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(57) ABSTRACT 

The present invention is generally directed to a novel gas 
delivery system for various deposition processes, and vari 
ous methods of using same. In one illustrative embodiment, 

a deposition tool comprises a process chamber, a Wafer stage 
adapted for holding a Wafer positioned therein, and a gas 
delivery system positioned in the chamber above a position 
Where a plasma Will be generated in the chamber, Wherein 
substantially all of a reactant gas is delivered into the 
chamber via the gas delivery system. In another illustrative 
embodiment, the reactant gas exiting the gas delivery system 
is directed so as to cover substantially all of an area de?ned 

by an upper surface of the Wafer. In one illustrative embodi 

ment, the method comprises positioning a Wafer in a process 
chamber of a deposition tool, generating a plasma Within the 
process chamber above the Wafer, and forming a layer of 
material above the Wafer by introducing substantially all of 
a reactant gas used to form the layer of material into the 
process chamber above the plasma via a gas delivery system 
positioned above the plasma. In another illustrative embodi 
ment, the reactant gas exiting the gas delivery system is 
directed to cover substantially all of an area de?ned by an 
upper surface of the Wafer. 
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GAS DELIVERY SYSTEM FOR DEPOSITION 
PROCESSES, AND METHODS OF USING SAME 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] This present invention is generally directed to the 
?eld of semiconductor manufacturing, and, more particu 
larly, to a novel gas delivery system for various deposition 
processes, and various methods of using same. 

[0003] 2. Description of the Related Art 

[0004] The manufacturing of integrated circuit products 
involves, among other things, the formation of layers of a 
variety of different types of material using a variety of 
different deposition processes, e.g., chemical vapor deposi 
tion (CVD), high density plasma chemical vapor deposition 
(HDPCVD), loW pressure chemical vapor deposition 
(LPCVD), plasma enhanced chemical vapor deposition 
(PECVD), etc. In some cases, these layers may be subse 
quently patterned by performing a variety of knoWn photo 
lithography and etching processes. In other cases, such 
layers may be formed to ?ll a previously formed trench-type 
feature. For example, as shoWn in FIG. 1A, a trench 12 may 
be formed in a semiconducting substrate 10 using any of a 
variety of knoWn etching processes. The trench 12 may be 
formed in the substrate 10 as part of the process of forming 
a trench isolation structure that may be used to electrically 
isolate various integrated circuit components, e.g., memory 
cells, transistors, etc., from one another. The trench 12 Will 
ultimately be ?lled With an insulating material, such as 
silicon dioxide, silicon oxynitride, etc. 

[0005] As depicted in FIG. 1A, the trench 12 has a depth 
14 (beneath the surface 11 of the semiconducting substrate 
10) and a Width or critical dimension 16. These dimensions 
may vary, but in current generation technology, the trench 12 
may have a relatively high aspect ratio (depth/Width) that 
exceeds approximately 4:1. For example, the trench 12 may 
have a Width 16 of approximately 75 nm and the depth 14 
may be approximately 200-600 nm. Simply put, as device 
dimensions for integrated circuit products have decreased, 
so have the dimensions of the trench isolation structures. 
Such reductions in the Width 16 of the trench 12 are 
desirable for conservation of valuable plot space on an 
integrated circuit device. 

[0006] Unfortunately, as the aspect ratio of such trenches 
12 has increased, it has become more dif?cult to adequately 
?ll the trench With the appropriate insulating material using 
existing processing tools and techniques. For example, as 
shoWn in FIG. 1A, using existing processing tools, a layer 
of insulating material 18, e.g., silicon dioxide, may tend to 
“pinch-off” in the opening of the high aspect ratio trench 12. 
This results in the formation of an undesirable void 20 in the 
trench 12. Such a void may reduce the effectiveness of the 
isolation structure When it is completed. 

[0007] It is believed that this problem is at least partially 
due to the manner in Which the gas delivery systems in 
modem deposition tools are con?gured. For example, FIG. 
1B is a schematic depiction of an illustrative Applied 
Materials Ultima Model 5200 deposition tool. As shoWn 
therein, the tool 30 is comprised of a process chamber 32 and 
a Wafer stage 34 that is adapted to hold a Wafer 10 during the 
deposition process performed in the tool 30. The deposition 
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tool 30 is also comprised of many additional components, 
such as a coil 31A positioned adjacent a top surface 32A of 
the process chamber 32, and a coil 31B positioned adjacent 
a side surface 32B of the process chamber 32. The coils 31A, 
31B may be coupled to one or more RF poWer supplies 33 
(only one of Which is shoWn). An RF poWer supply 35 is 
coupled to the Wafer stage 34. The tool 30 may also have 
other components, such as various electrical connections, 
temperature sensors, pressure sensors, mass-?ow control 
lers, and valving Which are Well knoWn to those skilled in the 
relevant art. Such components are not depicted so as not to 
obscure the present invention. 

