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(57) ABSTRACT 

An apparatus and method for exposing a substrate to plasma 
including a ?rst reaction chamber adapted to generate a 
plasma comprising ions and radicals and a second reaction 
chamber coupled to the ?rst reaction chamber and adapted 
to house a substrate at a sight in the second reaction 
chamber. The second reaction chamber is coupled to the ?rst 
reaction chamber by an inlet member and radicals of the 
plasma ?oW through the inlet member into the second 
reaction chamber. 
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APPARATUS AND METHOD FOR EXPOSING A 
SUBSTRATE TO PLASMA RADICALS 

[0001] This application is a continuation-in-part of appli 
cation Ser. No. 09/298,064, ?led Apr. 27, 1999 and entitled 
“Apparatus and Method for Exposing a Substrate to Plasma 
Radicals,” Which is incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

[0002] The invention relates to the ?eld of Wafer or 
substrate plasma reactions, and more speci?cally to an 
apparatus and method for exposing a Wafer or substrate to a 
plasma. 

[0003] In the fabrication of modern integrated circuits, 
such as microprocessors and memories, oxidation processes 
are used to passivate or oxidiZe semiconductor ?lms. Popu 
lar methods to oxidiZe silicon surfaces and ?lms, such as, for 
example, polysilicon gate electrodes and substrates, include 
pure oxygen (O2) and Water vapor or steam (H2O) oxidation 
processes. In either case, the oxygen or Water vapor is 
brought into a chamber to react With the silicon-containing 
surfaces to form silicon dioxide (SiOZ). 

[0004] In many oxidation processes for ultra-high perfor 
mance integrated circuit applications, a pure SiO2 ?lm may 
not be desirable as the ?nal structure. For example, although 
an SiO2 ?lm may provide adequate insulative properties, 
thin SiO2 ?lms have been found to be penetrable by dopants 
leading to undesirable results. For example, in complemen 
tary metal oxide semiconductor (CMOS) circuits, gate dop 
ing is used, in part, to loWer the threshold voltage (VT) 
associated With an individual transistor device. Thus, for 
example, a polysilicon gate Will be doped With boron as part 
of a PMOS device, or phosphorous, arsenic or antimony as 
part of an NMOS device. As the gate oxide beneath the 
polysilicon gate gets smaller, for example in the range of 
0.10-0.20 microns or less, dopants implanted into the gate, 
particularly boron, diffuse or migrate through the gate oxide, 
particularly during a high temperature annealing activation 
step conventionally performed to activate the dopants in the 
diffusion or junction regions. In the case of boron in the gate, 
some of the boron diffuses through the gate oxide and gets 
deposited in the channel beneath the gate oxide adding more 
charge to the channel. The additional charge becomes scat 
tering centers to charge carriers conducting the current. The 
scattering creates electric ?eld changes that degrade the 
mobility of the device. The diffusion of the boron into the 
channel also unacceptably modi?es the VT aWay from the 
predicted value for a device. 

[0005] To prevent dopants from diffusing through thin 
oxides, such as boron through a thin gate oxide, prior art 
processes have incorporated nitrogen-containing sources 
such as nitrous oxide (NZO), nitrogen oxide (NO), and 
ammonia (NH3). The nitrogen-containing material forms a 
?lm or layer (typically a silicon nitride (Si3N4) or a silicon 
oxynitride (SiXNyOZ) ?lm or layer) that acts as a barrier layer 
to prevent the diffusion of dopants through the oxide. 

[0006] In the case of gate oxides, some prior art methods 
place nitrogen-containing materials or ?lms at the gate 
oxide/substrate interface. Aprior art NO groWth and anneal 
method, for example, typically results in a high nitrogen 
incorporation (up to nine percent) at a gate oxide/silicon 
substrate interface. The nitrogen acts as an excellent diffu 
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sion barrier, but the nitrogen present in such high percentage 
at the interface degrades channel mobility. Other prior art 
methods contaminate the oxide or do not provide a signi? 
cant penetration barrier to dopants. For example, an NH3 
anneal forms a good barrier layer to diffusing dopants, but 
the reliability of the device is degraded due to hydrogen 
incorporation. A prior art NZO groWth or anneal method 
incorporates less than three percent nitrogen at the substrate 
interface, but does not provide a good enough penetration 
barrier for thin gate oxides. 

[0007] What is needed is a method and apparatus for 
incorporating a barrier material on an oxide that may be 
accomplished in a thermally ef?cient manner and that does 
not degrade device performance. 

SUMMARY OF THE INVENTION 

[0008] The invention, in one aspect, features a ?rst reac 
tion chamber and a gas source coupled to the ?rst reaction 
chamber to supply a gas to the ?rst reaction chamber 
including constituents adapted to react With a substrate in a 
process step. An excitation energy source is coupled to the 
?rst reaction chamber to generate a plasma including ions 
and radicals from the gas. A second reaction chamber is 
provided to house a substrate at a site in the second reaction 
chamber Wherein the ?rst reaction chamber is coupled to the 
second reaction chamber by an inlet member and radicals of 
the plasma ?oW through the inlet member into the second 
reaction chamber. The inlet member includes a passageWay 
having a cross-sectional dimension selected such that during 
processing the pressure in the second reaction chamber is 
less than the pressure in the ?rst reaction chamber. 

[0009] Embodiments of the invention may include one or 
more of the folloWing features. The second reaction chamber 
is a rapid thermal processing chamber. The excitation energy 
source includes a microWave cavity and a microWave gen 
erator to provide a microWave ?eld to the microWave cavity. 
The inlet member includes a main passageWay and tWo 
passageWays Which diverge from the main passageWay in a 
direction toWard the substrate site in the second reaction 
chamber. Alternatively, the inlet member includes a main 
passageWay and a face thereof including a plurality of 
openings. The inlet member passageWay is coupled to an 
output end of the excitation energy source and a sleeve is 
located in the passageWay. The sleeve is made of a material 
different from the inlet member. For example, the sleeve 
may be made of silicon, silicon nitride, boron nitride, carbon 
nitride, or A1203. 

[0010] The invention may further include a rapid thermal 
processing chamber coupled to the second reaction chamber 
by a load lock. Additionally, the pressure in the second 
reaction chamber may be betWeen about 0.50 and 4.0 Torr, 
While the pressure in the ?rst reaction chamber may be 
betWeen about 1.0 and 8 Torr. 

