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GAS DISTRIBUTOR AND FLOW VERIFIER

CLAIM OF PRIORITY

EER Y This application claims the benefit of prionity to United States
Patent Application No. 16/040,326, to Taskar ¢t al, entitled “Gas Distnibutor

and Flow Vertfier” filed on July 19, 2018, which 1s incorporated by reference

herein in 1ts enfirety,

FIELD

[0002] The present disclosure relates generally to a gas distributor and
flow verifier, and in one example to an orbital gas distributor or splitter having
an orbital array of gas outlets, nozzles, or orifices arranged around a central gas

distribution point.

BACKGROUND

{0603] The background description provided here is for the purpose of
generally presenting the context of the disclosure. Work of the presently named
mventors, to the extent it 18 described n this background section, as well as
aspects of the description that may not otherwise qualify as prior art at the time
of filing, are neither expressly nor tnpliedly admitted as prior art against the
present disclosure.

{6004} A typical plasma etching apparatus comprises a reactor in which
there is a chamber through which reactive gas or gases flow. In sermiconductor
processing, the etch or deposition rate uniformity across the wafer during cach
process directly affects the device vield. Unitormity has become one of the main
gualifving requirements for a process reactor and hence is considered a very
mmportant parameter during ts design and development.

0005} In a plasma etch reactor, the uniformity of etch parameters (such
as etch rate, profile, cross dimension, and so forth) can be affected by several
parameters. One of these parameters is the content and delivery of constituents
of the plasma gas. Maintaining uniform gas mixing and distribution with
mmproved transient response while providing consistent plasma discharge and
chemistry above the wafer, has become increasingly important for improving

uniformity.
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SUMMARY

{03006] In some examples, a gas distributor comprises a body, a gas mlet
for adnitting gas to the body, an orbital array of gas outlets for distributing the
gas to an external component, and a central gas distribution point disposed
within the body at a center of the orbital array of gas cutlets and in fluid
communication with the orbital array of gas outlets.

{007 In some examples, the orbital array of gas outlets are radially
spaced equidistantly arcund the central gas distribution point. In some
examples, the body includes internal gas conduits connecting the central gas
distribution point to the orbital array of gas outlets. v some examples,
respective gas flow paths of the internal gas conduts from the central gas
distribution point to the orbital array of gas cutlets are equal in length. In some
examples, cach gas outlet includes an orifice sized to permit or regulate a
predeternined flow of gas going through that gas outlet. In some examples, the
body includes mounting locations for respective control valves or nozzles to
permit or regulate predetermined flows of gas exiting the gas outlets. In some
examples, cach of the control valves or nozzles includes an orifice.

{0008} In some examples, the gas distributor further comprises the
control valves or nozzles. In some examples, the control valves or nozzles are
replaceable. In some examples, the control valves or nozzles are configured ina
horizontal orientation or a vertical orientation. In some examples, an orifice
associated with a first control valve or nozzle is sized differently from an orifice
associated with a second control valve or nozzie. In some examples, the central
gas distribution point includes a volume of substantially spherical shape. In
some examples, ong or more manometers measure or verify gas flow of the gas

flowing through the orbital array of gas outlets.
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DESCRIPTION OF THE DRAWINGS

[B009] Some embodiments are ilustrated by way of example and not
Ftation in the views of the accompanying drawings:

[06016] F1G. 1 is a schematic diagram of a reaction chamber within
which some embodiments of the present gas distributor may be emploved.
{0611} FIG. 2 s a pictonial view of part of a gas distributor, according to

an example embodiment.

066121 FIG. 3 is a part sectional view of the gas distnbutor part shown n
FiG. 2.
[0013] FIG. 4 is a top. part-sectional view of the gas distributor part

shown m FIGS., 2-3.

0614} FIG. 515 a pictonial view of the gas distributor part shown 1n
FIG. 2, with certain parts omitted for clarity.

[0015] FIG. 6 1s a schematic diagram of an orbital array of gas outlet
nozzles, in accordance with example embodiments.

6016} FIGS. TA-TB show aspects of a gas outlet which includes a “flow
rate” orifice for restricting or venfying gas flow exiting the gas distributor, in
accordance with example cmbodiments.

{6617} FIGS, 8A-8C show aspects of a gas outlet which includes a “flow
rate” orifice for restricting or verifying gas flow exiting the gas distributor, in
accordance with example embodiments.

{6618} FIG. 9 shows aspects of a gas outlet which mcludes a “flow raie”
orifice for restricting or verifving gas flow exiting the gas distributor, in
accordance with example embodiments.

0619} FIG. 1815 a flow chart showing operations in a method for
distributing gases, according to an example embodiment.

[0020) FIG. 11 15 a block diagram illustrating an example of a maching
by which one or more example method embodiments may be implemented or

controlled.
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DESCRIPTION

o021} The description that follows includes systems, methods,
techaigues, instruction sequences, and computing machine program products
that embody illustrative embodiments of the present subject matter. o the
following description, for purposes of explanation, numerous specific details are
set forth 1n order to provide a thorough understanding of example embodiments.
It will be evident, however, 1o one skilled in the arf, that the present
embodiments may be practiced without these specific details.