[0008] In general, a plasma 36 or gloW discharge Will be 
generated in the process chamber 32 by application of RF 
poWer to one or both of the coils 31A, 31B. Various reactant 
gases Will be introduced for purposes of forming a layer of 
material on the Wafer 10. For example, in the case of 
forming a layer of silicon dioxide, silane (SiH4) may be 
introduced into the process chamber 32. The silane may be 
mixed With a variety of carrier gases, e.g., hydrogen (H2), 
nitrogen (N2), argon (Ar), etc. In the Applied Materials tool 
30, the vast majority of the process gas is introduced through 
a plurality of side noZZles 38 that are positioned slightly 
above the surface 11 of the Wafer 10. The exact con?guration 
and number of the side noZZles 38 Will vary. For example, 
in one embodiment, eight groups of three of the side noZZles 
38 are spaced around the perimeter of the process chamber 
32. Each of the side noZZles 38 typically has an inside 
diameter of approximately 0.030 inches. Additionally, the 
Applied Materials tool has a single top noZZle 40 through 
Which a relatively small amount of the total reactant gas How 
is introduced into the process chamber 32. For example, the 
top noZZle 40 may have an inside diameter of approximately 
0.030 inches and approximately 10-25% of the total silane 
gas How may be introduced into the chamber via the top 
noZZle 40. As shoWn in FIG. 1C, the coverage area 42 of the 
reactant gas from the top noZZle 40 is only approximately 
1-30% of the total area of the Wafer 10. 

[0009] As shoWn in FIGS. 1D and 1E, using existing gas 
delivery systems in modem deposition tools, there tends to 
be a variation in the thickness 44 of the process layer 18 near 
the edge region 45 of the Wafer 10 as compared to the 
thickness 46 of the process layer 18 near the center region 
47 of the Wafer 10. This thickness variation may be signi? 
cant in some situations. For example, the thickness variation 
may range from approximately 30-100 nm on a ?lm having 
a target nominal thickness of approximately 300 nm. 

[0010] Such thickness variations are due to a variety of 
factors that are believed to include the manner in Which 
reactant gases are supplied to the process chamber 32. More 
speci?cally, there are tWo competing mechanisms involved 
during the process of forming the process layer 18—sput 
tering and deposition. In general, the deposition process 
involves a chemical reaction using the reactant gases sup 
plied to the process chamber 32. Sputtering involves the 
action Whereby ions generated by the plasma impact the 
layer of material 18 as it is being formed and, simplistically, 
sputter off portions of that layer 18 causing it to be deposited 
elseWhere. These processes continue to interact throughout 
the process of forming the process layer 18. 

[0011] Unfortunately, due to the gas delivery system for 
existing process tools, the deposition mechanism tends to 
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dominate in the edge region 45 of the Wafer 10 due to the 
introduction of the majority of the reactant gases via the side 
noZZles 38. As a result, the sputtering mechanism is not as 
prevalent at the edge region 45 as Would be desired. In some 
applications, such as the ?lling of high aspect ratio trenches, 
a higher sputter-to-deposition ratio is desired. Sputtering is 
desirable, at least to some extent, because the sputtering 
process tends to reduce the chances of pinching off the 
opening of the trench 12, as illustratively depicted in FIG. 
1A. 

[0012] Another prior art deposition tool 50, a Novellus 
Speed II Model, is depicted in FIG. 1F. As shoWn therein, 
the process chamber 32 of that tool has a generally dome 
shaped top 41, a coil 43 that is coupled to an RF poWer 
supply 49, and it is provided With a plurality of upWardly 
directed side noZZles 52. The number of side noZZles 52 may 
vary. In one illustrative embodiment, 3-50 of such noZZles 
52 are spaced around the perimeter of the process chamber 
32. 

[0013] Aproblem still persists With respect to the ability to 
reliably and accurately ?ll trench-type features With high 
aspect ratios in the course of manufacturing modern inte 
grated circuit devices. The present invention is directed to a 
method that may solve, or at least reduce, some or all of the 
aforementioned problems. 

SUMMARY OF THE INVENTION 

[0014] The present invention is generally directed to a 
novel gas delivery system for various deposition processes, 
and various methods of using same. The gas delivery system 
may take various forms. In one illustrative embodiment, a 
deposition tool comprises a process chamber With a top 
surface and an RF coil positioned adjacent the top surface of 
the chamber, Wherein the chamber is adapted to have a 
plasma generated therein, the plasma having a region 
Wherein highest ioniZation occurs, a Wafer stage adapted for 
holding a Wafer positioned thereon, and a gas delivery 
system positioned in the chamber adjacent the top surface of 
the chamber, the region of highest ioniZation of the plasma 
being located betWeen the gas delivery system and at least 
one process gas outlet of the chamber, Wherein substantially 
all of a reactant gas used in forming a process layer on the 
Wafer is delivered into the chamber via the gas delivery 
system. In another embodiment, the gas delivery system is 
positioned in the chamber adjacent the top surface of the 
chamber above a position Where a plasma Will be generated 
in the chamber and the reactant gas exiting the gas delivery 
system is directed so as to cover substantially all of an area 
de?ned by an upper surface of the Wafer. 