[0011] In another aspect, the invention is directed to an 
apparatus Wherein the inlet member is con?gured to ?t 
Within a preexisting opening in a Wall of a second reaction 
chamber, With radicals of a plasma ?oWing from a ?rst 
reaction through the inlet member and into the second 
reaction chamber. 

[0012] An interior Wall of the second reaction chamber 
may be curved With a face of the inlet member also curved 
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to substantially correspond to the curvature of the interior 
Wall. An ori?ce may be provided at an outlet of the ?rst 
reaction chamber and a cross-sectional dimension of the 
ori?ce selected to provide a pressure in the ?rst reaction 
chamber Which is greater than the pressure in the second 
reaction chamber during processing. 

[0013] The invention also features, in another aspect, an 
apparatus for nitridation, including a process chamber in 
Which a substrate can be positioned during processing. A 
?rst inlet into the process chamber is provided through 
Which a ?rst process gas can be introduced into the process 
chamber from a ?rst process gas source. A second process 
gas source is coupled to a second reaction chamber to supply 
a second process gas thereto. An excitation energy source is 
coupled to the reaction chamber to generate a discharge in 
the second process gas as it ?oWs from the second process 
gas source through the reaction chamber. An inlet member 
is coupled betWeen an outlet of the reaction chamber and a 
second inlet into the process chamber. The inlet member 
includes a passageWay having a cross-sectional dimension 
selected such that during processing the pressure in the 
process chamber is less than the pressure in the reaction 
chamber. The inlet member is con?gured to ?t Within a 
preexisting opening in a Wall of the process chamber. The 
second process gas may comprise nitrogen or a mixture of 
nitrogen and helium. A valve may be used to selectively 
provide ?uid communication betWeen the ?rst inlet and the 
?rst process gas source, and the second inlet and the second 
process gas source. 

[0014] In the example of a nitridation reaction in Which 
nitrogen plasma is incorporated into an oxide on the sub 
strate, the nitrogen radicals of a nitrogen plasma rapidly 
react With the oxide to incorporate nitrogen into the exposed 
surface of the oxide. In terms of barrier layer protection to 
a gate oxide, the nitrogen is incorporated primarily in the 
exposed surface of the oxide and not at the gate oxide/ 
substrate interface. In this manner, the presence of an 
adequate amount of nitrogen to act as a barrier layer, 
disposed aWay from the substrate interface, Will reduce the 
scattering centers caused by otherWise penetrable dopants 
Without deleterious effects on channel mobility. 

[0015] In another aspect, the invention feature a method 
for remote plasma nitridation. The method comprises gen 
erating a plasma including ions and radicals in a reaction 
chamber and providing a substrate having an oxide thereon 
in a rapid thermal processing chamber remote from the 
reaction chamber. The radicals of the plasma are transferred 
from the reaction chamber into the rapid thermal process 
chamber Wherein the pressure Within the reaction chamber is 
greater than the pressure in the rapid thermal processing 
chamber. Aportion of the oxide and a portion of the plasma 
in the rapid thermal processing chamber are reacted and a 
nitrogen-containing material is formed in a portion of the 
oxide on the substrate. 

[0016] In one embodiment, the pressure in the rapid ther 
mal processing chamber is about 0.50 to 4.0 Torr and the 
pressure in the reaction chamber is about 1.0 to 8.0 Torr. 

[0017] In another aspect, the invention features a method 
for remote plasma nitridation including generating a plasma 
in a reaction chamber from a gas including a mixture of 
nitrogen and an inert gas. The plasma includes ions and 
radicals. The radicals of the plasma are transferred into a 
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rapid thermal processing chamber and a portion of an oxide 
layer on a substrate and a portion of the plasma are reacted 
to nitrate a portion of the oxide layer. 

[0018] The inert gas, in one embodiment, may be helium. 
The gas mixture may comprise no more than about 95 
percent helium. Speci?cally, the gas mixture may comprise 
betWeen about 20 to 80 percent helium. 

[0019] In another aspect, the invention features a method 
for remote plasma nitridation, comprising generating a 
plasma including ions and radicals in a reaction chamber and 
providing a substrate having an oxide thereon in a rapid 
thermal processing chamber remote from the reaction cham 
ber. Radicals of the plasma are transferred into the rapid 
thermal processing chamber and a portion of the oxide and 
a portion of the plasma in the rapid thermal processing 
chamber are reacted at a temperature of betWeen about 800 
and 1,100° C. for a period betWeen about 60 and 300 
seconds to form a nitrogen-containing material in a portion 
of the oxide on the substrate. 

[0020] The reacting step, in one embodiment, can take 
place at a temperature of about 1000° C. for about 240 
seconds. The step of forming a nitrogen-containing material 
includes forming one of a silicon nitride and a silicon 
oxynitride. 

[0021] In another aspect, the invention features a method 
comprising positioning a substrate in a rapid thermal pro 
cessing chamber and introducing a ?rst process gas into the 
processing chamber through a ?rst gas inlet to deposit a ?lm 
on the substrate. A second process gas is introduced into a 
reaction chamber remote from the processing chamber to 
generate a plasma of the second process gas. The plasma 
?oWs from the reaction chamber into the processing cham 
ber through a second gas inlet at a ?rst pressure Which is 
greater than a second pressure in the processing chamber to 
alter the dielectic properties of a ?lm on the substrate. 

[0022] In the case of a nitrogen plasma, for example, the 
method uses a nitrogen plasma to create nitrogen radicals 
that can be used to incorporate nitrogen into an oxide such 
as, for example, to act as a barrier layer as described above. 
The method is useful to incorporate nitrogen into gate oxides 
and create barrier layers to penetrable gate dopants because, 
in one embodiment, the incorporated nitrogen does not 
migrate to the gate oxide/substrate interface. The barrier 
layer may therefore be created Without the deleterious 
effects on gate performance associated With prior art meth 
ods, such as channel mobility degradation. 

[0023] Additional features and bene?ts of the invention 
Will become apparent from the detailed description, ?gures, 
and claims set forth beloW. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0024] FIG. 1 is a cross-sectional schematic illustration of 
a semiconductor substrate having an oxide layer undergoing 
a nitridation by radicals of a plasma in accordance With an 
embodiment of the invention. 

[0025] FIG. 2 shoWs the substrate of FIG. 1 after the 
processing step of forming a nitride ?lm on or in the surface 
of the oxide layer in accordance With an embodiment of the 
invention. 
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[0026] FIG. 3A is a schematic illustration of a remote 
plasma system in accordance With an embodiment of the 
invention including a system controller, a rapid thermal 
heating apparatus containing a Wafer, a plasma applicator 
and a microWave source. 

