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SHARED GAS PANELS IN PLASMA PROCESSING SYSTEMS
BACKGROUND OF THE INVENTION

HHI Y Substrate processing systems have long been employed to process substrates to
produce electronic devices (such as integrated circutt dies or flat display panels or solar panels).
In a modern substrate processing svstem, multiple process modules {PMs) may be provisioned
per system. This 1s commonly known as the clustered tool approach, and a cluster tool 1s
conumonty understood to include multiple processing modules for processing multiple substrates
in parallel.
[o002] Generally speaking, each process module 1s configured to process one or mere
sabstrates i sccordance with the same or different recipes/processes. Smnee the processmg of
substrates typically requires a plurality of process gases {such as etching or deposition or tuning
gases), each process module (or chamber, as the term “chamber” 15 used interchangeably with
“process module”™ herem) s typically provistoned with its own gas panel in the past i order to
selectively provide a set of required process gases to the process module to execute a desived
recipe.
0003] To elaborate, a gas panel represents the arrangement that performs the fanction of
recerving the plorality of process gases, selectively providing selective gases of the plurality of
process gases to the process module 1 accordance with parameters specified by the recipe.
These parameters may include one or more of volame, pressure, and temperature, for example.
j0004] Gas panels are, however, fairly bulky and are relatively expensive items to purchase,
operate, and mamtam. A typical gas panel moludes a plurality of inpuet and output gas hines, a
pharality of valves tor volume/pressure control and for safetv/isolation of the mdividual process
oases and assocated sensor/controlicommunication electromies. The typical gas panel also
tymically mcludes a muxing manfold for mixing the process gases prior to supplymg such
process gases to the process module. The large number of components increases the cost (o
acquire, operate, and mamtain the substrate processing system.
{0005] Reducing the cost of acquiring, operating, and maintaining substrate processing
systems by sumplifving andfor reducing the number of gas panels 1s one among many goals of

embodiments of the present mvention.
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SUMMARY OF THE INVENTION
{0006} The invention relates, 1 an embodiment, to a gas panel for supplying selective ones
of a plurality of process pases to a set of process modules having at least two process modules.
The gas panel includes a plurality of mass flow controllers, each of the plurality of mass flow
controllers having an MFC mput port and an MFC output port, wherein MFC mnput ports of the
plurality of mass flow controllers are coupled to receive the first plurality of process gases. The
gas panel also includes a plurality of mixing valves, each of the plurality of mixing valves having
an input port and a first ontput port and a second output port, wherein input ports of the plurality
of mixing valves are in gaseous communication with MFC output ports of the plurality of mass
flow controllers. The gas panel further mclodes a first mixing mamtold taving a plurality of first
mixing manifold mput ports and at least one first mixing manifold output port for outputting gas
from the first mixing mamifold to a first process module of the at least two process modules,
wherein first output ports of the phaality of mixmg valves are in gaseous conmunication with
the first mixing manifold taput ports. The gas panel additionally mcludes a second mixing
manifold having a phaality of second mixing manifold mput ports and at least one second
miking manifold output port for outputting gas from the second mixing manifold to a second
process module of the at least two process modules, wherein second outpat ports of the pluarality
of mixing valves are 1 gaseons conumanication with the second mixing manifold mpuot pors,
wherein the first mixing manifold and the second manifold are disposed under the phaality of
mixing valves thereby reducing a volume of the gas panel.
{66071 In another embodiment, the mvention relates to a method of supplying selective ones
of a plurabity of process gases {0 a set of process modules of a subsirate processing svstem, the
set of process modhles having at least two process modules. The method mcludes providing a
2as evacuation contamment structure and providing a plurality of muxing valves, each of the
plurality of nuxing valves having an mput port and a first output port and a second output port,
wherein each input port of the mput ports of the plurality of mixing valves is configured to
receive one of the plurality of process gases. The method also mcludes providing a first mixing
manifold having a plurality of first muixing manifold input ports and at least one first nuxing
manifold output port for outputting gas from the first mixing manifold to a first process module
of the at least two process modules, wherein first output ports of the plurality of mixing valves

are In gaseous communication with the fivst mixing manfold mput ports. The method
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addittonally mcludes providing a second mixing manifold having a plurality of second mixing
manfold wput ports and at least one second puxing manifold output port for outputting gas from
the second mixing manifold to a second process module of the at least two process modules,
wherein second output ports of the plurality of nuxing valves ave in gaseous communication with
the second mixmng manifold mput ports, wherem the plurality of mixing valves, the first mixing
manifold, and the second mixing mamfold are disposed within the gas evacuation contanument
structure and wherein the first mixing manifold and the second manifold are disposed under the
plurality of mixing valves, thereby reducing a volume of the gas evacuation containment
structure.
BRIEF DESCRIPTION OF THE DRAWINGS

