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(57) ABSTRACT 
A substrate support assembly and method for supporting a 
substrate are provided. In at least one embodiment, the 
support assembly includes a body having one or more ?uid 
conduits disposed therethrough, and a support member 
disposed on a ?rst end of the body. The support member 
includes one or more ?uid channels formed in an upper 

surface thereof, Wherein each ?uid channel is in communi 
cation With the one or more of the ?uid conduits. The 
support assembly also includes a cooling medium source in 
?uid communication With the one or more ?uid conduits, 
and a ?rst electrode having a plurality of holes formed 
therethrough. The ?rst electrode is disposed on the upper 
surface of the support member such that each of the plurality 
of holes is in ?uid communication With at least one of the 
one or more ?uid channels formed in the upper surface of the 
support member. 
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SUBSTRATE SUPPORT FOR IN-SITU DRY CLEAN 
CHAMBER FOR FRONT END OF LINE 

FABRICATION 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a divisional of copending US. 
patent application Ser. No. 11/063,645 ?led on Feb. 22, 
2005, Which claims bene?t of US. provisional patent appli 
cation Ser. No. 60/547,839, ?led Feb. 26, 2004, Which are 
herein incorporated by reference. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 

[0003] Embodiments of the present invention generally 
relate to semiconductor processing equipment. More par 
ticularly, embodiments of the present invention relate to a 
chemical vapor deposition (CVD) system for semiconductor 
fabrication and in situ dry cleaning methods using the same. 

[0004] 2. Description of the Related Art 

[0005] A native oxide typically forms When a substrate 
surface is exposed to oxygen. Oxygen exposure occurs When 
the substrate is moved betWeen processing chambers at 
atmospheric conditions, or When a small amount of oxygen 
remaining in a vacuum chamber contacts the substrate 
surface. Native oxides may also result if the substrate 
surface is contaminated during etching. Native oxides typi 
cally form an undesirable ?lm on the substrate surface. 
Native oxide ?lms are usually very thin, such as betWeen 5 
and 20 angstroms, but thick enough to cause difficulties in 
subsequent fabrication processes. 

[0006] Such dif?culties usually affect the electrical prop 
erties of semiconductor devices formed on the substrate. For 
example, a particular problem arises When native silicon 
oxide ?lms are formed on exposed silicon containing layers, 
especially during processing of Metal Oxide Silicon Field 
Effect Transistor (“MOSFET”) structures. Silicon oxide 
?lms are electrically insulating and are undesirable at inter 
faces With contact electrodes or interconnecting electrical 
pathWays because they cause high electrical contact resis 
tance. In MOSFET structures, the electrodes and intercon 
necting pathWays include silicide layers formed by depos 
iting a refractory metal on bare silicon and annealing the 
layer to produce the metal silicide layer. Native silicon oxide 
?lms at the interface betWeen the substrate and the metal 
reduce the compositional uniformity of the suicide layer by 
impeding the diffusional chemical reaction that forms the 
metal silicide. This results in loWer substrate yields and 
increased failure rates due to overheating at the electrical 
contacts. The native silicon oxide ?lm can also prevent 
adhesion of other CVD or sputtered layers Which are sub 
sequently deposited on the substrate. 

[0007] Sputter etch processes have been tried to reduce 
contaminants in large features or in small features having 
aspect ratios smaller than about 4:1. HoWever, sputter etch 
processes can damage delicate silicon layers by physical 
bombardment. In response, Wet etch processes using hydrof 
luoric acid and deioniZed Water, for example, have also 
been tried. Wet etch processes such as this, hoWever, are 
disadvantageous in today’s smaller devices Where the aspect 
ratio exceeds 4:1, and especially Where the aspect ratio 
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exceeds 10:1. Particularly, the Wet solution cannot penetrate 
into those siZes of vias, contacts, or other features formed 
Within the substrate surface. As a result, the removal of the 
native oxide ?lm is incomplete. Similarly, a Wet etch solu 
tion, if successful in penetrating a feature of that siZe, is even 
more dif?cult to remove from the feature once etching is 
complete. 

[0008] Another approach for eliminating native oxide 
?lms is a dry etch process, such as one utiliZing ?uorine 
containing gases. One disadvantage to using ?uorine-con 
taining gases, hoWever, is that ?uorine is typically left 
behind on the substrate surface. Fluorine atoms or ?uorine 
radicals left behind on the substrate surface can be detri 
mental. For example, the ?uorine atoms left behind can 
continue to etch the substrate causing voids therein. 

[0009] A more recent approach to remove native oxide 
?lms has been to form a ?uorine/silicon-containing salt on 
the substrate surface that is subsequently removed by ther 
mal anneal. In this approach, a thin layer of the salt is formed 
by reacting a ?uorine-containing gas With the silicon oxide 
surface. The salt is then heated to an elevated temperature 
suf?cient to dissociate the salt into volatile by-products 
Which are then removed from the processing chamber. The 
formation of a reactive ?uorine-containing gas is usually 
assisted by thermal addition or by plasma energy. The salt is 
usually formed at a reduced temperature that requires cool 
ing of the substrate surface. This sequence of cooling 
folloWed by heating is usually accomplished by transferring 
the substrate from a cooling chamber Where the substrate is 
cooled to a separate anneal chamber or furnace Where the 
substrate is heated. 

[0010] For various reasons, this reactive ?uorine process 
ing sequence is not desirable. Namely, Wafer throughput is 
greatly diminished because of the time involved to transfer 
the Wafer. Also, the Wafer is highly susceptible to further 
oxidation or other contamination during the transfer. More 
over, the cost of oWnership is doubled because tWo separate 
chambers are needed to complete the oxide removal process. 

[0011] There is a need, therefore, for a processing chamber 
capable of remote plasma generation, heating and cooling, 
and thereby capable of performing a single dry etch process 
in a single chamber (i.e. in-situ). 

SUMMARY OF THE INVENTION 

[0012] A substrate support assembly is provided. In at 
least one embodiment, the support assembly includes a body 
having one or more ?uid conduits disposed therethrough, 
and a support member disposed on a ?rst end of the body. 
The support member includes one or more ?uid channels 
formed in an upper surface thereof, Wherein each ?uid 
channel is in communication With the one or more of the 
?uid conduits. The support assembly also includes a cooling 
medium source in ?uid communication With the one or more 

?uid conduits, and a ?rst electrode having a plurality of 
holes formed therethrough. The ?rst electrode is disposed on 
the upper surface of the support member such that each of 
the plurality of holes is in ?uid communication With at least 
one of the one or more ?uid channels formed in the upper 
surface of the support member. 