[0027] FIG. 3B is a schematic vieW along line 3B-3B of 
FIG. 3A. 

[0028] FIG. 4 is a schematic illustration of a plasma 
applicator for use in supplying radicals of a plasma to a 
reaction or process chamber in accordance With an embodi 
ment of the invention. 

[0029] FIG. 5 is a schematic illustration of an inlet mem 
ber for use in supplying radicals of a plasma to a reaction or 
process chamber in accordance With an embodiment of the 
invention. 

[0030] FIG. 6 is a vieW along line 6-6 of FIG. 5. 

[0031] FIG. 7 is a schematic illustration of an alternate 
embodiment of the inlet member of FIG. 5. 

[0032] FIG. 8A is a schematic illustration of yet another 
embodiment of the inlet member of FIG. 5. 

[0033] FIG. 8B is a vieW along line SB-SB of FIG. 8A. 

[0034] FIG. 9 is an illustrative block diagram of the 
hierarchical control structure of the control signal generation 
logic to operate the process system according to an embodi 
ment of the invention. 

[0035] FIG. 10 is a ?oWchart that illustrates a remote 
plasma nitridation process in accordance With an embodi 
ment of the invention. 

[0036] FIG. 11 is a Secondary Ion Mass Spectroscopy 
(SIMS) pro?le of a silicon substrate containing a dielectric 
layer formed by the nitridation of an oXide by a remote 
plasma source under a ?rst set of reaction conditions in 
accordance With an embodiment of the invention. 

[0037] FIG. 12 is a schematic illustration of a dielectric 
layer overlying a silicon substrate, the dielectric layer 
formed by the plasma nitridation of an SiO2 layer on a 
substrate according to the ?rst set of reaction conditions. 

[0038] FIG. 13 is a SIMS pro?le of a silicon substrate 
containing a dielectric layer formed by the nitridation of an 
oXide by a remote plasma source under a second set of 
reaction conditions in accordance With an embodiment of 
the invention. 

[0039] FIG. 14 is a schematic illustration of a dielectric 
layer overlying a silicon substrate, the dielectric layer 
formed by the plasma nitridation of an SiO2 layer on a 
substrate according to the second set of reaction conditions. 

[0040] FIG. 15 is a SIMS pro?le of a silicon substrate 
containing a dielectric layer formed by the nitridation of an 
oXide by a remote plasma source under a third set of reaction 
conditions in accordance With an embodiment of the inven 
tion. 

[0041] FIG. 16 is a schematic illustration of a dielectric 
layer overlying a silicon substrate, the dielectric layer 
formed by the plasma nitridation of an SiO2 layer on a 
substrate according to the third set of reaction conditions. 
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[0042] FIG. 17 is a plot of optical thickness delta versus 
nitrogen dose for use in correlating the nitrogen dose With 
the optical thickness. 

DETAILED DESCRIPTION 

[0043] The invention describes an apparatus and method 
for incorporating a plasma into a substrate or a material on 
a substrate using a remote plasma source. In general, plasma 
sources generated by, for eXample, an energetic excitation of 
gaseous molecules consist of a plasma of charged ions, 
radicals, and electrons. The invention recogniZes that radi 
cals of a plasma react in a much more desirable manner With 
a substrate or a material on a substrate, such as an oXide, than 
ions or a mixture of radicals and ions. In that regard, the 
invention describes the plasma source as remote to provide 
an apparatus and a method of eliminating the majority of the 
ions of the plasma such that preferably only the radicals of 
the plasma react With a substrate or material on a substrate. 

[0044] In the folloWing description, numerous speci?c 
details such as apparatus con?gurations as Well as process 
speci?cs such as time and temperature are set forth in order 
to provide a thorough understanding of the invention. One 
skilled in the art Will appreciate the ability to use alternative 
con?gurations and process details to the disclosed speci?cs 
Without departing from the invention. In other instances, 
Well knoWn semiconductor processing equipment and tech 
niques have not been described in detail in order to not 
unnecessarily obscure the invention. 

[0045] FIGS. 1 and 2 illustrate an embodiment of the 
method of the invention. FIG. 1 shoWs a layer 110, such as 
for eXample, silicon d1OX1d6(S1O2) layer 110 overlying sub 
strate 100. In one embodiment, SiO2 layer 110 Will serve as 
a gate oXide to insulate a transistor gate from the substrate. 
Substrate 100 is, for eXample, a silicon substrate 100. In 
FIG. 1, SiO2 layer 110 is bombarded by a plasma 115. The 
reactive portion of plasma 115 is comprised substantially of 
radicals. The invention contemplates that substantially all 
ions present in the plasma at the plasma generation (With the 
radicals)are eliminated prior to coming in contact With SiO2 
layer 110. One Way positively charged ions are eliminated is 
by combining With electrons (also present in the plasma at 
the plasma generation) to return to a non-ionic or charge 
neutral state. A plasma may be substantially free of the 
majority of the ions by separating the plasma generation 
source from the substrate location, e.g., the reaction site, by 
a distance longer than the lifetime of the ions at a given 
plasma discharge rate. In this manner, the radicals survive 
the travel distance to substrate 100, but ions do not, but 
instead lose their ionic character and become charge neutral. 

[0046] In one embodiment, SiO2 layer 110 is a gate oXide 
and the plasma is a nitrogen plasma incorporating nitrogen 
into the gate oXide to act as a barrier layer. FIG. 2 shoWs 
substrate 100 after the reaction betWeen the radicals of the 
plasma and SiO2 layer 110. FIG. 2 schematically illustrates 
the formation of, for eXample, a nitrogen-containing mate 
rial or layer 120 overlying SiO2 layer 110. Anitrogen plasma 
of nitrogen radicals (N*)reacts primarily With the oXide or 
displaces oXygen at the surface of SiO2 layer 110 to yield a 
dielectric layer (i.e., SiO2 layer 110 plus nitrogen-containing 
material or layer 120) having a signi?cantly greater concen 
tration of nitrogen-containing material at the surface of the 
dielectric layer as opposed to interface 105 betWeen the 
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dielectric layer and substrate 100. In this manner, the pres 
ence of nitrogen-containing material in the dielectric acts as 
an effective barrier to prevent the penetration of dopants, 
such as boron, through SiO2 layer 110. Since the nitrogen 
containing material or layer 120 is not present in signi?cant 
amounts at interface 105, the negative effects on device 
performance seen in prior art structures should not be 
encountered. 

