feed gases 109 within chamber 102 and strike a plasma 
within the chamber. In this example, inductive source 112 is 
powered by RF power supply 114. 

0005 With the above described configuration, the shape 
of inductive Source 112 causes the plasma within chamber 
102 to form a plasma having a primary dissociation Zone 
116. This primary dissociation Zone is the region within the 
chamber that the plasma most efficiently dissociates feed 
gases 109 (for example O and HO vapor) into neutral 
non-charged species (for example O, H, and OH). In the case 
in which inductive source 112 takes the form of a coil 
attached to dielectric window 106, primary dissociation 
Zone 116 takes the form of a generally donut shaped region 
located within chamber 102 directly below the coils of 
inductive Source 112. 

0006 Still referring to FIG. 1, plasma processing module 
100 also includes a liner 118, such as a quartz liner, for 
protecting the walls of the plasma chamber from the plasma 
and reducing the recombination of neutral radicals like O or 
OH. Achuck 120 is positioned in the bottom of chamber 102 
and is configured to Support a Semiconductor Substrate 122. 
As is known in the art, chuck 120 may be heated to improve 
the efficiency of the process. Plasma processing module 100 
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also includes a quartz baffle 124 located above substrate 122. 
Baffle 124 includes a plurality of openings 126 formed 
through baffle 124 which cause any gases flowing through 
chamber 102 to be redistributed so that the gases flow more 
evenly over Substrate 122 than would be the case if baffle 
124 were not included in module 100. 

0007 Although baffle 124 partially shields substrate 122 
from direct exposure to the plasma, portions of Substrate 122 
remain directly exposed to the plasma. This direct exposure 
to the Substrate to the plasma may cause different types of 
the plasma-induced damage. For example, in Semiconductor 
Substrates having Small feature sizes Such as 0.25 um 
devices, charge damage can occur when electrically charged 
Species from the plasma accumulate non-uniformly on 
device gates and interconnections. This charge accumulation 
can lead to large Voltage potentials acroSS individual gates or 
between devices that can cause gate degradation or loSS of 
gate integrity. Device damage has been found to correlate 
with the charge Species dose that the device is exposed to 
during the process. Therefore, exposing the device directly 
to charged species produced within the plasma at high 
concentration (e.g., >10'/cm) for even a short duration of 
time (e.g., seconds) or moderate concentration (e.g., 10/cm 
to 10"/cm) for a longer duration (e.g., tens of seconds) can 
cause significant problems for this type of device. In another 
example, device damage has been attributed to direct UV 
radiation exposure from the plasma. In the conventional 
configuration of an inductively coupled plasma processing 
module, such as module 100 described above, portions of 
substrate 122 are directly exposed to UV radiation from the 
plasma. 

0008 Another problem associated with conventional 
inductively coupled plasma processing modules Such as 
module 100 is that they often provide relatively poor dis 
Sociation of the feed gases. In Some cases, much of the RF 
energy is input into ionization at the expense of dissociation 
of the feed gas. This poor dissociation decreases the effi 
ciency of and therefore increases the time necessary for 
processing, further contributing to the above described prob 
lem of charge damage to devices on the Substrate. This poor 
dissociation is at least in part due to the fact that the feed 
gases 109 are not forced to flow directly through the primary 
dissociation Zones 116. AS mentioned above, primary dis 
sociation zones 116 are the regions within chamber 102 in 
which the plasma most efficiently dissociates the feed gases. 

0009. The present invention provides improved designs 
for inductively coupled plasma processing modules and 
methods of using the novel modules to proceSS Semicon 
ductor Substrates. These designs provide an isolated plasma 
containment chamber within the module. This isolated 
plasma containment chamber prevents the Semiconductor 
substrate from being directly exposed to line-of-sight UV 
radiation produced by the plasma and Substantially reduces 
the concentration of charged Species that the Semiconductor 
Substrate is exposed to compared to prior art inductively 
coupled plasma processing modules. Also, the plasma pro 
cessing modules of the present invention provide a module 
that improves the dissociation of the feed gases compared to 
prior art inductively coupled plasma processing modules. 
This is accomplished by specifically controlling the flow of 
gases through the module. 
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SUMMARY OF THE INVENTION 