[0013] In at least one other embodiment, the support 
assembly includes a body having at least one gas conduit and 
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at least tWo liquid conduits disposed therethrough, and a 
support member disposed on a ?rst end of the body. The 
support member includes a channel formed in an upper 
surface thereof that is in ?uid communication With the at 
least one gas conduit. The support member also includes a 
heat exchange passage formed therein that is in ?uid com 
munication With the at least tWo liquid conduits. The support 
assembly also includes a ?rst electrode having a plurality of 
holes formed therethrough. The ?rst electrode is disposed on 
the upper surface of the support member such that each of 
the plurality of holes is in ?uid communication With the 
channel formed in the upper surface of the support member. 

[0014] A method for supporting and cooling a substrate is 
also provided. In at least one embodiment, the method 
includes providing the substrate support assembly; applying 
a vacuum to the ?rst electrode for engaging a substrate, 
Wherein the vacuum is applied through the one or more ?uid 
passages formed in the body; ?oWing a purge gas to a 
backside of the substrate through the one or more ?uid 
channels formed in the support member; and cooling the 
substrate by ?oWing a cooling medium through the ?uid 
passage formed Within the body. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0015] So that the manner in Which the above recited 
features of the present invention can be understood in detail, 
a more particular description of the invention, brie?y sum 
mariZed above, may be had by reference to embodiments, 
some of Which are illustrated in the appended drawings. It is 
to be noted, hoWever, that the appended draWings illustrate 
only typical embodiments of this invention and are therefore 
not to be considered limiting of its scope, for the invention 
may admit to other equally effective embodiments. 

[0016] FIG. 1A shoWs a partial cross sectional vieW of an 
illustrative processing chamber 100 for heating, cooling, and 
etching. 
[0017] FIG. 1B shoWs an enlarged schematic vieW of an 
illustrative liner disposed Within the processing chamber of 
FIG. 1A. 

[0018] FIG. 2A shoWs an enlarged cross sectional vieW of 
an illustrative lid assembly that can be disposed at an upper 
end of the chamber body shoWn in FIG. 1A. 

[0019] FIGS. 2B and 2C shoW enlarged schematic vieWs 
of the gas distribution plate of FIG. 2A. 

[0020] FIG. 3A shoWs a partial cross sectional vieW of an 
illustrative support assembly, Which is at least partially 
disposed Within the chamber body 112 of FIG. 1A. 

[0021] FIG. 3B shoWs an enlarged partial cross sectional 
vieW of the illustrative support member 300 of FIG. 3A. 

[0022] FIG. 4A shoWs a schematic cross sectional vieW of 
another illustrative lid assembly 400. 

[0023] FIG. 4B shoWs an enlarged schematic, partial cross 
sectional vieW of the upper electrode of FIG. 4A. 

[0024] FIG. 4C shoWs a partial cross sectional vieW of the 
illustrative processing chamber 100 utiliZing the lid assem 
bly 400 of FIG. 4A. 

[0025] FIGS. 5A-5H are sectional schematic vieWs of a 
fabrication sequence for forming an illustrative active elec 
tronic device, such as a MOSFET structure. 
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[0026] FIG. 6 is a schematic diagram of an exemplary 
multi-chamber processing system adapted to perform mul 
tiple processing operations. 

DETAILED DESCRIPTION 

[0027] Aprocessing chamber for any number of substrate 
processing techniques is provided. The chamber is particu 
larly useful for performing a plasma assisted dry etch 
process that requires both heating and cooling of the sub 
strate surface Without breaking vacuum. For example, the 
processing chamber described herein is envisioned to be best 
suited for a front-end-of line (FEOL) clean chamber for 
removing oxides and other contaminants from a substrate 
surface. 

[0028] A “substrate surface”, as used herein, refers to any 
substrate surface upon Which processing is performed. For 
example, a substrate surface may include silicon, silicon 
oxide, doped silicon, germanium, gallium arsenide, glass, 
sapphire, and any other materials such as metals, metal 
nitrides, metal alloys, and other conductive materials, 
depending on the application. A substrate surface may also 
include dielectric materials such as silicon dioxide, organo 
silicates, and carbon doped silicon oxides. The substrate 
itself is not limited to any particular siZe or shape. In one 
aspect, the term “substrate” refers to a round Wafer having 
a 200 mm diameter or 300 mm diameter. In another aspect, 
the term “substrate” refers to any polygonal, squared, rect 
angular, curved or otherWise non-circular Workpiece, such 
as a glass substrate used in the fabrication of ?at panel 
displays, for example. 

[0029] FIG. 1A is a partial cross sectional vieW shoWing 
an illustrative processing chamber 100. In one embodiment, 
the processing chamber 100 includes a chamber body 112, 
a lid assembly 200, and a support assembly 300. The lid 
assembly 200 is disposed at an upper end of the chamber 
body 112, and the support assembly 300 is at least partially 
disposed Within the chamber body 112. The processing 
chamber 100 and the associated hardWare are preferably 
formed from one or more process-compatible materials, 
such as aluminum, anodiZed aluminum, nickel plated alu 
minum, nickel plated aluminum 6061-T6, stainless steel, as 
Well as combinations and alloys thereof, for example. 

[0030] The chamber body 112 includes a slit valve open 
ing 160 formed in a sideWall thereof to provide access to the 
interior of the processing chamber 100. The slit valve 
opening 160 is selectively opened and closed to alloW access 
to the interior of the chamber body 112 by a Wafer handling 
robot (not shoWn). Wafer handling robots are Well knoWn to 
those With skill in the art, and any suitable robot may be 
used. For example, an exemplary robotic transfer assembly 
has been described in a commonly assigned US. Pat. No. 
4,951,601, entitled “Multi-chamber Integrated Process Sys 
tem,” issued Aug. 28, 1990, the complete disclosure of 
Which is incorporated herein by reference. In one embodi 
ment, a Wafer can be transported in and out of the processing 
chamber 100 through the slit valve opening 160 to an 
adjacent transfer chamber and/or load-lock chamber, or 
another chamber Within a cluster tool. Acluster tool of a type 
that can be coupled to the processing chamber 100 is 
described in a commonly assigned US. Pat. No. 5,186,718, 
entitled “Staged-Vacuum Wafer Processing System and 
Method”, issued Feb. 16, 1993, and is herein incorporated 
by reference. 
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[0031] In one or more embodiments, the chamber body 
112 includes a channel 113 formed therein for ?owing a heat 
transfer ?uid therethrough. The heat transfer ?uid can be a 
heating ?uid or a coolant and is used to control the tem 
perature of the chamber body 112 during processing and 
substrate transfer. The temperature of the chamber body 112 
is important to prevent unWanted condensation of the gas or 
byproducts on the chamber Walls. Exemplary heat transfer 
?uids include Water, ethylene glycol, or a mixture thereof. 
An exemplary heat transfer ?uid may also include nitrogen 
gas. 