[0047] It is to be appreciated that the invention is not 
limited to a process that results in a strict placement of a ?lm 
or layer at the reaction surface, i.e., that the plasma reaction 
takes place in such a Way to produce distinct layers of 
plasma-containing material and oxide. Instead, as Will be 
discussed in detail beloW, in certain embodiments, the 
radicals of the plasma react and interact, for example, Within 
the oxide during the exposure of the radicals to the reaction 
surface. In the case of a nitridation of a gate oxide, for 
example, the nitrogencontaining material is produced effec 
tively in or on SiO2 layer 110 by exposing SiO2 layer 110 to 
a plasma of predominantly N* radicals. One theory is that 
N* radicals displace oxygen atoms in SiO2 layer 110 to form 
Si3N4 and Si O N material. X y z 

[0048] FIGS. 3A and 3B illustrate one embodiment of an 
apparatus or system used to react a plasma of predominantly 
radicals of a plasma With a substrate such as substrate 100 
containing a material layer such as SiO2 layer 110. The 
apparatus or system includes a rapid thermal processing 
(RTP) apparatus 200, such as, but not limited to, the Applied 
Materials, Inc., RTP Centura® With a Honeycombed 
SourceTM. Such a suitable RTP apparatus and its method of 
operation are set forth in US. Pat. No. 5,155,336, assigned 
to the assignee of the invention, and Which is incorporated 
herein by reference. Other types of thermal reactors may be 
substituted for the RTP apparatus such as, for example, the 
Epi or Poly Centur® Single Wafer “Cold Wall” Reactor by 
Applied Materials used to form high temperature ?lms, such 
as epitaxial silicon, polysilicon, oxides, and nitrides. The 
DielectricxZTM chamber by Applied Materials is also suit 
able. 

[0049] Coupled to RTP apparatus 200 is a plasma appli 
cator 300 to provide radicals of a plasma to RTP apparatus 
200. Coupled to plasma applicator 300 is an energy source 
450 to generate an excitation energy to create a plasma. 

[0050] In the embodiment illustrated in FIGS. 3A and 3B, 
RTP apparatus 200 includes a process chamber 213 enclosed 
by a side Wall 214 and a bottom Wall 215. Side Wall 214 and 
bottom Wall 215 may be made of stainless steel. The upper 
portion of side Wall 214 of chamber 213 is sealed to a 
WindoW assembly 217 by “O” rings. A radiant energy light 
pipe assembly or illuminator 218 is positioned over and 
coupled to WindoW assembly 217. Light pipe assembly 218 
includes a plurality of tungsten halogen lamps 219, for 
example, Sylvania EYT lamps, each mounted into, for 
example, light pipes 221 that can be made of stainless steel, 
brass, aluminum, or other metals. 

[0051] Wafer or substrate 100 is supported on an edge 
inside chamber 213 by a support ring 262 typically made of 
silicon carbide. Support ring 262 is mounted on a rotatable 
quartZ cylinder 263. By rotating quartZ cylinder 263, support 
ring 262 and Wafer or substrate 100 are caused to rotate 
during processing. An additional silicon carbide adapter ring 
can be used to alloW Wafers or substrates of different 
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diameters to be processed (e.g., 150 millimeter, 200 milli 
meter or 300 millimeter Wafers). The outside edge of support 
ring 262 may extend less than about tWo inches from the 
outside diameter of Wafer or substrate 100. 

[0052] Bottom Wall 215 of RTP apparatus 200 includes, 
for example, a gold-coated top surface or re?ector 211 for 
re?ecting energy onto the backside of Wafer or substrate 
100. Additionally, RTP apparatus 200 includes a plurality of 
?ber optic probes 271 positioned through bottom Wall 215 of 
RTP apparatus 200 to detect the temperature of Wafer or 
substrate 100 at a plurality of locations across its bottom 
surface. 

[0053] RTP apparatus 200 includes a gas inlet 269 formed 
through side Wall 214 for injecting a process gas into 
chamber 213 to alloW various processing steps to be carried 
out in chamber 213. The gas inlet 269 may comprise a 
plurality of openings extending through side Wall 214 above 
a port or slit valve 272 through Which a Wafer or substrate 
is loaded into and removed from the process chamber. 
Positioned on the opposite side of gas inlet 269, in side Wall 
214, is a gas outlet 270. Gas outlet 270 is part of an exhaust 
system and is coupled to a vacuum source, such as a pump 
(not shoWn), to exhaust process gas from chamber 213 and 
to reduce the pressure in chamber 213. The exhaust system 
maintains the desired pressure While process gas, including 
radicals of a plasma, is continually fed into chamber 213 
during processing. Speci?cally, a throttle valve (not shoWn) 
is set to control the chamber pressure to the desired level in 
relation to the total process gas ?oW, the process chamber 
siZe, and the pumping set point pressure for the exhaust 
system. 

[0054] Another gas inlet 275 is formed through side Wall 
214 through Which a plasma of a process gas may be injected 
into the process chamber. Coupled to gas inlet 275 is 
applicator 300 to inject radicals of the plasma into the 
process chamber. 

[0055] Light pipe assembly 218 may include 187 lamps 
219 positioned in a hexagonal array or in a “honeycombed” 
shape. Lamps 219 are positioned to adequately cover the 
entire surface area of Wafer or substrate 100 and support ring 
262. Lamps 219 are grouped in Zones that can be indepen 
dently controlled to provide for extremely uniform heating 
of Wafer or substrate 100. Light pipes 221 can be cooled by 
?oWing a coolant, such as Water, betWeen the various light 
pipes. 

[0056] WindoW assembly 217 includes a plurality of short 
light pipes 241 that are braZed to upper/loWer ?ange plates 
that have their outer edges sealed to an outer Wall 244 of the 
light pipe assembly. Acoolant, such as Water, can be injected 
into the space betWeen light pipes 241 to cool light pipes 241 
and the ?anges. Light pipes 241 register With light pipes 221 
of the illuminator. The ?anges With the light pipe pattern that 
registers With the lamp housing is sandWiched betWeen tWo 
quartZ plates 247 and 248. These plates are sealed to the 
respective ?anges With “0” rings near the periphery of the 
?anges. The ?anges include grooves that provide commu 
nication betWeen the plurality of light pipes 241. A vacuum 
can be produced in the plurality of light pipes 241 by 
pumping through a tube 253 connected to one of the light 
pipes 241 Which is in turn connected to the rest of the pipes 
by a very small recess or groove in the face of a ?ange. Thus, 
When the sandWiched structure is placed on chamber 213, 
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the ?anges (typically stainless steel, and of excellent 
mechanical strength) provide adequate structural support. 
LoWer quartZ plate 248—the one actually sealing chamber 
213—experiences little or no pressure differential because of 
the vacuum on each side and thus can be made very thin. The 
adaptor plate concept of WindoW assembly 217 alloWs 
quartZ plates to be easily changed for cleaning or analysis. 
In addition, the vacuum betWeen quartZ plates 247 and 248 
of WindoW assembly 217 provides an extra level of protec 
tion against toxic gases escaping from the reaction chamber. 