0010. As will be described in more detail hereinafter, a 
plasma processing module and methods of using the plasma 
processing module to process a Substrate are herein dis 
closed. The plasma processing module of the present inven 
tion includes a plasma containment chamber having a feed 
gas inlet port capable of allowing a feed gas to enter the 
plasma containment chamber of the plasma processing mod 
ule during the processing of the Substrate. An inductively 
coupled Source is used to energize the feed gas and for 
Striking a plasma within the plasma containment chamber. 
The Specific configuration of the inductively coupled Source 
causes the plasma to be formed Such that the plasma includes 
a primary dissociation Zone within the plasma containment 
chamber. A Secondary chamber is Separated from the plasma 
containment chamber by a plasma containment plate or 
Shield. The Secondary chamber includes a chuck and an 
exhaust port. The chuck is configured to Support the Sub 
Strate during the processing of the Substrate and the exhaust 
port is connected to the Secondary chamber Such that the 
exhaust port allows gases to be removed from the Secondary 
chamber during the processing of the Substrate. A chamber 
interconnecting port interconnects the plasma containment 
chamber and the Secondary chamber. The chamber intercon 
necting port allows gases from the plasma containment 
chamber to flow into the Secondary chamber during the 
processing of the Substrate. The chamber interconnecting 
port is positioned between the plasma containment chamber 
and the Secondary chamber Such that, when the Substrate is 
positioned on the chuck in the Secondary chamber, there is 
no Substantial direct line-of-Sight exposure of the Substrate 
to the primary dissociation Zone of the plasma formed in the 
plasma containment chamber. 
0011. In one embodiment, the feed gas inlet port and the 
chamber interconnecting port are connected to the plasma 
containment chamber Such that the flow of any feed gases 
fed into the plasma containment chamber through the feed 
gas inlet port is directed Substantially through the primary 
dissociation Zone of the plasma within the plasma contain 
ment chamber. In another embodiment, the feed gas inlet 
port and the chamber interconnecting port are connected to 
the plasma containment chamber Such that the flow of any 
feed gases fed into the plasma containment chamber through 
the feed gas inlet port is caused to pass Substantially through 
the primary dissociation Zone of the plasma within the 
plasma containment chamber two times. 
0012 Preferably, the secondary chamber further includes 
a baffle plate having a plurality of openings formed through 
the baffle plate. The baffle plate is positioned within the 
Secondary chamber above the Substrate Such that the plu 
rality of openings in the baffle plate cause any gases moving 
through the Secondary chamber and out the exhaust port to 
flow over the substrate in a more uniformly distributed flow 
pattern compared to what the flow pattern would be without 
the baffle plate. Also, the plasma containment plate Separat 
ing the plasma containment chamber from the Secondary 
chamber is preferably grounded. 

0013 In still another embodiment, the module further 
includes an additional feed gas port. The additional feed gas 
port is positioned Such that additional feed gases may be 
injected into the plasma processing module without having 
the additional feed gases flow through the plasma contain 
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ment chamber. In one version of this embodiment, the 
additional feed gas port is connected to the Secondary 
chamber Such that additional feed gases may be injected into 
the Secondary chamber without passing through the plasma 
containment chamber. 

0014. In one embodiment, the plasma processing module 
includes an RF power Supply for powering the inductively 
coupled Source of the module. Additionally, the module may 
further include a biasing arrangement connected to the 
chuck in the Secondary chamber. This biasing arrangement 
is configured to apply a bias capable of inducing a plasma 
within the secondary chamber. In one version of this 
embodiment, the biasing arrangement is configured to apply 
a Soft bias capable of inducing a plasma having a plasma 
density of no more than about 10 ions/cm. In one specific 
example, the biasing arrangement includes an RF power 
Supply for applying the bias. 
0015 The various embodiments of the plasma processing 
module of the present invention may be used in a variety of 
methods of processing a Substrate within a plasma proceSS 
ing module. In one embodiment, a Substrate is placed within 
the Secondary chamber of the processing module. A feed gas 
is then caused to be fed into the plasma containment 
chamber through the feed gas inlet port. A plasma is ener 
gized within the plasma containment chamber using an 
inductively coupled Source to energize the feed gas within 
the plasma containment chamber. The gases are drawn 
through the plasma processing module by exhausting the 
gases from the Secondary chamber through the exhaust port. 
These gases are used to perform certain processes on the 
Substrate. 

0016. In one embodiment of a method of the invention, 
the process of the method is a Stripping process for Stripping 
a resist layer from the substrate. In one version of this 
method, the Step of feeding a feed gas into the plasma 
processing chamber includes the Step of feeding O and H2O 
Vapor into the plasma processing chamber. 
0017. In another embodiment of a method of the inven 
tion, a plasma processing module that includes the biasing 
arrangement connected to the chuck in the Secondary cham 
ber is used. The plasma processing module also includes an 
additional feed gas port positioned Such that additional feed 
gases may be injected into the plasma processing module 
without having the additional feed gases flow through the 
plasma containment chamber. The process of this method is 
a Stripping process for Stripping a resist layer and various 
residues from the Substrate. In this embodiment, an addi 
tional fluorine containing feed gas is injected into the plasma 
processing module through the additional feed gas port. 
Also, a Soft bias is applied to the chuck Such that a plasma 
is induced within the Secondary chamber. In one version of 
this embodiment, a bias of between about 20-500 W, and 
preferably 20-200W for a 200 mm substrate (about 0.6 to 
about 0.65 W/cm') is applied thereby inducing a plasma 
haying a plasma density of preferably no more than about 
10 ions/cm and at most about 10” ions/cm. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0018. The features of the present invention may best be 
understood by reference to the following description of the 
presently preferred embodiments together with the accom 
panying drawings. 
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0.019 FIG. 1 is a simplified cross-sectional view of a 
prior art inductively coupled plasma processing module. 