jO008]  The present nvention is tlustrated by way of example, and not by way of limitation,
in the figures of the accompanying drawings and in which like reference numerals refer to
similar elements and m which:
[{0009] Fig. 1 shows, in accordance with an embodiment of the invention, an arrangement for
supplying process gases 10 a set of process modules of a cluster tool.
[00010]  Fig. 2 conceptually shows, m accordance with an embodiment of the invention, some
relevant components within a shared gas panel {SGP).
[00011] g 3 shows the spatal arrangements of some relevant components of the shared gas
panel i accordance with one or more embodiments of the mvention.
j00012]  Fig. 4 shows another view of the mixing valve of the type commonly emploved 1n
mdastry.
[00013] Fig. 5 shows the stagger artangement of the two weldments forming two mixing
manifolds of a shared gas panel.

DETAILED DESCRIPTION OF EMBODIMENTS
{00014]  The present invention will now be described in detail with reference to a few
embodiments thereof as tlustrated n the accompanying drawings. In the following description,
numerous specific details are set forth in order 1o provide a thorough understanding of the
present invention. It will be apparent, however, to one skilled 1n the art, that the present
mvention may be practiced without some or all of these specific details. In other mstances, well
known process steps and/or structures have not been described m detail in order to not

unnecessarily obscure the present mvention.
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JO001S]  Vanous embediments are described herembelow, including methods and technigues,
1t should be kept m nund that the mvention nught also cover articles of manufacture that mcludes
a computer readable medium on which computer-readable instructions for carrying out
embodiments of the inventive techumque are stored. The computer readable medium may
mclude, for example, senuconductor, magnetic, opto-magnetic, optical, or other forms of
computer readable medium for storing computer readable code. Further, the invention may also
cover apparatuses for practicing embodiments of the tnvention. Such apparatus may inclode
circuits, dedicated andfor programmable, to carry out tasks pertaining to embodiments of the
mvertion. Examples of such apparatus include a general-purpose computer andfor a dedicated
computing device when appropriately progranuued and may melode a combination of a
computer/computing device and dedicated/programnmable circuits adapted for the various
[00016] Embodiments of the invention relate to methods and apparatus for reducing the
number and size of gas panels i a substrate processing systemt. In one or more embodiments, it
i1s realized by the nventors herein that if substrate processing systems are constructed and best
practices are established sach that if maltiple process modules of the same claster tool carry out
the same recipe at the same time (o execute the same process on different substrates i these
different process modules, 1t 1s unnecessary to provide each such process module with an
idependently contrellable gas box. In an embodiment, multiple process modules share a gas
panel, thereby reducing the nomber of components that need to be purchased and mamntained.
Each shared gas panel (SGP) can service two or more process modules simultansously.

{60017 More importantly, embodiments of the mvention mvolve arrangements and
techniquses 10 mininuze the volume occupied by components of the shared gas panel (SGP). For
example, embodiments of the invention mvolve staggerng the nuxing manifolds such that
multiple mixing manifolds can occupy the same footprint as one prior art manifold. Thisis
mportant since modemn safety requirements specify that components of a gas panel {such as
valves, mass flow controllers, gas ling connectors) be isolated from the ambient environment by
a containment structure. The air in the containment structure i1s constantly pumped out and
scrubbed {1e., processed to remove or render relatively harmless any gas that may be leaked
from the gas panel components). In an example pas panel currently in use, about 130 CFM
{cubic feet per minute) of contamment structure air needs to be pumped and scrubbed every

minute. This pumping and scrubbing needs to be performed whenever the cluster tool is i
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operation and contributes m a non-trivial way to the cost of owning and operating the cluster tool
when a large number of high volume gas panels are mvolved.

JO00I8]  If fewer pas panels are employed in the cluster tool, less contamment structure air
needs to be pumped and scrubbed, thereby reducing the cost of tool ownership. Furthermore, if
the 1ventive shared gas panel (SGP} that services multiple process modules can be kept small i
volume such that the components of the shared gas panel fit in a smaller containment stracture,
less containment structure air needs to be pumped and scrubbed, thereby reducing the cost of
owning and operating the cluster tool. With fewer gas panels and gas containment structures, the
probability of gas leak to the environment may also be reduced.

[00019]  In an embodiment, there 1s provided an apparatus for supplying selective process
gases to a set of process modules that includes at least two process modules. The apparatus
mchudes a gas evacuation containment structure {(1.e., a containment structure that isolates the
components within the contatnment structure from the ambient environment and 1§ configured to
have its interior air frequently or constantly evacuated to a treatment systemn).  Withun the
containment structure, there are provided a plurality of 3-port muxing valves. Each 3-port nuxing
valve mcludes an wmpot port, a first output port, and a second output port.