[0015] In one illustrative embodiment, the method com 
prises positioning a Wafer in a process chamber of a depo 
sition tool, the chamber having a top surface and an RF coil 
positioned adjacent the top surface, generating a plasma 
Within the process chamber above the Wafer, the plasma 
having a region Wherein highest ioniZation occurs, and 
forming a layer of material above the Wafer by introducing 
substantially all of a reactant gas used to form the layer of 
material into the region of highest ioniZation via a gas 
delivery system positioned adjacent the top surface of the 
chamber above the plasma. In another embodiment, the 
method comprises introducing a reactant gas used to form 
the layer of material into the process chamber above the 
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plasma via the gas delivery such that the reactant gas exiting 
the gas delivery system is directed to cover substantially all 
of an area de?ned by an upper surface of the Wafer. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0016] The invention may be understood by reference to 
the folloWing description taken in conjunction With the 
accompanying draWings, in Which like reference numerals 
identify like elements, and in Which: 

[0017] FIGS. 1A-1F depict illustrative embodiments of 
various prior art deposition tools used to form a process 
layer and a trench-type structure ?lled using such equip 
ment; 

[0018] FIG. 2 is a schematic depiction of a deposition tool 
in accordance With one illustrative embodiment of the 
present invention; 

[0019] FIG. 3 is a cross-sectional vieW of a Wafer having 
a trench formed therein Where a process layer is formed in 
the trench and above the Wafer using the techniques 
described in the present invention; and 

[0020] FIGS. 4A-4H depict various illustrative embodi 
ments of a gas delivery system in accordance With the 
present invention. 

[0021] While the invention is susceptible to various modi 
?cations and alternative forms, speci?c embodiments 
thereof have been shoWn by Way of example in the draWings 
and are herein described in detail. It should be understood, 
hoWever, that the description herein of speci?c embodiments 
is not intended to limit the invention to the particular forms 
disclosed, but on the contrary, the intention is to cover all 
modi?cations, equivalents, and alternatives falling Within 
the spirit and scope of the invention as de?ned by the 
appended claims. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0022] Illustrative embodiments of the invention are 
described beloW. In the interest of clarity, not all features of 
an actual implementation are described in this speci?cation. 
It Will of course be appreciated that in the development of 
any such actual embodiment, numerous implementation 
speci?c decisions must be made to achieve the developers’ 
speci?c goals, such as compliance With system-related and 
business-related constraints, Which Will vary from one 
implementation to another. Moreover, it Will be appreciated 
that such a development effort might be complex and 
time-consuming, but Would nevertheless be a routine under 
taking for those of ordinary skill in the art having the bene?t 
of this disclosure. 

[0023] The present invention Will noW be described With 
reference to the attached ?gures. Although various regions 
and structures shoWn in the draWings are depicted as having 
very precise, sharp con?gurations and pro?les, those skilled 
in the art recogniZe that, in reality, these regions and 
structures are not as precise as indicated in the draWings. 
Additionally, the relative siZes of the various features and 
doped regions depicted in the draWings may be exaggerated 
or reduced as compared to the siZe of those features or 
regions on fabricated devices. Nevertheless, the attached 
draWings are included to describe and explain illustrative 
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examples of the present invention. The Words and phrases 
used herein should be understood and interpreted to have a 
meaning consistent With the understanding of those Words 
and phrases by those skilled in the relevant art. No special 
de?nition of a term or phrase, i.e., a de?nition that is 
different from the ordinary and customary meaning as 
understood by those skilled in the art, is intended to be 
implied by consistent usage of the term or phrase herein. To 
the extent that a term or phrase is intended to have a special 
meaning, i.e., a meaning other than that understood by 
skilled artisans, such a special de?nition Will be expressly 
set forth in the speci?cation in a de?nitional manner that 
directly and unequivocally provides the special de?nition for 
the term or phrase. 

[0024] FIG. 2 is a schematic depiction of a deposition tool 
60 in accordance With one illustrative embodiment of the 
present invention. As shoWn therein, the tool 60 is com 
prised of a process chamber 62, a Wafer stage 64 coupled to 
an RF poWer supply 67 and a gas delivery system 70. The 
gas delivery system 70 is positioned adjacent a top surface 
62A of the chamber. A Wafer 66 is positioned above the 
Wafer stage 64. The tool 60 further comprises a coil 61A 
positioned adjacent the top surface 62A of the process 
chamber 32, and a coil 61B positioned adjacent a side 
surface 62B of the process chamber 62. The coils 61A, 61B 
are coupled to one or more schematically depicted RF poWer 
sources 63. Various other components of the tool 60, e.g., 
temperature and pressure sensors, mass-?oW controllers, 
etc., are Well knoWn to those skilled in the art and, thus, are 
not depicted so as to not obscure the present invention. 

[0025] The tool 60 may be used to generate a plasma 68 
that is schematically depicted in the draWing. A plasma is 
generally de?ned as a gas containing an equal number of 
positive and negative charges as Well as some number of 
neutral gas particles. A gloW discharge is a self-sustaining 
type of plasma. As used herein, the term plasma should be 
understood to include any type of plasma or gloW discharge. 
As Will be recogniZed by those skilled in the relevant art 
after a complete reading of the present application, the 
present invention may be employed using a variety of 
different types of deposition processes, such as, for example, 
an HDPCVD process. Moreover, the present invention may 
be employed in forming a variety of different types of 
material, such as silicon dioxide, silicon oxynitride, etc. 
Thus, the present invention should not be considered as 
limited to any particular type of deposition process or to the 
formation of any particular type of material unless such 
limitations are expressly set forth in the appended claims. 

