
;e3e/B/RnJ6TB a  GAS DELIVERY METERING TUBE   CROSS REFERENCE TO RELATED
APPLICATIONS This patent application is a continuation-in-part application
of U.S. patent 5 application Serial No. 09/470,446 filed December 22,
1999,which is hereby incorporated by reference. FIELD OF THE INVENTION This
invention relates generally to a gas delivery metering tube for the
delivery of gases. More particularly, the invention relates to nested
axially aligned or co-axial gas 10 delivery metering tubes that promote
substantially uniform distribution of gases. BACKGROUND OF THE INVENTION
The delivery of gases is an important aspect in a great variety of
industries. For example, in the field of semiconductor processing or
manufacturing, the delivery of gases plays a critical role. One type of
semiconductor processing is chemical vapor deposition. 15 Chemical vapor
deposition occurs when a stable compound is formed by a thermal reaction or
decomposition of certain gaseous chemicals and such compounds are deposited
on a surface of a substrate. Chemical vapor deposition systems come in many
forms. One apparatus for such a process comprises a conveyorized
atmospheric pressure CVD (APCVD) system which is described in U.S. Patent
4,834,020 and is owned by 20 assignee, and is incorporated herein by
reference. Other types of CVD apparatus may be used, such as
plasma-enhanced CVD (PECVD) systems, and low pressure CVD (LPCVD) systems.
Important components of a semiconductor processing system include a
deposition chamber where deposition occurs, and the injector utilized for
delivering gaseous   2 chemicals to the surface of the substrate in the
deposition chamber. The gases must be distributed over the substrate, so
that the gases react and deposit an acceptable film at the surface of the
substrate. The deposition chamber must be carefully designed to provide a
controlled environment in which deposition can take place. For example, the
chamber 



5 must provide gas confinement, but reduce re-circulation of the gases
which can cause pre reaction of the gases and the deposition of a
non-uniform film. The chamber must provide exhaust means for the
elimination of excess reactants and reaction by-products, yet not disrupt
the flow of gases to the substrate for reaction. Moreover, the temperature
of the chamber and its components must be carefully controlled to avoid
condensation of 10 reactant gases, minimize accumulation of byproduct dust,
and enable cleaning of the system. Additionally, the deposition chamber
should preferably maintain mechanical integrity (such as tolerances)
throughout its operation. All of these factors must be carefully balanced
to provide a proper environment for deposition. A function of the injector
in such a deposition chamber is to distribute the gases 15 to a desired
location in a controlled manner. Controlled distribution of the gases
maximizes the chance of efficient, homogeneous gas phase reactions, in part
by minimizing pre-mixing and prior reaction of the gases. This promotes
production of the proper chemical species that will result in a high
quality film on the substrate. Controlled gas distribution is needed to
make sure the entire film is of a uniform composition. A 20 complete
reaction provides a greater opportunity for a good quality film. If the gas
flow is uncontrolled, the chemical reaction will not be optimal and the
result will likely be a film which is not of uniform composition. When the
film is not of uniform composition, proper functioning of the semiconductor
is impaired. Thus, it is important that an injector design facilitates the
desired flow of the gases in a controlled manner. 25 Gases may be
distributed in other areas of the chamber and/or by components in addition
to the inj ector. For example, inert gases may be conveyed to the chamber
to separate and/or direct deposition gases in a desired manner. Inert and
other gases may be delivered to the chamber to function as dilution and
Garner gases. One such example of the use of gases in such a manner is
found in co-pending US patent application Serial 30 Number 09/185,180, the
entire disclosure of which is hereby incorporated by reference. In the
field of semiconductor fabrications, with device geometries shrinking to
3 <0.2 micrometers comes the increasing demand for film deposition
thickness nonuniformities of <2% range. The prior art for linear gas
distribution systems has not been entirely successful in meeting these
greater requirements. The simplest prior art design is a single tube with a
distribution of holes or orifices along its surface as shown 5 in Fig. 1,
having a tube length of L and a diameter of D, with multiple orifices
having diameter d. Gas is introduced at one end of the tube at a pressure
Pa and an initial velocity Vo. In this design, uniformity will typically be
dependent on pressure. At each orifice, pressure and flow are reduced by
some amount. Assuming the orifice sizes are small compared to the tube
diameter D, and the supply pressure is adequately large, then 10 the
pressure and flow reduction per orifice are small compared to Po and Vo.
Reduction in velocity along the tube is typically accompanied by an
increase in pressure, except for small gas flows. At some distance far from
the gas supply, the pressure in the tube Po will have dropped (as expressed
by: Po - D p). With a single metering tube having orifices of the same
diameter and equally spaced, uniform gas flow is not achieved. A particular
15 shortcoming of the single tube prior art is the difficulty ofproviding
good uniformity over increasing lengths needed to accommodate larger
substrate sizes or diameters. For certain pressures, a given dimensional
relationship between D, d, and L will result in somewhat uniform velocity
vectors (v;) and uniform gas flow by either redistributing these orifices
of same given diameter or by varying the diameters of equally spaced holes.
However, 20 this distribution of orifices will result in optimum flow for a
narrow range of operating conditions, if not just one particular operating
condition. Moreover, such prior art design typically produce films having a
high thickness nonuniformity of about 5 to 10%, depending upon the gas flow
and pressure. Additionally, at low gas flows and low pressures, a higher
flow of gas will emerge from the end nearest the supply as illustrated 25
in Fig. 2. 1n other words, if Po is a relatively low value, the overall
pressure in the tube drops more quickly as a function of the distance from
the gas supply. ~ The overall flow uniformity in this case will be very
poor. In addition, gas flow from such tubes will tend toward increased
directionality ( also referred to as "j etting") as the supply flow and
pressure increase. The gas flow out of the tube is nonuniform and exhibits
linear 30 decrement across its length as shown in Fig. 3a. Alternatively,
gas may be introduced at each end of the tube as shown in Fig. 3b. In both
cases the gas flow is not distributed   4 uniformly which results in
non-uniform deposition across the wafer. An alternative prior art approach
is the use of a single tube of porous material. Again, gas is introduced at
one end of the tube. With this approach the "jetting" issue that
accompanies a tube with holes is minimized. The porosity of the material
will typically 5 determine the achievable backing pressure within the tube,
and hence also the overall 