[80020]  The process gases are selectively supplied to the mput ports of the mixing valves
using a plurality of apstream primary valve and/or mass flow controllers. I an upstrears primary
valve and/or mass flow controlier shuts off, the process gas associated with the gas hine on which
the upstream primary valve and/or mass flow controlled 1s closed does not get deliverad to an
mput port of a mexing valve and 15 not used in the processmg of the sabstrate.

{08021 In an embodiment, i gach 3-port mixing valve, the mput port 1s coupled 1o both the
first output port and the second output port such that when the 3-port nmuxing valve is on, the
mput port provides gas to both the first output port and the second output port. When the 3-port
mixing valve 1s off, the mput port stops providing gas to both the first culput port and the second
output port.

[00022]  In another embodiment, in each 3-port mixing valve, the mput port is selectively
coupled to both the first output port and the second cutput port such that when the 3-port nuximg
valve 1s on, the input port provides gas {depending on a control input, which may be pneumatic,
hydraulic, or elecirical} fo 1) both the first output port and the second output port, or 2) only the

first output port, or 3) only the second output port. When the 3-port mixing valve is off, the
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mput port stops providing gas to both the first output port and the second output port. The first
output ports of the muxing valves are coupled to the plurality of input ports of a first nuxing
manifold, while the second output ports of the muxing valves are coupled to the plurality of input
ports of a second mixing manifold. The first mixing manifold represents the shared gas manifold
within which process gases from various first output ports of vanous nuxing valves are mixed
before bemny delivered via a first mixing manifold output port to the first process module of the
cluster tool. The second mixing manifold represents the gas manifold within which process
gases from various second output ports of varions mixing valves are nuxed before being
dehivered via a second nuxing manifold output port to the second process module of the cluster
tool. Although only a 3-port mixing valve and 2 mixing mamfolds ave discussed 1o the example
herein, 1t should be understood that 1 1s also possible to have a 4-port mixing valve {1 mput port
and 3 output ports) working with 3 puxing manifolds, or a S-port mixing valve (1 input port and
4 output ports) workmng with 4 muxing mantfolds, and so on. In an embodiment, the first mixing
manifold and the second mixing manifold are oriented in parallel such that their longitudinal axis
are parallel to a first direction or such that thewr manifold mput ports generally line up parallel to
the first divection. In an embodiment, each of these mixing mawfolds assumes the general shape
of a tubular length baving a longitudimal dimension and a cross section. The cross-section may
be circular or may be square or rectangular or any other enclosed shape. The longitudmal
dimension forms an axis that s parallel to the aforementioned first dimension m this
embodiment,

[00023]  Each set of three ports that mclades the mput port, the first cutput port, and the
secornd output port of each muxing valve are Hned up i a hine that &5 parallel to a second
direction. More importantly, the second direction 18 at an angle with the first direction with
which the mixing manifolds are ortented. As the term 13 emploved herem, the second direction is
deemed to be “at an angle™ with the first direction when the second direction s nesther
orthogonal nor parallel to the first direction. By staggering the mixing manifolds and thus
angling each mixing valve such that its input port, first output port, and second output port line
up in a direction that is at an angle with the first direction with which the mixing manifolds are
oriented, the mixing manifolds may be placed closer together, thereby reducing the volume of

the components of the shared gas panel and conconutantly reducing the volume of the
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containment structure that houses these components. In some cases, multiple mixing manifolds
can occupy the same foolprint formerly employed to accommodate a prior art manifold.

jo0024]  In an embodiment, the mixing valves occupy a given plane. The first mixing
manifold is disposed on g first plane under the mixing valves plane, while the inlet lines that
supply the process gas to the muxing valve mput ports are placed on a second plane under the
mixing valves, with the second plane being disposed between the first plane and the nuxing
valves. In an embodiment, both the first mixing manifold and the second mixing manifold are
disposed on the first plane under the mixing valves while the inlet lines that supply the process
#as to the mput ports of the nuxing valves are placed on a second plane under the mixng valves
plane, with the second plane being disposed between the first plane and the muxing valves plane.
By stacking various components i diffevent vertical planes, the volume of the components of the
shared pas panel may be finther reduced.

[00025]  The featwres and advantages of emboduments of the tnvention may be better
understood with reference to the figures and discussions that follow,

[00026]  Fig. I shows, in accordance with an embodiment of the invention, an arrangement for
sapplving process gases to a set of process modules PMI- PM4 of a cluster tool 100, A gas
supply 110 15 shown providing process gases 1o Shared Gas Panel 1 and Shared Gas Panel 2.
Generally speaking, the gas supply mcludes muduple gas Iimes, each of which may provide one
spectfic process gas from the gas supply store (such as a storage tank via appropriate supply
tubing). Shared Gas Panel 1 13 shown supplying process gas{es) to both process modules PM1
and PM2. In an embodiment, PM 1 and PM 2 both execute the same recipe. In another
embodiment, PMI and PM2 mav execute different recipes.