[0026] In operation, one or more reactant gases Will be 
introduced into the process chamber 62 via the gas delivery 
system 70, Which is schematically depicted in FIG. 2. The 
reactant gases, e.g., silane (SiH4) may be mixed With a 
carrier gas, such as hydrogen (H2), nitrogen (N2), argon 
(Ar), etc. Other reactant gases may be employed With the 
present invention. In this manner, substantially all of the 
reactant gases used to form a layer of material (not shoWn) 
above the Wafer 66 are introduced into the plasma region 68 
from above. More speci?cally, the gas delivery system 70 of 
the present invention is provided in such a manner that the 
highest ioniZation region of the plasma gloW is betWeen the 
location Where substantially all of the process gases enter the 
process chamber and the location Where the gases exit the 
chamber. As a result, a very large percentage of the reactant 
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gases have the opportunity to be ioniZed by the plasma 68. 
In turn, this aids in assuring that the sputtering mechanism 
Will be actively used in forming the layer of material above 
the Wafer 66. By ioniZing substantially all of the reactant gas 
introduced into the process chamber 32, a more uniform 
layer of material may be formed above the Wafer 66. 

[0027] Even more speci?cally, by introducing substan 
tially all of the reactant gases into the process chamber 62 
via the gas delivery system 70, the deposition tool may be 
used to reliably ?ll a high aspect ratio trench 72 formed in 
the Wafer 66, as shoWn in FIG. 3. For example, the present 
invention has been successfully employed in performing a 
high density plasma chemical vapor deposition (HDPCVD) 
to deposit a layer of silicon dioxide into the trench 72 
Wherein the trench 72 had a Width 74 of approximately 70 
nm and a depth of approximately 250 nm, i.e., an aspect ratio 
of approximately 3.5. During this process, approximately 68 
sccm of silane (SiH4) Was introduced into the process 
chamber 62 via the top gas delivery system 70 using a carrier 
gas comprised of argon When the process Was com 
pleted, the process layer 80 had a nominal thickness 82 of 
approximately 310 nm. The material in the trench 72 had 
little or no voids. 

[0028] The structure of the gas delivery system 70 may 
vary. The gas delivery system 70 is positioned adjacent the 
top surface 62A of the process chamber 62, and it has a gas 
inlet 71 that is coupled to or extends through the top surface 
62A. HoWever, Whatever design the gas delivery system 70 
takes, it should be constructed and con?gured in such a 
manner that the reactant gases leaving the gas delivery 
system 70 are introduced in such a manner that the ioniZed 
gases Will cover substantially all of an area de?ned by the 
upper surface 65 of the Wafer 66. That is, unlike the top 
noZZle 40 depicted in FIG. 1B, Which covered only approxi 
mately 10% of the area de?ned by the Wafer surface, the gas 
delivery system 70 of the present invention may be con?g 
ured so as to cover substantially all of the area de?ned by the 
upper surface 65 of the Wafer 66. For example, in one 
illustrative embodiment, the reactant gas preferably covers 
at least 90% of the area de?ned by the upper surface 65 of 
the Wafer 66. 

[0029] Various illustrative embodiments of the gas deliv 
ery system 70 Will noW be described With reference to FIGS. 
4A-4H. In all cases, the gas delivery system 70 is designed 
such that the highest ioniZation region of the plasma 68 is 
positioned betWeen the inlet Where substantially all of the 
reactant gases are directed into the chamber and the outlet 
Where the process gases exit the chamber. As a result, a large 
percentage of the gas molecules have a good chance of being 
ioniZed. 

[0030] For example, as shoWn in FIGS. 4A-4B, the gas 
delivery system 70 may take the form of a shoWerhead outlet 
90. FIGS. 4A and 4B are, respectively, a side vieW and a 
bottom vieW of the shoWerhead outlet 90. The shoWerhead 
outlet 90 has a body 90E, an inlet 90A and a plurality of 
outlets 90B formed in the bottom surface 90C of the body 
90E. The inlet 90A of the gas delivery system 70 is coupled 
to and extends through the top surface 62A of the chamber 
62. The siZe and con?guration of the inlet 90A may vary 
depending upon a variety of factors, such as the anticipated 
gas ?oW rate, various heat transfer characteristics, the physi 
cal structure of the deposition tool itself, etc. In fact, if 



US 2005/0011449 A1 

desired or deemed appropriate, the shoWerhead outlet 90 
may have more than one inlet 90A. Additionally, internal 
baffling (not shoWn) may be provided Within the shoWerhead 
outlet 90 to direct the How of gas from the inlet noZZle 90A 
to the various outlets 90B. The number, siZe, shape and 
positioning of the outlets 90B may also vary depending upon 
the particular application. For example, the outlets 90B may 
have a diameter of approximately 0.030 inches. In one 
illustrative embodiment Where the shoWerhead outlet 90 is 
intended for use With 8-inch diameter Wafers 66, the shoW 
erhead outlet 90 may have a diameter 90D of approximately 
9 inches. For 12-inch diameter Wafers 66, the diameter 90D 
may be approximately 13 inches. 