6022} A portion of the disclosure of this patent document contains
material that is subject to copyright protection. The copyright owner has no
objection to the facsumile reproduction by anyone of the patent document or the
patent disclosure, as it appears m the Patent and Trademark Office patent files or
records, but otherwise reserves all copyright nights whatsoever. The following
notice applies to any data as deseribed below and in the drawings that form a
part of this document: Copyright Lam Research Corporation, 2018, All Rights
Reserved.

[0023] As mentioned further above, a typical plasma etching apparatus
comprises a reactor in which there 1s a chamber through which reactive gas or
gases flow. Within the chamber, the gases are ionized into a plasma, typically by
radio frequency energy. The highly reactive tons of the plasma gas react with
certain materials, such as a polymer mask on a surface of a semiconductor wafer
being processed nto integrated circuits (IC’s). Prior to eiching, the wafer is
placed in the chamber and held in proper position by a chuck or holder which
exposes a top surface of the wafer to the plasma gas.

0024} There are several types of chucks known in the art. The chuck
provides an isothermal surface and serves as a heat sink for the wafer. In one
type, a semiconductor wafer is held in place for etching by mechanical clamping
means. In another type of chuck, a semiconductor wafer 1s held n place by
electrostatic force generated by an electric ficld between the chuck and wafer,
The present disclosure is applicable to both types of chacks, or other types of
chucks.

[8625] In semiconductor processing, the etch or deposition rate
uniformity across the wafer during each process directly affects the device vield.

This has become one of the main qualifving requirements for a process reactor
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and hence 1s considered a very important parameter during its design and
development. With cach increase in the size of wafer diameter, the problem of
ensuring uniformity of cach batch of 1Cs from larger and larger wafers becomes
more difficult. For instance, with an increase from 200 mm to 300 mm in wafer
size and smaller device sizes per wafer, the edge exclasion shrinks to, for
example, 2 mm or less. Thus, maintaining wiform etch rates, device profiles,
and desired dimensions all the way up to 2 nun or less from the edge of the
wafer has become very important.

06026} In a plasma etch reactor, the uniformity of etch parameters (such
as ¢ich rate, profile, CD, etc ) is affected by several parameters. One of these
parameters is the content and delivery of constituents of the plasma gas.
Maintaining uniform gas mixing and distribution upstream of the reactor and
providing consistent plasma discharge and chemistry above the wafer has
become increasingly important for improving wafer uniformity.

{0027 FIG. 1 1s a schematic diagram of a reaction chamber within
which some embodiments of the present gas distributor may be employed. FIG.
1 ithustrates a capacitively-coupled plasma processing chamber 100, representing
an excroplary plasma processing chamber of the types typically emploved to
ctch a substrate. The chamber 100 includes a chuck 102, representing the
workpiece holder on which a substrate, such as a wafer 104, is positionad during
ctching. The chuck 102 may be implemented by any suitable chucking
technique, ¢.g., elecirostatic, mechanical, clamping, vacuum, or the like. During
etching, the chack 102 1s typically supplied with dual RF frequencies {a low
frequency and high frequency), for example 2 MHz and 27 MHz,
simultancously, during eiching by a dual frequency source 106,

{00628} An upper electrode 108 1s located above the wafer 104, The upper
clectrode 108 1s grounded. FIG. 1 illustrates an etching reactor where the surface
of the upper electrode 108 is larger than the surface of the chuck 102 and the
wafer 104, During etching, plasma 110 is formed from ctchant source gas
supplied via a mixed gas line 112 and pamped out through an exhaust line 114
Within the chamber 100, the mixed gas line 112 may be connected to a
showerhead (not shown). The upstream mixing and distribution of gases outside

the chamber 100 1s discussed i more detail below.

(]
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{60291 An electrical msulator ring 109 insulates the upper ¢lectrode 108
from the grounded chamber 100. Confinement rings 116 may be placed between
the apper electrode 108 and a bottom clectrode, sach as the chuck 102 in FIG. 1
In gencral, confincment rings 116 help confine the etching plasma 110 to the
region above the wafer 104 to improve process control and o ensure
repeatability.

{0038] When RF power is supplied to chuck 102 from the dual-
frequency power source 106, equipotential field lines are set up over wafer 104.
The cquipotential ficld lines are the electrie ficld lines across the plasma sheath
that is between wafer 104 and the plasma 110. During plasma processing, the
positive tons accelerate across the equipotential ficld lines to impinge on the
surface of wafer 104, thereby providing the desired etch effect, such as
improving etch directionality. Due to the geometry of the upper electrode 108
and the chuck 102, the ficld lines may not be uniform across the wafer surface
and may vary significantly at the edge of the wafer 104, Accordingly, a focus
ring 118 is typically provided to tmprove process uniformity across the entire
wafer surface. With reference to FIG, 1, wafer 104 is shown disposed within a
focus ring 118, which may be formed of a suitable dielectric material such as
ceramic, quartz, plastic, or the like. Thus, the presence of the focus ring 118
allows the equipotential ficld lines to be disposed substantially uniformly over
the cntire surface of the wafer 104

{6031} An electrically conductive shield 120 substantially encircles the
focus ring 118, The clectrically conductive shield 1290 15 configured to be
substantially grounded within the plasma processing chamber 100, The shield
120 prevents the presence of unwanted equipotential field lines outside of focus
ring 118, In relation to the chamber source gas supplied via the mixed gas line
112, # has been found that the gas transport characteristics within the plasma
reactor and upstream of 1t can be the most sensitive variables contributing to ctch
or deposition non-uniformities.