uniformity along the length of the tube. For example, a screen mesh may be
considered a porous material. For best uniformity, the mesh must offer good
resistance to gas flow to maintain good backing pressure along the full
length of the tube. Typically resistance to flow depends on the overall
open area to tube surface area. Mesh openings are 10 typically of the order
of the thickness of the material or larger (> 0.005 inches). A second
example is a porous ceramic having particle spacings on the order of
micrometers (such materials are used often in filtration devices) and
thicknesses on the order of millimeters. Such materials could offer
resistance to gas flow to enable build up of uniform backing pressure, and
good uniformity of delivered gas along the full length of the delivery
line. 15 Though porous ceramic tubes can provide good uniformity of gas
delivery, the material itself is quite fragile, and seals to the gas supply
lines that can also withstand a wide range of temperatures are difficult to
make. A third alternative is to taper the tube diameter as a function of
distance from the supply so that the fluid velocity is kept constant while
the mass rate of flow decreases. 20 The main drawback to this approach is
that a design optimized for uniform flow at one flow rate will not work
correctly at another flow rate. The biggest weakness of the prior art using
single perforated or porous tubes is that they show relatively high
sensitivity to changes in pressure, resulting in nonuniform flow as a
fiinction of position along the length of the delivery tube. Further, as
shown in 25 Fig. 4, non-uniform flow is a strong function of the gas
flowrate, and as different applications and process conditions call for
different gas flow rates, it becomes increasingly complicated to design and
develop processes that provide uniform film deposition. The plots
illustrated in Figure 4 represent a range of gas flow conditions and
geometries typical of CVD applications, having Reynolds numbers
100<Re<2000. 30 Moreover, as wafer diameters increase, the film
non-uniformities are often exacerbated with increasing length of the gas
delivery tube.   5 Changes in pressure may be imposed deliberately by a
user, but often times occur due to fluctuations in the facilities gas
delivery system to the CVD system. Thus, with the prior art, changes in gas
pressure will influence the uniformity of gas delivery within the injector
and/or deposition chamber, which then influences the resulting film
uniformity 5 or composition on the substrates. In other words, with prior
art systems the gas delivery apparatus may be useful for only one operating
condition. Accordingly, it is desirable to provide a gas delivery system
that promotes substantially uniform flow and/or distribution of gases,
particularly along a length which is impervious to fluctuations in the
delivery system, and over a wide operational range of gas flows. 10 SUMMARY
OF THE INVENTION It is an object of the present invention to provide an
improved gas delivery metering tube for delivery of gases, and more
particularly to provide substantially uniform gas delivery along the length
of a gas delivery tube having gas supplied at one end. These and other
objects are achieved by a gas delivery metering tube having a combination
of 15 nested, axially aligned or co-axial metering tubes wherein an
innermost tube receives a gas and establishes substantially uniform backing
pressure over the length of the innermost tube and an outermost tube
provides uniform flow distribution of the gases out through the gas
delivery tube. In another aspect of the invention, a gas delivery metering
tube is provided in combination with at least one injector assembly having
at least one 20 port for receiving the gas delivery meterin~~the-,,ln yet
another aspect of the invention, 



a gas delivery metering tube is provided in combination with a shield
assembly having at least one plenum for receiving the gas delivery metering
tube. Th gas delivery metering tube is particularly suitable for use in
semiconductor applications. In another aspect of the present invention, a
gas delivery metering tube for 25 delivering a gas is provide, comprising
an outer tube having an inlet end and a closed end, and one or more arrays
of orifices formed in the outer tube that extending along the substantial
length of the outer tube. An inner tube having open inlet and outlet ends,
is nested and axially aligned inside of the outer tube forming an effecting
annular space between the inner and outer tube. The outlet end of the inner
tube terminates prior to the 30 closed end of the outer tube. A gas flow
divider is positioned adjacent the inlet ends of the ituler and outer tubes
and has a first gas flow path coupled to the inner tube and a   6 second
gas flow path coupled to the annular space between the inner and outer
tubes. BRIEF DESCRIPTION OF THE DRAWINGS Other objects and advantages of
the invention become apparent upon reading of the detailed description of
the invention and the appended claims provided below, and upon reference to
the drawings, in which: Figure 1 is a cross-sectional view of gas flows in
a single tube used in the prior art. Figure 2 is a cross-sectional view of
gas flows in a single tube used in the prior art when the pressure is low.
Figure 3a and 3b are schematic representations of the gas flow
non-uniformities 10 of the prior art. Figure 4 is a graph illustrating the
gas flow distribution along the length of various types of tubes (prior
art). Figure 5 is a cross-sectional view of the gas delivery tube of the
present invention. Figures 6a and 6b are cross-sectional end views of the
gas delivery tube according 15 to two embodiments of the present invention.
Figure 7 is a cross sectional view of one example of a CVD deposition
chamber showing a protective shield and an inj ector which may employ the
gas delivery tube of the present invention. Figure 8 is a cross sectional
view of one example of an inj ector which may employ 20 the gas delivery
tube of the present invention. 