0020 FIG. 2A is a cross sectional view of a first embodi 
ment of an inductively coupled plasma processing chamber 
designed in accordance with the invention. 
0021 FIG. 2B is a cross sectional view of a second 
embodiment of an inductively coupled plasma processing 
chamber designed in accordance with the invention. 
0022 FIG. 3 is a cross sectional view of a third embodi 
ment of an inductively coupled plasma processing chamber 
designed in accordance with the invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

0023. An invention is described herein for providing a 
downstream, inductively coupled plasma processing module 
and methods of using the module during the processing of a 
Semiconductor Substrate. In the following description, 
numerous Specific details are Set forth in order to provide a 
thorough understanding of the present invention. However, 
it will be obvious to one skilled in the art that the present 
invention may be embodied in a wide variety of Specific 
configurations. Also, well known plasma-enhanced pro 
ceSSes and other processes associated with the production of 
integrated circuits on Semiconductor Substrates will not be 
described in detail in order not to unnecessarily obscure the 
present invention. 
0024. Although the inventive plasma processing module 
will be described as an inductively coupled plasma process 
ing module using an inductively coupled RF transformer 
coupled Source, the inventive module may be powered using 
any inductively coupled Source Such as helicon or helical 
resonators. These power Sources, among others, are readily 
available commercially. 
0.025 FIG. 2A illustrates a simplified schematic of a 
downstream, inductively coupled plasma processing module 
200 designed in accordance with the present invention. For 
illustrative purposes, like reference numerals will be used 
throughout the various figures for like components. Gener 
ally, module 200 is a module similar to module 100 
described above except that, in accordance with the inven 
tion, module 200 includes a plasma containment chamber 
202 and a secondary chamber 204. That is, module 200 
includes a plasma containment plate or Shield 206 that 
Separates plasma containment chamber 202 from Secondary 
chamber 204. 

0026. In a manner similar to that described above in the 
background for module 100, plasma containment chamber 
202 and secondary chamber 204 are formed by chamber 
walls 104 and dielectric window 106. Plasma processing 
module 200 also includes feed gas inlet 108 for allowing 
feed gasses 109 to flow into plasma containment chamber 
202. Exhaust ports 110 are also provided for exhausting 
gases from Secondary chamber 204. Inductive Source 112, in 
this case taking the form of a coil positioned above dielectric 
window 106, is used to energize feed gases 109 within 
plasma containment chamber 202 and Strike a plasma within 
plasma containment chamber 202. In this example, inductive 
Source 112 is powered by RF power supply 114 which takes 
the form of a transformer coupled Source. Typical inductive 
Source power ranges from about 250 W to about 5000 W or 
OC. 
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0027. With the above described arrangement, the specific 
configuration and Shape of inductive Source 112 causes the 
plasma within plasma containment chamber 202 to form a 
plasma having primary dissociation Zone 116. AS described 
above, this primary dissociation Zone is the region within the 
chamber that the plasma most efficiently dissociates feed 
gases 109 into neutral non-charged species. In the case in 
which inductive source 112 takes the form of a coil attached 
to dielectric window 106, primary dissociation Zone 116 
takes the form of a generally donut shaped region located 
within plasma containment chamber 202 directly below the 
coils of inductive source 112. 

0028 Plasma processing module 200 also includes liner 
118 for protecting the walls of plasma containment chamber 
202 and secondary chamber 204 from corrosion or erosion 
and for reducing recombination of reactive radicals. Liner 
118 may be a quartz liner or any other suitable and readily 
available liner material capable of protecting the chamber 
walls. Chuck 120 is positioned in the bottom of secondary 
chamber 204 and is configured to Support Semiconductor 
substrate 122. As is known in the art, chuck 120 may be 
heated to improve the efficiency of the process. AS was 
described above for module 100 plasma processing module 
200 also includes quartz baffle 124 located above substrate 
122. Baffle 124 includes openings 126 formed through baffle 
124 which cause any gases flowing through Secondary 
chamber 204 to be redistributed so that the gases flow more 
evenly over Substrate 122 than would be the case if baffle 
124 were not included in module 200. 