06032} Conventionally, a gas delivery panel upstream of the mixed gas
line 112 1s supplied by individual, gas-specific supply lines prior to mixing.
These lines can melude piping and flow components such as valves, regulators,
mass flow controllers (MFCs}, and so forth for each gas constituent in a gas

mixture. These individual lines typically supply gas to a conventional gas mixing
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manifold via manifold inlets. The mdividual gases are nuxed in the manifold
before leaving the manifold via an exit to be distributed to other components or
to a processing chamber {¢.g., the processing chamber 100, FIG. 1) viaa gas
supplv line {¢.g., a mixed gas line 112, FIG. 1),

{8633} A conventional gas mixing mamfold or distributor typically
mnchudes an elongate, tubular stracture of relatively high volhume. Each gas
supply line for creating a desived gas mixture is spaced a cortain distance along
the length of the gas manifold. Some manifolds may be up to 27 inches in
tength, for example. The overall length of a given mamfold may be based on the
number of gas lines supplying it. The number of gas lines may in turn be
dependent on the gas mixture desired for a given process in a processing
chamber 100. Gas line hook-up positions are often not consistently provided
from manifold to manifold or across different processing chamberg 100,
Moreover, it will be appreciated that cven on a given manifold, some gas ling
miet positions will be disposed at greater distances from the manifold exit than
others.

{0034] The momentium of each gas entering a conventional manifold or
distributor may vary considerably duc to different gas molecule sizes and flow
rates. A fast-flowing, heavy gas in a manifold can affect the flow and
entratnment of a slow-flowing gas in unstable ways, possibly due to turbulence
and other factors. If a slow-flowing gas inlet is disposed a relatively great
distance from a manifold exat, for example, the reaction speed in response {o a
desired gas-mixture change can be severely inhibited accordingly. The
conventional mamifold may act in a manner akin to a capacitor with inherent lag
times in response to induced changes. Morgover, even if valving effecting a
desired gas muxture change operates quickly, the inherent latency of
conventional manifold configurations still presents a serious challenge to being
able to identify the precise constituents of a given gas mixture as their various
flow rates, travel distances, and momentums may be largely unknown.

[B035] Further complicating this situation is that without proper control,
a gas mixtore or flow stability based oo an established linear sequence of gas
lines supplying a conventional manifold can be disturbed as new gas lines arc
plugged i or enplugged from the manifold, particularly when supplied at

different pressures. For example, gas line positions may change wadvertently or
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randomly when upstream reservoirs run dry, or when different gas mixtures are
desired within a manifold or processing chamber 100, Attempts to control the
supply of individual gases into a conventional manifold have included the use of
sottware-controlled valves, but even this has not fully addressed the challenges
described above. Wafer etching applications are extremely sensttive to the
delivery time of the required mixture to the chamber. Each of the factors
described above can significantly affect gas delivery performance, and potential
issues caused by response time delay, co-tlow inconsistency, and gas mixing
delays can detract from wafer uniformity.

{(3036] In some applications, mixed gas manifolds or distributors as
sources of mixed gas may be required to supply a group of process chambers
100 formed n series or parallel arrangements. In other applications, multiple
zones, such as center, edge, or muddle zones each require a reliable source of
gas. The problems discussed above may be exacerbated in view of the different
chamber locations and lengths of distribution line to each processing chamber
100 1n the group.

{6037) A pictorial view of a gas distributor sub-assembly 200 is shown
m FiG. 2. The sub-assembly 200 includes a body 201 and orbital or orbital array
205 of gas outlets, nozzles or orifices. The outlets may take the form of the
tlustrated nozzles 202 disposed arcund a central gas distribution point (or zone)
302 visible in FIG, 3. In some cxamples, a nozzie 202 may include an orifice
specitically designed and sized to regulate gas flow at a predetermined level, as
described more fully below. While the term “gas™ has been used in this
specification, it will be appreciated that the systems and methods desceribed
herein may apply to “fluids” more generally unless the context indicates
otherwise.

{0638} In some examples, the gas distribution point 302 is a localized
arca or volume having certain dimensions and a central posttion in relation o an
arrav 205 of gas mlets or outlets, as described further herein. The torm “pomnt”™ 18
therefore not intended to mean a geometric element having zero dimensions. An
example of a central mixed gas distribution point 302 can more clearly be scen
in the part-sectional view of the sub-assembly 200 provided in FIG. 3.

{6039} In some examples, the sub-assembly 200 shown in FIGK, 2-3

forms a first half of a gas distributor 300. A complete gas distributor can be
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formed by joining an opposite or second halt to the first half. In some examples,
an opposite or second half of the gas distributor s essentially a mirror image of
the sub-assembly 200 shown in FIGS. 2-3. This arrangement may be seen in
FIG. 3. The second half or opposite sub-assembly s numbered 2007 In some
examples, a gas distributor 300 13 formed when the two sub-assemblics, or
halves, 200 and 200" are assembled together. In agsembled form, the central
mixed gas distribution point 302 15 in fluid comnwunication with a contral mixed
gas nlet of the gas distributor, such as the iHlustrated nozzle 206 disposed in the
center of the orbital array 205 of outlet nozzles or orifices 202, In some
examples, a gas distributor 300 of the present disclosure may be used in place of
a conventional gas distributor of the tvpe descrbed above, or in combination
with similar or other components in a gas supply system.