Figure 9 is an exploded view of another embodiment of the gas metering tube
of the present invention. Figure 10 is a partial side view showing both
ends of one example of the gas metering tube of the present invention. 25
Figures 11 a, 11 b, and 11 c are partial cross sectional views of the ends
of one example of the gas metering tube of the present invention with
detail views of the internal construction at each end of the tube. Figures
12a and 12b show cross sectional side and end views, respectively, of one
example of a gas flow divider used in the gas metering tube of the present
invention. 30 Figures 13 a and 13b show cross sectional side and end views,
respectively, of one example of a spacer or standoff used in the gas
metering tube of the present invention.   7 Figures 14a and 14b are
perspective and side cross sectional views, respectively, of one example of
a gas supply port which may be employed with the gas metering tube of the
present invention. DETAILED DESCRIPTION 5 Ofparticular advantage, the
present invention provides a gas distribution tube that meters the gas
distribution along a length, in particular the length of the tube, and
makes the resulting gas distribution from the tube less sensitive to
pressure changes over a wide range of operating conditions or gas flow
ranges, and addresses the shortcomings of the prior art. The present
invention consists of a gas delivery tube having a tube assembly of 10 two
or more nested, axially aligned or coaxial tubes with the innermost tube
preferably attached to a gas supply, and with both the inner and outer
tubes having one or more arrays of orifices distributed along the lengths
of the innermost and outermost tubes. For purposes of discussion, a gas
delivery tube 10 comprised of two axially aligned, nested tubes having
circular cross section shall be discussed, however other numbers of tubes
can 15 be used such as three nested or more coaxial tubes. The length of
gas delivery tube to be used to process semiconductor substrates is
typically several centimeters longer than the width or diameter of the
substrate. One embodiment of the invention is shown with reference Figures
5 and 6a. Figure 5 is a schematic drawing of a gas delivery tube 10
comprised of a two tube 20 assembly having coaxial inner 12 and outer 14
tubes separated by an annular space 15. Each tube has two ends. The inner
tube 12 has one end 13 attached to the gas supply and the other end 17 is
capped. One or more arrays of orifices 16 are distributed along the
substantial length of the inner tube 12, and are positioned and sized to
establish a uniform backing pressure along the full length of the inner
tube 12, and still provide sufficient gas 25 flow out of the inner tube 12
into the annular space 15. The outer tube 14 contains an array of orifices
18 distributed along its substantial length. The one ~or more arrays of
orifices 18 are positioned and sized to maintain a uniform backing pressure
within the amiular space, and to provide uniform gas flow out of the outer
tube 14 and into the area adjacent the outer tube 14. Preferably, the outer
tube 14 is capped at both ends; however, 30 in an alternative embodiment
the outer tube may also receive a gas supply. Preferably, the line of inner
orifices 16 are rotationally offset 180 degxees from the line array of
outer   8 orifices 18 as shown in Figure 5 and 6a. However, any rotational
alignment and liner alignment between these arrays can be used. The
preferred embodiment aligns the inner array of orifices 180 from the outer
array of orifices. While the gas delivery tube 10 has been described having
two axially aligned 5 nested tubes, additional tubes may be used. For
example, the gas delivery tube 10 may 



be comprised of three, or more, coaxial tubes. Through the use of two or
more nested coaxial tubes, the inventive apparatus reduces the sensitivity
to pressure effects over a wide flow range by first establishing uniform
backing pressure along the length of the inner tube, and then maintaining
and transfernng that uniformity and constancy of 10 pressure to the annular
space between the two tubes over the full length of the tube assembly 10.
The resulting gas outflow from the outer tube can thus be quite uniform.
The present invention thus effectively separates the establishment of
pressure and flow over the length of the tube assembly into two steps. As
discussed above, the prior art having a single tube with an array of
orifices and 15 supplied by gas at one end requires that the gas backing
pressure be equivalent over its full length to provide uniform flow out of
the array of orifices. At low flow conditions, the backing pressure may
fall too Iow, and flows from orifices furthest from the supply may drop
resulting in nonuniform distribution over the length of the tube. In
contrast, according to the present invention, the inner tube 12 of the
present invention is sized in 20 diameter and the array of orifices 16 to
establish uniform backing pressure along its full length In other words,
the relationship between the diameter of the tube and the diameter of the
orifices is important. The orifices 16 are distributed along the
substantial length, and preferably the full length, of the inner tube 12
and are sized and numbered to ensure sufficient resistance to gas flow
outward from the inner tube to build backing pressure 25 within the whole
inner tube's length. Gas flow from the inne'i='tube is evenly distributed
along its length, and feeds the annular space between the inner and
outer-tubes. In Mokhtari et al. ("Flow Uniformity and Pressacre Variation
in Multi-OictletFlow Distribution Pipes," Advances in Analytical,
Experimental and Computational Technologies in Fluids, Structures,
Transients and Natural hazards, ASME, PVP  30 Volume 355, page 113, 1997)
the general relationships among the inner diameter of the ` inner tube 12
(D,n), tube length L, and orifice size (d,~) for establishing uniform flow
along   9 a single tube, are discussed. Further, in Acrivos et al. ("Flow
Distribution in Manifolds," Chemical Engineering Science, Vol.10, pages 112
to 124, Pergamon Press 1959) requires that L/D;~ < 70 while Mokhtari
suggests by example that L/D,~ >S0. In addition, Mokhtari et al show that D
;n/d ;n ~ 10 or more should expect to pro ~ ide good flow uniformity over 5
the full length of the tube. Acrivos suggests that the ratio of total
orifice area (N~d;~2/4) to area of the manifold (~D", 2/4) should not
exceed unity. The prior art thus provide a set of rules to establish
relatively stable backing pressure in a single tube. Specifically, the
following relationships are shown: L/D<70, D/d =>10, and NaPor,/A~we ~ 1,
where N is the number of orifices in the tube, and apor~ is the 10 cross
sectional area of each of these orifices. This prior art is limited to a
single tube arrangement, however, and as discussed above such single tube
arrangements are limited in their performance and do not provide
satisfactory film uniformity. The inventors have discovered that
maintaining the prior art requirements for the inner tube 12 establishes
relatively stable backing pressure (Po - 0p) within the inner tube 15 12.
Further, the inventors have discovered that maintaining substantially
constant gas flow from the orifices 16 of the inner tube feeds into the
annular space 15 between the two tubes, and provides substantially uniform
gas flow over the full length of tubes. According to the present invention,
the pressure uniformity in the annular space between the inner 12 and outer
14 tubes is established by the size of the annular space, and the 20
uniformity of the gas distribution is governed by the distribution of the
orifices 16 of the inner tube 12, but is substantially improved by the
addition of an outer tube 14 and its orifices 18. Thus, according to the
present invention the combination of at least two coaxial tubes establishes
constant and uniform pressure within the annular space 15 between the
innermost 12 and outermost 14 tubes and along the length of such tubes, 



