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20 atmospheric pressure CVD (APCVD) system which is described in U.S. Patent 4,834,020 and is
owned by assignee, and is incorporated herein by reference. Other types of CVD apparatus may be
used, such as plasma-cnhanced 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 chemicals to the surface

25 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 carcfully designed to provide a controlled environment in which deposition can

‘take place. For example, the chamber must provide gas confinement, but reduce recirculation of the

gases which can cause pre reaction of the gases and the deposition of a non-uniform film. The

30 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
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ihtegrity (such as tolerances) throughout its operation. Al of these
factors nust be carefully balanced to provide a 5 proper environnent for
deposition. A function of the inject@ in such a deposition chanber is to
distribute the gases to a desired location in a controlled nmanner.
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or example, inert gases may be conveyeg fto R'e cWa:%Qer 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 carrier gases. One such example of the use of gases in such a manner is

20 found in co-pending US patent application Serial 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 <0.2
micrometers comes the increasing demand for film deposition thickness nonuniformities of <2%
range. The prio.r art for linear gas distribution systems has not been entirely successful in meeting

25 these greater requirements. The simplest prior art design is a single tube with a distribution of holes
or orifices along its surface as shown 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 P, and
an initial velocity V.. In this design, uniformity will typically be dependent on pressure. At each




multiple orifices having dianeter d. Gas is introduced at one end of the
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directionality ( also referred to as “jetting™) as the supply flow and pressure increase. The gas flow

20 out of the tube is nonuniform and exhibits linear decrement across its length as shown in Fig. 3a.
Altemnatively, gas may be introduced at each end of the tube as shown in Fig. 3b. In both cases the
gas flow is not distributed uniformly which results in non-uniform deposition across the wafer.

An alternative prior art approach is the use of a singie tube of porous material. Again, gas
is introduced at one end of the tube. With this approach the “jetting™ issue that accompanies a tube

25 with holes is minimized. The porosity of the material will typically determine the achievable
backing pressure within the tube, and hence also the overzll 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
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fl ow depends on the overall open area to tube surface area. Mesh openings
are typically of the order of the thickness of the material or |arger (>
0.005 inches). A second exanple is a porous ceram c having particle
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of position zlong the length of the delivery tube. Further, as shown in 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 aﬁd develop processes that
provide uniform film deposition. The plots illustrated in Figure 4 represent a range of gas flow
20 conditions and geometries typical of CVD applications, having Reynolds numbers 100<R <2000.
Moreover, as waf& diameters increase, the film non-unifonmities are often exacerbated with
increasing length of the gas delivery tube. ‘ )
Changes in pressure may be imposed deliberately by a user, but ofien times occur due to
fluctuations in the facilities gas delivery system to the CVD system. Thus, with the prior art,
25 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 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 1o provide a gas delivery system that promotes
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gas flows in a single tube used in the prior "art when the
for use in semiconductor applications.

BRIEF DESCRIPTI E DRAWIN:
Other objects and advantages of the invention become apparent upon reading of the detailed i
20 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.

25 Figure 3a and 3b are schematic representations of the gas flow non-uniformities of the prior

Figure 4 is a graph illustrating the gas flow distribution along the length of various types of
tubes (prior art).




pressure is low. 25 Figure 3a and 3b are schematic representations of the
gas flow non-unifornities of the prior art. Figure 4 is a graph
“iklustrating the gas flow distribution along the | ength of variOZQQ@Jﬁm@ of
t ubes (prior art). 22 OCT 2003 6 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 to two

enbodi ments of the-present invention. Figure 7 is a cross sectional view
of one exanple of a CVD deposition chgnber .showing a 5 protective shield
and an injector which may enploy the gas delivery tube of the present

i nvention. FigugS R a&rdss-sectiféﬁﬂsﬁcﬁ%ﬁﬂc%ﬁﬁécwb%wwﬁ@pr@%ﬁmb&t{% an

i nj ector which may gas delivery tube of the present invention.
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suppl ydelysy (bt of Bepreseménvedtitfe  and outer tubes having one or nore arrays
of orifices distributed along the | engths of the innernbst and outernost
tubes. For purposes of discussion, a gas delivery tube 10 conprised of two
axially aligned, nested tuchross section shall be
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15 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 c;f two axially
aligned, nested tubes having circular cross section shall be discussed, however other numbers of
tubes can be used such as three nested or more coaxial tubes. The length of gas delivery tube to be

20 used to process scmxconductor substrates is typically several centimeters longer than the width or
diameter of the substrate.