[0040] In some examples, the gas distributor 300 may operate as a gas
mixer such that gas within the distributor is reversed with gas inlets serving as
gas outlets, and vice versa. A central gas mixing point 1s formed by the central
gas distribution point. In such an arrangement, a gas distributor can be connected
to a gas mixer of the type described just above so that the two, 1 tandem, can
mix and distribute mixed {or homogencous) gasses 10 one Of MOIS Process
chambers accordingly to address the disadvantages discussed herein relating to
the use of conventional gas manifolds and distributors.

{0041} Referring agam to FIG. 2, in some exarmples each of the outlet
nozzles 202 can distribute, to downstream locations, singie or mixed gas which
has been split and combined with gas from other outlet nozzles, for example, to
meet a desired ratio between gas supply channels or separated into different
streams mternally of the gas distnibutor 300. For example, each of the outlet
nozzles 202 shown i the view may be connected to a downstream component or
process chamber 100 that requires a source of gas. Eight outlet nozzles 202 are
shown connected to the first half of the sub-assembly 200. Other numbers of
nozzles are possible. Typically, but not necessarily, the same number of outlet
nozzles 202 is provided for the second half of the gas distributor 300, providing
sixteen outict nozzles 202 in total for this particular example. Other nembers of
nozzles 202 may be emploved depending on a desired capability of the gas
distributor 300 to supply {or mix in the altermative gas mixing mode}

downstream components or process chambers 100,
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6042} With reference now to FIG. 3, each outlet nozzle 202 and 2027 15
shown to be 1n fluid commmunication with the central gas distribution point 302
via an internal conduit 304 formed in cach subassembly 200 and 200" Each
mternal conduit 304 has the same length, or gas pathway, as another. Each
control valve 208 and 208 can operate to modulate the amount and rate of flow
passing through the mtemal conduit 304 to create or deliver a desired gas or gas
mixture. The internal conduits 304 are also visible in FIG. 4, and gas flow exits
for the mternal conduits 304 are shown at 502 in FIG. 5. The internal conduits
304 are radially spaced equidistantly, as shown in 14, 4. The horizontally
oriented control valves form an orbital array 203, as shown. In some examples,
the gas flow exits 502 may threaded and serve as attachment points for
complementary threaded support stems 203 and 2037 of the outlet nozzles 202
and 202, respectively. In some examples, the gas flow exits 302 are welded to
the gas distributor 300 as stub shafis, or as a C-secal swrface mounted fitting.
043} Refernng again to FIG. 3, 1t will be appreciated that when the
first and second subassemblics or halves 200 and 2007 of the gas distributor 300
are joined together, the central gag distribution point 302 is defined by a volume
that has a substantially ball or spherical shape. This shape is shown in dotted
outline in the view. In some examples, the volumetric shape of the central gas
distribution point 302 is ovoid or non-sphencal in shape. Other shapes are
possible such as for example, including a circular, square or rectangular shape in
cross section. In some examples, a diameter of the ball, spherical shape, or
circelar outline is in the range 0.1-100 mm, in some examples n the range 0.3
50 mun, and in some examples 1-10 mm.

{0044} It is of note in this disclosure that in some examples the central
gas distribution point 302 is equuidistant from each of the outlet nozzles 202 and
202" For this reason, some of the problems discussed above caused by or
inherent in a conventional gas mixing or distribution manifold are addressed n
the sense that each gas flow path 1s of the same length and not dependent upon a
linear position of an outlet nozzle along an elongate manifold, as in the prior art
for example. The travel distance for cach gas i a given gas mixture is the same.
In the gas mixing mode of the gas distributor, one gas constituent does not
mmpinge vpon or interfere with another gas constituent until the central mixing

point 302 1s reached. The volume of the central gas distribution point 302 1g

10



WO 2020/018850 PCT/US2019/042490

relatively small compared to the volume of a conventional gas manifold having a
tength of some twenty-seven inches, for example.

[0045] An orbital array 205 of the sixteen outlet nozzles 202 s shown in
FiG. 6 in schematic form. Outlet nozzies 202 that are connected to the first half
{1.¢. sub-assembly 200} of the gas distributor 300 have supply lines shown in
sohid outline and are numbered as 202. Outlet nozzles 2027 that are connected to
the second half of the gas distributor 300 have supply lines shown in dotted
outhne and arc numbered 202", Thus, sixteen outlet nozzles are provided in total
in this example. Fach nozzle 202 and 2027 distributes and supplies a desired gas
or gas mixtuie to, for example, a processing chamber 100 (FIG. 1).

{0046} It will be appreciated that a gas flowing into the gas distributor
300 15 “sphit” 1.¢. divided or distributed in proportion to the number of open
outlet nozzies 202 and 202" in operation. Some nozzles 202 and 202" may be
closed and not 1n operation. Because the volume of the central gas distribution
point 1s relatively small in relation to conventional gas mixers and distrbutors,
the constituents of a mixed gas are not atfected by their journey through the gas
distributor 300 and the ratio of the constituents within the mixed gas is
substantially maintained. v the gas nuxing contiguration of the gas distributor
300 discussed further above, for an arrangement having sixicen open inlet
nozzles 200 and 2007, a mixed gas having up 1o sixteen gas constituents may be
formed. It will be appreciated that the orbital shape of the inlet nozzle array 205
shown by way of example in FIG. 6 may i some examples not be entirely or
perfectly orbital. A degree of ovality or other circular shapes may be used in
some examples.