25 resulting in distribution of gases from the outermost tube that can be
very unifornz. The inventors have found that preferably the cross-sectional
area of the annular space 15 between the inner 12 and outer 14 tubes to
that of the inner tube 12 cross sectional area should be approximately
equivalent, but must be at least within a factor of three of each other. In
other words, the effective diameter of the effective annular space 30 Deft,
and the inner diameter of the innermost tube D,n are within a factor of
three of each other, and preferably Des. ~ D,~. In addition, the ratio of
inner surface area of a tube to the   10 total cross-sectional area of all
of the orifices in the tube should be equal to or greater than
approximately 10 and preferably greater than 100. In other words,
SurfaceAreao"te,lNAou~e~ 10 or more. This provides significantly improved
gas flow non-uniformity values, i.e. equal to and less than about 3% range
for the present invention as compared to about 5 S to 10% obtained by the
prior art. The sensitivity of the relationship between gas flow uniformity
to the tube length is much less for the outer tube 14 than it is for the
inner tube 12. In summary, the inventive idea is to establish constant
backing pressure along the length of the gas delivery tube through the
design of the inner tube, and then to maintain 10 a constant pressure and
uniform distribution over the length through the geometric relationship of
the inner and outer tubes, and finally to meter the gas flow through the
outer tube's orifice distribution. The present invention may be used in a
vast number of applications. Two such applications are discussed below. In
one embodiment, the gas delivery metering tube 10 15 of the present
invention is employed with an atmospheric/subatmospheric chemical vapor
deposition system using a linear inj ector arrangement, such as that
illustrated in Figs. 7 or 8. The gas delivery metering tube 10 may be used
within the injector itself (as shown in Figure 8) and/or within shields
that flank the injector (as illustrated in Figure 7). A portion of a CVD
system 20 is shown in Fig. 7. The CVD system 20 includes 20 a deposition
chamber including an inj ector 22, protective shield assembly 24 and a
wafer 26 which is transported by a transport mechanism 30 such as a belt
underneath the inj ector 22 and shield assembly 24 and through a deposition
region 28. Gases are inj ected into the deposition region 28 from the
injector and react to deposit a layer or film on the surface of the wafer.
The shield assembly 24 typically injects an inert gas, such as nitrogen, 25
which aids in minimizing the build up of deposits on the injector surfaces
and also acts to help isolate the deposition region 28. In this embodiment,
the shield assembly 24 is comprised of four sections, two of which flank
the injector 22. An example of this type of CVD system is further described
in US Patent No. 5,849,088, and patent application Serial No. 09/185,180
(Attorney Docket No A-65583-1); the disclosures of both are 30 hereby
incorporated by reference in their entirety. With industry requirements for
film thickness non-uniformities of less than about   11 3% range, it is
important for the shield gas flow flanking the injector to remain stable
over time, and that gas flow on each side of the injector be well-defined
along its own length and also be well-defined with respect to the gas flow
on the side opposite the injector. Deposition gases are delivered
perpendicularly onto a substrate's surface by the 5 linear injector, with
gases exhausted to either side of the injector. More specifically, the
shield assembly's 24 primary purpose is to minimize deposition of unused
material on the inj ector 22 and exhaust path surfaces. The shield assembly
24 consists of several sections with contoured surfaces of perforated
material forming a plenum 25 therein through which an inert gas is
delivered. The inert gas is delivered into the exhaust path and dilutes the
10 unused deposition gas stream and also directs the unused deposition
gases away from the 