One embodiment of the invention is shown with reference to Figures 5 and 6a. Figure 5 is

a schematic drawing of a gas delivery tube 10 comprised of a two tube assembly having coaxial

inner 12 and outer 14 tubes separated by an annular space 15. Each tube has two ends. The inner

25 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 flow out of the inner tube. 12 into the annular space 15. The




I nner 12 and outer 14 tubes separated by an annul ar space 15. Each tube has
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the inner tube .12 into the annular space 15. The 2 2 O C T 2003 7 outer
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mai ntain a uni form backing pressure within the annular space, and to
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As discussed above, the prior art having a single tube with an array of orifices and supplied

by gas at one end requires that the gas backing pressure be equivalent over its full length to provide
20 uniform flow out of the array of orifices. At low flow conditions, the backing pressure may fall too
low, 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 diameter and the amray of orifices 16 to establish uniform backing
pressure along its full length In other words, the relaﬁonship between the diameter of the tube and
25 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 within the whole inner
tube’s length. Gas flow from the inner tube is evenly distributed along its length, and feeds the




present invention is sized in dianmeter and the array of orifices 16 to
éstabli sh uni form backing pressure along its full length In other words,
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t.he orifices is inportant. The orifices 16 are distributed along t
substantial length, and preferably the full length, of the inner tube 12
and are sized and nunbered to ensure sufficient resistance to gas flow
outward fromthe inner tube to build backing pressure within the whole
inner tube's length. Gas flow from 8he inner tube is evenly distributed
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annul anifgpagye 15 between the two tubes, and provides substantially
The inventors have discovered that maintaining the prior art requirements for the inner tube -
12 establishes relatively stable backing pressure (P, - Ap) within the inner tube 12. Further, the
20 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 uxiiformity of the gas distribution is governed by the distribution of the
25 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, resulting in distribution of gases from the




uniformgas flow over the full length of tubes. According to the present
I-nvention, the pressure uniformty in the annul ar space between the I nner
12 and outer 14 tubes is established by the size of the annul ar, ﬁﬂ and
the uniformty of the gas distribution is governed by the distri 1’0 %
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the addition of an outer tube 14 and |ts orifices 18. Thus, according to
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are discussed below. In one embodiment, the gas delivery metering tube 10 of the present invention
is employed with an atmospheric/subatmospheric chemical vapor deposition system using a linear
20 . injector 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 inFig. 7. The CVD system 20 includes a deposition
chamber including an injector 22, protective shield assembly 24 and a wafer 26 which is transported
25. . by atransport mechanism 30 such as a belt undemeath the injector 22 and shield assembly 24 and
through a deposition region 28. Gases are injected 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, which aids in minimizing the buiid up of deposits on the




be used wthin 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 i ncl udes aZSélEdsﬁUMi on
chanber including an injector 22, protective shield assenbly 24 aMd a wafer
26 which is transported 25r by a transport nechani sm 30 such as a belt
underneath the injector 22 and shield assenbly 24 and through a deposition
region 28. Gases are injected into the deposition region 28 fromthe
i njector and react to deposit a |ayengor filmon the surface of the wafer.
The shield assenbly 24 typically injects an inert gas, such as nitrogen,
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the distribution of deposition gases onto. the wafer substraté. In

addi t i SHAUARI WA\ D and SACVD tool s require . :
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 SACVD tools require
20 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 S00°C or more, and thus the surrounding
apparatus, though not directiy 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
unifomlitics along the length of the shield and the injector whiéh are similar to the uniformities
25 required of the deposition gases ( ie. 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 mct&ed gas flow over the full
width of the shield assembly which spans the diameters or widths of the substrate, and this is




20 application of heat at the substrate to enable the deposition gases to
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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 gas delivery
20 device that niay be inserted into one or more of the plenums 32 of the injector 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% l
range, although this ma.y vary upwards of 4% to 5% film thickness non-uniformity depending on the
type of proceés chemistries used and the CVD conditions. The present invention provides

25  improvements o 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
substantia] improvement over the prior art.

