
MULTI-PORT PUMPING SYSTEM FOR SUBSTRATE PROCESSING CHAMBERS
CROSS-REFERENCES TO RELATED APPLICATIONS 5[0001] The present
application claims benefit under 35 U.S. 119(e) of U.S. provisional
Application No. 60/986,332, filed on November 8, 2007, entitled
"Multi-Port Pumping System For Reduced Cleaning Pressure In
Dielectric Deposition Chambers," the content of which is incorporated
herein by reference in its entirety. BACKGROUND OF THE INVENTION
10[0002] One of the primary steps in the fabrication of modem
semiconductor devices is the formation of a layer, such as a silicon
oxide layer, on a substrate or wafer. As is well known, such a layer
can be deposited by chemical vapor deposition (CVD). In a
conventional thermal CVD process, reactive gases are supplied to the
substrate surface where heat-induced chemical reactions take place to
form the desired film. In a conventional plasma CVD 15process, a
controlled plasma is formed using, for example, radio frequency (RI)
energy or microwave energy to decompose and/or energize reactive
species in reactant gases to produce the desired film. [0003]
Unwanted deposition on areas such as the walls of the processing
chamber also occurs during such CVD processes. As is known in the
industry, it is common to remove the 20unwanted deposition material
that builds up on the interior of chamber walls with an in situ
chamber clean operation. Common chamber cleaning techniques include
the use of an etchant gas, such as fluorine, to remove the deposited
material from the chamber walls and other areas. In some processes,
the etchant gas is introduced into the chamber and a plasma 



is formed so that the etchant gas reacts with and removes the
deposited material from the 25chamber walls. Such cleaning procedures
are commonly performed between deposition steps for every wafer or
every n wafers. [0004] Some semiconductor manufactures employ a
remote plasma cleaning process as an alternative to an in situ plasma
cleaning, a remote plasma cleaning procedure may be employed in which
an etchant plasma is generated remote from the substrate processing
30 chamber by a high density plasma source such as a microwave plasma
system, toroidal plasma generator or similar device. Dissociated
species from the etchant plasma are then  transported to the
substrate processing chamber where they can react with and etch away
the undesired deposition build up. Remote plasma cleaning procedures
are sometimes used by manufacturers because they provide a "softer"
etch than in situ plasma cleans, i.e., there is less ion bombardment
and/or physical damage to chamber components because the plasma is 5
not in contact with chamber components [0005] In one known type of
remote plasma cleaning procedure, nitrogen trifluoride (NF3) is
introduced into a remote plasma system (RPS) where it is activated by
microwave power. The RPS dissociates the NF3 into reactive fluorine
groups (e.g., radical F atoms and ions) that are transported to the
substrate processing chamber to react with the residual deposition 10
materials (e.g., silicon oxide) that have built up on the chamber
sidewall and other exposed surfaces in the deposition chamber. The
RPS system is often mounted on an external surface of the deposition
chamber (e.g., the top of the chamber) and flows the activated
cleaning gas into the chamber. [0006] The activated cleaning gas may
include the activated NF3 source gas to which a 15carrier gas such as
helium or argon (Ar) may optionally be added. The rate at which the
activated cleaning gas flows from the RPS into the deposition chamber
is often limited by the construction of the RPS. For example, an
ASTRONe RPS, manufactured by MKS Instruments Inc., is rated for a 4.0
SLM flow while an ASTRONex RPS system is rated for a 6.0 SLM flow. To
keep the flow of the activated cleaning gas circulating through the
20 chamber, a foreline is kept open to connect the chamber to an
exhaust (e.g., dry) pump. The vacuum pulled by the dry pump causes
cleaning gas to exit the chamber through the foreline. 