exhaust path surfaces. For maximum effectiveness, the inert gas must be
delivered just downstream of the deposition area, and this proximity
requires that the inert gas not perturb the distribution of deposition
gases onto the wafer substrate. In addition, typical APCVD and 15 SACVD
tools require application of heat at the substrate to enable the deposition
gases to react and recombine to form the desired films. The wafer
temperature is typically 500C or more, and thus the surrounding apparatus,
though not directly heated, can also expected to be at elevated
temperatures (several hundreds of degrees C). Thus, it is preferred for the
inert gas to be metered and delivered at uniformities along the length of
20 the shield and the inj ector which are simil~rr~ rh P ,;niformities
required of the deposition gases ( i.e. about< 1%nonuniformity), and its
hardware design must be capable of operation over a wide range of
temperatures. Of particular advantage, the gas delivery tube 10 of the
present invention is well suited for providing such metered gas flow over
the full width of the shield assembly which spans the diameters or widths
of the substrate, 25 and this is particularly advantageous for large
substrate diameter, such as 300 mm wafer. In particular, as shown in Fig.
7, a gas delivery tube 10 of the present' invention may be located in the
plenum 25 of one or more of the shield assembly sections. The gas delivery
tube 10 may be positioned at any desired location within the shield
assembly section, and more than one tube may be placed within each section.
30 Typically, the shield 24 and injector 22 are removed for cleaning with
etchants such as hydrofluoric acid. Thus, it is preferable that the gas
delivery tube 10 also tolerate   12 such cleaning solutions and/or be
easily removable to enable servicing of the shield assembly alone. In
another embodiment, the gas delivery tube 10 may be employed within the inj
ector assembly 22 itself, preferably within a linear inj ector such as the
type described 5 in Patent No. 5,683,516 and patent application Serial no.
09/113,823 (Attorney Docket A-59471-4), the disclosures of which are both
hereby incorporated by reference in their entirety. In general, the
injector 22 consists of multiple cross channels, or ports 32, running the
length of the injector 22, each of which are coupled to common gas delivery
surface 34 by narrow slot like channels 36 , which also extend the length
of the injector 10 22. Gases exit the gas delivery surface 34 to the
deposition region 28, (i.e. a volume) just above the wafer substrate 26.
Preferably, the deposition gases are fed separately to each of the ports
32. The cited disclosures discuss in detail several configurations to
ensure uniform distribution of the deposition gases along the full length
of the injector 22. Of particular advantage the gas delivery tube 10 of the
present invention is well suited as a 15 gas delivery device that may be
inserted into one or more of the plenums 32 of the inj ector 22 to provide
desired uniform and/or metered gas flow. Typically non-uniformities of the
film thickness using the prior art are close to about 2% range, although
this may vary upwards of 4% to 5% film thickness nonuniformity depending on
the type of process chemistries used and the CVD conditions. 20 The present
invention provides improvements to the prior art through further
improvement of the uniformity of gas distribution, resulting in film
nonuniformities of equal to and less than about 2% range demonstrated, a
substantial improvement over the prior art. Of particular advantage, the
present invention provides means to "meter" the gas 25 flow to ensure
substantially uniform distribution over the length of the gas delivery
system. For the shield application, the gas flow rates are typically on~the
order of a few standard liters per minute (slm) to about 30 slm per tube,
while for the injector application the gas flow rates are preferably on the
order of a few slm to about 20 slm. In the shield application, the inert
gas is delivered into a relatively unconfined volume behind the 30 shield
screen, while in the injector application, the cross proximity of the
plenum and channel slot help to modulate the gas distribution and to direct
the flow.   



13 The geometry of the linear injector, shield and substrate arrangement
requires that gas be introduced at one end of the delivery tube. Prior art
for linear gas distribution systems includes several approaches that have
not been successful in certain APCVD systems, particularly those for
substrates that are z 200 mm wide. The simplest type of design is a single
tube with a distribution of orifices along its surface as shown in Figures
1 and 2 and discussed above. For the case where the gas delivery metering
tube of the present invention is used in the shield application, it is
undesirable for the gas flow to "j et" from the inert gas delivery
assembly, but rather should emerge azimuthally uniformly from the tube. For
10 this case, according to an alternative embodiment of the present
invention, the outer tube orifice distribution pattern may be several
arrays or rows of small holes along the length of the tube and azimuthally
distributed (Figure 6b). For the case of the injector application
illustrated in Fig. 8, the injector cross channel or port itself forms a
boundary around the inventive assembly and can modulate 15 the gas
direction before it flows through the slot channels to the mixing chamber.
Hence, the rules governing the outer tube orifice distribution pattern may
be less restrictive in the inj ector application than that of the shield
application, and may consist of a few rows and perhaps longer pitch along
the tube length. Utilizing the gas delivery metering tube of the present
invention promotes greater uniform gas flow in both the shield and injector
20 applications. While two specific examples have been discussed, it should
be understood that the gas delivery metering tube of the present invention
may be employed alone and additionally is suitable in many applications
where substantially uniform gas delivery is desirable, such as for example
in all CVD applications, semiconductor equipment and the like. 25
EXPERIMENTAL Several examples are provided below for illustration purposes
only, and are not intended to limit the invention. The parameters of the
various examples are shown in Table 1: Table 1 30 ~ ~ Inner Outer Tube tube
14 5 Case# rows# holesholeIDOD# rows# holesholeIDODperdiaper
rowdiarowA1@390.0I4O.1140.134515600140.1860.25238BL390.0100 I I40.1346l560
0l40.l860.25CorousD1390.00950.1360.l561770 01380.26l0 281El390
00950.1360.15633 OG x0.2610.281.005 Illustrative Examples: 



Example 1: The following demonstrates the viability of the design
parameters shown 10 in Case A of Table 1, used for a metering tube placed
within a protective shield similar to that illustrated in Figure 7. Backing
pressure is approximately 200Torr Gas Flow: 5 to 301/min per tube Inner
tube length (first hole to last hole) ~ 9.26 inches 15 Outer tube length
(first hole to last hole) ~ 9.7 inches The inner tube dimensions are shown
in Table 1 (inner diameter, B7, equal to 0.114 inch, and outer diameter,
OD, equal to 0. I 34 inch), while the outer tube dimensions are ID = 0, l
86 inch and OD = 0.250 inch. The effective diameter, Defe, for the annulus
between inner and outer tubes can be 20 determined by: D 2 _ e.~ ( ) Aouter
``itnner-~ 2 1 %a 2 `4outer-Ainner =D (2) 2(R titer-R nner)~l-De"~ (3~   15
5 where Aou~er is the cross-sectional area of the outer tube, A~nner is the
cross sectional area of the inner tube, having diameters outer and OD~nner~
respectively, and Deee is the effective diameter of the annulus between the
inner and outer tubes. Thus, solving Equation 3 for the conditions provided
above yields: = 2 x [(.186/2)z - (.134/2)z] `~2 = 0.129 inches = Deer Of
interest is a comparison between the cross sectional area of the tube and
the 10 15 sum of the cross sectional areas of the tube's orifices. For the
inner tube, the cross sectional area is n(ID;"ne,/2)z = (.114/2)z =
0.00325n, while each orifice's cross sectional area is ~t(.007)z =
0.000049n. For the inner tube design we are interested in the value of
three conditions as described in the prior art of Mohktari and Acrivos. The
three conditions are (a) the ratio of the length of the tube to its
diameter, (b) the ratio of the diameter of the tube to the port diameter,
and (c) the ratio of the sum of a11 the orifice areas to the cross
sectional area of the tube. Specifically: L/D <70 (4a) D/d ~ > 10 (4b)
N~oaAbe ~ ~1 . ( The values calculated above for the inner tube design in
Case A of the Table 1 20 