Of particular advantage, the present invention provides means to “meter” the gas flow to
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several arrays or rows of small holes along the length of the tube and azimuthally distributed (Fi lgure
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 the gas direction before it

20 flows through the slot channels to the mixing chamber. Hence, the rules goveming the outer tube
orifice distribution pattern may be less restrictive in the injector 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 applications. While two specific examples have been discussed, it should be
25 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 ali CVD applications, semiconductor equipment and the like.
EXPERIMENTAL
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Illustrative Examples: o
Example 1: The following demonstrates the viability of the design parameters shown in Case A

of Table 1, used for a metering tube placed within a protective shield similar to that illustrated in
15 Figure 7.

Backing pressure is approximately 200Torr

Gas Flow: 5 to 30 V/min per tube

Inner tube length (first hole to last hole) = 9.26 inches

Quter tube length (first-hole to last hole) = 9.7 inches
20 The inner tube dimensions are shown in Table 1 (inner diameter, ID, equal to 0.114 inch, and

outer diameter, OD, equal to 0,134 inch), while the outer tube dimensions are ID = 0.186 inch and

OD = 0.250 inch.

The effective diameter, D, for the annulus between inner and outer tubes can be determined

by:

2
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outer

25




.005 Illustrative Exanples: Exammle 1: The foll ow ng denonstrates the
viability of the design paranmeters shown in Case A of Table 1, used for a
"metering tube placed within a protective shield simlar to that 20061 288ed
in 15 Figure 7. Backing pressure is approxi mately 200Torr Gas FIow. 5 to
30 Umin per tube Inner tube length (first hole to last hole) = 9.26 inches
Quter tube length (firsthole to last hole) = 9.7 inches 20 The i nner tube
di rensi ons are shown in Table 1(inner dianeter, ID, equal to 0.114 inch,
and outer dianeter, OD, equal to 0.134 inch), while the outer tube

di nensions are ID = 0.186 inch and OD = 0.250 inch. The effective

di amet er, DeherefaQr ik lte: cabw3lsketionBiedrEs ihd sietulse) A, OLik el bR Sedtidfalldgea of

det erm ned by: (ﬁ_25_23 OCT 2003 14 where AV, i s the cross-sectional
area ofiedmir él‘??efia"%tﬂééme‘ﬂﬁ 1Dy, and Oy e respeiivelyeand Bads thy cHectiye diamegeri nner

tube, Beye %ﬁmﬁh@ﬂzﬁ%ﬁ tht Fther \A‘.&‘Pﬁe bes. ' Thus| Eﬁeﬂlﬁ%%}iﬁg&r@g 39nDe6n iljieo?.st he

effective aneter of the annulus between 't outer tu Thus,
solving Equation 3 for the conditions (2) 2(ROMN~R ,)K=D(. (3) provided
above yields: 5 =2 x [(.186/2)2 - (.134/2)2]1 = 0.129 inches = D.s O
interest is a conparison bet ;geﬁ,ywd_g ss.sectional area of the t(?ge and
the sumof the cross sectiongl T tube's orifices. For e inner
tube, the cross sectional areais n(ID)2 _ 7r(.114/2)2 = 0.00325n. while
each orifice's cross sectional area is t(.007)2 = O Q\D49 n. For the inner
tube design we are interested in the value of three conditions as described

in Sy ®

provided above yields:
5 =2 x [(.186/2)* - (.134/2)*]** = 0.129 inches =D
Of interest is a comparison between the cross sectional area of the tube and the sum of the
cross sectional areas of the fube’s orifices. For the inner tube, the cross sectional areais n(ID,__/2)
= 1(.114/2)* = 0.00325T, while each orifice’s cross sectional area is 7(.007)° = 0.0000497.
For the inner tube design we are interested in the value of three conditions as described in
10 the prior art of Mohktari and Acrivos. The three conditions are (a) the ratio of the length 6f 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 all the orifice areas to the cross sectional area of the tube. Specifically:

L/D <70 - (42)
D/ = >10 (4b)
15 NA /A, = <I (4¢)
The values calculated above for the inner tube design in Case A of the Table 1 yield:
(a) InnertubeL/D=926/0.114 = 81
&) Inner tube D/d =0.114/0.014 = 81 _
(c)  The ratio of total number of orifices to cross sectional area inner tube:
20 ' 39 x (0.000049)71/(0.003257) = 0.6

Comparing the calculated values of the proposéd design with the design guidelines of the




10 the prior art of ohktari and Acrivos. The three conditions are (a) the
ratio of the length of the tube to its dianmeter, (b) the ratio of the
diraneter of the tube to the port dianeter, and (c) the ratio of 1}6CT§W&1of
all the orifice areas to the cross sectional area of the tube.