[000271  Although only two shared gas panels are shown m the example of Fig. 1, a claster
tool may include any number of shared gas panels and individual {ong-per-process-module} gas
panels or anv mixture thereof. Further, although two process modules per shared gas panel are
shown, a shared gas panel may supply process gas{es) to as many process modules as desired.
Fuarther, although only four process modules are shown, a cluster tool may have as many process
meodules as desired. Shared Gas Panel 1 is shown with a gas evacuation confainment structure
102, representing the environmental enclosure for 1solating the components of the shared gas

panel from the ambient envitonment. In use, the gas within gas evacuation contamment struciure
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102 1s evacuated periodically or continually {using pumps, for example) for treatment (such as
serubbing).

jO0028]  Fig. 2 conceptually shows, m accordance with an embodiment of the invention, some
refevant components within a shared gas panel (SGP) 202, such as shared gas pavel 1 of Fig. L.
SGP 202 1s shown recerving four process gases through four gas 1nput lines 2044, 2064, 208A,
and 210A although a typical SGP may receive 17 or more gases (the number of gas mput hnes
may vary as destred). Each of gas input lines 204A, 2064, 208A, and 210A is coupled to a
respective primary valve 2048, 2068, 2088, and 210B. Each primary valve may be
progranunatically controlled to select which process gas may be provided to the nmuxing
manifolds 250 andior 252 (to be discossed later). A set of purge valves 204D, 206D, 208D, and
210D, which is part of a purging system, are also shown although purge valves and purge
systems are conventional and are not part of the present invention.

[00029]  Mass Flow Controllers {MFC) 204C, 206C, 208C, 210C are in gaseous
communication with primary valves 204A, 2064, 208A, and 210A 1o selectively receive input
process gas from the primary valves (depending on which primary valve 1s open). As iz well
known, a mass flow controller 1s employed to regulate (including shuthing off) the tlow rate
anddor pressure of the gas dehivered. Downstream of the mass flow controliers are the muxmng
valves, each of which 18 n gaseous commumnication with a respective mass flow controller. In
the example of Fig. 2, there are two mixing mamifolds 250 and 252 coupled n gaseous
cormmunication with each of mixing valves 204E, 206E, 208K, and 210E. Since each muxing
valve has one iput port for recerving a process gas from its respective manmifold (e.g., nuxing
valve 204 receiving process gas from MEPFC 204C and suximg valve 208E receiving process gas
from MFECZ08C and two ouiput poris for coupling o the two mbang manifolds 250 and 252,
each muxing valve is thus a 3-port valve {one mput port and 2 output ports). Mixing valves

204 E-210E may be pneumatically operated, electrically operated, mechanically operated, or
hydraulically operated, for example.

[00030]  Mixing manifold 230 receives its input gas{es) via the nuxing valves and nuxes the
process gas{es) before delivering the process gas{es) to its process module PM 1 via an 1solation
valve 260, Likewise, mixing manifold 252 recetves its input gas{es) via the mixing valves and

mixes the process gas{es} before delivering the process gas{es} to its process module PM 2 viaan

p=g
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wsolation valve 262, Isolation valves 1solate the process modules from the pas panels and are
emploved for volume/flow control purposes during processing and mamienance, for example.
jo0031] I the example of Fig. 2, the mixing valves are single-input-two-common-outputs
valves. In other words, when the valve is open, gas from the input port s provided to hoth
output ports simultaneocuslty. In this case, each muixing valve 1s essentiallv a sphitter valve and
both mixing manifolds 250 and 252 will recetve the same type of process gas(es).

[00032]  In other embodiments, the mixing valve may, as discussed earlier, selectively provide
gas from its input port to any one of the output ports, any combination of output ports, or to all
output ports. With this capability, 1t1s possible to have different mixtures in mixing mamfolds
250 and 252 to execute different recipes in the two process modules associated with SGP 202,
for example, As mentioned, move than 2 output ports may be provided per mixing valve if there
are more than 2 mixing manifolds andfor more than 2 process modules.

[00033]  In gecordance with an embodiment, the muxing manifolds are disposed under the
mixing valves in order 1o save space and to reduce the volume within the containment enclosure.
This is best seen in Fig. 3 wherein mixing mantfolds 250 and 252 are disposed under plane
portion 302, representing a portion of a plane at which the miximg valve flange (402 of Fig. 4}
may be disposed. In Fig. 3, nuxing mantfolds 250 and 252 occupy the same plane mthe Y
dimension under the mixing valve. Further, gas line portion 310 that 1s coupled to the mput port
{marked with reference number 310A) occupies, at its bottom end, a different plane m the Y-
dimension that is higher than the Y-dimension plane ovcupied by the mixing manifolds 250 and
252, In other words, the mpat gas hine {whether is vertical portion or the circumference of s
horizontal portion) does not extend downward o the plane ocoapied by nuxing manifolds 250
and 252, By displacing the space-occupying gas hines vertically and also from the mixing valves
themselves, itis possible to squeeze muxmg manifolds 250 and 252 closer together (in the Z
dimension in the example of Fig. 3) to save space. Accordingly, less horizontal space {in the X-
Z plane of Fig. 3) is required, leading to reduced SGP volume. This is particularly true for
mdustry-standard rectangular box-shaped enclosures since the height of such an enclosure is
typically governed by its tallest component. If components are spread-out 1 the X-Z plane, not
ouly would the footprint be unduly large but g lot of interior volume space would have been