yield: (a) Inner tube L/D = 9.26I0.114 - 81 (b) Inner tube D/d =
0.114/0.014 = 8-11 (c) The ratio of total number of orifices to cross
sectional area inner tube: 39 x (0.000049)~t/(0.00325n) = 0-66 Comparing
the calculated values of the proposed design with the design guidelines 25
of the prior art (Equations 4a, 4b, 4c) show that the proposed design for
the inner tube of Case A approximately meets the conditions for uniform
flow, and it is noted that the design results are on the high side of
Condition 4a. According to the present invention, the design criteria for
the outer tube are: Deee ~ D~~ (or at least within a factor of 3 of each
other) (5a) 30 Surface Areao~te,lNAo~,er ~ 10 or more (Sb) where D,~ is the
inner diameter of the innermost tube, SurfaceAreaou~er is the surface area
16 of the outermost tube and NAo~,e~ is the total cross sectional area of
all the orifices in the outermost tube. The design values of Case A of
Table 1 for the outer tube yield: (a) Dere = 0.129 ~ 0.114 = D", 5 (b)
Surface area to cross sectional port area = (9.7)rt(.186)/(156x 5 x .007z0
= 47 and the design criteria are thus met. Example 2: The following
demonstrates the viability of the design parameters shown in Case D of
Table 1, used for a metering tube within an injector assembly (as
illustrated in Figure 7). 10 Backing pressure is approximately 200 Torr.
Gas flow: 2 to 20 l/min per tube. Inner tube length (first hole to last
hole) ~ 9.27 inches The inner tube and outer tube inner/outer diameter
dimensions are given in Case D of Table 1. The various key design values
can be calculated using the equations and 



15 process described in Example 1 above. Specifically, Derr for annulus
between Inner and Outer tubes = 2 x [(.261/2)z - (.156/2)z]"z = 0.209
inches = D,re Cross sectional area of inner tube = ~t(.136/2)z = 0.00462k
Cross sectional area of inner and outer orifices = n(.0048)2 = 0.000023 20
Using this data, the relationships shown in 4a, 4b, 4c for the inner tube
design of Case D may be computed as: L/D;~ = 9.27/.136 = 68 D,~/d =
.136/.0095 = 14.3 Napo~,/Abe = 39~(.0048)Z/.00462~t = 0.19 25 Comparing the
calculated values of the proposed design with the design guidelines of the
prior art show that the proposed design for the inner tube of Case D
approximately meets the conditions for uniform flow. The proposed outer
tube design for Case D must also be verified against the criteria of
Equations Sa and Sb. For Case D, the first relationship is met; that is,
Deff 30 =.209/.136 = 1.54 which is well within the required factor of 3.
The outer tube of Dr   17 Case D is comprised of 77 holes each having a
diameter of 0.0138 inches. Thus, Equation Sb for an outer tube
approximately 9.7 inch long becomes, 9.p(.261)/(77 x.00692n) _ 690. Example
3: Case E of Table 1 uses the same inner tube design as Case D but has a
set 5 of three narrow slots rather than a linear array of orifices in the
outer tube. The relationships for the outer tube with such a set of slots
according to the present invention are thus: Deff =.209/.136 = 1.54 as
before Din Surface area to cross sectional slot area = 10
(9.7)~(.261)/(3x3.060x.005) = 173 and again the criteria for the outer tube
are met. The annular space between the innermost and outermost tubes is an
effective annular space. In other words the annular space is the area
between the innermost and outermost tubes irrespective of the shape of the
tubes since the tubes can be of a variety 15 of shapes (in addition to a
cylindrical shape). As described above and demonstrated by the
aforementioned experiments, the gas delivery metering tube of the present
invention provides substantially uniform gas flow along a given length,
irrespective of diameter size or length, by creating a means to 