- Specifically: LID <70 (4a) D'd = > 10 (4b) 15 NAPRP,/A =<l (4c) The
val ues cal cul at ed above for the inner tube design in Case A of the Table 1
yield: (a) Inner tube LAD = 9.2610.114 = 81 (b) Inner tube Dd = 0.
114/0.014 = 8.1 (c) The ratio of tot % nunber of orifices to cross
sectional area inner tube: 20 39 x ? 000049) 7t/ (0. 00325i t =

Corrpar lagt n. t
Ui doPoaak SPafoRy 18,88 4TGHET s e FroBb R RS RS u gl 85 % ‘%?'? fow t hat
t he pranmesmtdlemegﬂa thieogontiiiens fmnemfctmﬁéo\mfand:aseno%cd thprthodesigi resulisamadns t he

cond| low, and it is noted that the design results are on
t he hi geﬁmgh% o&%dﬁb‘f“[ %n 4a. Accordi ng to the present invention, the

desi gn cri Aeeordingas tHelpesentigventioh) @heddeign 2rifekia forthdbuterdt@be Ak: | €ast within a
factor of 3 of gach other)l (5a) Surface AreaJNA,. =J 0 or nore (5b) where

Bais the i nnePenT Damdeicat Ieast within 2 factar 9h3 of eaghothen)sur f accArea. is (BMe
surface area of st % NA is the total cross se onal
Sﬁﬂ%eﬂ% ¥56: AL g&ﬁ

area of all the orifices outernost tube. The design val ue f Case
A of YhereDy i e innes diametsr of thecinpéralogt: tulld) Sefpccdeen, ;. 1 mw&wma theDm ( b)
. Sur 0S £t a 56x 0072n)
_ 47 OBEAnGH g RS TEEhlaP Bts BRlpnallrBl St s 5

denonst r at %cdéswaahsbeyscoﬂiof'f‘dbldleairmmmt}wa shovvn |n Case D of

1‘5ab| e } 62? &rhng tube within an injector assenbly (as
Ilus{ ate “1 n %urdrﬁtf) ®5 Backing pressure is approxinmtely 200 Torr. |,
(b} . Surface area to cross sectional port area = (9.7)7(.186)/(156x 5 x .007°%) =47

and the design criteria are thus met.
Example2:  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).
15 Backing pressure is approximately 200 Torr.
Gas flow: 2 to 20 Vmin 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 process descnbed in
20 Example 1 above. Specifically,
D, for annulus between Inner and Outer tubes
=2 x [(261/2)* - (.156/2)*]"* = 0.209 inches =D
Cross sectional area of inner tube = (,136/2)* = 0.00462 1 ‘
Cross sectional area of inner and outer orifices = (.0048)* = 0.000023 1t
25 Using this data, the relationships shown in 4a, 4b, 4c for the inner tube dcsxgn of Case D may
be computed as:
L/D,=9.27/136 =68
D_/d =.136/.0095=14.3




Gas flow 2 to 20 | hnin per tube. Inner tube length (first hole. to |ast
~hole) = 9.27 inches The inner tube and outer tube inner/outer dianeter
“di-nensions are given-in Case D of Table 1. The various key desi gnz&gtpqwg
can be cal cul ated using the equations and process described in

| ,above. Specifically, DCa for annulus between Inner and Quter tubes =
[(.261/ 2)2 - (.156/2)2]'" = 0.209 inches = Cross sectional area of |nner
tube = 7(.136/2)2 = .0.004627t Cross sectional area of inner and outer
orifices = 7(.0048)2 = 0.0000237 25 yging this data, the relationships
shown in 4a, 4b 4c for the inner tube design of Case D may be conputed
as: 1JD; =9. ,Rctﬁh 2 Q =14.3 23 OCT 2003 16 Na, " /A ,,, =
39n(. 0048) 21. %’6‘%7-% = 04?)9/@6%%&% t he cal cul ated val ues of the proposed
design wt rCouﬂmnd&&cgwogmderaﬂmgf e ptdpescdpdemgn withtthesdrsignignidelindsef hreoposed

uni 1 ool s dilhe bR 0 SRR T WERRIR A e Tl bR e e T

veriflceddlagmfnsumfdmﬂnwterl a of ~ Equatlons 5a and 5b. For Case D, the
fjrst rela onsh| s nmet; that is, D = 209/, 136 =1.54 which D|s vveII
t hi n the g@ puler; tybe gesign f%@ﬁb@t@wt@%éeownéa%égm thecstigia Yed of