0029. During plasma processing, the gas pressure within 
the plasma containment and Secondary chambers may be 
from about 10 mT to about 10 T or more, but typically the 
operating pressure is about 1 T. Feed gas flow may range 
from about 100 standard cubic centimeters per minute 
(sccm) to about 5,000 sccm or more for a 200 mm substrate. 
0030. In accordance with the invention, module 200 
further includes a chamber interconnecting port 208 that 
interconnects plasma containment chamber 202 and the 
secondary chamber 204. Chamber interconnecting port 208 
allows gases from plasma containment chamber 202 to flow 
into Secondary chamber 204 during the processing of the 
substrate. Chamber interconnecting port 208 is positioned 
between plasma containment chamber 202 and Secondary 
chamber 204 such that, when substrate 122 is positioned on 
chuck 120 in the secondary chamber, there is preferably no 
Substantial direct line-of-Sight exposure of Substrate 122 to 
the primary dissociation Zone 116 of the plasma formed 
within plasma containment chamber 202. If desired (but not 
required in all cases), chamber interconnecting port 208 may 
be positioned between plasma containment chamber 202 and 
secondary chamber 204 such that there is no point on 
substrate 122 that is in direct line-of sight with the primary 
dissociation Zone 116 of the plasma formed within plasma 
containment chamber 202. 

0031) Because chamber interconnecting port 208 is posi 
tioned between plasma containment chamber 202 and Sec 
ondary chamber 204 such that no points on Substrate 122 are 
in direct line-of-Sight with the primary dissociation Zone 116 
when the Substrate is positioned on chuck 120, the module 
configuration of the invention Substantially eliminates the 
potential for damage to the substrate due to direct UV 
radiation. More importantly, because primary dissociation 
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Zone 116 of the plasma is substantially surrounded by the 
chamber walls of plasma containment chamber 202, the vast 
majority of charged species formed within plasma contain 
ment chamber 202 collide with one of the walls. This 
Substantially reduces the concentration of charged Species 
that are able to pass through chamber interconnecting port 
208 and into secondary chamber 204. This substantial reduc 
tion of the concentration of charged species that are allowed 
to pass through chamber interconnecting port 208 Substan 
tially reduces the dosage of charged Species that Substrate 
122 is exposed to. This reduces the chances of causing the 
charge damage to any devices on Substrate 122 as described 
above in the background. 
0032. In one preferred embodiment, plasma containment 
plate 206 is grounded as indicated by ground 210 in FIG. 
2A. This grounding causes containment plate 206 to attract 
any charged species and further encourages any charged 
species to collide with containment plate 206. This further 
prevents charged Species from passing from plasma con 
tainment chamber 202 into secondary chamber 204. 
0033. In another aspect of the invention, feed gas inlet 
108 and chamber interconnecting port 206 are connected to 
plasma containment chamber 202 such that the flow of any 
feed gases 109 fed into the plasma containment chamber is 
directed Substantially through primary dissociation Zone 116 
of the plasma within plasma containment chamber 202. This 
is illustrated by arrows 212 in FIG. 2A. By placing feed gas 
inlet 108 and chamber interconnecting port 208 on Substan 
tially opposite sides of dissociation Zone 116, this configu 
ration improves the efficiency at which the fed gas is 
dissociated and reduces processing time and/or reduces the 
damage to the Substrate due to charged species. This con 
figuration also helps prevent charged species from moving 
from plasma containment chamber 202 into Secondary 
chamber 204. This configuration also improves the effi 
ciency at which the module produces the desirable neutral 
Species that are used for processing the Substrate compared 
to prior art modules thereby improving the efficiency of the 
overall module. 

0034) Referring now to FIG. 2B, several additional fea 
tures that may be included in the novel module design will 
now be described with reference to module 220 of FIG. 2B. 
Although FIG. 2A illustrates feed gas inlet 208 as being 
multiple inlets located on the outer periphery of plasma 
containment chamber 202 and chamber interconnecting port 
208 as being located in the center of plasma containment 
plate 206, this is not a requirement. Instead, feed gas inlet 
208 may be a single inlet located in the center of the top of 
plasma containment chamber 202 and chamber intercon 
necting port 208 may be multiple ports located around the 
periphery of plasma containment plate 206 as illustrated in 
FIG. 2B. This configuration causes feed gases 109 to 
Substantially flow through primary dissociation Zone 116 as 
illustrated by arrows 212 in FIG.2B and in a manner similar 
to that described above for FIG. 2A. Although this specific 
alternative is given, it should be understood that any appro 
priate positioning of the feed gas inlet and the chamber 
interconnecting port would equally fall within Scope of the 
invention So long as their positioning prevents Substrate 122 
from having any significant direct line-of-Site exposure to 
primary dissociation Zone 116 as described above. 
0.035 AS also illustrated in FIG. 2B, and in accordance 
with the invention, plasma processing module 220 may 
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further include an additional feed gas port 222. The addi 
tional feed gas port is positioned Such that additional feed 
gases may be injected into the plasma processing module 
without having the additional feed gases flow through the 
plasma containment chamber. In the embodiment shown in 
FIG. 2B, additional feed gas ports 222 are connected to the 
Secondary chamber Such that additional feed gases may be 
injected into the Secondary chamber without passing through 
the plasma containment chamber. Injecting the Secondary 
gas in this manner may be advantageous since the Secondary 
feed gas which may contain fluorine Species is largely 
Separated from the high ion concentration regions, which 
reduces potential erosion of the liner. 