L " `._Y establish constant backing pressure independently from
establishing uniform flow along 20 the tube length. As shown, the annular
cross sectional volume is important to achieving the desired flow rate and
uniformity. Ofparticular advantage, it is found that the wall size of the
tubes is not important in achieving the desired result, provided that the
aspect ratio (i.e. the hole-to-wall thickness) is z 1; nor is the supply
gas feed, provided the supply gas feed does not constrict the gas flow. 25
Of further advantage, the axially aligned, nested tubes can be of different
shapes. For example, the nested tubes can be comprised of two axially
aligned, rectangular tubes, as opposed to the cylindrical tubes shown in
the figures. Moreover, the gas delivery metering tubes of the present
invention can be configured to provide the "j etting" type gas flow when
desired, or alternatively can be configured for the absence of jetting.
18 New Embodiment An alternative embodiment of the present invention is
illustrated in Figures 9 to 14. Figure 9 is an exploded diagram of a gas
delivery metering tube 10 comprising a twotube assembly having nested,
coaxial inner 12 and outer 14 tubes separated by an annular 5 space 15. The
outer tube 14 is closed at one end by an end cap 35 while the opposite
inlet end 37 of the outer tube is attached to a gas supply port 50. The
outer tube 14 contains at least one array of orifices 18 distributed along
its substantial length as shown for example in Figures 9 and 10. The inner
tube 12 has open inlet 13 and outlet 17 ends, and is nested inside the
outer tube 14. The inner tube 12 does not contain an array of orifices. 10
The outlet end 17 of the inner tube I2 does not contact the inner surface
of the end cap 35; but rather, as shown in Figures 1 I a and 11 c, it
terminates some distance from the end cap 35 so that gas may flow out of
the outlet end 17 of the inner tube 12 and into the annular space 15. The
exact distance of separation from the outlet end 17 of the inner tube 12 to
the inner surface of the end cap 35 is not a crucial parameter in the
operation 15 of the metering tube. Distances in the range of approximately
0.1 inch to 0.25 inch are expected to work acceptably. In a specific
embodiment of the invention, a separation distance of 0.135 inch was used.
This provides an advantage of supplying gas to opposite ends of the gas
delivery metering tube 10 while employing only a single gas supply port at
only one end. 20 To convey gas to opposite ends of the gas delivery
metering tube 10 while using only a single gas supply port 50, the present
invention provides a gas flow divider 38 positioned adjacent the inlet ends
of the inner and outer tubes. The gas flow divider 38 has a first gas flow
path coupled to the inner tube 12 and a second gas flow path coupled to the
annular space 15 between the inner and outer tubes. More specifically, the
gas flow 25 divider 38 is disposed proximate to the inlet end 37 of the
outer tube 14 opposite the end cap 35 and aligned along the transverse axis
approximately even with the inlet end 13 of the inner tube 12. The gas flow
divider 38, an example of which is shown in Figures 12a and 12b, is
comprised of a disk 41 having a plurality of small orifices 42 formed there
through and a center orifice 44. The central orifice 44 has diameter
approximately equal 30 to the outer diameter of the inner tube 12, and is
positioned adjacent the inlet end 13 of the inner tube and along the
transverse centerline of the inner tube to provide a first gas   I9 flow
path into the inner tube 12. The plurality of small orifices 42 are
preferably placed around the circumference of the disk 41 and provide a
second gas flow path into the annular space 15. Alternatively, the gas flow
divider 38 may be formed as a flange on the inlet end 13 of the inner tube
I2, and having a lip with the plurality of orifices 42 formed 5 there
through. In another alternative embodiment the gas flow divider 38 may be
formed as part of the gas supply port 50. The diameter of the center
orifice 44 and the plurality of orifices 42 are not particularly limited;
however, preferably, the total sum of the cross sectional area of the
plurality of orifices 42 is preferably substantially equivalent to the
cross sectional area of 10 the inside of the inner tube 12. Moreover, the
plurality of orifices 42 may a11 have the same diameter, alternatively the
diameter of a11 of the orifices 42 may differ. In one example, the diameter
of the orifices 42 are in the range of about 0.015 inch to 0.025 inch and
the inner diameter of the inner tube 12 is in the range of about 0.065 inch
to 0.075 inch. 15 The inner tube 12 is supported axially within the outer
tube 14, at least in part, by one or more standoff spacers 40. Standoff
spacers 40 are provided to axially center the inner tube 12 inside the
outer tube 14. One example of a standoff spacer 40 is shown in figures 13a
and 13b and is comprised of a thin sheet having one or more
standoffportions 43 and a central hole 46. The central hole 46 has a
diameter just slightly larger than the 20 outer diameter of the inner tube
12. Inner tube 12 is inserted axially into hole 46 and the 



standoff portions 43 engage the inner wall of the outer tube. One or more
standoff spacers 40 may be positioned along the length of the inner tube.
Preferably, one standoff spacer is located adjacent the outlet end 17 of
the inner tube. The standoff portions 43 are preferably formed of a shape
to substantially minimize obstruction of the annular space 25 15. As
described above, of particular advantage the present invention provides
delivery of gas at opposite ends within the gas delivery metering tube 10
while using only a single gas supply inlet at only one end of the tube 10.
Gas is supplied by a single gas supply port 50, shown for example in
Figures 14a and 14b. The gas supply port 50 is 30 disposed at one end of
the metering tube 10 and is comprised of a single unit block 48 having a
hollowed volume or pocket 49 formed therein, gas supply connector 62 and
20 hollow tube stub 64. A cover or cap 99 is welded onto the pocket to
enclose the gas path. Attached to gas supply connector 62 is appropriate
plumbing (not shown) to convey gas from a gas supply through the pocket 49
and out through the hollow tube assembly 64. The hollow tube stub 64 is
coupled to the gas delivery metering tube 10. The outer tube S 14 includes
the adapter 66 at one end. The adapter 66 joins the outer tube 14 to the
larger diameter tube stub 64. In one exemplary embodiment, the flow divider
38 is positioned between the tube stub 64 and the adapter 66, and all three
components are welded together. In this embodiment the adapter 66 functions
in effect as an extension of outer tube 14 such that substantially no flow
disruptions exist as gas travels through the flow 10 divider 38 and into
the annular space 15. During operation, gas is conveyed from the gas supply
and into the pocket 49 via the connector 62. Gas travels through the pocket
49, out through the hollow tube stub 64, and into the gas delivery metering
tube 10 as shown for example in figures 11a and 11b . As gas approaches the
tube 10 it is conveyed through the gas flow divider 38, and is 15 split
between the first flow path provided by the center orifice 44 and the
second flow path provided by the plurality of small orifices 42. Gas that
is divided by the center orifice 44 enters the inner tube 12, and the gas
divided by the plurality of small orifices 42 enters the annular space 15.
By keeping the cross sectional areas of these two paths about equal,
approximately equal volumetric gas flow rates are provided in the two gas
flow paths. 20 Because the inner tube 12 has no orifices along its length,
the gas exits the inner tube at its outlet end, and enters the annual space
15 at end opposite of the inlet end. In other words, gas from the inner
tube enters the annular space 15 at the opposite end of where gas enters
the annular space 15 through plurality of orifices 42. Thus, gas is
conveyed to both ends of the gas delivery metering tube 10, while employing
a single gas supply port 25 connected to only one end of the gas delivery
metering tube 10. In the exemplary embodiment shown in Figs. 9 to 14, the
array of orifices 18 in the metering tube are of substantially the same
size and spaced equal-distance; however, alternative embodiments may also
be used without departing from the scope of the invention. For example, the
pitch of the orifices 18 may vary to provide a desired gas 30 flow pattern.
In another example, the diameter of the individual orifices may vary in
size to tailor the gas flow pattern. The orifices 18 may be formed by any
suitable technique.   21 For example the orifices 18 may be formed as pop
through holes. Alternatively, the orifices may be formed in a material,
preferably a material suitable for close tolerance machining such as ruby,
and then such orifice is seated into a pop through hole. Other features and
advantages of the present invention may be apparent to a person 5 of skill
in the art who studies the present invention disclosure. The foregoing
description of specific embodiments and examples of the invention have been
presented for the purpose of illustration and description, and although the
invention has been illustrated by certain of the preceding examples, it is
not to be construed as being limited thereby. They are not intended to be
exhaustive or to limit the invention to the precise forms disclosed, 10 and
obviously many modifications, embodiments, and variations are possible in
light of the above teaching. It is intended that the scope of the invention
encompass the generic area as herein disclosed, and by the claims appended
hereto and their equivalents.  



