MULTI - PORT PUMPI NG SYSTEM FOR SUBSTRATE PROCESSI NG CHAMBERS

CROSS- REFERENCES TO RELATED APPLI CATI ONS 5[ 0001] The present
application clains benefit under 35 U. S. 119(e) of U. S. provisional
Application No. 60/986,332, filed on Novenber 8, 2007, entitled
"Mul ti-Port Punping System For Reduced Cl eani ng Pressure In
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Unwant ed vdeq:insmtmporatadnhalemagrefeteﬁteaxsxtidmardsal | s of the pr ocessi ng
chanber al so occurs during such CVD processes. As is known in the
industry, it is common t BBAECKOROUNIEORQUBVBINEBAIORPOSI tion nateri al

t hat UI| e i.nterior, of chanber walls with an ip situ
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therrnal 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

15  process, a controlled plasma is formed using, for example, radio frequency (RF) 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

20 unwanted 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

25 chamber 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



is formed so that the etchant gas reacts with and renoves the
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vacuum pulled by the dry pump causes cleaning gas to exit the chamber through the foreline.

[0007) Inthe 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
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fluidly cuoelgdubadperop fom the subsirate 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

30 substrate 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
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bel ow 9 -I;Ogr;te 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
25  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 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
30 processing 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
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reference numeral without specification to an existing sublabel, it is intended to refer to all

such multiple similar components.

25 [0016] Fig. I 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

30  ofthe invention; and



150f the invention may be realized and attai ned by neans of the
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operation. For convenience, numerous features of system 10 that are not directly relevant to

the invention have been omitted from Fig. | and are not discussed herein. For example,

system 10 includes a gas distribution system that delivers process gases to gas nozzles 16, 18,

15 as 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

I 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

25  processing 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.

30 Pressure during the chamber cleaning operation is controlled by throttle valve 46. Gas

conduits 50a and 50b are part of gas foreline 50.
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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 (poris 56, 58). Thus, when embodiments of the

invention shown in Figs. 2 and 3 are used in conjunction with such chambers, the various
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to each other enabling easier installation of the foreline and better fif.

[06029] 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 EPD 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
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described in order to avoid unnecessarily obscuring the present invention. Accordingly, the

25  above 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

30  the 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



in the foreline, downstream of section 104 but it can readily be
posi ti oned upstream of section 104 or at other |ocations along the
foreline between connector 68 and the roughi ng punp. [0030] As
previously nmentioned, a multiport foreline as described above can
provi de ipiaereasédatpdifepiurg, ie@EAS coyipahsiits, g stépscha fae to adtearludpdeat i on
to allow for increased.flow of 5 activated clean gases during a
chanber  dTEEIeShRIRRR §h o rogs GRS Terto o B 2cr> OB RS TP RE. QD
chanber rgéupefitted with a three port foreline upstreamof the turbo
nmol ecul ar punp as described with respect to Fig. 4, the system has
sufficient punping capacity for a high flowrate RPS to introduce an
activated cleaning gas into the chanber at a rate between 10-15 SLM
whi | e nmai ntai ni ng chanber pressure below 9 Ton and specifically 10 to
enabl e chanber pressure to be maintained at 6 Ton at a 15 SLM fl ow
rate of the activated cleaning gas. The inventors have al so found
that the multiport foreline provides better clean uniformty during a
chanber clean operation. It is believed that the inproved uniformty
is due at least in part to punping clean gases fromnmultiple ports
spaced apart from each other over 180 degrees of the interior
perineter of the chanber body. 15[0031] Havi ng descri bed several
enbodi ments, it will be recognized by those of skill in the art that
various nodifications, alternative constructions, and equival ents nmay
be used wi thout departing fromthe spirit of the invention. For
exanpl e, Figs. 2-4 each disclosed adding two additional ports to the
foreline for exhausting cl eani ng gases, sone enbodi nents of the

i nvention 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 exanple, while the invention was
described primarily with respect to an HDP-VD chanber, it can al so be
enpl oyed with other types of deposition chanbers as well as etch
chanbers and ot her chanber. Additionally, a nunber of well-known
processes and el enents have not been described in order to avoid
unnecessarily obscuring the present invention. Accordingly, the
25above description should not be taken as limting the scope of the
invention. [0032] As used herein and in the appended clains, the

singular forns "a", "an", and "the"

10



include plural referents unless the context clearly dictates

ot herwi se. Thus, for exanple, reference to "a process"” includes a
plurality of such processes and reference to "the el ectrode" includes
reference to one or nore el ectrodes and equi val ents thereof known to
those skilled in 30the art, and so forth. [0033] Al so, the words
"conprise,” "conprising,” "include,"” "including," and "includes" when
used i wwitATIS spgMEBEIEE:i on and in the follow ng clains are intended
to specify the presence of stated features, integers, conponents, or
steps, but they do not preclude the presence or addition of one or
nor e ot her featULeS1_Aﬂkﬁ%ﬁmﬁopﬁﬁﬁﬁﬂﬁﬁméémeﬁ&@&ﬁmg%ﬁkénhgﬁngﬁgﬂﬁﬁme
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pat hways that are fluidly coupled to an exhaust foreline, the method
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performng a subgidsfh@ndd QGESAE o MRRAALDSAn® PerkditifbSibs@dtE pl¥essing

i ntroduci ng one or nore process gases into the chanber while the
subst r ap@ation pobe sybstield bvinteidacing encorandye Prosash sesasduie thaghamber whike the
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substrate out of the chanber, closing the gate valve to isolate the

t ur bo pEsIcesiNSHhapbersiufing thetsHesigtpanpressinhePeseionotid ng a chanber cl ean
operation by inty, I 14 lﬁﬁﬂj ] | nt:
chanber, reacti n%&}g?e %llngtg? Q%}%g%# ;6?{0%416?% e eglgleog%%ﬁ%g tééswa?ﬁféxtt%ér%é&tg\nﬁiteh
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hanmber_t h th d_exh th hayi t | east d .and
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ol ecukRanipg B mixture with the residée mdtaBalNBidneshoGihg Eleildiinith WA ik thret ften the

second exhaust pathway includes a fourth port fluidly coupled to the
chanberchaypler Hueabithe Fcorbexbars 9atfre Butiag afdeaspsecond anid third ports fhtidlyhe
met hod (Gf,1& Bithe dhatMBEF Gishedll Boml BP0 HEMRMLGmiIE activated cl eaning
gas nlxtd%e conprises fluorine itons and fluorine radicals generated

in a renote plasma system operatively coupled to the chanber.
4. The method of 2cl ai Fhemethed ef daimhewhtraigrthheecprshexhawrd pathway ingludes a

radi Calfc?ur@lrp%ﬁgfﬁﬂcﬁgz%&?ﬁe({ {9 MeRiber 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 NF;.
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