wasted as a result.
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jo0034]  Io the example of Fig. 3, a process gas 1s provided via gas line 310 and travels
upward portion 310A mn the +Y direction to the mput port of the muxing valve via hole 320 (hole
320 represents an imaginary cut-away aperture in gas line portion 310A for dlustration
purposes), If the mixing valve is open, the process gas will be distributed to one or both of
output ports by travehng down one or both of holes 322 andfor 324 in the ~Y direction. Holes
322 and 324 represent imaginary cut-away apertures m gas line portions 250A and 252A (which
are in gaseous communication with mixing manifolds 250 and 252 respectively) to he mixed in
manifolds 252 and 250 respectively.

[O0035]  As can be seen in the example of Fig. 3, gas 1s provided to the nuxing manifolds 252
and 250 from portions 252A and 250A via T-couphings 372 and 370, Gas 15 provided to the
wnput port of the mixing valve (by traveling up portion 310A) via an L-coupling 374. A short
horizontal portion 3108 15 emploved to provide the mput gas in a plane that is higher (more
positive m the Y divection) than the plane occopied by the miking manifolds 250 and 252),
[00036]  In one or more embodiments, the tubing lengths, number of turns, and/or the tubing
constraction/diameters of the two gas paths from the two mixing valve outlet ports o 1ts two
mixing manifold are kept as sunilar as possible to ensure that each muxing mantfold receive the
same mass flow from the MFC with the same pressure, gas velocity, and concentration. In one
or more embodiments, these gas paths may be optimuzed with different tubing lengths, number of
tams, and/or tebing diameters/construction to ensure that each mnxing mantfold receive the same
mass flow from the MFC with the same pressure, gas velocity, and concentration.

[00037]  Fig. 3 also shows another process gas provided via L-coupling 368 and gas line 360
to another miximg valve coupled 1o plane portion 386 and distiibuted (0 the two mixing
mantfolds 230 and 252 via lmes 362 and 364,

jO0038]  Fig. 3 shows muxing manfolds 250 and 252 ortented along duection X such that its
mput ports line up along the same direction X. Thas, mput ports of manifold 252 (1.e., the
upward pointing portions of T-couplings 366 and 372) that couple o portions 364 and 252A
respectively line up paraliel to direction X of Fig. 3 (also direction X of Fig. 3). Simuarly, input
ports of manifold 250 (Le., the upward pomnting portions of T-couplings 370 and 376} that couple
to portions 250A and 362 respectively tine up parallel to direction X of Fig. 3. Similarly, input

ports of the mixing valves (1.2, the upward pointing portions of L-couplings 374 and 368} that

R

x

couple to portions 310A and 360 respectively hine up parallel to divection X of Fig. 3. Since each
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mixing manifold has a long dimension {e.g., longitudinal dimension i the case of a tubular
structure such as those shown in Fig. 3) and a cross section {e.g.. a round or some other
polvgonal cross section m the case of a tabular structure), the long dimension of the mixing
manifold represents the mixing manifold direction herein. In the example of Fig. 3, this mixing
manifold direction 1s also in the direction +/~ X,

{00039  The three input/output ports (or at least one mput port and 1 output port} of each
nuxing valve line up m a direction that is at an angle with direction X of Fig. 3. In the example
of Fig. 3, the input port for the mixing valve that is coupled plane portion 302 occupies the
positions denoted by reference number 320, The two output ports for the mixing valve that 1s
coupled to plane portion 302 occupy the positions denoted by reference numbers 322 and 324,
As can be seen holes 320, 322, and 324 line up along the direction of line 380, which 1s gt an
angle {1.e. other than orthogonal or parallel) to the X direction (e, the mixing manifold
direction or the maxing manifold longitudinal direction).