[0007] In the 300 mm Ultimata HDP-CVD chamber, manufactured by
Applied Materials, the portion of the foreline through which cleaning
gases are exhausted is coupled to a single port running between the
chamber and a roughing pump. The port is of a fixed size and has a 25
limited flow capacity that cannot accommodate increased input flows
of the cleaning gas beyond a certain point without an increase in the
chamber pressure. Thus, when the ASTRON RPS units referred to above
are used with the 300 mm Ultima chamber, a flow rate of the activated
cleaning gas was typically in the range of between 2 to 4.5 Standard
Liters per Minute (SLM). At such flow rates chamber pressure can
readily be kept within an ideal 30 range for efficient cleaning. When
a higher flow RPS unit that can generate flow of activated cleaning
gas in the range of 10 to 15 SLM, the single port foreline cannot
remove the gas at a fast enough rate and the chamber pressure rises
above an ideal range resulting in a decrease in  the cleaning
efficiency of the activated cleaning gas. For example, when the
cleaning gas pressure climbs above about 9 Ton, more gas is used and
the cleaning rate actually decreases compared to a lower chamber
pressure. This limitation on the input flow rate of cleaning gas
results in longer chamber cleaning times and reduces its throughput
or productivity. 5BRIEF SUMMARY OF THE INVENTION [0008] In view of
the above, the inventors have recognized a need for new foreline
designs that can maintain the cleaning gas pressure in a deposition
chamber at an optimum level when the input flow rate is increased.
Embodiments of the invention include an improved foreline design
where multiple ports (e.g., two or more ports) may be used in the
foreline to 10 remove spent cleaning gases from the chamber. 10009]
According to one embodiment of the invention, a multi-port exhaust
foreline for purging fluids from a substrate processing chamber is
provided where the foreline includes first, second and third ports
independently coupled to the chamber. The first, second and third
ports are fluidly coupled together and merge into a single port that
is operatively 15coupled to an exit vacuum. In one specific
embodiment, the three ports intersect at a cross fitting that has a
fourth port that is coupled to the exit vacuum. [0010] According to
another embodiment, a substrate processing system is provided that
comprises a substrate processing chamber having a substrate
processing region within the chamber; a substrate support having a
substrate receiving surface positioned within the 20substrate
processing chamber for securing a substrate during substrate
processing in the substrate processing region of the chamber; and a
gas exhaust system comprising a turbo molecular pump, a gate valve
that can be closed to fluidly isolate the turbo molecular pump from
the chamber and first and second gas exhaust pathways that are
fluidly coupled to an 



exhaust foreline. The first gas exhaust pathway includes a first
conduit coupled to a port 25positioned on the substrate processing
system to exhaust gases pumped through the turbo molecular pump from
the substrate processing chamber into the exhaust foreline. The
second exhaust pathway includes at least second and third conduits
coupled to second and third interface ports positioned on the
substrate processing system to, when the gate valve is closed fluidly
isolating the turbo molecular pump from the chamber, exhaust gases
from the 30substrate processing chamber into the exhaust foreline. In
some embodiments of the substrate processing system, the second gas
exhaust pathway includes a fourth conduit coupled to a fourth
interface port positioned on the substrate processing system to, when
the  gate valve is closed fluidly isolating the turbo molecular pump
from the chamber, exhaust gases from the substrate processing chamber
into the exhaust foreline. Also, in some embodiments, the second,
third and fourth interface ports are positioned in substantially the
same horizontal plane and spaced approximately 90 degrees from each
other and positioned 5 below the substrate support. The substrate
processing system may include a roughing pump operatively coupled to
the exhaust foreline downstream from the first, second, third and
fourth conduits as well as a second throttle valve operatively
coupled in the second gas passageway between the second, third and
fourth conduits and the roughing pump. [0011] In one embodiment a
method of cleaning a substrate processing chamber is 10provided. The
method introduces an activated cleaning gas mixture into the chamber;
reacts at least a portion of the cleaning mixture with residue
materials in the chamber; and removes the cleaning mixture from the
reaction chamber through multiple exhaust ports fluidly coupled
together and operatively coupled to a vacuum pump. The cleaning gas
mixture is a fluorine-containing compound generated from a plasma
formed outside the chamber in a 15remote plasma system. In one
specific embodiment, the cleaning gas mixture comprises nitrogen
tri-fluoride and the activated cleaning gas comprises fluorine ions
and fluorine radicals, and is introduced into the chamber at a flow
rate between 10-15 SLM while chamber pressure is maintained at or
below 9 Ton. 