[0057] RTP apparatus 200 is a single Wafer reaction cham 
ber capable of ramping the temperature of Wafer or substrate 
100 at a rate of 25-100° C./second. RTP apparatus 200 is said 
to be a “cold Wall” reaction chamber because the tempera 
ture of Wafer or substrate 100 during, for example, an 
oxidation process is at least 400° C. greater than the tem 
perature of chamber side Wall 214. Heating/cooling ?uid can 
be circulated through side Walls 214 and/or bottom Wall 215 
to maintain the Walls at a desired temperature. 

[0058] As noted above, plasma applicator 300 is coupled 
to RTP apparatus 200 to provide a source of radicals of a 
plasma to RTP apparatus 200. In one embodiment, plasma is 
connected to RTP apparatus 200 by an inlet member 360. 
Plasma applicator 300 also includes a gas inlet 310. Coupled 
to gas inlet 310 is a gas source, such as a reservoir or tank 
313 of nitrogen-containing gas, including, but not limited to, 
N2, gas. Plasma applicator 300 is coupled to energy source 
450 by Waveguides 312a and 312b. 

[0059] FIGS. 3A and 3B illustrate an embodiment 
Wherein plasma applicator 300 is remote from RTP appara 
tus 200 in that the plasma is generated outside chamber 213 
of RTP apparatus 200. By locating plasma applicator 300 
remotely from chamber 213 of RTP apparatus 200, a plasma 
source can be selectively generated to limit the composition 
of the plasma exposed to Wafer or substrate 100 to predomi 
nantly radicals. Thus, a plasma of ions, radicals, and elec 
trons is generated in plasma applicator 300. HoWever, 
because of the siZe (e.g., length and volume) of plasma 
applicator 300 or the combined siZe of plasma applicator 
300 and inlet member 360, all or the majority of ions 
generated by the excitation of the process gas to form a 
plasma outlive their ionic lifetime and become charge neu 
tral. Thus, the composition of the plasma that is supplied to 
gas inlet 275 of RTP apparatus 200 is predominantly radi 
cals. 

[0060] In the case of a nitrogen source gas, for example, 
excitation by microWave radiation produces a plasma of N* 
radicals, positively charged ions such as N+ and N2+ ions, 
and electrons. The N* radicals are believed to be neutral 
atoms occupying a high energy state. The apparatus of the 
invention is con?gured such that the positively charged ions 
(e.g., N+ and N2+ ions) become charge neutral either in 
plasma applicator 300 or inlet member 360 and thus gener 
ally do not reach chamber 213 of RTP apparatus 200. 
Positively charged nitrogen ions become charge neutral by 
combining With available electrons to lose their ionic state. 
In this manner, predominantly N+ radicals and charge neu 
tral nitrogen reach chamber 213 and are exposed to Wafer or 
substrate 100, or a material on Wafer or substrate 100 (e.g., 
an oxide layer). By combining With positively charged 
nitrogen ions, electrons produced in the plasma are not, in 
general, exposed to substrate 100 in chamber 213. Thus, 
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charged particles of the plasma are not available to sputter 
substrate 100 or SiO2 layer 110 on substrate 100. In this 
manner, the reaction of a nitrogen plasma of N* radicals 
results in a relatively damage-free dielectric layer. 

[0061] FIG. 4 illustrates an embodiment of plasma appli 
cator 300 that is useful in the remote plasma generation 
apparatus of the invention. Plasma applicator 300 is particu 
larly useful in generating a nitrogen plasma according to the 
nitridation reaction described above With reference to FIGS. 
I and 2, and the accompanying text. Plasma applicator 300 
includes a body 305 of, for example, aluminum or stainless. 
Body 305 surrounds a tube 320. The tube 320 is, for 
example, made of quartZ or sapphire. (A1203) The tube 320 
preferably does not have any electrical bias present that 
might attract charged particles, e.g., ions. One end of body 
305 includes gas inlet 310. 

[0062] Coupled to gas inlet 310, as noted, is gas source 
313. The gas source 313 is coupled to gas inlet 310 through 
a ?rst input of a three-Way valve 314 (see FIG. 3A). A 
second input of three-Way valve 314 is coupled to another 
process gas source, such as a reservoir or tank 315 of an 
oxygen-containing gas, including, but not limited to, 02 gas. 
In a ?rst position, valve 314 provides for gas ?oW betWeen 
gas source 313 and gas inlet 310, While preventing any gas 
?oW from gas source 315 to process chamber 213. The valve 
314, in a second position, provides for gas ?oW betWeen gas 
source 315 and process chamber 213, While preventing gas 
?oW from gas source 313 to gas inlet 310 of the applicator. 

[0063] Thus, in one position, valve 314 alloWs, for 
example, an oxygen-containing gas to be introduced into the 
process chamber for oxidation of the substrate or Wafer, and 
in a second position, alloWs a nitrogen-containing gas to be 
introduced into the process chamber for nitridation of the 
substrate or Wafer. 

[0064] A How controller 425 is connected to valve 314 to 
sWitch the valve betWeen its different positions, depending 
upon Which process is to be carried out. The How controller 
can function as a mass ?oW controller and be coupled 
betWeen source gas 313 and gas inlet 310 to regulate the 
How of gas to plasma applicator 300. How controller 425 
receives, in one embodiment, an analog signal from system 
controller 260 (such as, for example, a signal betWeen 0 and 
5 volts) that puts valve 314 in the proper position to alloW 
for gas ?oW from gas source 313 into applicator 300 and 
actuates a value 316 to control the How rate or amount of gas 
released from source gas 313 to gas inlet 310. The diameter 
of the opening of gas inlet 310 is also selected to alloW a 
desired ?oW rate of source gas 313 into tube 320. Conver 
sion board 272 is placed, in this embodiment, betWeen ?oW 
controller 425 to coordinate the signals betWeen system 
controller 260 and the How controller in the instance Where, 
for example, the signals are scaled differently. 