22 WHAT IS CLAIMED IS: 1. A gas delivery metering tube for delivering a
gas, comprising: an outer tube having an inlet end and a closed end, and
one or more arrays of orifices formed in said outer tube and extending
along the substantial length of said outer tube; an inner tube having open
inlet and outlet ends, said inner tube being nested and axially aligned
inside of said outer tube forming an effective annular space there between,
and wherein said outlet end of said inner tube terminates prior to the
closed end of said outer tube; and 10 a gas flow divider positioned
adjacent the inlet ends of the inner and outer tubes and having a first gas
flow path coupled to said inner tube and a second gas flow path coupled to
the annular space between the inner and outer tubes. 2. The gas delivery
metering tube of claim 1 wherein the gas flow divider 15 comprises a disk
having a central orifice forming said first gas flow path and a plurality
of small orifices forming said second gas flow path. 3. The gas delivery
metering tube of claim 1 wherein the gas flow divider comprises a flange on
the inlet end of said inner tube, said flange having a lip containing 20 a
plurality of small orifices forming said second gas flow path. 4. The gas
delivery metering tube of claim 2 or 3 wherein the cross sectional area of
the inside of said inner tube is approximately equal to the total cross
sectional area of said plurality of small orifices in said flow divider. 25
5. The gas delivery metering tube of claim 1 further comprising a single
gas supply port coupled to the inlet end of said inner and outer tube for
supplying gas to said metering tube. 30 6. The gas delivery metering tube
of claim 5 wherein said gas supply port comprises a block having a pocket
formed therein, said pocket being sealed with a cover  



23 to create a confined passage, and a gas supply connector coupled to said
pocket for receiving a gas and a hollow tube assembly coupled to said
pocket and said inlet end of the inner and outer tubes for conveying the
gas. 5 7. The gas metering tube of claim 1 wherein one or more standoff
spacers are attached to said inner tube to axially align the inner tube
inside said outer tube. 8. The gas delivery metering tube of claim 1
wherein said metering tube is used in a chemical vapor deposition system.
10 9. In combination, the gas delivery metering tube of claim 1 and at
least one injector assembly having at least one port for receiving said gas
delivery metering tube. 10. In combination, the gas delivery metering tube
of claim 1 and at least one 1 S shield assembly having at least one plenum
for receiving said gas delivery metering tube. 11. A gas delivery metering
tube for delivering a gas, comprising: an outer tube having an inlet end
and a closed end, and one or more arrays of orifices formed in said outer
tube and extending along the substantial length of said outer 20 tube; ~
--_ , .r... an inner tube having open inlet and outlet ends, said inner
tube being nested and axially aligned inside of said outer tube forming an
effective annular space there between, and wherein said outlet end of said
inner tube terminates prior to the closed end of said outer tube; , 25 a
gas flow divider positioned adj acent the inlet ends of the inner and outer
tubes and having a first gas flow path coupled to said inner tube and a
second gas flow path coupled to the annular space between the inner and
outer tubes; and a single gas supply port coupled to the inlet end of said
inner and outer tube for supplying gas to said metering tube, wherein said
gas flow divider conveys gas to opposite 30 ends of said metering tube
while said single gas supply port is connected to only one end.   



24 ' 12. The gas delivery metering tube of claim 11 wherein the gas flow
divider . comprises a disk having a central orifice forming said first gas
flow path and a plurality of small orifices forming said second gas flow
path. 5 13. The gas delivery metering tube of claim 11 wherein the gas flow
divider comprises a flange on the inlet end of said inner tube, said flange
having a lip containing a plurality of small orifices forming said second
gas flow path. 14. The gas delivery metering tube of claim 11 wherein said
gas supply port 10 comprises a block having a pocket formed therein, said
pocket being sealed with a cover to create a confined passage, and a gas
supply connector coupled to said pocket for receiving a gas, and a hollow
tube assembly coupled to said pocket and said inlet end of the inner and
outer tubes for conveying the gas.
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