100121 In another embodiment, a method of operating a substrate
processing system having 20 a substrate processing chamber and a gas
exhaust system comprising a turbo molecular pump, a gate valve that
can be closed to fluidly isolate the turbo molecular pump from the
substrate processing chamber and first and second gas exhaust
pathways that are fluidly coupled to an exhaust foreline is provided.
The method includes (i) transferring a substrate into the chamber and
performing a substrate processing operation on the substrate by
introducing one 25or more process gases into the chamber while the
substrate is positioned within the chamber and exhausting the one or
more process gases from the chamber into the exhaust foreline with
the turbo molecular pump through a first exhaust pathway fluidly
coupled to the chamber at a first port downstream from the turbo
molecular pump, wherein unwanted residue material builds-up on
interior surfaces of the substrate processing chamber during the
substrate 30processing operation; and (ii) transferring the substrate
out of the chamber, closing the gate valve to isolate the turbo
molecular pump from the chamber and performing a chamber clean
operation by introducing an activated cleaning gas mixture into the
chamber, reacting at least a portion of the cleaning mixture with the
residue material, and removing the cleaning gas  mixture from the
chamber through a second exhaust passageway having at least second
and third ports fluidly coupled to the chamber upstream from the
turbo molecular pump. In one embodiment the second exhaust pathway
further includes a fourth port fluidly coupled to the chamber
upstream from the turbo molecular pump. 5[0013] In one specific
embodiment, the invention utilizes three vacuum interface ports
available on the throttle body of a conventional semiconductor
deposition chamber. The three ports, which are upstream of a turbo
molecular pump, are fluidly coupled together and to the exhaust
foreline to allow increased pumping capability without the need for a
major and expensive redesign of existing chambers. Embodiments of the
invention also allow 10existing chambers to be retrofitted from a
single port foreline design to a two or three port foreline design to
increase the pumping capacity of the existing chamber. [0014]
Additional embodiments and features are set forth in part in the
description that follows, and in part will become apparent to those
skilled in the art upon examination of the specification or may be
learned by the practice of the invention. The features and advantages



15of the invention may be realized and attained by means of the
instrumentalities, combinations, and methods described in the
specification. BRIEF DESCRIPTION OF THE DRAWINGS [0015] A further
understanding of the nature and advantages of the present invention
may be realized by reference to the remaining portions of the
specification and the drawings 20wherein like reference numerals are
used throughout the several drawings to refer to similar components.
In some instances, a sublabel is associated with a reference numeral
and follows a hyphen to denote one of multiple similar components.
When reference is made to a reference numeral without specification
to an existing sublabel, it is intended to refer to all such multiple
similar components. 25[0016] Fig. 1 shows a conventional, single-port
foreline that fluidly couples a deposition chamber to an exit pump
during a chamber clean operation; [0017] Fig. 2 shows a simplified
schematic of a foreline according to one embodiment of the invention;
[0018] Fig. 3 shows a simplified schematic of a foreline according to
another embodiment 30of the invention; and  [0019] Fig. 4 shows a
simplified perspective view of an HDP-CVD chamber fitted with a
foreline according to one embodiment of the invention. DETAILED
DESCRIPTION OF THE INVENTION [0020] Fig. 1 is a simplified
cross-sectional view of a high density plasma chemical vapor 



5deposition (HDP-CVD) system 10 in which the techniques according to
the present invention can be employed to increase the pumping
capacity of system 10 during a chamber clean operation. CVD system 10
includes, among other elements, a chamber body 12, a substrate
support 14 (e.g., an electrostatic chuck), gas nozzles 16, 18, a
chamber dome 20, a remote plasma cleaning system 22 and a vacuum
system 24. Chamber body 12, dome 20 and 10substrate support 14
combine to define a processing region 15 in which a substrate 2 is
positioned during a substrate processing operation, such as a
chemical vapor deposition operation. For convenience, numerous
features of system 10 that are not directly relevant to the invention
have been omitted from Fig. 1 and are not discussed herein. For
example, system 10 includes a gas distribution system that delivers
process gases to gas nozzles 16, 18, 15as well as source and bias
plasma systems that are coupled to the chamber to provide energy to
form a plasma within the chamber from the process gases introduced
into the chamber. [0021] Vacuum system 24 includes a body member 26
that forms a lower portion of chamber 12 and joins the chamber to the
vacuum system, and a throttle body 28, which houses a three-blade
throttle valve 30 and is attached to a gate valve 32 and a
turbo-molecular 20 pump 34, which allow accurate and stable control
of chamber pressures as low as about 1 mTorr during substrate
processing operations. Gate valve 32 can isolate pump 34 from the
throttle body 30 and process region 15. [0022] Vacuum system 24 also
includes additional isolation valves 40 and 42, an endpoint detector
44, an additional throttle valve 46 and a roughing pump 48. During
substrate 25processing operations, isolation valve 40 is closed while
gate valve 32 and isolation valve 42 are open. Gases are exhausted
into a foreline 50 through port 52 and gas conduit 50a. Pressure
during substrate processing operations is controlled by throttle
valve 30. During a chamber clean operation, gate valve 32 and
isolation valve 42 are closed while valve 40 is open. The cleaning
gas is exhausted into foreline 50 through port 54 and gas conduit
50b. 30Pressure during the chamber cleaning operation is controlled
by throttle valve 46. Gas conduits 50a and 50b are part of gas
foreline 50. 



