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 USC 119(e) of U. S. provisional
Application No. 60/986,332, filed on Novenber 8, 2007, entitled
"Mul ti-Port Punping stem For Reduced C eani n% Pressure In

Di el ectric Depositio B ORT PREVIRINGHYSTEMHFOR i s

i ncorporated herein by reference in its entirety. BACKGROUND OF THE
| NVENTI ON 10 [ 0002] T RATEPROCESSING CHAMBERSr i cati on of

nodem sem conductor devices is the formation of a |ayer, such as a
silicon oxide |ayer, on a substrate or wafer. As is well known, such
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pr ocessithgdsaediliber by a high density plasnma source such as a
m crowave plasma system toroidal
[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



pl asma generator or simlar device. Dissociated species fromthe
etchant plasma are then 1 transported to the substrate processing
chanber where they can react with and etch away the undesired
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rated fdptoghechgmeny f| ow while an ASTRONex RPS systemis rated for a
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[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



of the activated cleaning gas was typically in the range of between 2
to 4.5 Standard Liters per Mnute (SLM. At such flow rates chanber
pressure can readily be kept within an ideal 30 range for efficient
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that, has a fourth port th is coupled to the exit vacuum [0010
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provi dedittifathat 126 A6 rEGSorethaUb sduphidao Be@& R Saduneh. chanber having a
substrate processing region within the chanber; a substrate support
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pat hways that are fluidly coupled to an
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
25  positioned 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
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



exhaust foreline. The first gas exhaust pathway includes a first
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processing system havin
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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t he practompenaits. tlheoinpmstniesna subirbel is assaeiated awidh aadfﬂmmpag@seral 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

30  ofthe invention; and
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vacuum system 24. Cha bod one 20 and 10 substrate support
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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

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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system zsz@bawgahv the sgens o5 RNl ipkmg) byt ats) laqaugeér?ovigg%%toztée llﬁﬁ&nﬁ ng%‘ port

endpoi ntsy HatBtiuldthce Bvaaddnlia @R roNhOfi ke pY@l ¥BpLavARAERN APeA NY
punp 48. During substrate 25 processing .operapl ons, 1solation valve
40 is cldsée Shrird epsgaare (wih vasp@? toaged flowantatand autvaditheechamberduging pehstrate

Gaser, ar@gﬁ%ﬁﬁ%&ﬁa‘a&a&%" d?aln‘;]og)&%'tihxgkﬁ rfrgﬁ-l eé O s DG B n%[la?uﬁ?‘&lugp 34.

condui t ressure su apI’OCGSSI ng operations
controll y thrott]e valve 30. Puring.,a ch er clean operation,
gate val G4 ﬁ*_rfae ?@%ﬁl%@a BISAF WQIC&QY_ e t%?%l@@_cr}ib%?% ik & ¢ Brexgq ke
open. Thg pﬁgg%iﬂhegng 38s foheNPAUD! EloddUnholiRhk bBe AR chtiiO HOKeRE ies®4
and gas conduit 50b. 30 Pressure duri ng t he chanber cl eani ng

&

oper at i cadditnelmerts §b1 Hoarpyouptrdotitertdy tpdhe/orelme withapproprietaifittngs upravide
50b are 4. of B 0 10
cuch as B8 {aas vladhRbD Aliich f BpEh i a0NE: S Rl ATRE Ber

Mat ers al deanigaupbratioh anly/thizby heebasenbabemnpip capadity bf chiaber 190dlyin28 are
wel ded t%i%;e!%her to forman integral housing. Port 54 on that housing
is of a $PWEE JFPIEAATEAN be coupled to the foreline by appropriate
fittings. The housing also includes two 5 additional ports not shown
in Fig. 002¥nholig. 7 shomisq simplafsedrohanatis Gieved)a folins €0 acrdrdingiembodintests
56, 58 a c b t sa i . on _chagber 10 .a t 54
(and th i BOELEY, BhieaPR S ST RS PR Br il AR ml ReOK e

| ocat ed Qfaddiegscaess 6206416 thatfréspadiiielyl @iple of thperports S4, SBNSK drhaisubswatt d
face_towards and away fromthe fikﬁure page, respectivel

. Each of
por &0~ sprocesgng saamies syphr caapher Wt Reqtigepere 64468 lgtsss%qaaa/aieﬁf%ﬂaﬁwp&ﬁ
of the clagsh&rat defdsOHitDRRSI WRLE can be used to couple the portion of the foreline shown in
p
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
25  valves 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