[0065] The How controller 425 also functions in a similar 
fashion to control valves 314 and 317 to provide an appro 
priate process gas ?oW from gas source 315 to the process 
chamber. 

[0066] Positioned on the opposite side of gas inlet 310 is 
a radicals outlet 375. Radicals outlet 375 is coupled to inlet 
member 360 to supply, in one embodiment, radicals of a 
plasma 350 to chamber 213 of RTP apparatus 200. Radicals 
outlet 375 typically has a diameter larger than gas inlet 310 
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to allow the excited radicals to be ef?ciently discharged at 
the desired ?oW rate and to minimize the contact betWeen 
the radicals and tube 320. The How rate of the radicals 
generated and discharged by plasma applicator 300 is deter 
mined primarily by the source gas inlet ?oW, the dimensions 
of tube 320 and radical outlet 375, and the pressure in 
plasma applicator 300. 

[0067] A separate ori?ce may be inserted into tube 320 at 
radicals outlet 375 to reduce the tube’s inside diameter. The 
ori?ce may be made of sapphire or alumina (A1203). The 
diameter of the ori?ce is selected to optimiZe the pressure 
differential betWeen the process chamber and the applicator 
for nitridation ef?ciency. 

[0068] The pressure in the process chamber should be less 
than the pressure in the applicator. The pressure in the 
process chamber may be betWeen about 0.50 and 4.0 Torr, 
While the pressure in the applicator may be betWeen about 
1.0 and 8.0 Torr. For example, if the pressure in the 
applicator is about 2.00 Torr, then the pressure in the process 
chamber should be about 1.00 Torr. 

[0069] At a position betWeen gas inlet 310 and radicals 
outlet 375 of body 305 is energy source inlet 380. Energy 
source inlet 380 alloWs the introduction into tube 320 of 
excitation energy, such as an energy having a microWave 
frequency, from energy source 450. In the case of a micro 
Wave frequency, the excitation energy moves into body 305 
of plasma applicator 300 and through tube 320 to excite the 
gas source traveling in a direction perpendicular does this by 
disrupting the otherWise stable con?guration of some of the 
gas molecules into excited or higher energy states such as 
certain radicals and ions. In the case of N2, for example, the 
microWave excitation in plasma applicator 300 produces N* 
radicals, positively charged ions such as N+ and N2", and 
electrons. 

[0070] One goal of the system and method of the invention 
is to minimiZe the reaction of ions of a plasma (e.g., N+ and 
N2+ ions) With substrate 100 or the oxide overlying the 
surface of substrate 100. Thus, in one embodiment, tube 320 
of plasma applicator 300 is constructed of a length such that, 
for a given ?oW rate of a process gas (e.g., a given plasma 
generation rate), substantially all ions created by the exci 
tation by the energy source are extinguished or reacted With 
electrons or other charged particles to lose their excited state 
prior to exiting tube 320. In one embodiment, a plasma of 
predominantly radicals is delivered to substrate 100 in 
chamber 213. It is to be appreciated that in some instances, 
a small amount of ions of a plasma may be delivered to the 
substrate site Without signi?cant effect on the reaction 
betWeen the radicals and the substrate or the radicals and 
material on the substrate. The invention recogniZes that 
radicals tend to react in a much more desirable manner then 
ions or a mixture of radicals and ions. Accordingly, the 
invention seeks, in one aspect, to minimiZe the exposure of 
the substrate or the material on the substrate to ions. 

[0071] The length of tube 320 and inlet member 360 
necessary to extinguish substantially all the ions of a plasma 
at a given source gas ?oW rate may be determined experi 
mentally or by lifetime calculations. In one embodiment, 
tube 320 has a length of 12 inches With a one inch inside 
diameter, including a one inch diameter radicals outlet 375 
to produce a plasma of predominantly N* radicals and inert 
nitrogen at a source gas ?oW rate of 300 cubic centimeters 
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per minute at radicals outlet 375. In another embodiment, 
the excitation lifetime of ions is accounted for not only in 
plasma applicator 300 but also in inlet member 360 coupling 
plasma applicator 300 to RTP apparatus 200. 

[0072] An applicator Which may be used in the system and 
method of the invention is available from Applied Komatsu 
Technology, Inc., Sunnyvale, Calif. 

[0073] As shoWn in FIGS. 3A and 5-6, inlet member 360 
may be con?gured as an adapter Which is coupled to an 
opening in side Wall 214 of the process chamber. The 
opening may be a pre-existing opening for a camera used in 
monitoring a process conducted in the process chamber. If a 
monitoring camera is required, it can be placed at a different 
location in the process chamber side Wall. 

[0074] The inlet member 360 includes a ?ange 360a 
Which is bolted to applicator 300 so a passageWay 360b in 
the inlet member is aligned With and coupled to tube 320 at 
radicals outlet 375. Asecond ?ange 360c is bolted to exterior 
surface 214a of side Wall 214 of the process chamber. The 
nose 360d of inlet member 360 extends into the chamber 
side Wall opening such that an outermost face 3606 of the 
nose is substantially ?ush With interior surface 214b of 
process chamber side Wall 214. 

[0075] As shoWn, When used With Applied Materials RTP 
CenturaTM, face 3606 is curved to match the curvature of the 
process chamber interior side Wall. Also, the dimension I1 is 
selected to be substantially the same as the Wall thickness of 
the side Wall of the process chamber. Thus, 11 may equal 
about 1.25 inches. The dimension I2 is about 2.25 inches. 
The inside diameter d of passageWay 360b may be about 
0.69 of an inch. The inside diameter of passageWay 360b, in 
another embodiment, may be made equal to the diameter of 
tube 320. 

[0076] The inlet member 360 may be made of aluminum. 
A sleeve 360f may be positioned in passageWay 360b. The 
sleeve should be made of a material that does not cause 
recombination of the N* radicals. The sleeve should also 
reduce contamination that might be produced in the process 
chamber as the result of the plasma ?oWing through the inlet 
member. The sleeve can make made of, for example, silicon, 
silicon nitride, boron nitride, carbon nitride, or sapphire or 
alumina (A1203). 

[0077] The sleeve can also be used to optimiZe the pres 
sure differential betWeen the applicator and the process 
chamber. The sleeve may reduce the inside diameter of 
passageWay 360b to about 0.55 of an inch. 