[0023] In some CVD chambers 10 such as some Ultima HDP-CVD chambers
manufactured by Applied Materials, chamber body 12, body member 26
and throttle body 28 are welded together to form an integral housing.
Port 54 on that housing is of a fixed size and can be coupled to the
foreline by appropriate fittings. The housing also includes two
5additional ports not shown in Fig. 1 (shown in Fig. 2 as ports 56,
58). These additional ports 56, 58 are located at about the same
height on chamber 10 as port 54 (and thus on substantially the same
horizontal plane) but are located 90 degrees to the left and right of
port 54 and thus would face towards and away from the figure page,
respectively. Each of ports 54, 56, 58 are upstream (with respect to
gas flow into and out of the chamber during substrate 10 processing
and chamber clean operations) from gate valve 32 and turbo molecular
pump 34 [0024] These additional ports are typically used to couple
devices such as a pressure gauge or purge of helium gas to chamber
10. In one embodiment of the invention, however, these additional
ports 56, 58 are coupled directly to the foreline with appropriate
fittings to provide gas flow paths to the foreline in addition to the
path through port 54 during a chamber 15 cleaning operation and
thereby increase the pumping capacity of chamber 10 during a chamber
cleaning operation. [0025] Fig. 2 shows a simplified schematic view
of a foreline 60 according to embodiments of the invention. Foreline
60, which can replace foreline portion 50b in Fig. 1, includes gas
conduit sections 62, 64, 66 that respectively couple to three ports
54, 56, 58 on a substrate 20 processing chamber such as chamber 10.
Sections 62, 64, 66 intersect and are fluidly coupled together at a
cross fitting 68, which can be used to couple the portion of the
foreline shown in Fig. 2 to the remainder of the foreline and to
roughing pump 48. Separate isolation valves 70,71 and 72 are
positioned between cross fitting 68 and each of ports 54, 56 and 58,
respectively. In another embodiment, shown in Fig. 3, instead of
using separate isolation 25valves 70-72 for each segment of the
foreline coupled to ports 54, 56 and 58, a single isolation valve 74
is positioned between cross fitting 68 and roughing pump 48.
Furthermore, end point detector 44 and throttle valve 46 may be
operatively coupled to the foreline between cross-fitting 68 and
roughing pump 48 in each of the embodiments shown in Figs. 2 and 3.
30[0026] In certain Ultima HDP-CVD chambers, the center port (port
54) has a larger diameter opening than the side ports (ports 56, 58).
Thus, when embodiments of the invention shown in Figs. 2 and 3 are
used in conjunction with such chambers, the various  connectors used
to connect sections 64 and 66 to the chamber will have a smaller
diameter at the point of connection to the chamber than that of the
center connector 62. In one 



embodiment, cross-fitting 68 connects to each of the three foreline
sections 62, 64 and 66 with the same size coupling which is also the
same diameter as the coupling used to connect 5to port 54. Thus, in
this embodiment various adapters can be used to change diameter of
sections 64, 66 to ensure proper mating and gas tight seals along
each portion of and the entire length of the foreline. A person of
skill in the art will recognize that the present  invention is not
limited to any particular parts used to create the configurations
shown in Figs. 2 and 3 or other configurations of the invention.
Furthermore, the skilled artisan will 10recognize that the such parts
are a matter of design choice and may include multiple sections,
pipes, valves, couplings, clamps, o-rings and other parts as
necessary to create a desired arrangement for a particular chamber.
[0027] Fig. 4 is a simplified perspective view of a semiconductor
fabrication system 100 fitted with a foreline 60 according to an
embodiment of the invention. System 100 may be, 15 for example, a 300
mm Ultima HDP-CVD deposition chamber or another type of chamber.
System 100 may be used to deposit and/or etch dielectric films (such
as silicon oxide, silicon oxynitride, silicon nitride, etc.) on
substrate wafers. [0028] As shown in Fig. 4, foreline 60 is coupled
to three output ports near the bottom of the chamber at approximately
the height of the throttle valve and oriented at 90 angles from
20each other. A first interface port 54 from the chamber is coupled
to a first section of the foreline with a KF50 sized coupler. Second
and third chamber interface ports 56, 58 at 90 angles to first port
54 are coupled to second and third sections of the foreline,
respectively, with KF25 sized couplers. In this embodiment, the three
foreline ports intersect at a cross fitting 68, which has a forth
port coupled to a shutoff valve 74 that can isolate sections 62,64
25and 66 of the foreline from the gas flowing through valve 42 and
the lower section of the foreline during a substrate processing
operation. Also shown in Fig. 4 are bellows 102, which allow some
adjustment to the position of various sections of the foreline with
respect to each other enabling easier installation of the foreline
and better fit. [0029] The embodiment of the system shown in Fig. 4
includes a pipe section 104 that in 30 some embodiments is replaced
with an end-point detector (EPD), such as detector 44 shown in Fig.
1. Such an BPD detects when the pressure of cleaning gas in the
chamber is low enough to indicate the end of a cleaning cycle or
process. Throttle valve 46 is also positioned 