[0032] The chamber body 112 can further include a liner 
133 that surrounds the support assembly 300. The liner 133 
is preferably removable for servicing and cleaning. The liner 
133 can be made of a metal such as aluminum, or a ceramic 
material. HoWever, the liner 133 can be any process com 
patible material. The liner 133 can be bead blasted to 
increase the adhesion of any material deposited thereon, 
thereby preventing ?aking of material Which results in 
contamination of the processing chamber 100. In one or 
more embodiments, the liner 133 includes one or more 
apertures 135 and a pumping channel 129 formed therein 
that is in ?uid communication With a vacuum system. The 
apertures 135 provide a ?oW path for gases into the pumping 
channel 129, Which provides an egress for the gases Within 
the processing chamber 100. 

[0033] The vacuum system can include a vacuum pump 
125 and a throttle valve 127 to regulate ?oW of gases 
through the processing chamber 100. The vacuum pump 125 
is coupled to a vacuum port 131 disposed on the chamber 
body 112 and therefore, in ?uid communication With the 
pumping channel 129 formed Within the liner 133. The terms 
“gas” and “gases” are used interchangeably, unless other 
Wise noted, and refer to one or more precursors, reactants, 
catalysts, carrier, purge, cleaning, combinations thereof, as 
Well as any other ?uid introduced into the chamber body 
112. 

[0034] Considering the liner 133 in greater detail, FIG. 1B 
shoWs an enlarged schematic vieW of one embodiment of the 
liner 133. In this embodiment, the liner 133 includes an 
upper portion 133A and a loWer portion 133B. An aperture 
133C that aligns With the slit valve opening 160 disposed on 
a side Wall of the chamber body 112 is formed Within the 
liner 133 to alloW entry and egress of substrates to/from the 
chamber body 112. Typically, the pumping channel 129 is 
formed Within the upper portion 133A. The upper portion 
133A also includes the one or more apertures 135 formed 
therethrough to provide passageWays or ?oW paths for gases 
into the pumping channel 129. 

[0035] Referring to FIGS. 1A and 1B, the apertures 135 
alloW the pumping channel 129 to be in ?uid communication 
With a processing Zone 140 Within the chamber body 112. 
The processing Zone 140 is de?ned by a loWer surface of the 
lid assembly 200 and an upper surface of the support 
assembly 300, and is surrounded by the liner 133. The 
apertures 135 may be uniformly siZed and evenly spaced 
about the liner 133. HoWever, any number, position, siZe or 
shape of apertures may be used, and each of those design 
parameters can vary depending on the desired ?oW pattern 
of gas across the substrate receiving surface as is discussed 
in more detail beloW. In addition, the siZe, number and 
position of the apertures 135 are con?gured to achieve 
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uniform ?oW of gases exiting the processing chamber 100. 
Further, the aperture siZe and location may be con?gured to 
provide rapid or high capacity pumping to facilitate a rapid 
exhaust of gas from the chamber 100. For example, the 
number and siZe of apertures 135 in close proximity to the 
vacuum port 131 may be smaller than the siZe of apertures 
135 positioned farther aWay from the vacuum port 131. 

[0036] Still referring to FIGS. 1A and 1B, the loWer 
portion 133B of the liner 133 includes a ?oW path or vacuum 
channel 129A disposed therein. The vacuum channel 129A 
is in ?uid communication With the vacuum system described 
above. The vacuum channel 129A is also in ?uid commu 
nication With the pumping channel 129 via a recess or port 
129B formed in an outer diameter of the liner 133. Gener 
ally, tWo gas ports 129B (only one shoWn in this vieW) are 
formed in an outer diameter of the liner 133 betWeen the 
upper portion 133A and the loWer portion 133B. The gas 
ports 129B provide a ?oW path betWeen the pumping 
channel 129 and the vacuum channel 129A. The siZe and 
location of each port 129B is a matter of design, and are 
determined by the stoichiometry of a desired ?lm, the 
geometry of the device being formed, the volume capacity 
of the processing chamber 100 as Well as the capabilities of 
the vacuum system coupled thereto. Typically, the ports 
129B are arranged opposite one another or 180 degrees apart 
about the outer diameter of the liner 133. 

[0037] In operation, one or more gases exiting the pro 
cessing chamber 100 ?oW through the apertures 135 formed 
through the upper portion 133A of the liner 133 into the 
pumping channel 129. The gas then ?oWs Within the pump 
ing channel 129 and through the ports 129B into the vacuum 
channel 129A. The gas exits the vacuum channel 129A 
through the vacuum port 131 into the vacuum pump 125. 

[0038] Considering the lid assembly 200 in more detail, 
FIG. 2A shoWs an enlarged cross sectional vieW of an 
illustrative lid assembly 200 that can be disposed at an upper 
end of the chamber body 112 shoWn in FIG. 1A. Referring 
to FIGS. 1A and 2A, the lid assembly 200 includes a 
number of components stacked on top of one another, as 
shoWn in FIG. 1A. In one or more embodiments, the lid 
assembly 200 includes a lid rim 210, gas delivery assembly 
220, and a top plate 250. The gas delivery assembly 220 is 
coupled to an upper surface of the lid rim 210 and is 
arranged to make minimum thermal contact thereWith. The 
components of the lid assembly 200 are preferably con 
structed of a material having a high thermal conductivity and 
loW thermal resistance, such as an aluminum alloy With a 
highly ?nished surface for example. Preferably, the thermal 
resistance of the components is less than about 5x10‘4 In2 
W. The lid rim 210 is designed to hold the Weight of the 
components making up the lid assembly 200 and is coupled 
to an upper surface of the chamber body 112 via a hinge 
assembly (not shoWn in this vieW) to provide access to the 
internal chamber components, such as the support assembly 
300 for example. 

[0039] Referring to FIGS. 2B and 2C, the gas delivery 
assembly 220 can include a distribution plate or shoWerhead 
225. FIG. 2B shoWs an enlarged schematic vieW of one 
embodiment of an illustrative gas distribution plate 225 and 
FIG. 2C shoWs a partial cross sectional vieW. In one or more 
embodiments, the distribution plate 225 is substantially 
disc-shaped and includes a plurality of apertures 225A or 
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passageways to distribute the How of gases therethrough. 
The apertures 225A of the distribution plate 225 prevent the 
gases ?owing through the lid assembly 200 from impinging 
directly on the substrate surface beloW by sloWing and 
re-directing the velocity pro?le of the ?oWing gases. The 
apertures 225A of the distribution plate 225 also evenly 
distribute the How of the gas exiting the lid assembly 200, 
thereby providing an even distribution of the gas across the 
surface of the substrate. 