{06471 In some examples, a control valve 208 is provided 1o fluid
communication with each outlet nozzle 202 and 202", An array 205 of control
valves 208 serves to distribute the respective mass flow rates of gas exiting the
gas distributor 300 via the outlet nozzles 202 and 202, or the constituents of a
mixed gas bemg formed by the gas distnbutor 300 in its gas mixing
configuration. The respective control valves 208 are likewise altemately labelled
208 and 208" m FIG. 6 and the mdividual and respective gas flow rates are
labelled FR in the same view, mdicating a flow restriction in the exiting gas. Gas

flow through the cutlet nozzles 202 and 2027 can be controlled using the control

ii
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valves 208 and 208" and verified in some examples using associated measurnng
equipment.

{3048} In some examples, the gas distributor 300 can also operaic as a
gas flow rate verifier or regulator in distributing gas. For example, a gas tflow to
be measured /) may be routed through an appropriately-sized orifice sized to
ensure supersonic flow across onfice. Under supersonic flow conditions, gas
flow O = KP; where (K 1s a gas-dependent constant and (7} is an upsircam
pressure. The upstream pressure (F7) may be measured with a high accuracy
digital capacitance manometer. The gas-dependent constant (K} is weakly
temperature dependent and may be empirically determined using an independent
methodologv. Thus, for a given orifice size, for examplc the oritice of an outlet
nozzle 202 or 2027, the flow {(J) of a gas through that outlet nozzle 202 or 202
can be verified (i.e. is calculable or assured) for a given upstream pressure (P74,
for example the pressure in the central gas distribution point 302 which may be
measured by a manometer in some examples.

06049} With reference now to FEGS, 7TA-TB, a schematic top view of a
30

gas flow verifier 300 is shown. The gas flow verifier 300 includes a central gas

r

distribution point 302. The gas flow verifier 300 includes an orbital array 205 of
vertically oriented control valves 208 that surround the central gas distribution
poirt 302, Each countrol valve 208 includes a representative gas outlet 202, as
shown. The gas flow verifier 300 is mcluded in a gas distunbution arrangeraent
700 which mcludes a pair of manometers 702A and 7028, and a third
manomeier 704,

[3050] A series of nterconnected gas pathways or conduits 706 places
the control valves 208 and the manometers 702A, 7028, and 704 in flad
communication with each other. In the dlustrated gas distribution arrangement
700, the manometer 704 measures the pressure of gas exiting the gas cutlets 202
of the two control valves 208 on the right side of the gas flow vernfier 300, inthe
view. The pair of manometers 702A and 7028 measure similarly for the three
gas outlets 202 of the three control valves 208 on the left side of the gas flow
verifier 300, in the view. The illustrated manometers can be used to measure and
verify the flow of gas through the gas flow verifier 300 and, m some examples,
through each of the particular gas outlets 202 thereof. In some examples, a gas

pressure measured by a manometer 702A, 70ZB, or 704 is converted to an actual
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flow using certain gas look-up tables. A gas flow error can be calenlated and
displayed on a user mterface display for example. System software may include
specific gas tables to calculate a gas flow error applicable to the use of specific
gasses. In some examples, a gas table contains a pressure-to-flow rate
relationship for a chosen gas at the location of one or more ontfices installed
the gas flow verifier 300. fn some examples, one or more measurements may be
taken of a gas pressure rate mcerease compared to a corresponding predicted
pressure as defined in the appropriate lookup gas table. A measured time to
reach a stable pressure 15 a function of the molecular weight of the gas and the
gas {or MFC) flow.

0051} The flow of gas through each of the control valves 208 may in
some examples be regulated by an orifice 707 {or “Hlow rate orifice”) which can
be seen more cleardy in the sectional schematic view of a control valve 208
shown in FI{. 78. In accordance with the gas flow equations described further
above, for example, an onifice 707 can be designed and sized to permit or control
the flow of gas through a control valve 208 at a desired or specified or
predetermined gas or mass flow rate. Thus, for example, if cach of the orifices
707 1 cach of the illustrated control valves 208 is equally sized then, for a given
upstream pressure, the flow of gas through each control valve 208 (and
consequently through each gas outlet 202} will be the same. In this way, a gas
flow verifier of the present disclosure can distribute (split) and supply gas
equally to downstream components. Altematively, by sizing each orifice 707
appropriately and differently for each gas outlet or nozzle 202, respective and
different desired or predetermined flow rates of distributed gas can be
eatablished for cach outlet 202 while at the same time distributing gas to the
same number of desired components located downstream of the gas flow vernifier
300. Example downsiream components may include one or more wafer
processing chambers 100

{66521 In some examples, an onfice 707 can be included n a replaceabie
or interchangeable part 708 in FI{, 7B. The interchangeable part 708 may be
positioned within or vader a surface mounted control valve 208, for example.
Other arrangements are possible, for example as shown in schematic dotted
outline in FIG. 3 m which an example orifice 707 1s provided directly within a

gas outlet or nozzic 202 n the gas flow path of gas exiting the gas flow verifier

i3
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300, An ornifice 707 may be provided in all or a selected number of the outlets
202 1 some examples.