[00040]  Fig. 4 shows the three poris 404, 406, and 408 of the mixing valve. Input port 406 is
sandwiched between output ports 404 and 408, Together, ports 404, 406, and 408 line ep in the
direction 414, which 15 at an angle to the moong manifold direction X, In other wordy, the
mixing manifolds are oriented in the direction X of Fig. 4, and the ports of a given muxing valve
{either all three or the mput port to the mixing valve and erther of the ontput ports to the two
mixing manmfolds) hine up along direction 414, which is at an angle (1.e., not orthogonal or
parallel) to nuxing manifold direction X, This angle may be deemed diagonal or an acute angle
{less than 80 degrees) depending on which direction is deemed positive for reference divection X,
for example. For completeneass, body 412 bousing the valve body and controls s also shown m
Fig. 4. Also shown are mounting flange 402 and mounting holes 414 A, 4148, 414C, and 414D,
In practice, flange 402 of Fig. 4 mates with tubes 2532A, 310A, and 250A of Fig. 3 at the plane
shown by plane portion 302,

j00041]  As can be seen in the exaraple of Fig. 5, the mixing manifolds are parallel and
essentially “stagpered” such that each set of 3 ports of each mixing valve {1 mnput port to the
mixing valve and 2 output ports to the two nuxing manifolds) line up paraliel to direction 306,
In one or more embodiments, these two mixing manifolds are identical weldment parts to save

mventory and manufacturing cost.
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jo0e42]  Somtlarly, the mput port for the mpang valve that is coupled to mixing manifold mput
ports 310 and 514 occupy the position denoted by reference number 512, Thus thus muxing valve
mput port and its two mixing valve output ports {coupled to mixing manifold input ports 510 and
514} line up parallel to direction 506, As mentioned, direction 506 is considered to be “at an
angle”™ with the X direction {which 1s paraliel to the longitude of the mixing manifolds) 1f they
are not orthogonal or paraliel to one another.

jOR043]  Fig. S also shows a mixing assembly output port 502, representing the port for
outputting the mixed process gas to the process module coupled to mixing manifold 230,
Another mixing assembly output port (not shown to improve clarity n Fig. 5} 15 also provided
for mixing mamfold 252, The output port may be provided at one end of the muxing manifold, or
may be provided anywhere along its shared length.

[00044] By staggering the mixing mamifolds such that the ports of a given mixing valve hine
up atong a divection {such as 306) that 1s at an angle relative to the muxang mantfold longitudinal
axis direction X and also vertically displacing components (such that portion 310B occupy a
different plane compared to the plane occapied by muxing manifolds 250 and 252 1n Fig. 3 and
the mixing valves occupy a different plage). 1t 15 possible to dispose the mput bae (sach as
portion 310A of Fig. 3) to a mixing valve in between the two mixing valve output fines (such ag
portions 250A and 2324 of Fig. 3) and sulf allow the muxing manitolds to be squeezed together
tightly in the Z direction i Fig. 3. This s particularly troae if industry-standard miximg valves
having its mput and cutput ports lined up 1 a smgle line are to be used. If the ports are not
angled relative to the mixing manifold longitudinal axis direction and disposed at different
planes, such volume-saving arrangement woukd not have been possible with these mdusiry-
standard valves.

j00045]  As can be appreciated from the foregoing, embodiments of the nvention permmit a
single shared gas panel to selectively provide process gas(es) to a plurality of process modules.
By ensuring that each mixing manifold receive the same mass flow, matching issues are
eliminated. By reducing the number of gas panels per cluster tool, fewer gas panel components
{such as valves, MFCs, conngctors, transducers, sensors, etc.) need to be acquired and/or
maintained. Further, one or more embodiments of the invention stagger the mixing manifolds
{e.g., m the X-Z direction of Fig. 3) and/or vertically displace (g.g., in the Y direction of Fig. 3)

the lines that feed the ports of the mixmng valves as well as the valves themselves {such that at
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least 3 planes are mvolved), the components can be squeezed into a smaller footprint and thus
smaller volume, thereby reducing the volume occupied by the gas panel components. When
such volume is reduced, less atr needs to be pumped and purged, leading to reduced operating
cOst.

jo0046]  While this invention has been described in terms of several preferred embodiments,
there are altergtions, permutations, and equivalents, which fall within the scope of this wvention.
Although various examples are provided herein, it 1s intended that these examples be iltustrative
and not Hmiting with respect to the invention. For example, although the apparatus is described
i the example, the mvention also covers methods for providing, making andfor assembling the
apparatus by couphing the components together to form the structure described or for operating
the plasma processing system by operating the apparatus to employ its mntended funcuionality and
advantages. Also, the title and summary are provided herein for convenience and should not be
used to construe the scope of the claims herein. Further, the abstract is written in g highly
abbreviated form and s provided herein for convenence and thus should not be employed to
constrae or limst the overall invention, which is expressed in the claims. I the term “set™ 15
emploved heren, such term 1s intended to have its commonly understood mathematical meaming
to cover zerp, one, or more than one member. It should also be noted that there are many
alternative ways of implementing the methods and apparatuses of the present invention. Itis
therefore intended that the following appended claims be iterpreted as including alf sach
alterations, permutations, and equivalents as fzll within the true spirit and scope of the present

myvention.
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CLAIMS
What 15 claumed 1s:
1. A pas panel for supplying selective ones of a plurality of process pases 1o a set of process
modules having at least two process modules, comprising:

a plurality of mass flow controllers, each of said plurality of mass flow controllers baving
an MFC input port and an MFC output port, wherein MFC mput ports of said plurality of mass
flow controllers are coupled to recetve said first plurality of process gases;

a plurality of mixing valves, each of said plurality of mixing valves having an input port
and a first output port and a second output port, wherein input ports of said pharality of mixing
valves are 1 gaseous communication with MFC output ports of said plurality of mass flow
controllers;

a first mixing manifold having a pharality of first nuxing manifold input ports and at least
one first muxing manifold output port for outputting gas from said fiest muping manifold to a first
process module of said at least two process modules, wheren first output ports of said plurahity
of mixing valves are in gaseous comnmuamcation with sard first mixing mansfold mput ports; and

a second mixing manfold having a plurality of second mixing manifold input ports and at
least one second nuxmg mamifold output port for outputting gas from said second muxing
mantfold to a second process module of said at least two process modales, wherem second
output ports of said plurality of mixing valves are in gaseous commumnication with sawd second
nuxing manifold mput ports,

wheremn said first mixing manifold and said second manifold arve disposed under saxd
phurahity of mixing valves thereby reducing a volume of said gas panel.

2. The gas panel of clam 1 further compnismg:

a first plurality of process gas input hines, each of said first plurality of process gas input
lines supplying a respective one of said plurality of process gases; and

a first plurality of primary inlet valves, each of said first plurality of primary inlet valves
coupled to a respective one of said first plurality of process gas mput lines, wherein each of said
plurality of mass flow controllers coupled to a respective one of said first plurality of indet valves
and wherein said each of said first plurality of primary inlet valves selectively controls flow from
a respective one of saxd first plurality of process gas input lines to a respective one of said

plurality of mass flow controllers;
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3. The gas panel of claim 1 wherem said first mixing manifold and said second mixing
manifold are oriented along a first direction such that said plurality of first mixing manifold mput
ports and satd plarality of second mixing mamfold input ports are paraliel to sawd first direction,
a first one of said plurality of first mixing manifold input ports coupled with a first output port of
a first one of said plurality of mixing valves, a second one of saud plurality of second mixing
manifold mput ports coupled with a second output port of said first one of said pluraluy of
nixing valves, wherein said first output port of satd first one of said plurality of mixing valves,
said second output port of said first one of said plurality of mixing valves, and an mput port of
said first one of saxd plurality of mixing valves are Hined up along a second direction that is other
than orthogonal or parallel with said first direction.

4, The gas panel of claim 1 wherein each set of put port, first output port, and second
output port of each of said plurality of mixing valves line up parallel to said second direction
when assembled 10 said gas panel.

5. The gas panel of claim 1 wherein said set of process modules has only two process
modules per said gas panel.

6. The gas panel of claim 1 wheremn said first mpong mantfold occupies a first plane under
satd plurality of muxing valves, gas lines coupled to input ports of said plurality of mixang valves
occapy a second plane onder said phaabity of said muxing valves, wherein said second plane s
between sad first plane and said plurality of muxing valves.

7. The gas panel of claim 6 wheremn said second mixing manifold 1s also on said first plane
under said phurality of mixmg valves.

3. The gas panel of claim | wherem satd each of said pluraliy of muing valves represents a
gas-operated valve.

9. The gas panel of claim 1| wherem said gach of said plurality of mixing valves represents a
single-iput-two-common-outputs valve.

10, Apparatus for supplving selective ones of a plurality of process gases to a set of process
modules of a substrate processing system, said set of process modules having at least two process
modules, comprising:

a gas evacuation contamnment structure;
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a plurality of mixing valves, each of said plurality of mixing valves having an input port
and a first output port and a second output port, wherein each input port of said mput ports of
satd pluarality of nuxing valves is configured to receive one of said plurality of process gases;

a first mixing manifold having a plurality of first mixing manifold input ports and at least
one first mixing manifold output port for outputting gas from said fivst muxing mansfold to a first
process module of said at least two process medules, wherewm first output ports of said plurality
of mixing valves are in gaseous conmunication with satd first mixing manifold input ports; and

a second mixing mamfold having a plurality of second mixing manifold input ports and at
least one second mixing manifold output port for outputting gas from said second nuxing
manifold to a second process module of said at least two process modales, wherem second
output ports of said plurality of mixing valves are in gaseous conumunication with said second
mixing manifold mput ports,

wheretn said phurality of mixing valves, said first mixmg mamfold, and sad second
mixing manifold are disposed within said gas evacuation containment structure and wherein said
first mixing manitold and said second manfold are disposed ender said plurality of mixing
valves, thereby reducing a volume of said gas evacuation contamment structure.