[0040] Referring to FIGS. 2A, 2B and 2C, the distribution 
plate 225 further includes an annular mounting ?ange 222 
formed at a perimeter thereof, Which is siZed to rest on the 
lid rim 210. Accordingly, the distribution plate 225 makes 
minimal contact With the lid assembly 200. Preferably, an 
o-ring type seal 224, such as an elastomeric o-ring, is at least 
partially disposed Within the annular mounting ?ange 222 to 
ensure a ?uid-tight contact With the lid rim 210. 

[0041] The gas delivery assembly 220 can further include 
a blocker assembly 230 disposed adjacent the distribution 
plate 225. The blocker assembly 230 provides an even 
distribution of gas to the backside of the distribution plate 
225. Preferably, the blocker assembly 230 is made of an 
aluminum alloy and is removably coupled to the distribution 
plate 225 to ensure good thermal contact. For eXample, the 
blocker assembly 230 can be coupled to the distribution 
plate 225 using a bolt 221 or similar fastener. Preferably, the 
blocker assembly 230 makes no thermal contact With the lid 
rim 210 as shoWn in FIG. 2A. 

[0042] In one or more embodiments, the blocker assembly 
230 includes a ?rst blocker plate 233 mounted to a second 
blocker plate 235. The second blocker plate 235 includes a 
passage 259 formed therethrough. Preferably, the passage 
259 is centrally located through the second blocker plate 235 
such that the passage 259 is in ?uid communication With a 
?rst cavity or volume 261 de?ned by a loWer surface of the 
top plate 250 and an upper surface of the second blocker 
plate 235. The passage 259 is also in ?uid communication 
With a second cavity or volume 262 de?ned by a loWer 
surface of the second blocker plate 235 and an upper surface 
of the ?rst blocker plate 233. The passage 259 is also in ?uid 
communication With a third cavity or volume 263 de?ned by 
a loWer surface of the ?rst blocker plate 233 and an upper 
surface of the distribution plate 225. The passage 259 is 
coupled to a gas inlet 223. The gas inlet 223 is coupled to the 
top plate 250 at a ?rst end thereof. Although not shoWn, the 
gas inlet 223 is coupled at a second end thereof to one or 
more upstream gas sources and/or other gas delivery com 
ponents, such as gas miXers. 

[0043] The ?rst blocker plate 233 includes a plurality of 
passageWays 233A formed therein that are adapted to dis 
perse the gases ?oWing from the passage 259 to the gas 
distribution plate 225. Although the passageWays 233A are 
shoWn as being circular or rounded, the passageWays 233A 
can be square, rectangular, or any other shape. The passage 
Ways 233A can be siZed and positioned about the blocker 
plate 233 to provide a controlled and even ?oW distribution 
across the surface of the substrate. As described above, the 
?rst blocker plate 233 can easily be removed from the 
second blocker plate 235 and from the distribution plate 225 
to facilitate cleaning or replacement of those components. 

[0044] In use, one or more process gases are introduced 
into the gas delivery assembly 220 via the gas inlet 223. The 
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process gas ?oWs into the ?rst volume 261 and through the 
passage 259 of the second blocker plate 235 into the second 
volume 262. The process gas is then distributed through the 
holes 233A of the ?rst blocker plate 233 into the third 
volume 263 and further distributed through the holes 225A 
of the distribution plate 225 until the gas meets the eXposed 
surfaces of the substrate disposed Within the chamber body 
112. 

[0045] A gas supply panel (not shoWn) is typically used to 
provide the one or more gases to the processing chamber 
100. The particular gas or gases that are used depend upon 
the process or processes to be performed Within the chamber 
100. Illustrative gases can include, but are not limited to one 

or more precursors, reductants, catalysts, carriers, purge, 
cleaning, or any mixture or combination thereof. Typically, 
the one or more gases introduced to the processing chamber 
100 How through the inlet 223 into the lid assembly 200 and 
then into the chamber body 112 through the gas delivery 
assembly 220. An electronically operated valve and/or ?oW 
control mechanism (not shoWn) may be used to control the 
How of gas from the gas supply into the processing chamber 
100. Depending on the process, any number of gases can be 
delivered to the processing chamber 100, and can be miXed 
either in the processing chamber 100 or before the gases are 
delivered to the processing chamber 100, such as Within a 
gas miXture (not shoWn), for eXample. 
[0046] Still referring to FIGS. 1A and 2A, the lid assem 
bly 200 can further include an electrode 240 to generate a 
plasma of reactive species Within the lid assembly 200. In 
one embodiment, the electrode 240 is supported on the top 
plate 250 and is electrically isolated therefrom. For eXample, 
an isolator ?ller ring 241 can be disposed about a loWer 
portion of the electrode 240 separating the electrode 240 
from the top plate 250 as shoWn in FIG. 2A. An annular 
isolator 242 can also be disposed about an outer surface of 
the isolator ?ller ring 241. An annular insulator 243 can then 
be disposed about an upper portion of the electrode 240 so 
that the electrode 240 is electrically isolated from the top 
plate 250 and all the other components of the lid assembly 
200. Each of these rings 241, 242, 243 can be made from 
aluminum oXide or any other insulative, process compatible 
material. 

[0047] In one or more embodiments, the electrode 240 is 
coupled to a poWer source (not shoWn) While the gas 
delivery assembly 220 is connected to ground (i.e. the gas 
delivery assembly 220 serves as an electrode). Accordingly, 
a plasma of one or more process gases can be generated in 
the volumes 261, 262 and/or 263 betWeen the electrode 240 
(“?rst electrode”) and the gas delivery assembly 220 (“sec 
ond electrode”). For eXample, the plasma can be struck and 
contained betWeen the electrode 240 and the blocker assem 
bly 230. Alternatively, the plasma can be struck and con 
tained betWeen the electrode 240 and the distribution plate 
225, in the absence of the blocker assembly 230. In either 
embodiment, the plasma is Well con?ned or contained 
Within the lid assembly 200. Accordingly, the plasma is a 
“remote plasma” since no active plasma is in direct contact 
With the substrate disposed Within the chamber body 112. As 
a result, plasma damage to the substrate is avoided because 
the plasma is suf?ciently separated from the substrate sur 
face. 