[0053] A series of interchangeable parts 708 each including a
specifically sized orifice 707 is provided in some cxamples so that gas flow rates
from all of the gas outlets 202 can be adjusted conveniently. In other examples,
specific and different gas flow rates for ndividual gas outlets 202 ¢can be
cstablished in a convenient manner. In somce examples, a gas flow vernifier 300
conveniently serves as a dual function device which can operate in two modes
simultanecusly, namely proportionately sphitting and distributing gas i one
mode, while restricting or verifying gas flow in another. In essence, the same
hardware of the gas flow veritier 300 is able to perform two functions at the
same time. Thus, a gas flow verifier 300 of the present disclosare is highly
configurable to suit specific and varying conditions and gas flow requirements
within a semiconductor manufacturing system, accordingly.

j3354] In other examples, with reference now to FIGS, 8A-8C, an
orifice 707 may be directly or indirectly embedded 1n a control valve 208 and
calibrated at a factory, for example, in the manner described above to permit or
regulate a desired or predetermined gas flow through a control valve 208 to
which it is fitted. FIGS. 8B-8C show alterate configurations for providing an
orifice 707 and FIG. 8C for example shows an alternate form of a replacement
part 708,

[O055] With reference now to FIG. 9, and altemnate contiguration of a
gas flow verifier 300 ig tHustrated. In this instance, the control valves 208 are
oriented horizontally and again form an orbital array 205. Sumnilar parts
corresponding to those shown in FIG. 7A are labeled accordmngly.

{6636} Further configurations of the gas flow verifier 300, and the gas
distribution arrangement 700, are possible. In some examples, the manometers
T02A-7028 and 704 that form part of the gas distribution system 700 serve to
verify gas flow through the gas pathways or conduits 706, and more particularly
verify or determine a choked condition of a gas outlet 202 or onfice 707. The
manometers 702A-702B and 704 can measure and verify the gas flow that is
being dehivered by the gas flow verifier 300, at a point in time or over a period of

time.
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{6057 In some example embodiments of a gas distributor or gas flow
verifier 300 described herein, a relatively neghigible volume of the gas
distribution point 302 when compared with the relatively laree volume of a
conventional gas mixing or distribution manifold can signiticantly reduce
mixture delay or lag time which would otherwise be induced in the prior art
systems. (Gas flow rate regulation in accordance with the present disclosure can
be performed in a large range of gas flows, for exampile 0.5 scem to 5000 scom,
with + 0.5% ervor.

EERY The present disclosure also includes example methods. With
reference to FIG. 10, a method 1000 of distributing gas mcludes, at operation
1002, providing a gas distoibutor, the gas distributor comprising a body: an inlet
for admitting gas to the body of the gas distributor; an orbital array of gas cutlets
for distributing gas from the gas distributor; and a central gas distribution point
disposed within the body of the gas distributor and at a center of the orbital array
of gas outlets; at operation 1004, supplving gas to the central gas distribution
point through the gas inlet; at operation 1006, splitting the supplicd gas within
the central gas distribution point based on the number of gas outlets in the orbital
array, or a percentage of the gas outlets in operation; at operation 1008,
distributing the split gas at least to cach of the gas outlets, or to each of the gas
cutlets in operation; and, at operation 1010, providing the distributed gas to a
dowunstream [ocation.

[059] In some examples, the method 1000 further comprises
distributing the split gas to the gas outlets through mtemnal gas conduits formed
i1 the body of the gas distributor, the internal gas conduits connecting the orbital
array of gas outlets to the central gas distnbution point.

{0066} In some examples, the method 1000 further comprises
distributing the split gas along respective gas flow paths of the ternal gas
conduits from the central gas distribution point to the gas outlets, the respective
gas flow paths being equal in length.

j3i61] In some examples, the method 1000 further comprises providing,
i association with cach gas outlet, an orifice sized to permit or regulate a
specific tlow of gas through the respective gas outlet.

{6662} In some examples, the method 1000 further comprises providing,

within the body of the gas distributor and for the central gas distnibution point, a
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volume of substantially spherical shape, or a sectional outline of substantially
orbital shape.

[0063] In some examples, a non-transitory machine-readable medium
mcludes instructions 1124 that, when read by a machine 1100, cause the
machine to control operations in methods comprising at least the non-limiting
example operations summarized above.

[0064] FIG. 11 15 a block diagram illustrating an example of a machine
1100 upon which one or more example process embodiments described herein
may be implemented, or by which one or more example process embodiments
described herein may be controlled. In alternative embodiments, the machine
1100 may operate as a standalone device or may be connected {c.g., networked)
to other machines. In a networked deployment, the machine 1100 may operate in
the capacity of a server machine, a client machine, or both in server-client
network environments. fo an example, the machine 1100 may act as a peer
machine in a peer-to-peer {P2P) {or other distributed) network environment,
Further, while only a single machine 1100 1s dlustrated, the term “machine”
shall also be taken to include anv collection of machines that mdividually or
jomtly execute a set {or multiple sets) of mstructions to perform any one or more

g software as

o0

of the methodologies discussed herein, such as via cloud computin
a service {5aaS), or other computer cluster configurations.