[0078] An alternate embodiment of inlet member 360 is 
shoWn in FIG. 7. This inlet member 370 includes tWo 
passageWays 370ab and 370bb Which diverge from main 
inlet member passageWay 370b. By changing the geometry 
of the passageWay in this fashion, the plasma is more 
uniformly distributed across the surface of a substrate or 
Wafer processed in the process chamber. Thus, nitridation is 
more uniform across the substrate surface. The inlet member 
370, in all other respects, is substantially the same as inlet 
member 360. 

[0079] Yet another embodiment of an inlet member is 
shoWn in FIGS. 8A and 8B. This inlet member 380 includes 
a central, inner passageWay 380a Which terminates in a face 
or faceplate 380b. The faceplate 380b provides a shoWer 
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head-like arrangement Which can include any appropriate 
number of openings 380c. The openings 380c can be uni 
form in siZe or be of different sizes. The openings may be 
uniform in shape or have various shapes. The openings, for 
instance, may be circular, oval, square, or rectangular in 
shape. The inlet member 380 is con?gured to produce a 
more uniform nitridation pro?le across the substrate surface. 

[0080] In one embodiment, as shoWn in FIG. 3A, energy 
source 450 consists of a magnetron 420, and an isolator and 
dummy load 425, Which is provided for impedance match 
ing. Magnetron 420 generates an excitation energy, such as 
for example, an electromagnetic or inductively coupled 
frequency. The magnetron can generate betWeen 1.5 and 6.0 
kiloWatts of 2.54 GHZ of microWave energy. A suitable 
magnetron assembly can be obtained from Applied Sciences 
and Technology, Woburn, Mass., or Daihen America, Santa 
Clara, Calif. 

[0081] The excitation energy from magnetron 420 is 
directed through isolator and dummy load 425, and 
Waveguides 312a and 312b to tube 320. Dummy load 425 
acts, in one sense, like a check valve to alloW energy How 
in a direction toWard applicator 300 but not toWard magne 
tron 420. 

[0082] BetWeen plasma applicator 300 and Waveguide 
312b is autotuner 400. The autotuner redirects radiation 
re?ected from applicator 300 back toWard the plasma appli 
cator to increase the energy supplied to plasma applicator 
300. Autotuner 400 also focuses the microWave energy into 
the center of tube 320 so that the energy is more preferen 
tially absorbed by the gas fed to the applicator. Although an 
autotuner is preferred, a manual tuner may be used. 

[0083] With reference to FIG. 3A, control signal genera 
tion logic 252 is supplied to system controller 260 in the 
form of, for example, softWare instruction logic that is a 
computer program stored in a computer-readable medium 
such as a memory 238 in system controller 260. Preferably, 
memory 238 is a hard disk drive, but memory may also be 
other kinds of memory. The computer program includes, 
among other things, sets of instructions that dictate the 
timing, gas ?oW rate, chamber pressure, chamber tempera 
ture, RF poWer level, energy source regulation and other 
parameters of a particular process. It is to be appreciated that 
other computer programs such as one stored on another 
memory device, including, but not limited to, a ?oppy disk, 
may also be used to operate system controller 260. The 
computer program is processed by system controller 260 in 
a processor 250. The interface betWeen a user and system 
controller 260 may be implemented, for example, via a 
cathode ray tube (CRT) monitor or monitor With command 
instruction implemented by an interface such as keyboard, 
mouse, light-pen center or touch screen monitor. 

[0084] FIG. 9 shoWs an illustrative block diagram 400 of 
the hierarchical control structure of control signal generation 
logic 252, according to one embodiment of the invention. In 
a multi-process chamber environment, for example, a user 
enters a process set number and process chamber number 
into process selector subroutine 473 in response to menus or 
screens displayed on the CRT monitor. The process sets are 
predetermined sets of process parameters necessary to carry 
out speci?ed processes, and identi?ed by prede?ned set 
numbers. Process selector subroutine 473 identi?es (I) the 
desired process chamber and (ii) the desired set of process 
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parameters needed to operate the process chamber for per 
forming the desired process. The process parameters for 
performing a speci?c process relate to process conditions 
such as, for example, process gas ?oW rate, temperature, 
reaction pressure, cooling gas pressure and chamber Wall 
temperature, and are provided to the user in the form of a 
recipe. The parameters speci?ed by the process recipe are 
entered using the CRT monitor interface. The signals for 
monitoring the process are provided by the analog input and 
digital input for system controller 260, and the signals for 
controlling the process are output on the analog output and 
digital output boards of system controller 260. 

[0085] Process sequencer subroutine 475 shoWn in FIG. 9 
includes, in one embodiment, program codes for accepting 
the identi?ed process chamber and set of process parameters 
from process selector subroutine 473 and for controlling the 
operation of the process chamber. Multiple users can enter 
process set numbers and process chamber numbers, or a user 
can enter a multiple process set numbers and process cham 
ber numbers, so process sequencer subroutine 475 operates 
to schedule the selected processes in the desired sequence. 
Process sequencer subroutine 475 includes a program code 
to perform the steps of monitoring the operation of the 
process chambers to determine if the chambers are being 
used, (ii) determining What processes are being carried out 
in the chambers being used, and (iii) executing the desired 
process based on the availability of the process chamber and 
type of process to be carried out. Conventional methods of 
monitoring the process chambers can be used, such as 
pooling. When scheduling Which process is to be executed, 
process sequencer subroutine 475 can be designed to take 
into consideration the condition of the process chamber 
being used in comparison With the desired process condition 
for a selected process, or the “age” of each particular 
user-entered request, or any other relevant factor a system 
programmer desires to include for determining and sched 
uling priority. 

[0086] Once process sequencer subroutine 475 determines 
Which process chamber and process set combination are to 
be executed next, process sequencer subroutine 475 causes 
the execution of the process set by passing the particular 
process set parameter to chamber manager subroutine 477a 
477c that controls multiple processing tasks in a process 
chamber according to the process set determined by process 
sequencer subroutine 475. For example, chamber manager 
subroutine 477a includes program code for controlling the 
How rate of process gas/plasma into process chamber 213 
(through plasma applicator 300). Chamber manager subrou 
tine 477a also controls execution of various chamber com 
ponent subroutines that control the operation of chamber 
components necessary to carry out the selected process set. 
Examples of chamber component subroutines are process 
gas control subroutine 483, pressure control subroutine 485, 
and heater control subroutine 487. It is to be appreciated that 
other chamber control subroutine may be included depend 
ing on the process demand. 