[0048] Any poWer source capable of activating the gases 
into reactive species and maintaining the plasma of reactive 
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species may be used. For example, radio frequency (RF), 
direct current (DC), or microWave (MW) based power 
discharge techniques may be used. The activation may also 
be generated by a thermally based technique, a gas break 
doWn technique, a high intensity light source (e.g., UV 
energy), or exposure to an x-ray source. Alternatively, a 
remote activation source may be used, such as a remote 
plasma generator, to generate a plasma of reactive species 
Which are then delivered into the chamber 100. Exemplary 
remote plasma generators are available from vendors such as 
MKS Instruments, Inc. and Advanced Energy Industries, 
Inc. Preferably, an RF poWer supply is coupled to the 
electrode 240. 

[0049] Referring to FIG. 2A, the gas delivery assembly 
220 can be heated depending on the process gases and 
operations to be performed Within the processing chamber 
100. In one embodiment, a heating element 270, such as a 
resistive heater for example, can be coupled to the distribu 
tion plate 225. In one embodiment, the heating element 270 
is a tubular member and is pressed into an upper surface of 
the distribution plate 225 as shoWn in more detail in FIGS. 
2B and 2C. 

[0050] Referring to FIGS. 2B and 2C, the upper surface 
of the distribution plate 225 includes a groove or recessed 
channel having a Width slightly smaller than the outer 
diameter of the heating element 270, such that the heating 
element 270 is held Within the groove using an interference 
?t. The heating element 270 regulates the temperature of the 
gas delivery assembly 220 since the components of the 
delivery assembly 220, including the distribution plate 225 
and the blocker assembly 230, are each conductively 
coupled to one another. Regulation of the temperature may 
be facilitated by a thermocouple 272 coupled to the distri 
bution plate 225. The thermocouple 272 may be used in a 
feedback loop to control electric current applied to the 
heating element 270 from a poWer supply, such that the gas 
delivery assembly 220 temperature can be maintained or 
controlled at a desired temperature or Within a desired 
temperature range. Control of the gas delivery assembly 220 
temperature is facilitated because as described above, the 
gas delivery assembly 220 makes minimal thermal contact 
With the other components of the lid assembly 200, and as 
such, thermal conductivity is limited. 

[0051] In one or more embodiments, the lid assembly 200 
can include one or more ?uid channel 202 formed therein for 
?oWing a heat transfer medium to provide temperature 
control of the gas delivery assembly 220. In one embodi 
ment, the ?uid channel 202 can be formed Within the lid rim 
210, as shoWn in FIG. 2A. Alternatively, the ?uid channel 
202 can be formed Within any component of the lid assembly 
200 to provide an uniform heat transfer to the gas delivery 
assembly 220. The ?uid channel 202 can contain either a 
heating or cooling medium to control temperature of the gas 
delivery assembly 220, depending on the process require 
ments Within the chamber 100. Any heat transfer medium 
may be used, such as nitrogen, Water, ethylene glycol, or 
mixtures thereof, for example. 

[0052] In one or more embodiments, the gas delivery 
assembly 220 can be heated using one or more heat lamps 
(not shoWn). Typically, the heat lamps are arranged about an 
upper surface of the distribution plate 225 to heat the 
distribution plate 225 by radiation. 
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[0053] FIG. 3A shoWs a partial cross sectional vieW of an 
illustrative support assembly 300. The support assembly 300 
can be at least partially disposed Within the chamber body 
112. The support assembly 300 can include a support 
member 310 to support a substrate (not shoWn in this vieW) 
for processing Within the chamber body 112. The support 
member 310 can be coupled to a lift mechanism 330 through 
a shaft 314 Which extends through a centrally-located open 
ing 114 formed in a bottom surface of the chamber body 112. 
The lift mechanism 330 can be ?exibly sealed to the 
chamber body 112 by a belloWs 333 that prevents vacuum 
leakage from around the shaft 314. The lift mechanism 330 
alloWs the support member 310 to be moved vertically 
Within the chamber body 112 betWeen a process position and 
a loWer, transfer position. The transfer position is slightly 
beloW the opening of the slit valve 160 formed in a sideWall 
of the chamber body 112. 

[0054] FIG. 3B shoWs an enlarged partial cross sectional 
of the support assembly 300 shoWn in FIG. 3A. In one or 
more embodiments, the support member 310 has a ?at, 
circular surface or a substantially ?at, circular surface for 
supporting a substrate to be processed thereon. The support 
member 310 is preferably constructed of aluminum. The 
support member 310 can include a removable top plate 311 
made of some other material, such as silicon or ceramic 
material, for example, to reduce backside contamination of 
the substrate. 

[0055] In one or more embodiments, the support member 
310 or the top plate 311 can include a plurality of extensions 
or dimples 311A arranged on the upper surface thereof. In 
FIG. 3B, the dimples 311A are shoWn on the upper surface 
of the top plate 311. It can be envisioned that the dimples 
311A can be arranged on the upper surface of the support 
member 310 if a top plate 311 is not desired. The dimples 
311A provide minimum contact betWeen the loWer surface 
of the substrate and the support surface of the support 
assembly 300 (i.e. either the support member 310 or the top 
plate 311). 
[0056] In one or more embodiments, the substrate (not 
shoWn) may be secured to the support assembly 300 using 
a vacuum chuck. The top plate 311 can include a plurality of 
holes 312 in ?uid communication With one or more grooves 
316 formed in the support member 310. The grooves 316 are 
in ?uid communication With a vacuum pump (not shoWn) 
via a vacuum conduit 313 disposed Within the shaft 314 and 
the support member 310. Under certain conditions, the 
vacuum conduit 313 can be used to supply a purge gas to the 
surface of the support member 310 to prevent deposition 
When a substrate is not disposed on the support member 310. 
The vacuum conduit 313 can also pass a purge gas during 
processing to prevent a reactive gas or byproduct from 
contacting the backside of the substrate. 

[0057] In one or more embodiments, the substrate (not 
shoWn) may be secured to the support member 310 using an 
electrostatic chuck. In one or more embodiments, the sub 
strate can be held in place on the support member 310 by a 
mechanical clamp (not shoWn), such as a conventional 
clamp ring. 

[0058] Preferably, the substrate is secured using an elec 
trostatic chuck. An electrostatic chuck typically includes at 
least a dielectric material that surrounds an electrode (not 
shoWn), Which may be located on an upper surface of the 
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support member 310 or formed as an integral part of the 
support member 310. The dielectric portion of the chuck 
electrically insulates the chuck electrode from the substrate 
and from the remainder of the support assembly 300. 