77 hol es each haV| ng a dianmeter of 0.0138 inches Equation Sb for an
3—725691

out er EqU%x@BQWSUT%?CXSeQ) thelfité belatl E%&riﬁaias 48431 54 Which
00692n) 690. 10 Exanple 3: Case E of Table 1 u$eBathe sane inner tube

~design as Case D but has a set of three narr ow slots rat her than a |inear
B B e e e e s SR e R
having a diameter of 0.0138 inches. Thus, Bqnat:on 5b for an outer tube approximately 9.7 inch
long becomes, 9.77(.261)/(77 x.0069°T) = 690.
10 Example 3:  Case E of Table 1 uses the same inner tube design as Case D but has a set 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:
Dy
—D:;-— 209! .136 = 1.54 as before
Surface area to cross sectional slot area =
15 (9.7)1(.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 of shapes (in addition to a cylindrical
20 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 establish constant backing pressure
independently from establishing uniform flow along the tube length. As shown, the annular cross

25 sectional volume is important to achieving the desired flow rate and uniformity. Of particular




D-8 =.209/.136 - 1.54 as before . Din Surface area to cross sectional

slot area = 15 (9.7)n(.261)/(3x3.060x.005 ) = 173 and again the criteria
“for the outer tube are met. The annul ar space between the innerng [ngmw
outernost tubes is an effective annular space. |In other words the annular
space is the area between the innernost and outernost tubes irrespective

of the shape of the tubes since the tubes can be of a variety of shapes (in
addition to a cylindrical 20 shape). As described above and denonstrated
by the aforenentioned experinents, the gas delivery netering tube of the
present invention provides substantially uniformgas flow along a given
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cyl i ngeicsit u}é&)@?ﬂﬁl}g%cbafﬁﬁﬁlgfl gures. Moreover, the gas deI ivery meteri ng
t ubes of the present invention can be conflgured to provide the " ettlng
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illustra
itisnotto be construed as being limited thereby. They are not intended to be exhaustive or to limit

the invention to the precise forms disclosed, and obviously many modifications, embodiments, and
15 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.




description, and al though the invention has been illustrated by certain of
the preceding exanples, it is not to be construed as being limted

t hereby. They are not intended to be exhaustive or to limt the invention
to the precise forns disclosed, and obviously nmany nodifications, 22007 2003
enbodi nents, and 15 variations are pgdssible in light of the above teachi ng.
It is intended that the scope of the invention enconpass the generic area
as hewd AT &3l AaRerD Isnd by the clai ns appended hereto and their
equivalents. 18 23 OC T 2003 WHAT IS CLAIMED IS: 1. A gas delivery

meteri ng tube fArgaddkliveey oreterimggulse foc delprengi agas,£OMPOAYE: one i nner nost and |

outernost axially aligned, nested tubes having an effectiye annul.ar space ;
fornmed bet gidesst on¢ dnnermpgtand oyteampstxiehy el nwﬁw% *U¥es, said |

tub 5. each [ t ds, i d i t V] ted

e Tk
d f ' ' 3 t d

40 T A g T OB NPl By iy st

subst a(f éappédt uni form backing pressure is created within and along the
substantial 10 length of the innernost tube, 'thereby pronoting
subst ant i abhe/orumbfectrraysief orvfives forimedlin eachsofsatd abieestipnermast andeautermash e

out ernost tube and al ong the substantjal |ength of t out ernost tube. 2.
The gaesteficinpescang WWQ&PB&S‘&“@P&; IHPE‘LWEE?‘Q?%WB“ fective annul ar