[0031] FIGS. 4C-4D depict yet another illustrative 
embodiment of the shoWerhead outlet 90. In this embodi 
ment, the outlets 90B are formed in the top surface 90F of 
the shoWerhead outlet 90. As With the previous embodiment, 
the siZe, number and spacing of the outlets 90B in the 
embodiment depicted in FIGS. 4C-4D may be varied. The 
shoWerhead outlet 90 may also have a plurality of side 
outlets 90S formed around the periphery of the shoWerhead 
outlet 90 as shoWn in FIGS. 4C-4D. The siZe, number and 
positioning of the side outlets 90S may also vary. Moreover, 
it should be understood that the shoWerhead outlet 90 may 
be provided With any combination of outlets in the top 
surface 90F and/or bottom surface 90C and/or the side 
outlets 90S. Thus, the particular con?guration of the shoW 
erhead outlet 90 depicted in the attached draWings should 
not be considered a limitation of the present invention unless 
such limitations are clearly set forth in the appended claims. 

[0032] FIGS. 4E-4F are, respectively, a side vieW and a 
bottom vieW of another illustrative embodiment of the gas 
delivery system 70 comprised of a distributed piping system 
92. As can be seen from the draWings, the distributed piping 
system 92 is comprised of a gas inlet 92A, a plurality of 
outWardly extending distribution pipes 92B that are coupled 
to a distribution hub 92C. Each of the distribution pipes 92B 
may have a plurality of openings 92D formed therein. The 
openings 92D are not shoWn in FIG. 4E. The distribution 
pipes 92 may also have a plurality of side openings 92S (see 
FIG. 4E). The openings 92D in adjacent distribution pipes 
92B may be radially offset from the openings 92D on 
adjacent distribution pipes 92B, as shoWn in FIG. 4F. In the 
depicted embodiment shoWn in FIGS. 4E-4F, the openings 
92D are formed in the bottom side 92F of the distribution 
pipes 92B. As With the shoWerhead outlets 90 depicted 
previously, the openings in the distribution pipes 92B may 
also be formed in the top side 92G of the distribution pipes 
92B. Moreover, as With the shoWerhead outlet 90, the 
distributed piping system 92 may be provided With the 
openings formed on both the top side 92G and the bottom 
side 92F of the distribution pipes 92B. As With the previous 
embodiment, the siZe, number and positioning of the distri 
bution pipes 92B, and the openings 92D formed therein, 
may vary depending upon the particular application. For 
example, the distribution pipes 92B may have a nominal 
diameter of approximately 4 inches, and the openings 92D 
may have a diameter of approximately 0.030 inches. In one 
embodiment, approximately 8-12 of the openings 92D are 
formed on each distribution pipe 92B. As With the previous 
embodiment, the distribution pipes 92B Will be siZed to 
insure that substantially all of the Wafer surface 65 is 
covered by gas from the distributed piping system 92. That 
is, the distributed piping system 92 may have a diameter 92E 
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of approximately 9 inches or 13 inches for use With Wafers 
66 having a diameter of approximately 8 and 12 inches, 
respectively. If the openings 92D are formed in the top 
surface 92G of the distribution pipes, the overall siZe or 
diameter of the distributed piping system 92 may be 
decreased. 

[0033] FIGS. 4G-4H depict yet another illustrative 
embodiment of a gas distribution system 96. As shoWn 
therein, the gas distribution system 96 has a disk-like body 
96A, a gas inlet 96B, a plurality of outlets 96C, a top surface 
96E and a bottom surface 96G. In one illustrative embodi 
ment, the gas distribution system 96 has a diameter 96H of 
approximately 31/2 inches. In the depicted embodiment, six 
outlets 96C are formed in the top surface 96E of the body 
96A. A plurality of internal baf?es 96F are provided in the 
body 96A to direct the How of gas from the gas inlet 96B to 
the outlets 96C. The outlets 96C have a diameter of approxi 
mately 0015-0045 inches and they are formed in the top 
surface 96E at an angle 96D of approximately 45 degrees. In 
the embodiment depicted in FIGS. 4G-4H, the gas distri 
bution system 96 has an overall diameter of approximately 
31/2 inches and the outlets 96C are directed upWard in an 
effort to insure more complete coverage of the Wafer. In 
other embodiments Where the gas outlets are directed doWn 
Ward toWard the Wafer, it is believed that the pattern of the 
outlets needs to someWhat approximate the diameter of the 
Wafer to insure better coverage of the underlying Wafer. 