[0059] In one or more embodiments, the perimeter of the 
chuck dielectric can be is slightly smaller than the perimeter 
of the substrate. In other Words, the substrate slightly 
overhangs the perimeter of the chuck dielectric so that the 
chuck dielectric Will remain completely covered by the 
substrate even if the substrate is misaligned off center When 
positioned on the chuck. Assuring that the substrate com 
pletely covers the chuck dielectric ensures that the substrate 
shields the chuck from eXposure to potentially corrosive or 
damaging substances Within the chamber body 112. 

[0060] The voltage for operating the electrostatic chuck 
can be supplied by a separate “chuck” poWer supply (not 
shoWn). One output terminal of the chucking poWer supply 
is connected to the chuck electrode. The other output ter 
minal typically is connected to electrical ground, but alter 
natively may be connected to a metal body portion of the 
support assembly 300. In operation, the substrate is placed 
in contact With the dielectric portion, and a direct current 
voltage is placed on the electrode to create the electrostatic 
attractive force or bias to adhere the substrate on the upper 
surface of the support member 310. 

[0061] Still referring to FIGS. 3A and 3B, the support 
member 310 can include one or more bores 323 formed 

therethrough to accommodate a lift pin 325. Each lift pin 
325 is typically constructed of ceramic or ceramic-contain 
ing materials, and are used for substrate-handling and trans 
port. Each lift pin 325 is slideably mounted Within the bore 
323. In one aspect, the bore 323 is lined With a ceramic 
sleeve to help freely slide the lift pin 325. The lift pin 325 
is moveable Within its respective bore 323 by engaging an 
annular lift ring 320 disposed Within the chamber body 112. 
The lift ring 320 is movable such that the upper surface of 
the lift-pin 325 can be located above the substrate support 
surface of the support member 310 When the lift ring 320 is 
in an upper position. Conversely, the upper surface of the 
lift-pins 325 is located beloW the substrate support surface of 
the support member 310 When the lift ring 320 is in a loWer 
position. Thus, part of each lift-pin 325 passes through its 
respective bore 323 in the support member 310 When the lift 
ring 320 moves from either the loWer position to the upper 
position. 
[0062] When activated, the lift pins 325 push against a 
loWer surface of the substrate, lifting the substrate off the 
support member 310. Conversely, the lift pins 325 may be 
de-activated to loWer the substrate, thereby resting the 
substrate on the support member 310. The lift pins 325 can 
include enlarged upper ends or conical heads to prevent the 
pins 325 from failing out from the support member 310. 
Other pin designs can also be utiliZed and are Well knoWn to 
those skilled in the art. 

[0063] In one embodiment, one or more of the lift pins 325 
include a coating or an attachment disposed thereon that is 
made of a non-skid or highly frictional material to prevent 
the substrate from sliding When supported thereon. A pre 
ferred material is a high temperature, polymeric material that 
does not scratch or otherWise damage the backside of the 
substrate Which Would create contaminants Within the pro 
cessing chamber 100. Preferably, the coating or attachment 
is KALREZTM coating available from DuPont. 
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[0064] To drive the lift ring 320, an actuator, such as a 
conventional pneumatic cylinder or a stepper motor (not 
shoWn), is generally used. The stepper motor or cylinder 
drives the lift ring 320 in the up or doWn positions, Which in 
turn drives the lift-pins 325 that raise or loWer the substrate. 
In a speci?c embodiment, a substrate (not shoWn) is sup 
ported on the support member 310 by three lift-pins 325 (not 
shoWn in this vieW) dispersed approximately 120 degrees 
apart and projecting from the lift ring 320. 

[0065] Referring again to FIG. 3A, the support assembly 
300 can include an edge ring 305 disposed about the support 
member 310. The edge ring 305 can be made of a variety of 
materials such as ceramic, quartZ, aluminum and steel, 
among others. In one or more embodiments, the edge ring 
305 is an annular member that is adapted to cover an outer 
perimeter of the support member 310 and protect the support 
member 310 from deposition. The edge ring 305 can be 
positioned on or adjacent the support member 310 to form 
an annular purge gas channel 334 betWeen the outer diam 
eter of support member 310 and the inner diameter of the 
edge ring 305. The annular purge gas channel 334 can be in 
?uid communication With a purge gas conduit 335 formed 
through the support member 310 and the shaft 314. Prefer 
ably, the purge gas conduit 335 is in ?uid communication 
With a purge gas supply (not shoWn) to provide a purge gas 
to the purge gas channel 334. Any suitable purge gas such as 
nitrogen, argon, or helium, may be used alone or in com 
bination. In operation, the purge gas ?oWs through the 
conduit 335, into the purge gas channel 334, and about an 
edge of the substrate disposed on the support member 310. 
Accordingly, the purge gas Working in cooperation With the 
edge ring 305 prevents deposition at the edge and/or back 
side of the substrate. 

[0066] Referring again to FIGS. 3A and 3B, the tempera 
ture of the support assembly 300 is controlled by a ?uid 
circulated through a ?uid channel 360 embedded in the body 
of the support member 310. In one or more embodiments, 
the ?uid channel 360 is in ?uid communication With a heat 
transfer conduit 361 disposed through the shaft 314 of the 
support assembly 300. Preferably, the ?uid channel 360 is 
positioned about the support member 310 to provide a 
uniform heat transfer to the substrate receiving surface of the 
support member 310. The ?uid channel 360 and heat transfer 
conduit 361 can ?oW heat transfer ?uids to either heat or 
cool the support member 310. Any suitable heat transfer 
?uid may be used, such as Water, nitrogen, ethylene glycol, 
or mixtures thereof. The support assembly 300 can further 
include an embedded thermocouple (not shoWn) for moni 
toring the temperature of the support surface of the support 
member 310. For eXample, a signal from the thermocouple 
may be used in a feedback loop to control the temperature 
or ?oWrate of the ?uid circulated through the ?uid channel 
360. 

[0067] Referring back to FIG. 3A, the support member 
310 can be moved vertically Within the chamber body 112 so 
that a distance betWeen support member 310 and the lid 
assembly 200 can be controlled. A sensor (not shoWn) can 
provide information concerning the position of support 
member 310 Within chamber 100. An eXample of a lifting 
mechanism for the support member 310 is described in 
detail in US. Pat. No. 5,951,776, issued Sep. 14, 1999 to 
Selyutin et al., entitled “Self-Aligning Lift Mechanism”, 
Which is hereby incorporated by reference in it entirety. 
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[0068] In operation, the support member 310 can be 
elevated to a close proximity of the lid assembly 200 to 
control the temperature of the substrate being processed. As 
such, the substrate can be heated via radiation emitted from 
the distribution plate 225 that is controlled by the heating 
element 270. Alternatively, the substrate can be lifted off the 
support member 310 to close proximity of the heated lid 
assembly 200 using the lift pins 325 activated by the lift ring 
320. 