0036) As described above, the plasma processing module 
includes an RF power Supply for powering the inductively 
coupled Source of the module. Additionally, the module may 
further include a biasing arrangement 224 connected to the 
chuck in the Secondary chamber. This biasing arrangement 
is configured to apply a bias capable of inducing a plasma 
within the secondary chamber. In one version of this 
embodiment, the biasing arrangement is configured to apply 
a Soft bias capable of inducing a plasma having a plasma 
density of no more than about 10 ions/cm. In this specific 
example, the biasing arrangement includes an RF power 
Supply 226 for applying the bias. 

0037. In another embodiment of a plasma processing 
module illustrated in FIG. 3 and indicated by reference 
numeral 300, feed gas inlet 108 and chamber interconnect 
ing port 208 are connected to the plasma containment 
chamber such that the flow of any feed gases 109 fed into 
plasma containment chamber 202 through feed gas inlet 108 
is caused to pass Substantially through primary dissociation 
Zone 116 of the plasma within the plasma containment 
chamber two times. This is illustrated by arrows 302 in FIG. 
3. In the embodiment shown, this is accomplished by 
shifting plasma containment chamber 202 of the module 
over to one side of the module. This allows feed gas inlet 
108 to be positioned on one side of plasma containment 
chamber 202 and chamber interconnecting port 208 to be 
located on the opposite side of plasma containment chamber 
2O2. 

0038. The above described positioning of inlet 108 and 
port 208 forces any feed gas 109 fed into plasma contain 
ment chamber 202 to pass Substantially through primary 
dissociation Zone 116 of the plasma two times as indicated 
by gas flow arrows 302. Because the feed gasses are forced 
to pass through the primary dissociation Zone twice, this 
configuration further improves the efficiency at which the 
module dissociates the feed gas into neutral Species rather 
than charged Species. Also, Since chamber interconnecting 
port 208 now includes a right angle bend, this configuration 
insures that there is no direct line-of Sight exposure of the 
Substrate to the primary dissociation Zone 116. Additionally, 
the chamber walls 104 that help form chamber interconnect 
ing port 208 may be grounded. This grounding of these walls 
attracts any charged Species causing them to collide with the 
wall thereby helping to prevent the charged species from 
flowing from the plasma containment chamber into the 
Secondary chamber. 

0039 The various embodiments of the plasma processing 
module of the present invention may be used in a variety of 
methods of processing a Substrate within a plasma proceSS 
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ing module. In one embodiment illustrated in FIG. 2A, 
substrate 122 is placed on chuck 120 within secondary 
chamber 204 of plasma processing module 200. Feed gas 
109 is then caused to be fed into the plasma containment 
chamber through feed gas inlet 108. A plasma is energized 
within plasma containment chamber 202 using inductively 
coupled source 112 to energize feed gas 109 within plasma 
containment chamber 202. The gases are drawn through the 
plasma processing module by exhausting the gases from 
secondary chamber 204 through exhaust ports 110. This is 
typically done using a vacuum pump connected to exhaust 
ports 110 as is known in the art. The gases moving through 
Secondary chamber 204 are used to perform certain pro 
ceSSes on Substrate 122. 

0040. In the embodiment of the method of the invention 
currently being described, the process of the method is a 
Stripping process for Stripping a resist layer 310 from 
Substrate 122. In one version of this method, oxygen and 
water vapor are fed into the plasma processing chamber as 
the feed gas. This feed gas is dissociated into various Species 
including O, H, OH, O, O, electrons, H, and OH. 
However, since the feed gas is forced to flow substantially 
through primary dissociation Zone 116 as described above, 
a higher percentage of the feed gas is dissociated into 
desirable neutral species (i.e. O) that may be used to Strip 
resist layer 310 from Substrate 122. 