[0034] As thus described, a process chamber 62 in accor 
dance With the present invention is provided With a gas 
delivery system 70 positioned adjacent the top surface 62A 
of the chamber 62 Wherein the highest ioniZation region of 
the plasma 68 is betWeen Where gas enters the chamber 62 
and Where gas leaves the chamber (via an evacuation pump). 
Introducing the gas in this manner Will maximiZe the pos 
sibility that each gas molecule Will ?oW through the highest 
ioniZation region of the plasma 68. As a result, ioniZation of 
a greater number of gas molecules, and in some cases 
substantially all of the gas molecules, may be accomplished. 
Moreover, the present invention is comprised of means for 
introducing a reactant gas into a process chamber Wherein 
the reactant gas leaving the means covers substantially all of 
the area de?ned by the surface of the Wafer. In one embodi 
ment, the means in both cases is comprised of the shoWer 
head assembly 90 depicted in FIGS. 4A-4D comprised of at 
least one gas inlet 90A, a body 90, and at least one gas outlet 
90B. In another embodiment, the means comprises the 
distributed piping system 92 depicted in FIGS. 4E-4F 
comprised of a plurality of distribution pipes 92B having a 
plurality of openings 92D, 92S formed therein. In a further 
embodiment, the means is comprised of the gas distribution 
system 96 depicted in FIGS. 4G-4H including the outlets 
96C, the inlet 96B and the body 96A. 

[0035] Various tests have been performed that demon 
strate the superiority of the present invention. For example, 
a plurality of high aspect ratio trenches Were formed in a 
substrate. The trenches had a Width of approximately 70 nm 
and a depth of approximately 250 nm. The Applied Mate 
rials tool 30 described in the background section of this 
application (see FIG. 1B) Was then used in an effort to form 
a layer of silicon dioxide, using silane as the reactant gas, 
that Would successfully ?ll the trenches formed in the Wafer. 
During this process, approximately 80% of the reactant gas 
Was introduced into the chamber 32 via the side noZZles 38, 
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and approximately 20% of the reactant gas Was introduced 
into the chamber 38 via the top nozzle 40. 

[0036] Thereafter, a gas delivery system 70, like that 
depicted in FIGS. 4G-4H, replaced the top noZZle 40 of 
Applied Materials tool 30. Another process Was performed 
in an effort to ?ll a plurality of the high aspect ratio trenches 
formed across another Wafer. During this process, all of the 
reactant gas, silane, Was introduced into the process chamber 
38 via the gas delivery system 70 shoWn in FIGS. 4G-4H. 
No reactant gases Were introduced via the side noZZles 38 
shoWn in FIG. 1A. 

[0037] By performing the deposition process With the top 
gas delivery system 70 of the present invention, the high 
aspect ratio trenches Were more readily ?lled. This Was 
especially true for the trenches near the edge region of the 
Wafer. Through use of the processed described herein, 
trenches having very small critical dimensions Were more 
readily ?lled as compared to attempts to ?ll such trenches 
using the prior art system depicted in FIG. 1B. More 
speci?cally, various tests Were performed Wherein a plural 
ity of trenches Were formed near an edge region of a Wafer, 
Wherein each of the trenches had a critical dimension that 
varied from that of the other trenches. For example, a 
plurality of trenches Were formed in a test substrate With an 
approximate depth of about 200 nm (2000 and the critical 
dimensions varied from 0.077 pm, 0.0765 pm, 0.0745 pm 
and 0.073 pm, etc. The prior art deposition system depicted 
in FIG. 1B Was used to ?ll such trenches formed in a test 
substrate. The noZZle system depicted in FIGS. 4G-4H Was 
then installed, and the processes described herein Were 
performed to ?ll another set of trenches formed in another 
test substrate. 

[0038] The trenches formed by both techniques Were then 
inspected by an RDA inspection process. The results indi 
cated that voids Were readily visible for a trench having a 
critical dimension of approximately 0.0745 pm formed 
using the prior art system and methodologies depicted in 
FIG. 1B. In contrast, by using the system and methods 
disclosed herein, trenches having a critical dimension as loW 
as 0.073 pm Were reliably ?lled Without producing unac 
ceptable voids in the resulting trench. Thus, the present 
invention provides identi?able and proven bene?ts as com 
pared to the prior art systems and methods as depicted and 
described With reference to FIG. 1B. 

[0039] The present invention is generally directed to novel 
gas delivery systems for various deposition processes, and 
various methods of using same. The gas delivery system 
may take many forms. In one illustrative embodiment, a 
deposition tool comprises a process chamber having a top 
surface and an RF coil positioned adjacent the top surface, 
the chamber adapted to have a plasma generated therein, the 
plasma having a region Wherein highest ioniZation occurs, a 
Wafer stage adapted for holding a Wafer positioned thereon, 
and a gas delivery system positioned in the chamber adja 
cent the top surface of the chamber, the region of highest 
ioniZation of the plasma being located betWeen the gas 
delivery system and at least one process gas outlet of the 
chamber, Wherein substantially all of a reactant gas used in 
forming a process layer on the Wafer is delivered into the 
chamber via the gas delivery system. In another embodi 
ment, the gas delivery system is con?gured such that reac 
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tant gas exiting the gas delivery system is directed so as to 
cover substantially all of an area de?ned by an upper surface 
of the Wafer. 

[0040] In one illustrative embodiment, the method com 
prises positioning a Wafer in a process chamber of a depo 
sition tool, the chamber having a top surface and an RF coil 
positioned adjacent the top surface, generating a plasma 
Within the process chamber above the Wafer, the plasma 
having a region Wherein highest ioniZation occurs, and 
forming a layer of material above the Wafer by introducing 
substantially all of a reactant gas used to form the layer of 
material into the region of highest ioniZation via a gas 
delivery system positioned adjacent the top surface of the 
chamber above the plasma. In another embodiment, the 
method comprises introducing a reactant gas used to form 
the layer of material into the process chamber above the 
plasma via the gas delivery system, Wherein the reactant gas 
exiting the gas delivery system is directed to cover substan 
tially all of an area de?ned by an upper surface of the Wafer. 