[0087] In operation, chamber manager subroutine 477a 
shoWn in FIG. 9 selectively schedules or calls the process 
component subroutine in accordance With the particular 
process set being executed. Chamber manager subroutine 
477a schedules the process component subroutine similarly 
to the Way the process sequencer subroutine 475 schedules 
Which process chamber and process set are to be executed 



US 2002/0073925 A1 

next. Typically, chamber manager subroutine 477a includes 
the steps of monitoring the various chamber components, 
determining Which component needs to be operated based 
on the process parameter for the process set to be executed 
and causing execution of a chamber component subroutine 
responsive to the monitoring and determining steps. 

[0088] Process gas control subroutine 483 has program 
code for controlling the process gas composition and How 
rate. Process gas control subroutine 483 controls the open/ 
close position of a safety shut-off valve, and also ramps 
up/doWn the How controller to obtain the desired gas ?oW 
rate. As noted above, the How rate of process gas into plasma 
applicator 300 Will partly determine the How rate of radicals 
of a plasma delivered to substrate 100 in chamber 213. 
Accordingly, parameters considered in process gas control 
subroutine include, but are not limited to, the volume of tube 
320 and the distance betWeen the plasma generation point in 
tube 320 and substrate 100. Process gas control subroutine 
483 is invoked by chamber manager subroutine 477a as are 
all chamber component subroutines, and receives from 
chamber manager subroutine 477a process parameters 
related to the desired gas ?oW rate. Typically, process gas 
control subroutine 483 operates by putting vale 314 in its 
proper position and opening the gas supply line (by actuat 
ing ?oW controller 425) to begin the How of gas into plasma 
applicator 300, and repeatedly (I)reading the necessary ?oW 
controller, (ii) comparing the reading to the desired ?oW rate 
received from chamber manager 477a, and (iii) adjusting the 
How rate of the source gas 313 as necessary. Further, process 
gas control subroutine 483 includes the steps of monitoring 
the gas ?oW rate for unsafe rates and activating the safety 
shut-off valve When an unsafe condition is detected. 

[0089] Pressure control subroutine 485 shoWn in FIG. 9 
includes program code for controlling the pressure in cham 
ber 213 by regulating the siZe of the opening of the throttle 
valve in the exhaust system of chamber 213. When pressure 
control subroutine 485 is invoked, the desired target pressure 
level is received as the parameter from chamber manager 
subroutine 477a. Pressure control subroutine 485 operates to 
measure the pressure in chamber 213 by reading one or more 
pressure meters connected to the chamber, comparing the 
measured value(s) to the target pressure, obtaining PID 
(proportional, integral, and differential) values from a stored 
pressure table corresponding to the target pressure, and 
adjusting the throttle valve according to the PID value 
obtained from the pressure table. 

[0090] Alternatively, pressure control subroutine 485 can 
be Written to open or close the throttle valve to a particular 
opening siZe to regulate chamber 213 to the desired pressure. 
Heater control subroutine 487 includes program code for 
controlling the current to light pipe assembly 218 that is used 
to heat substrate 100 in chamber 213. Heater control sub 
routine 487 is also invoked by chamber manager subroutine 
477a and receives a targeted setpoint temperature parameter. 

[0091] Heater control subroutine 487 measures the tem 
perature by temperature signals delivered from ?ber optic 
probes 271, compares the measured temperature to the set 
point temperature, and increases or decreases the current 
applied to light pipe assembly 218 to obtain the set point 
temperature. The temperature is obtained from the measured 
value by looking upon the corresponding temperature in a 
stored conversion table or by calculating the temperature 
using a fourth order polynomial. 
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[0092] In addition to passing information to a particular 
chamber manager subroutine, such as chamber manager 
subroutine 477a, process sequencer subroutine 475 causes 
the execution of the process set by passing the particular 
process set parameter to energy source manager subroutines 
478a-478c that control multiple processing steps associated 
With energy source 450 determined by process sequencer 
subroutine 475. For example, energy source manager sub 
routine 478a includes program code for controlling the 
generation of excitation energy. Energy source manager 
subroutine 478a may also monitor dummy load 425 and 
tuner 400 to verify that any re?ected energy is redirected 
toWard plasma applicator 300 to increase the energy supply 
to plasma applicator 300. 

[0093] The process for controlling the How of process gas 
to chamber 213 can be implemented using a computer 
program product that is executed by system controller 260. 
A computer code can be Written in a computer readable 
programming language, such as for example, 68000 assem 
bly language C, C++, Pascal, Fortran, or others. Suitable 
program code is generally entered in a single ?le or multiple 
?les, using a text editor, and stored or embodied in a 
computer usable medium, such as the memory system of a 
computer. As the entered code text is in a high level 
language, the code is compiled, and the resultant compiler 
code is then linked With an object code of precompiled 
object code. The system invokes the object code, causing the 
computer system to load the code in memory, from Which 
the central processing unit (CPU) reads and executes the 
code to perform the task identi?ed in the program. 

[0094] A method of generating a plasma of radicals in a 
process chamber according to an embodiment of the inven 
tion is illustrated in How chart 500 of FIG. 10. The method 
of this embodiment Will be described With respect to a 
nitrogen plasma reaction process using the remote plasma 
system described in FIGS. 3A-3B and 4. Additionally, the 
remote plasma generation process of the invention Will be 
described With respect to the reaction of nitrogen radicals 
With an SiO2 layer, such as a gate oxide, on silicon Wafer or 
substrate 100 as illustrated in FIGS. 1 and 2. Such a process 
might be used, for example, to create gate dielectrics having 
an appropriate dopant barrier layer for high performance 
transistor devices. 

[0095] The formation of a layer of SiO2 may be accom 
plished in the same reaction chamber as the plasma nitrida 
tion reaction of the invention. Alternatively, SiO2 formation 
may be accomplished in one chamber, While the plasma 
nitridation reaction takes place in a second chamber. The 
tWo chambers may be joined to each other via a load-lock. 

[0096] Prior to initiating the process, hoWever, the leak 
rate for the chamber in Which the nitridation reaction takes 
place is determined. Speci?cally, the leak rate should be 
relatively loW, for example, less than about 3 to 4 milliTorr 
per minute to ensure that the nitridation process is effective. 
The leak rate for a particular process chamber is determined 
by pumping the chamber doWn to a very loW pressure, for 
example, about 30 milliTorr, and then isolating the chamber 
from the pump. Then, after a certain period of time, for 
example, about 10 to 30 minutes, the pressure in the cham 
ber is measured to determine the leak rate. If the leak rate 
exceeds the predetermined minimum, then the chamber 
leaks, such as Would occur at the vacuum seals, need to be 
eliminated or reduced. 