0041. In another embodiment of a method of the inven 
tion illustrated in FIG. 2B, plasma processing module 220, 
which includes biasing arrangement 224 connected to chuck 
120 in secondary chamber 204, is used. Plasma processing 
module 220 also includes additional feed gas ports 222 
positioned Such that additional feed gases 314 may be 
injected into plasma processing module 220 without having 
additional feed gases 314 flow through plasma containment 
chamber 202. The process of this method is also a Stripping 
proceSS for Stripping a resist layer as described above. 
However, this process is also able to Strip various residues, 
indicated by residues 312 in FIG.2B, from Substrate 122. In 
this embodiment, additional feed gas 314 is a fluorine 
containing feed gas that is injected into Secondary chamber 
204 through additional feed gas ports 222. Also, a soft bias 
is applied to chuck 120 using biasing arrangement 224 Such 
that a plasma 316 is induced within secondary chamber 204. 
In one version of this embodiment, a bias of between about 
20-200W is applied to chuck 120. This relatively soft bias 
induces plasma 316 Such that plasma 316 has a plasma 
density of no more than about 10 ions/cm. 
0.042 Although the above described method has been 
described as using a specific range of biasing that induces a 
Specific plasma density, it should be understood that this is 
not a requirement of the invention. Instead, as would be 
understood by those skilled in the art, the amount of bias 
applied and the plasma density may be varied to Suit the 
Specific application. 

0043. The above described method of using additional 
feed gases and applying a Soft bias to induce a low density 
plasma provides a unique plasma processing method that is 
very useful in a wide variety of resist and residue Stripping 
applications. For example, etching applications with fea 
tures of 0.25 um often require Sidewall passivation chem 
istries to maintain the required feature profile and critical 
dimensions. In typical poly etch applications, for example, 
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Cl and HBr are used in conjunction with O or N additives. 
Sidewall residues which are composed of Si and one or more 
of Br, Cl, O, N, and C (from the photoresist) are formed 
during the main and overetch processes. These Sidewall 
residues must be removed before the Substrate can be further 
processed. One possible alternative is to Wet Strip the 
residues. However, it would be advantageous to be able to 
remove these residues during a plasma Strip process. This 
can be accomplished in Some applications by applying a Soft 
and low power bias (20-200W) during a remote inductively 
coupled plasma Strip proceSS as described above. A typical 
resist Stripping chemistry would be largely composed of O2 
with a dilute addition of fluorine containing Species Such as 
CF, CF, NF, or SF. 

0044) In oxide etch applications such as via etch, sidewall 
residues formed during the main etch and overetch Steps 
may also not be Successfully removed during a plasma resist 
Strip. These residues associated with Vias are often referred 
to as “veils” and may contain titanium and/or aluminum 
compounds because the underlying layer in a typical via etch 
may be Ti/TiN (often used as an anti-reflective coating on 
aluminum interconnections) or aluminum layers. During the 
overetch process, for example, material from the bottom of 
the via is sputtered onto the sidewalls which leads to the 
formation of the veils. These residues are particularly dif 
ficult to remove even with fluorinated chemistries. Hence, it 
can be advantageous to apply a soft bias (again 20-100W) 
to ensure that the Via Veils are removed during the photo 
resist Stripping process. 
0045 Depending upon the specific application, the soft 
bias may not be applied at all in Some resist Strip processes. 
However, it may be applied during a portion or all of other 
resist Strip processes. Additionally, the remote inductively 
coupled plasma process of the present invention may be 
applied to photoresist Stripping following metal (aluminum) 
etching. In this application, the primary concern is corrosion 
protection where the goal is to remove the chlorine Species 
from the metal lines prior to exposing them to the atmo 
sphere. Chlorine present on the metal lines can form HCl 
when exposed to moist air. 

0046 Since the above described processes that utilize a 
bias applied to the chuck generally use a Soft bias, this 
general approach avoids causing charge damage to the 
devices on the Substrate. Device charge damage has been 
found to correlate with charge Species dose to the device. 
With the high density plasma being generated in a remote 
plasma containment chamber in this invention, the current 
dose to the device even with the soft bias applied in the 
Secondary chamber is low enough to not cause device 
damage. This is because the plasma density induced by the 
soft bias is typically less than 10 ions/cm. 
0047 Although only a few specific embodiments of a 
plasma processing module have been described in detail 
herein, it is to be understood that the present invention is not 
limited to these Specific configurations. In fact, the invention 
would equally apply regardless of the Specific configuration 
of the module So long as an the high density plasma formed 
in the plasma containment chamber is energized using an 
inductively coupled Source and So long as the Substrate 
located in the Secondary chamber has no Substantial line 
of-Sight exposure to the primary dissociation Zone of the 
plasma in the plasma containment chamber. 
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0.048 Also, while only a few specific examples of meth 
ods of how a plasma processing module of the invention 
may be used to process a SubStrate have been described in 
terms of Several preferred embodiments, there are alter 
ations, permutations, and equivalents which fall within the 
scope of this invention. It is therefore intended that the 
following appended claims be interpreted as including all 
Such alterations, permutations, and equivalents as fall within 
the true Spirit and Scope of the present invention. 
What is claimed is: 