[0065] Examples, as described herein, may include, or may operate by,
logic, a number of components or mechanisms. Circuitry is a collection of
circuits implemented in tangible entities that include hardware {e.g., simple
circuits, gates, logic, ete ). Circuitry membership may be flexible over time and
underlymg hardware vanability. Circuitries mclude members that may, alone or
in combination, perform specified operations when operating. In an example,
hardware of the circuitey may be immutably designed to carry out a specific
operation {¢.g., hardwired). In an example, the hardware of the circuitry may
mnclude variably connected physical components {e.g., execution units,
transistors, simple circoits, ete.) including a computer-readable medium
physically modified {¢.g.. magnetically, electrically, by moveable placement of
mvariant massed particies, etc.) to encode instructions of the specific operation.
In connecting the physical components, the underlyving electrical propertics of a

hardware constituent are changed {for example, from an insulator to a conductor
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or vice versa). The instructions enable embedded hardware (¢.g., the execution
units or a loading mechamsm} to create members of the circuitry in hardware via
the variable connections to carry out portions of the specific operation when in
operation. Accordingly, the computer-readable medium is communicatively
coupled to the other components of the circuitry when the device 13 operating. In
an example, any of the physical components may be used in more than one
member of more than one circuttry. For example, under operation, execution
units may be used in a first circuit of a first circuitry at one point n time and
reused by a second circuit in the first circuitry, or by a third circuit in a second
circuitry, at a different time.

{0066} The machine {(¢.g., computer system} 1100 mav mclude a
hardware processor 1102 {¢. g, a central processing unit {CPU), a hardware
processor core, or any combination thereof), a graphics processing wut (GPU)
1103, a main memory 1104, and a static memory 1106, some or all of which
may conmmunicate with each other via an interlink {e.g., bus) 1108, The machine
1100 may further inclade a display device 1110, an alphanumeric input device
1112 {e.g., a keyboard), and a user interface (Ul navigation device 1114 (eg.. 2
mouse). in an example, the display device 1110, alphanwmeric input device
1112, and Ul navigation device 1114 may be a touch screen display. The
machine 1100 may additionally include a mass storage device {e.g., drive vnit)
1116, a signal generation device 1118 {c.g., a speaker), a network interface
device 1120, and one or more sensors 1121, such as a Global Positioning System
(GPS} sensor, compass, accelerometer, or another sensor. The machine 1100
may include an output controller 1128, such as a serial {¢.g., universal serial bus
{USB)})}, parallel, or other wired or wireless {e.g., infrared (IR}, near field
communication {NFC), ete.} connection to commumcate with or control one or
more peripheral devices {e.g., a printer, card reader, etc ).

[0067] The mass storage device 1116 may include a machine-readable
medmm 1122 on which is stored one or more sets of data structures or
mstructions 1124 {e.g., software) embodving or utilized by any one or more of
the techniques or functions described herein. The mstructions 1124 may also
reside, completely or at least partially, within the main memory 1104, within the
static memory 1106, within the hardware processor 1102, or within the GPU

1103 dunng execution thercof by the machine 1100. fn an example, one or any
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combination of the hardware processor 1102, the GPU 1103, the main memory
1104, the static memory 1106, or the mass storage device 1116 may constitute
machine-readable media 1122,

[0068] While the machine-readable medium 1122 i1s illustrated as a
single medium, the term “machine-readable medivm” may mclade a single
medium, or multiple media, {¢.g., a centralized or distributed database, and/or
associated caches and servers) configured to store the one or more instructions
1124,

[06069] The term “machine-readable mediom™ may include any mediom
that can store, encoding, or carrying nstructions 1124 for execution by the
machine 1100 and that cause the machine 1100 to perform any one or more of
the technigues of the present disclosure, or that can store, encoding, or carrving
data structures used by or associated with such instructions 1124, Non-limiting
machinc-readable medium examples may include solid-state memories, and
optical and magnetic media. In an example, a massed machine-readable medium
comprises a maching-readable meduum 1122 with a plurality of particles having
nvariant (¢.g., rest) mass. Accordingly, massed maching-readable media arg not
transitory propagating signals. Specific examples of massed machine-readable
media may include non-volatile memory, such as semiconductor memory
devices {¢.g., ¢lectrically programmable read-only memory (EPROM),
clectrically erasable programmable read-only memory (EEPROM)) and flash
memory devices; magnetic disks, such as internal hard disks and removable
disks; magneto-optical disks; and CD-ROM and BVD-ROM disks. The
mnstructions 1124 may further be transmitied or received over a communications
network 1126 using a transmission medium via the network interface device
1120,

{0670 Although an embodiment has been described with reference to
specific example embodiments, it will be evident that varicus modifications and
changes mav be made {o these embodiments without departing from the broader
scope of the inventive subject matter. Accordingly, the specification and
drawings are o be regarded in an illustrative rather than a restrictive sense. The
accompanying drawings that form a part hereof, show by way of illustration, and
not of hmutation, specific embodiments 1n which the subject matter may be

practiced. The embodiments illusirated arc described in sufficient detail to
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enable those skilled in the art o practice the teachings disclosed herein. Other
embodiments may be utilized and dernved therefrom, such that structural and
logical substitutions and changes may be made without departing from the scope
of this disclosure. This Detailed Description, therefore, is not to be taken in a
hmiting sense, and the scope of various embodiments is defined only by the
appended claimg, along with the full range of equivalents to which such claims
arc entitied.