[0069] After extended periods of use or at designated 
times for scheduled maintenance, certain components of the 
processing chamber 100 including those described above 
can be regularly inspected, replaced, or cleaned. These 
components are typically parts that are collectively knoWn 
as the “process kit.” Illustrative components of the process 
kit can include, but are not limited to the shoWerhead 225, 
the top plate 311, the edge ring 305, the liner 133, and the 
lift pins 325, for example. Any one or more of these 
components are typically removed from the chamber 100 
and cleaned or replaced at regular intervals or according to 
an as-needed basis. 

[0070] FIG. 4A shoWs a partial cross sectional vieW of 
another illustrative lid assembly 400. The lid assembly 400 
includes at least tWo stacked components con?gured to form 
a plasma volume or cavity therebetWeen. In one or more 

embodiments, the lid assembly 400 includes a ?rst electrode 
410 (“upper electrode”) disposed vertically above a second 
electrode 450 (“loWer electrode”) con?ning a plasma vol 
ume or cavity 425 therebetWeen. The ?rst electrode 410 is 
connected to a poWer source 415, such as an RF poWer 
supply, and the second electrode 450 is connected to ground, 
forming a capacitance betWeen the tWo electrodes 410, 450. 

[0071] In one or more embodiments, the lid assembly 400 
includes one or more gas inlets 412 (only one is shoWn) that 
are at least partially formed Within an upper section 413 of 
the ?rst electrode 410. The one or more process gases enter 
the lid assembly 400 via the one or more gas inlets 412. The 
one or more gas inlets 412 are in ?uid communication With 
the plasma cavity 425 at a ?rst end thereof and coupled to 
one or more upstream gas sources and/or other gas delivery 
components, such as gas mixers, at a second end thereof. 
The ?rst end of the one or more gas inlets 412 can open into 
the plasma cavity 425 at the upper most point of the inner 
diameter 430 of the expanding section 420 as shoWn in FIG. 
4A. Similarly, the ?rst end of the one or more gas inlets 412 
can open into the plasma cavity 425 at any height interval 
along the inner diameter 430 of the expanding section 420. 
Although not shoWn, tWo gas inlets 412 can be disposed at 
opposite sides of the expanding section 420 to create a 
sWirling ?oW pattern or “vortex” ?oW into the expanding 
section 420 Which helps mix the gases Within the plasma 
cavity 425. A more detailed description of such a How 
pattern and gas inlet arrangements is provided by US. 
Patent Application No. 20030079686, ?led on Dec. 21, 
2001, Which is incorporated by reference herein. 

[0072] In one or more embodiments, the ?rst electrode 
410 has an expanding section 420 that houses the plasma 
cavity 425. As shoWn in FIG. 4A, the expanding section 420 
is in ?uid communication With the gas inlet 412 as described 
above. In one or more embodiments, the expanding section 
420 is an annular member that has an inner surface or 
diameter 430 that gradually increases from an upper portion 
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420A thereof to a loWer portion 420B thereof. As such, the 
distance betWeen the ?rst electrode 410 and the second 
electrode 450 is variable. That varying distance helps control 
the formation and stability of the plasma generated Within 
the plasma cavity 425. 

[0073] In one or more embodiments, the expanding sec 
tion 420 resembles a cone or “funnel,” as is shoWn in FIGS. 
4A and 4B. FIG. 4B shoWs an enlarged schematic, partial 
cross sectional vieW of the upper electrode of FIG. 4A. In 
one or more embodiments, the inner surface 430 of the 
expanding section 420 gradually slopes from the upper 
portion 420A to the loWer portion 420B of the expanding 
section 420. The slope or angle of the inner diameter 430 can 
vary depending on process requirements and/or process 
limitations. The length or height of the expanding section 
420 can also vary depending on speci?c process require 
ments and/or limitations. In one or more embodiments, the 
slope of the inner diameter 430, or the height of the 
expanding section 420, or both can vary depending on the 
volume of plasma needed for processing. For example, the 
slope of the inner diameter 430 can be at least 1:1, or at least 
1.5:1 or at least 2:1 or at least 3:1 or at least 4:1 or at least 

5:1 or at least 10:1. In one or more embodiments, the slope 
of the inner diameter 430 can range from a loW of 2:1 to a 
high of 20:1. 

[0074] In one or more embodiments, the expanding sec 
tion 420 can be curved or arced although not shoWn in the 
?gures. For example, the inner surface 430 of the expanding 
section 420 can be curved or arced to be either convexed or 
concaved. In one or more embodiments, the inner surface 
430 of the expanding section 420 can have a plurality of 
sections that are each sloped, tapered, convexed, or con 
caved. 

[0075] As mentioned above, the expanding section 420 of 
the ?rst electrode 410 varies the vertical distance betWeen 
the ?rst electrode 410 and the second electrode 450 because 
of the gradually increasing inner surface 430 of the ?rst 
electrode 410. That variable distance is directly related to the 
poWer level Within the plasma cavity 425. Not Wishing to be 
bound by theory, the variation in distance betWeen the tWo 
electrodes 410, 450 alloWs the plasma to ?nd the necessary 
poWer level to sustain itself Within some portion of the 
plasma cavity 425 if not throughout the entire plasma cavity 
425. The plasma Within the plasma cavity 425 is therefore 
less dependent on pressure, alloWing the plasma to be 
generated and sustained Within a Wider operating WindoW. 
As such, a more repeatable and reliable plasma can be 
formed Within the lid assembly 400. 

[0076] The ?rst electrode 410 can be constructed from any 
process compatible materials, such as aluminum, anodiZed 
aluminum, nickel plated aluminum, nickel plated aluminum 
6061-T6, stainless steel as Well as combinations and alloys 
thereof, for example. In one or more embodiments, the entire 
?rst electrode 410 or portions thereof are nickel coated to 
reduce unWanted particle formation. Preferably, at least the 
inner surface 430 of the expanding section 420 is nickel 
plated. 
[0077] The second electrode 450 can include one or more 
stacked plates. When tWo or more plates are desired, the 
plates should be in electrical communication With one 
another. Each of the plates should include a plurality of 
apertures or gas passages to alloW the one or more gases 
from the plasma cavity 425 to How through. 
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[0078] Referring to FIG. 4B, the lid assembly 400 can 
further include an isolator ring 440 to electrically isolate the 
?rst electrode 410 from the second electrode 450. The 
isolator ring 440 can be made from aluminum oxide or any 
other insulative, process compatible material. Preferably, the 
isolator ring 440 surrounds or substantially surrounds at 
least the expanding section 420 as shoWn in FIG. 4B. 