1. A plasma processing module for processing a Substrate, 
the plasma processing module comprising: 

a) a plasma containment chamber including a feed gas 
inlet port capable of allowing a feed gas to enter the 
plasma containment chamber of the plasma processing 
module during the processing of the Substrate; 

b) an inductively coupled Source capable of energizing the 
feed gas and Striking a plasma within the plasma 
containment chamber, the Specific configuration of the 
inductively coupled Source causing the plasma to be 
formed Such that the plasma includes a primary disso 
ciation Zone within the plasma containment chamber; 

c) a Secondary chamber separated from the plasma con 
tainment chamber by a plasma containment plate, the 
Secondary chamber including a chuck and an exhaust 
port, the chuck being configured to Support the Sub 
Strate during the processing of the Substrate and the 
exhaust port being connected to the Secondary chamber 
Such that the exhaust port allows gases to be removed 
from the Secondary chamber during the processing of 
the Substrate; and 

d) a chamber interconnecting port that interconnects the 
plasma containment chamber and the Secondary cham 
ber, the chamber interconnecting port allowing gases 
from the plasma containment chamber to flow into the 
Secondary chamber during the processing of the Sub 
Strate, the chamber interconnecting port being posi 
tioned between the plasma containment chamber and 
the Secondary chamber Such that, when the Substrate is 
positioned on the chuck in the Secondary chamber, 
there is no Substantial direct line-of-Sight exposure of 
the Substrate to the primary dissociation Zone of the 
plasma formed within the plasma containment cham 
ber. 

2. A plasma processing module according to claim 1 
wherein the feed gas inlet port and the chamber intercon 
necting port are connected to the plasma containment cham 
ber Such that the flow of any feed gases fed into the plasma 
containment chamber through the feed gas inlet port is 
directed Substantially through the primary dissociation Zone 
of the plasma within the plasma containment chamber. 

3. A plasma processing module according to claim 1 
wherein the feed gas inlet port and the chamber intercon 
necting port are connected to the plasma containment cham 
ber Such that the flow of any feed gases fed into the plasma 
containment chamber through the feed gas inlet port is 
caused to pass Substantially through the primary dissociation 
Zone of the plasma within the plasma containment chamber 
two times. 

4. A plasma processing module according to claim 1 
wherein the secondary chamber further includes a baffle 
plate having a plurality of openings formed through the 
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baffle plate, the baffle plate being positioned within the 
Secondary chamber above the Substrate Such that the plu 
rality of openings in the baffle plate cause any gases moving 
through the Secondary chamber and out the exhaust port to 
flow over the substrate in a more uniformly distributed flow 
pattern compared to what the flow pattern would be without 
the baffle plate. 

5. A plasma processing module according to claim 1 
wherein the plasma containment plate Separating the plasma 
containment chamber from the Secondary chamber is 
grounded. 

6. A plasma processing module according to claim 1 
wherein the module further includes an additional feed gas 
port, the additional feed gas port being positioned Such that 
additional feed gases may be injected into the plasma 
processing module without having the additional feed gases 
flow through the plasma containment chamber. 

7. A plasma processing module according to claim 6 
wherein the additional feed gas port is connected to the 
Secondary chamber Such that additional feed gases may be 
injected into the Secondary chamber without passing through 
the plasma containment chamber. 

8. A plasma processing module according to claim 1 
wherein the module includes an RF power supply for 
powering the inductively coupled Source. 

9. A plasma processing module according to claim 1 
wherein the module includes a biasing arrangement con 
nected to the chuck in the Secondary chamber for applying 
a bias capable of inducing a plasma within the Secondary 
chamber. 

10. A plasma processing module according to claim 9 
wherein the biasing arrangement is configured to apply a 
Soft bias capable of inducing a plasma having a plasma 
density of no more than about 10 ions/cm. 

11. A plasma processing module according to claim 9 
wherein the biasing arrangement includes an RF power 
Supply for applying the bias. 