[0041] The particular embodiments disclosed above are 
illustrative only, as the invention may be modi?ed and 
practiced in different but equivalent manners apparent to 
those skilled in the art having the bene?t of the teachings 
herein. For example, the process steps set forth above may 
be performed in a different order. Furthermore, no limita 
tions are intended to the details of construction or design 
herein shoWn, other than as described in the claims beloW. 
It is therefore evident that the particular embodiments dis 
closed above may be altered or modi?ed and all such 
variations are considered Within the scope and spirit of the 
invention. Accordingly, the protection sought herein is as set 
forth in the claims beloW. 

1-96. (Canceled) 
97. A method, comprising: 

positioning a Wafer in a process chamber of a deposition 
tool, said process chamber having a top surface and an 
RF coil positioned adjacent said top surface; 

generating a plasma Within said process chamber above 
said Wafer by energiZing at least said RF coil positioned 
adjacent said top surface, said plasma having a region 
Wherein highest ioniZation occurs; and 

forming a layer of material above said Wafer by introduc 
ing substantially all of a reactant gas used to form said 
layer of material into said region of highest ioniZation 
via a gas delivery system positioned adjacent said top 
surface above said plasma. 

98. The method of claim 97, Wherein generating a plasma 
Within said process chamber above said Wafer comprises 
generating a high density plasma Within said process cham 
ber above said Wafer. 

99. The method of claim 97, Wherein forming a layer of 
material above said Wafer comprises forming a layer of 
material above said Wafer and in a plurality of trenches 
formed in said Wafer. 

100. The method of claim 97, Wherein forming a layer of 
material above said Wafer comprises forming a layer of 
silicon dioxide by introducing a reactant gas comprised of 
silane. 

101. The method of claim 97, Wherein said gas delivery 
system is comprised of a generally circular body having a 
diameter that is at least approximately the same as a diam 
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eter of said Wafer, at least one inlet nozzle, and a plurality of 
outlet noZZles formed in a bottom surface of said generally 
circular body. 

102. The method of claim 97, Wherein said gas delivery 
system is comprised of a generally circular body and a 
plurality of outlet noZZles formed in a top surface of said 
body. 

103. The method of claim 97, Wherein said gas delivery 
system is comprised of a generally circular body and a 
plurality of outlet noZZles formed in a side surface of said 
body. 

104. The method of claim 97, Wherein said gas delivery 
system is comprised of a body having a plurality of angled 
outlets formed in an upper surface of said body. 

105. The method of claim 104, Wherein said angled 
openings are positioned at an angle of approximately 45 
degrees With respect to said upper surface of said body. 

106. The method of claim 97, Wherein said gas delivery 
system is comprised of a manifold and a plurality of distri 
bution pipes coupled to said rnanifold, each of said distri 
bution pipes having a plurality of openings formed therein. 

107. The method of claim 97, Wherein said gas delivery 
system is comprised of a structure having at least one gas 
inlet and a plurality of gas outlets. 

108. A method, comprising: 

positioning a Wafer in a process chamber of a deposition 
tool, said process chamber having a top surface and an 
RF coil positioned adjacent said top surface; 

generating a plasma Within said process chamber above 
said Wafer by energiZing at least said RF coil positioned 
adjacent said top surface; and 

forming a layer of material above said Wafer by introduc 
ing substantially all of a reactant gas used to form said 
layer of material into said process chamber from above 
said plasrna via a gas delivery system positioned adja 
cent said top surface above said plasrna. 

109. The method of claim 108, Wherein generating a 
plasma Within said process chamber above said Wafer corn 
prises generating a high density plasrna Within said process 
chamber above said Wafer. 

110. The method of claim 108, wherein forming a layer of 
material above said Wafer comprises forming a layer of 
material above said Wafer and in a plurality of trenches 
formed in said Wafer. 

111. The method of claim 108, wherein forming a layer of 
material above said Wafer comprises forming a layer of 
silicon dioxide by introducing a reactant gas comprised of 
silane. 

112. The method of claim 108, Wherein said gas delivery 
system is comprised of a generally circular body having a 
diameter that is at least approximately the same as a diam 
eter of said Wafer, at least one inlet noZZle, and a plurality of 
outlet noZZles formed in a bottom surface of said generally 
circular body. 

113. The method of claim 108, Wherein said gas delivery 
system is comprised of a generally circular body and a 
plurality of outlet noZZles formed in a top surface of said 
body. 

114. The method of claim 108, Wherein said gas delivery 
system is comprised of a generally circular body and a 
plurality of outlet noZZles formed in a side surface of said 
body. 
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115. The method of claim 108, Wherein said gas delivery 
system is comprised of a body having a plurality of angled 
outlets formed in an upper surface of said body. 

116. The method of claim 115, Wherein said angled 
openings are positioned at an angle of approximately 45 
degrees With respect to said upper surface of said body. 