[0079] Referring again to the speci?c embodiment shoWn 
in FIG. 4A, the second electrode 450 includes a top plate 
460, distribution plate 470 and blocker plate 480. The top 
plate 460, distribution plate 470 and blocker plate 480 are 
stacked and disposed on a lid rim 490 Which is connected to 
the chamber body 112 as shoWn in FIG. 4B. As is knoWn in 
the art, a hinge assembly (not shoWn) can be used to couple 
the lid rim 490 to the chamber body 112. The lid rim 490 can 
include an embedded channel or passage 492 for housing a 
heat transfer medium. The heat transfer medium can be used 
for heating, cooling, or both, depending on the process 
requirements. Illustrative heat transfer mediums are listed 
above. 

[0080] In one or more embodiments, the top plate 460 
includes a plurality of gas passages or apertures 465 formed 
beneath the plasma cavity 425 to alloW gas from the plasma 
cavity 425 to How therethrough. In one or more embodi 
ments, the top plate 460 can include a recessed portion 462 
that is adapted to house at least a portion of the ?rst electrode 
410. In one or more embodiments, the apertures 465 are 
through the cross section of the top plate 460 beneath the 
recessed portion 462. The recessed portion 462 of the top 
plate 460 can be stair stepped as shoWn in FIG. 4A to 
provide a better sealed ?t therebetWeen. Furthermore, the 
outer diameter of the top plate 460 can be designed to mount 
or rest on an outer diameter of the distribution plate 470 as 
shoWn in FIG. 4A. An o-ring type seal, such as an elasto 
meric o-ring 463, can be at least partially disposed Within the 
recessed portion 462 of the top plate 460 to ensure a 
?uid-tight contact With the ?rst electrode 410. Likewise, an 
o-ring type seal 466 can be used to provide a ?uid-tight 
contact betWeen the outer perimeters of the top plate 460 and 
the distribution plate 470. 

[0081] In one or more embodiments, the distribution plate 
470 is identical to the distribution plate 225 shoWn and 
described above With reference to FIGS. 2A-2C. Particu 
larly, the distribution plate 470 is substantially disc-shaped 
and includes a plurality of apertures 475 or passageWays to 
distribute the How of gases therethrough. The apertures 475 
can be siZed and positioned about the distribution plate 470 
to provide a controlled and even ?oW distribution to the 
chamber body 112 Where the substrate to be processed is 
located. Furthermore, the apertures 475 prevent the gas(es) 
from impinging directly on the substrate surface by sloWing 
and re-directing the velocity pro?le of the ?oWing gases, as 
Well as evenly distributing the How of gas to provide an even 
distribution of gas across the surface of the substrate. 

[0082] The distribution plate 470 can also include an 
annular mounting ?ange 472 formed at an outer perimeter 
thereof. The mounting ?ange 472 can be siZed to rest on an 
upper surface of the lid rim 490. An o-ring type seal, such 
as an elastomeric o-ring, can be at least partially disposed 
Within the annular mounting ?ange 472 to ensure a ?uid 
tight contact With the lid rim 490. 

[0083] In one or more embodiments, the distribution plate 
470 includes one or more embedded channels or passages 
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474 for housing a heater or heating ?uid to provide tem 
perature control of the lid assembly 400. Similar to the lid 
assembly 200 described above, a resistive heating element 
can be inserted Within the passage 474 to heat the distribu 
tion plate 470. A thermocouple can be connected to the 
distribution plate 470 to regulate the temperature thereof. 
The thermocouple can be used in a feedback loop to control 
electric current applied to the heating element, as described 
above. 

[0084] Alternatively, a heat transfer medium can be passed 
through the passage 474. The one or more passages 474 can 
contain a cooling medium, if needed, to better control 
temperature of the distribution plate 470 depending on the 
process requirements Within the chamber body 112. As 
mentioned above, any heat transfer medium may be used, 
such as nitrogen, Water, ethylene glycol, or mixtures thereof, 
for example. 

[0085] In one or more embodiments, the lid assembly 400 
can be heated using one or more heat lamps (not shoWn). 
Typically, the heat lamps are arranged about an upper 
surface of the distribution plate 470 to heat the components 
of the lid assembly 400 including the distribution plate 470 
by radiation. 

[0086] The blocker plate 480 is optional and Would be 
disposed betWeen the top plate 460 and the distribution plate 
470. Preferably, the blocker plate 480 is removably mounted 
to a loWer surface of the top plate 460. The blocker plate 480 
should make good thermal and electrical contact With the top 
plate 460. In one or more embodiments, the blocker plate 
480 can be coupled to the top plate 460 using a bolt or 
similar fastener. The blocker plate 480 can also be threaded 
or screWed onto an out diameter of the top plate 460. 

[0087] The blocker plate 480 includes a plurality of aper 
tures 485 to provide a plurality of gas passages from the top 
plate 460 to the distribution plate 470. The apertures 485 can 
be siZed and positioned about the blocker plate 480 to 
provide a controlled and even ?oW distribution the distri 
bution plate 470. 

[0088] FIG. 4C shoWs a partial cross sectional vieW of the 
chamber body 112 having the lid assembly 400 disposed 
thereon. Preferably, the expanding section 420 is centered 
above the support assembly 300 as shoWn in FIG. 4C. The 
con?nement of the plasma Within the plasma cavity 425 and 
the central location of the con?ned plasma alloWs an even 
and repeatable distribution of the disassociated gas(es) into 
the chamber body 112. Particularly, the gas leaving the 
plasma volume 425 ?oWs through the apertures 465 of the 
top plate 460 to the upper surface of the blocker plate 480. 
The apertures 485 of the blocker plate 480 distribute the gas 
to the backside of the distribution plate 470 Where the gas is 
further distributed through the apertures 475 of the distri 
bution plate 470 before contacting the substrate (not shoWn) 
Within the chamber body 112. 

[0089] It is believed that the con?nement of the plasma 
Within the centrally located plasma cavity 425 and the 
variable distance betWeen the ?rst electrode 410 and the 
second electrode 450 generate a stable and reliable plasma 
Within the lid assembly 400. 

[0090] For simplicity and ease of description, an exem 
plary dry etch process for removing silicon oxide using an 
ammonia (NH3) and nitrogen tri?uoride (NF3) gas mixture 