12. A method of processing a Substrate within a plasma 
processing module, the method comprising the Steps of: 

a) providing a plasma processing module including 
i) a plasma containment chamber having a feed gas 

inlet port capable of allowing a feed gas to enter the 
plasma containment chamber of the plasma process 
ing module during the processing of the Substrate, 

ii) a secondary chamber, 
iii) a plasma containment plate separating the plasma 

containment chamber from the Secondary chamber, 
and 

iv) a chamber interconnecting port that interconnects 
the plasma containment chamber and the Secondary 
chamber allowing gases from the plasma contain 
ment chamber to flow into the secondary chamber 
during the processing of the Substrate; 

b) placing a Substrate within the Secondary chamber, the 
Secondary chamber including a chuck and an exhaust 
port, the chuck being configured to Support the Sub 
Strate during the processing of the Substrate and the 
exhaust port being connected to the Secondary chamber 
Such that the exhaust port allows gases to be removed 
from the Secondary chamber during the processing of 
the Substrate; 
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c) causing a feed gas to be fed into the plasma contain 
ment chamber through the feed gas inlet port, 

d) using an inductively coupled Source to energize the 
feed gas within the plasma containment chamber and 
Strike a plasma within the plasma containment cham 
ber, the Specific configuration of the inductively 
coupled Source causing the plasma to be formed Such 
that the plasma includes a primary dissociation Zone 
within the plasma containment chamber; and 

e) exhausting gases from the Secondary chamber through 
the exhaust port Such that the feed gas is drawn from 
the plasma containment chamber through the chamber 
interconnecting port into the Secondary chamber and 
out of the plasma processing module through the 
exhaust port, the chamber interconnecting port being 
positioned between the plasma containment chamber 
and the Secondary chamber Such that, when the Sub 
Strate is positioned on the chuck in the Secondary 
chamber, there is no Substantial direct line-of-Sight 
exposure of the Substrate to the primary dissociation 
Zone of the plasma formed within the plasma contain 
ment chamber. 

13. A method according to claim 12 wherein the proceSS 
of the method is a Stripping process for Stripping a resist 
layer from the substrate. 

14. A method according to claim 13 wherein the step of 
feeding a feed gas into the plasma processing chamber 
includes the Step of feeding at least one of O and H2O vapor 
into the plasma processing chamber. 

15. A method according to claim 12 wherein the feed gas 
inlet port and the chamber interconnecting port are con 
nected to the plasma containment chamber Such that the flow 
of any feed gases fed into the plasma containment chamber 
through the feed gas inlet port is directed Substantially 
through the primary dissociation Zone of the plasma within 
the plasma containment chamber. 

16. A method according to claim 12 wherein the feed gas 
inlet port and the chamber interconnecting port are con 
nected to the plasma containment chamber Such that the flow 
of any feed gases fed into the plasma containment chamber 
through the feed gas inlet port is caused to pass Substantially 
through the primary dissociation Zone of the plasma within 
the plasma containment chamber two times. 

17. A method according to claim 12 wherein the second 
ary chamber further includes a baffle plate having a plurality 
of openings formed through the baffle plate, the baffle plate 
being positioned within the Secondary chamber above the 
Substrate Such that the plurality of openings in the baffle 
plate cause any gases moving through the Secondary cham 
ber and out the exhaust port to flow over the Substrate in a 

Aug. 5, 2004 

more uniformly distributed flow pattern compared to what 
the flow pattern would be without the baffle plate. 

18. A method according to claim 12 wherein the method 
includes the Step of grounding the plasma containment plate 
Separating the plasma containment chamber from the Sec 
ondary chamber. 

19. A method according to claim 12 wherein the plasma 
processing module further includes an additional feed gas 
port positioned Such that additional feed gases may be 
injected into the plasma processing module without having 
the additional feed gases flow through the plasma contain 
ment chamber and wherein the method further includes the 
Step of injecting an additional feed gas into the plasma 
processing module through the additional feed gas port. 

20. A method according to claim 19 wherein the addi 
tional feed gas port is connected to the Secondary chamber 
Such that the additional feed gases are injected into the 
Secondary chamber without passing through the plasma 
containment chamber. 

21. A method according to claim 12 wherein the module 
includes an RF power Supply for powering the inductively 
coupled Source. 

22. A method according to claim 12 wherein the plasma 
processing module further includes a biasing arrangement 
connected to the chuck in the Secondary chamber and 
wherein the method further includes the Step of applying a 
bias to the biasing arrangement that is capable of inducing 
a plasma within the Secondary chamber. 

23. A method according to claim 22 wherein the Step of 
applying a bias to the biasing arrangement includes the Step 
of applying a Soft bias to the biasing arrangement thereby 
inducing a plasma having a plasma density of no more than 
about 10 ions/cm. 

24. A method according to claim 22 wherein the biasing 
arrangement includes an RF power Supply for applying the 
bias. 

25. A method according to claim 22 wherein 
a) the process of the method is a stripping process for 

Stripping a resist layer and various residues from the 
Substrate, 

b) the plasma processing module further includes an 
additional feed gas port positioned Such that additional 
feed gases may be injected into the plasma processing 
module without having the additional feed gases flow 
through the plasma containment chamber, and 

c) the method further includes the Step of injecting an 
additional fluorine containing feed gas into the plasma 
processing module through the additional feed gas port. 
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