117. The method of claim 108, Wherein said gas delivery 
system is comprised of a manifold and a plurality of distri 
bution pipes coupled to said rnanifold, each of said distri 
bution pipes having a plurality of openings formed therein. 

118. The method of claim 108, Wherein said gas delivery 
system is comprised of a structure having at least one gas 
inlet and a plurality of gas outlets. 

119. A method, comprising: 

positioning a Wafer in a process chamber of a deposition 
tool, said process chamber having a top surface and an 
RF coil positioned adjacent said top surface; 

generating a plasma Within said process chamber above 
said Wafer by energiZing at least said RF coil positioned 
adjacent said top surface; and 

forming a layer of material above said Wafer by introduc 
ing a reactant gas used to form said layer of material 
into said process chamber above said plasrna via a gas 
delivery system adjacent said top surface positioned 
above said plasrna, Wherein said reactant gas eXiting 
said gas delivery system is directed to cover substan 
tially all of an area de?ned by an upper surface of said 
Wafer. 

120. The method of claim 119, Wherein generating a 
plasma Within said process chamber above said Wafer corn 
prises generating a high density plasrna Within said process 
chamber above said Wafer. 

121. The method of claim 119, wherein forming a layer of 
material above said Wafer comprises forming a layer of 
material above said Wafer and in a plurality of trenches 
formed in said Wafer. 

122. The method of claim 119, wherein forming a layer of 
material above said Wafer comprises forming a layer of 
silicon dioxide by introducing a reactant gas comprised of 
silane. 

123. The method of claim 119, Wherein said gas delivery 
system is comprised of a generally circular body having a 
diameter that is at least approximately the same as a diam 
eter of said Wafer, at least one inlet noZZle, and a plurality of 
outlet noZZles formed in a bottom surface of said generally 
circular body. 

124. The method of claim 123, Wherein said gas delivery 
system is comprised of a generally circular body and a 
plurality of outlet noZZles formed in a top surface of said 
body. 

125. The method of claim 119, Wherein said gas delivery 
system is comprised of a generally circular body and a 
plurality of outlet noZZles formed in a side surface of said 
body. 

126. The method of claim 119, Wherein said gas delivery 
system is comprised of a body having a plurality of angled 
outlets formed in an upper surface of said body. 

127. The method of claim 126, Wherein said angled 
openings are positioned at an angle of approximately 45 
degrees With respect to said upper surface of said body. 

128. The method of claim 119, Wherein said gas delivery 
system is comprised of a manifold and a plurality of distri 
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bution pipes coupled to said manifold, each of said distri 
bution pipes having a plurality of openings formed therein. 

129. The method of claim 119, Wherein said gas delivery 
system is comprised of a structure having at least one gas 
inlet and a plurality of gas outlets. 

130. A method, comprising: 

positioning a Wafer in a process chamber of a deposition 
tool, said process chamber having a top surface and an 
RF coil positioned adjacent said top surface; 

generating a plasma Within said process chamber above 
said Wafer by energiZing at least said RF coil positioned 
adjacent said top surface; and 

forming a layer of material above said Wafer by introduc 
ing substantially all of a reactant gas used to form said 
layer of material into said process chamber from above 
said plasma via a gas delivery system positioned adja 
cent said top surface above said plasma, Wherein said 
reactant gas exiting said gas delivery system is directed 
to cover substantially all of an area de?ned by an upper 
surface of said Wafer. 

131. The method of claim 130, Wherein generating a 
plasma Within said process chamber above said Wafer com 
prises generating a high density plasma Within said process 
chamber above said Wafer. 

132. The method of claim 130, Wherein forming a layer of 
material above said Wafer comprises forming a layer of 
material above said Wafer and in a plurality of trenches 
formed in said Wafer. 

133. The method of claim 130, Wherein forming a layer of 
material above said Wafer comprises forming a layer of 
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silicon dioxide by introducing a reactant gas comprised of 
silane. 

134. The method of claim 130, Wherein said gas delivery 
system is comprised of a generally circular body having a 
diameter that is at least approximately the same as a diam 
eter of said Wafer, at least one inlet noZZle, and a plurality of 
outlet noZZles formed in a bottom surface of said generally 
circular body. 

135. The method of claim 130, Wherein said gas delivery 
system is comprised of a generally circular body and a 
plurality of outlet noZZles formed in a top surface of said 
body. 

136. The method of claim 130, Wherein said gas delivery 
system is comprised of a generally circular body and a 
plurality of outlet noZZles formed in a side surface of said 
body. 

137. The method of claim 130, Wherein said gas delivery 
system is comprised of a body having a plurality of angled 
outlets formed in an upper surface of said body. 

138. The method of claim 137, Wherein said angled 
openings are positioned at an angle of approximately 45 
degrees With respect to said upper surface of said body. 

139. The method of claim 130, Wherein said gas delivery 
system is comprised of a manifold and a plurality of distri 
bution pipes coupled to said manifold, each of said distri 
bution pipes having a plurality of openings formed therein. 

140. The method of claim 130, Wherein said gas delivery 
system is comprised of a structure having at least one gas 
inlet and a plurality of gas outlets. 

* * * * * 