~space has a effeqgtiv | anet er ff t. ' s jsaner
di amet er A?"gﬁlfﬂf‘ ﬁ‘ﬁ’%ﬁﬁaﬁf‘.’&gﬁ’g’ %%Wﬁﬁr%%fgpgrg%@@?ﬁwéﬂﬁgﬁ?@ggc l:ltftﬁﬂher.
. Th ' iR &f it alNhSifeinA delvery BNtiergas but afhkee has

196 ?’"’8??"0°v&q%‘“§?‘§%°e§?ﬁb§g‘:h {ib) BREGinguB LB allghl NAB. 5] where L is the

| engt brifices iDthesotéenadi tube nd alohg thecsubstantiahbeaeth ofiths ovteimaost ibedi anet er  of

one orifice in said array of orifices in said innernost tube, Nis the
nunber of orifices in the innernost tube, A ,r, is

2. The gas delivery metering tube of claim 1 wherein the effective annular space has an

effective diameter D, and the innermost tube has an inner diameter D, and Dy and D, are within a

15 factor of three of each other.

3. Thic gas delivery metering tube of claim 1 wherein the innermost tube has the
following properties:
L/D <70
20 D/d=>10
Napue/Agor = <1

where L is the length and D is the diameter of the innermost tube, d is the diameter of one orifice in
said array of orifices in said innermost tube, N is the number of orifices in the innermost tube, A, I8
the cross sectional area of cach of said orifices, end Ay, is the ares of said innermost tube; and
25 ~ the outermost tube has the following properties:
D,z and D, are within a factor of three of cach other
SurfaccArea,,, /NA . = 10 or more

where D, is the cffective annuler space, SurfaceArea,,,., is the surface area of the outermost tube
and NA,uer is the total cross sectional area of all of the orifices in the outermost tube.




the cross sectional area of each of said orifices, and A ,, is the area of
said innernost tube; and 25 the outernost tube has the foll ow ng
properties: D,a and Dw are within a factor of three of each othdg? ({7 200

SurfaccArea .,,1INA...,,, = 10 or nore where D,, is the effective anmhul ar
space, SurfaceArea is the surface areg of the outernost tube and NAOd,,
is the total cross sectional area of | of the orifices in the outernost

tube. 22 OCT 2003 19 4_ The gas delivery netering tube of claim2 or 3
wherein Doff is approximately equal to 5 5. The gas delivery netering tube
of claim1l ere r i{lo of the s ce. area.of, the outernost tube to
Che t ot al choss. She frs v e Taette Bie OB i ¢t 3REn D P aTRE DNt
tube is equal to or greater than apprOX| mately 10. 6. The gas delivery
meterind tube of claim5 wherein said ratio is greater than 100. 10 7. The
gas delivery netering tube of claiml or 3 wherein said netering tube is
used in a chem cal vapor deposition system S. The gas delivery netering
taibe of clab.m 1 Thepsidelivhg maadigmbé of tlben hashepeih @ pgidof thoswrfidte arcdiodniet er
and the ratio of the length to the dianeter is in the range of )

appr ox¢utermuisytube sastheHetal crpes segtionph areg af theairifices formed en sad ontgmow tubel s panal
or 3 wherein tgil nest ed tugyes are cylindrical, or rectangular in shape. 20
10. | O SHAHEA B APPERETEEYy KA i very metering tube of claim1 or 3 and at

| east one injector assenbly having at | east one port for receiving said
gas delivery netering tube. 11. In conbination, the gas delivery netering

tube of clagm | Phe gasaRverdy h&anls ﬁﬂ@oﬁam% §wh%§:1ﬁ1§a'i@m&’ioﬁsE?ééte?%aﬁtlobeas'f
one plenum for receiving said gas delivery netering t

10
7. The gas delivery metering tube of claim 1 or 3 wherein said metering tube is used in
a chemical vapor deposition system.
8. The gas delivery metering tube of claim 1 wherein the innermost tube has a length
15 and a diameter and the ratio of the length to the diameter is in the range of approximately less than
70.
9. The gas delivery metering tube of claim 1 or 3 wherein the nested tubes are
cylindrical, or rectangular in shape.
20

10.  In combination, the gas delivery metering tube of claim 1 or 3 and at least one

injector assembly having at least one port for receiving said gas delivery metering tube.

11. In combination, the gas delivery metering tube of claim 1 or 3 and at least one shield

25 assembly having at least one plenum for receiving said gas delivery metering tube.