11, The apparatus of claim 1) wherein said first movmg manifold and said second nuxing
mantfold are ortented along a first direction such that said phaality of first mixing mantfold mput
ports and sard plurahity of second mixing manifold mput ports are paraliel to said first direction,
a first one of said plurality of first muxing manifold input ports coupled with a first output port of
a first one of said phurahity of mixing valves, a second one of said plurality of second mixing
manifold mput ports coupled with a second owtput port of sad first one of said pluralsty of
muxing valves, wherem said first output port of said first one of sawd phurality of mixing valves,
said second output port of said first one of saxd plurality of nuxing valves, and an mput port of
said first one of said plurality of nuxing valves are lined up along a second direction that 15 other
than orthogonal or parallel with said first direction.

12, The apparatus of claim 10 wherein each set of mnput port, first output port, and second
output port of gach of said plurality of mixing valves line up paraliel to said second direction
when assembled i said apparatus.

13, The apparatus of claim 10 wherein said set of process modules has only two process

modules per said apparatus.
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14, The apparatus of claim 10 wherein said first mixing manifold occupies g first plane under
said plurabity of mixing valves, gas lines coupled to mnput ports of said plurality of mixing valves
occupy a second plane under said plurality of satd muixmg valves, wheremn said second plane is
between said first plane and said plurahty of nuxing valves.

15, The apparatus of claim 14 wherein said second nuxing manifold 1s alse on said fivst plane
under said plurality of mixing valves.

16, The apparatus of claim 10 wherein said each of said plurality of nuxing valves represents
a gas-operated valve.

17, The apparatas of claim 10 wherein said each of said plurality of nuxing valves represents
a single-input-two-conumon-~-outpats valve,

18,  The apparatus of claim 10 further comprising:

a plurality of mass flow controllers disposed within said gas evacuation containment
structure, each of sad plurality of mass How controllers having an MFC mput port and an MFC
output port, wherem MFC input ports of said plurality of mass flow controllers are coupled to
recerve said first phaality of process gases and wherein said input ports of sasd plarality of
miking valves are in gaseous commmumcation with MFC outpat ports of saxd pharality of mass
flow controllers;

19, The apparatus of clam 18 further comprismg:

a first phurabity of process gas mput lines, each of said first plarality of process gas mpat
ines supplying a respective one of said plurality of process gases;

a first phurabity of primary mnlet valves disposed within said gas evacuation contaimnment
structure, each of said Nirst plurality of pomary miet valves coupled to a respective one of said
first plurabity of process gas nput lines, wherein each of smid plurabity of mass flow controllers
coupled to a respective one of saxd first plurality of mlet valves and wherein said each of said
first plurality of primary mlet valves selectively contrels flow from a respective one of said first
plurality of process gas input lines to a respective one of said plurality of mass flow controllers;
200 A method of supplying selective ones of a plurality of process gases to a set of process
modules of a substrate processing svstem, said set of process modules having at least two process
moduies, comprising:

providing a gas evacuation contamment structure;

-3
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providing a plurality of mixing valves, each of said plurghity of nuxing valves having an
mput port and a first outpat port and a second output port, wherein each mput port of said imput

ports of said plurality of mixing valves is configured to receive one of said plurality of process

oy

gases;

i

i1

providing a first nuxing manifold having a plurality of first mixing manifold input ports
and at least one first mixing manifold output port for outputting gas from said first mixing
manifold to a first process module of said at least two process modules, wherein first output ports
of said plurality of mixing valves are in gaseous communication with said first mixing manifold
mput ports; and

providing a second mixing manfold having a plurahity of second mixang manifold inpat
ports and at least one second mixing manifold output port for outputting gas from said second
mixing manifold to a second process module of said at least two process modules, wherein
second output ports of said plurality of muxing valves are in gaseous communication with said
second mixing manifold input ports

wheremn said phaality of nuxng vabves, said first mixing manifold, and sad second
mixing manifold are disposed within said gas evacuation containment structure and wherem said
first mixing manifold and said second mantfold are disposed under said plurality of muxing
valves, thereby reducing a vohame of said gas evacuation contamnient structare.
21. The method of claim 20 further comprising:

orienting said frst mixing mantfold and said second mixing manifold along a first
direction such that said phurality of first muxing manifold mput ports and said plarality of second
maxing mamfold wmput ports are pacallel o saed fivst divection, a first one of said placality of first
mxing manifold mput ports coupled with a first output port of a first one of said plurality of
mixing valves, a second one of said plurality of second muxmg manifold mput ports coupled with
a second output port of said first one of said plurality of mixing valves, wheremn said first output
port of said first one of said plarality of mixing valves, said second output port of said first ong
of said plurality of mixing valves, and an input port of said first one of said plurality of mixing
valves are lined up along a second direction that is other than orthogonal or parallel with said
first direction.

22, The method of clamm 20 further comprising:

18
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orienting each set of input port, first output port, and second output port of each of saud
plurality of mixing valves such that the ports in said each set line up parallel to said second

direction.
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