in the foreline, downstream of section 104 but it can readily be
positioned upstream of section 104 or at other locations along the
foreline between connector 68 and the roughing pump. [0030] As
previously mentioned, a multiport foreline as described above can
provide increased pumping capacity during a chamber clean operation
to allow for increased flow of 5 activated clean gases during a
chamber clean operation. For example, when a 300 mm Ultima HDP-CVD
chamber retrofitted with a three port foreline upstream of the turbo
molecular pump as described with respect to Fig. 4, the system has
sufficient pumping capacity for a high flow rate RPS to introduce an
activated cleaning gas into the chamber at a rate between 10-15 SLM
while maintaining chamber pressure below 9 Ton and specifically 10 to
enable chamber pressure to be maintained at 6 Ton at a 15 SLM flow
rate of the activated cleaning gas. The inventors have also found
that the multiport foreline provides better clean uniformity during a
chamber clean operation. It is believed that the improved uniformity
is due at least in part to pumping clean gases from multiple ports
spaced apart from each other over 180 degrees of the interior
perimeter of the chamber body. 15[0031] Having described several
embodiments, it will be recognized by those of skill in the art that
various modifications, alternative constructions, and equivalents may
be used without departing from the spirit of the invention. For
example, Figs. 2-4 each disclosed adding two additional ports to the
foreline for exhausting cleaning gases, some embodiments of the
invention may use just one of the two additional ports saving the
third port for other purposes 20 such as the connection of a pressure
gauge or helium supply. As another example, while the invention was
described primarily with respect to an HDP-VD chamber, it can also be
employed with other types of deposition chambers as well as etch
chambers and other chamber. Additionally, a number of well-known
processes and elements have not been described in order to avoid
unnecessarily obscuring the present invention. Accordingly, the
25above description should not be taken as limiting the scope of the
invention. [0032] As used herein and in the appended claims, the
singular forms "a", "an", and "the" 



include plural referents unless the context clearly dictates
otherwise. Thus, for example, reference to "a process" includes a
plurality of such processes and reference to "the electrode" includes
reference to one or more electrodes and equivalents thereof known to
those skilled in 30the art, and so forth. [0033] Also, the words
"comprise," "comprising," "include," "including," and "includes" when
used in this specification and in the following claims are intended
to specify the  presence of stated features, integers, components, or
steps, but they do not preclude the presence or addition of one or
more other features, integers, components, steps, acts, or groups.
WHAT IS CLAIMED IS:               1. A method of operating a
substrate processing system having a substrate processing chamber and
a gas exhaust system comprising a turbo molecular pump, a gate valve
that can be closed to fluidly isolate the turbo molecular pump from
the substrate processing chamber and first and second gas exhaust
pathways that are fluidly coupled to an exhaust foreline, the method
comprising:             transferring a substrate into the chamber and
performing a substrate processing operation on the substrate by
introducing one or more process gases into the chamber while the
substrate is positioned within the chamber and exhausting the one or
more process gases from the chamber into the exhaust foreline with
the turbo molecular pump through the first exhaust pathway fluidly
coupled to the chamber at a first port downstream from the turbo
molecular pump, wherein unwanted residue material builds-up on
interior surfaces of the substrate processing chamber during the
substrate processing operation; and             transferring the
substrate out of the chamber, closing the gate valve to isolate the
turbo molecular pump from the chamber and performing a chamber clean
operation by introducing an activated cleaning gas mixture into the
chamber, reacting at least a portion of the cleaning gas mixture with
the residue material, and removing the cleaning gas mixture from the
chamber through the second exhaust pathway having at least second and
third ports fluidly coupled to the chamber upstream from the turbo
molecular pump.              2. The method of claim 1 wherein the
second exhaust pathway includes a fourth port fluidly coupled to the
chamber upstream from the turbo molecular pump.              3. The
method of claim 2 wherein the step of removing the activated cleaning
gas mixture comprises fluorine ions and fluorine radicals generated
in a remote plasma system operatively coupled to the chamber.
4. The method of claim 3 wherein the fluorine ions and fluorine
radicals are generated from NF3. 