{6071} Such embodiments of the mventive subject matter may be
referred to herein, individually and/or collectively, by the term “invention”
merely for convenicnee and without intending to voluntarily limit the scope of
this application to any single invention or inventive concept if more than one is
in fact disclosed. Thus, although specific embodiments have been illustrated and
described herein, # should be appreciated that any arrangement calculated to
achicve the same purpose mayv be substituted for the specific embodiments
shown. This disclosure 1s intended to cover all adaptations or variations of
various embodiments. Combinations of the above embodiments, and other
embodiments not specifically described herein, will be apparent to those of skali

i the art upon reviewing the above description.
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CLAIMS

‘What is claimed 1s:

1 A gas distributor comprising:

abody;

a gas inlet for admitting gas to the body;

an orbital array of gas outlets for distributing the gas to an external
component; and

a central gas distribution pomnt disposed within the body at a center of the
orbital array of gas outlets and 1n fluid communication with the orbital array of

gas outlets.

2. The gas distabutor of claim 1, wherein the orbital array of gas outlets are

radially spaced equudistantly around the central gas distribution point.

3. The gas distributor of claim 1, wherein the body includes internal gas
conduits connecting the central gas distribution point to the orbital array of gas

outlets.

4, The gas distnbutor of claim 3, wherein respective gas flow paths of the
mntemal gas conduits from the central gas distribution pomt to the orbital array of

gas outlets are equal n length.

5. The gas distrnibutor of claimm 1, wherein each gas outlet includes an orifice
sized to permit or regulate a predeternined flow of gas going through that gag

outlet.

6. ¢ gas distributor of claim 5, wherein the body includes mounting
locations for respective control valves or nozzles to permit or regulate

predetermined flows of gas exiting the gas outlets.

7. The gas distributor of claim 6, wherein each of the control valves or

nozzles includes an orifice.
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3. ¢ gas distributor of claim 6, further comprising the control valves or

nozzles.

g, The gas distributor of claim 8, wherein the control valves or nozzles are
]

replaceable.

10.  The gas distabutor of claim 8, wherein the control valves or nozzies are

configured 1 a horizontal orientation or a vertical orientation.

i1. The gas distributor of claim 8, wherein an orifice associated with a first
& *
control valve or nozzle 1s sized differently from an onifice associated with a

second control valve or nozzle.

12, The gas distabutor of claim 1, wherein the central gas distribution point

mncludes a volume of substantially spherical shape.

13, The gas distributor of claim 1, further comprising:
one or more manometers to measure or verify gas flow ofthe gas flowing

through the orbital array of gas outlets.

4. A method of distnbuting gas comprising:
providing a gas distributor, the gas distrnibutor comprising:
a body:
a gas irdet for adoutting gas to the body;
an orbital array of gas outlets for distributing the gas to an
external component; and
a ceniral gas distribution point disposed within the body at a
center of the orbital arcay of gas outlets and m fluid communication with the
orbital array of gas outlets;
supplying gas to the central gas distribution point through the gas nlet;
splitting the supplied gas within the central gag distnbution point based
on the number of gas outlets in the orbital array, or a percentage of the gas

outlets in operation;
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distributing the sphit gas to cach of the gas outlets, or to cach of the gas
cutlets i operation; and

providing the distributed gas to a downstream location.

15, The method of claim 14, further compnising:
distributing the split gas to the gas outlets through internal gas conduits
formed in the body, the internal gas condutts connecting the orbital array of gas

outlets to the central gas distribution pomt.

16. The method of claim 15, further comprising:
distributing the split gas along respective gas flow paths of the internal
gas conduits from the central gas distribution point to the orbital array of gas

outlets, the respective gas flow paths being equal in length.

17. The method of claim 14, further comprising;
providing, in association with cach gas outlet, an orifice sized to permit

or regulate & predetermined flow of gas going through that gas outlet,

18.  The method of claim 14, wherein the gas distributor further comprises

the control valves or nozzles.

19 The method of claum 18, wherein each of the control valves or nozzles
mciudes one or more orifices, wherein an onfice associated with a first control
valve or nozzle is sized differently from an orifice associated with a second

control valve or nozzle.

20. A machine-readable medium inchuding instructions which, when read by
a machine, cause the machine to control operations in a gas distribution method
utilizing a gas distrbutor, the gas distributor comprising a body, a gas nlet for
admitting gas to the body, an orbital array of gas outlets for distributing the gas
to an extemal component, and a central gas distribution point disposed within
the body at a center of the orbital arrayv of gas outlets and 1n fluid communication

with the orbital array of gas cutlets, the operations comprising, at least:

[N
-]
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supplying gas to the central gas distribution potnt through the gas nlet;

splitting the supplied gas within the central gag distnbution point based
on the number of gas outlets in the orbital array, or a percentage of the gas
outlets in operation;

distributing the split gas to each of the gas outlets, or to each of the gas
outlets 1 operation; and

providing the distributed gas to a downstream location.
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