10 processing and chamber cl ean operations) fromgate valve 32 and
turbo nol ecul ar punp 34. [00241 These additional ports are typically
used to couple devices such as a pressure gauge or purge of helium
gas to cloandetirs dddd td bormee secthdd baremt 660 thdhambuewill lane a boukyt@iamdidiase
additional ports 56, 58 are coupled di r&%}lly to the foreline with
appr opr i ¢ BOR qficopRestion tofhe ghamber thas thef of the,2anter cprneeier 67.olndnene i n

addi ti onekidydliéht RASL- fitMgw&nﬁe&im%Mmmr& SRADEL I 62! 6AMIS

operation and t hereby | ncrease the punpi ng capacity of chamber 10
duri ng awitlc tha istree sie¢ eaupling whpdriatlsothe sar0@Bmetr g5 thocaipbng used to connect

Si fied tic view.,of,.a forelin

of i | frechonoggy b Rl A A B aRaSt P shfiE MR Sop
in Fig. skctldr@%h%lﬁ% cglélfie Rﬁ@&dﬁhtﬁng&%@%h@tﬁ‘g&lt 6cals féhg @6h pdrabn of and the
respectively couple to three ports 5 56, 58 _on a substrate 20

pr ocessi greikagHh af the dersling A pamveneet skill in icart wilkregagnizg hat s nresertr sect
and are ﬁlbéﬂtl@h Ys rfb‘?‘HHﬁt%HI to érﬂf%}tﬂ%[ar ?ﬁrtsaus&{ Q)Sé ad 'c&ﬁ'l@ tloﬁ'm%kl/nQQn be

used to coupet eportlono orelnesovvnln to the
r emai ndeFigef2 andé of othet cmé’lgm@on@frthmgmrtmgn pﬁwﬁlemaoreSéipaklac@aritlwl wlli on

VAl VS Woanlh A RoRER 00 HaROSH BSLNBRILGRERS LA dc 1 B8 Ahons

each of por respectrv

shown i npipésyvales, ém@hﬁ@ﬂol@ﬁmﬂ&i—ﬁ@s&ﬁ@aﬂlaﬁ]ﬁm aohakssary 8oredrl wmlr&D 72
for each segnent of the foreline coupled to ports 54, 56 and 58, a
singl e ‘i‘%"é‘gealp‘f‘lﬁﬁor\ﬁd?a\r/técuﬂ ﬁ Rs6si ti oned between cross fitting 68 and

roughing punp 48. Furthernore, end point detector 44 and throttle
val ve 46[0%3/] bE:lgo‘bgraanmpleﬂie)d mpp¢te’d Vte(w Qﬂ‘ﬁesemoeﬂlilqw fabyeatieresystem 100

ng\?\;_ T :,]F 35:6 fo?agngr uag H@%%ﬁﬁe nod%:rrée {rﬂle %Fve%tﬁ%e? %@a}@%m may be,

chanbger sfor bkeen;ﬂ@ at3e0 nﬁIﬁUltub@G]ﬂP &%¥D db@SSIt@oﬂ aaf®ér or@hatiret tgpe @fpthmng
t han t he_si de‘],\ﬁports (ports 56, en enbodi ments of

i nvent i oSSR PP mAY B ed tedeppit enﬁqrét@sdéﬂeqt%c Hlon (s sihico pHdS a@ﬁon

ChanberSexﬁlhﬁdé"%‘ﬂﬂc&yﬁltﬁde‘:%W%ﬁ%@ﬁs&aﬂé%@er@0 connect sections 64 and 66
to the chanber will have a smal l er dianeter at the point of

connect| cha t o onnect or, ,

one onbBlRHents SobBORRR o RRGimed0s frele o FERTlamt BATHRRP by Buom Br
forel | neths @B4rhisen at @%rox@nﬂat@ﬂdh@ﬁmghﬁlof&e&lﬁlﬁtﬂ%&ﬁﬁe&hd@n&ﬁé&ﬁt@ﬂ@aﬂ@f&s &lord S
al so the sane dianeter as the coupling used to connect 5 to port 54.

Thus20 neatCh|0§16éwﬁ&aﬁth%ﬁrtfac\?wﬁét}sfr%ﬁlstcweéb?rposéle%eﬁﬁﬁbseéh@m@féhe
di anet er fo?€line 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
25  and 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 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



sections 64, 66 to ensure proper mating and gas tight seals al ong
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

i mted ik thedorglipgdbwastteam qiaedi®n U84 Huttiocanrestile bt pesitartl ugstreatn aissction
shown i Figs.. 2. and 3 or ofher configurations of the invention.
Furt her 19 & St LeRpeaTcnehe Dl Ppvhen Fenggi Seaadiis o BEnE BERP
parts are a matter of design choice and may include miltiple

sect i ond0030hi pesprevieushementimaga melsipore faaehps as desciibrsabameicant thievidpar t s

as necessar o create a. desired, arrangenment..for rt.i |
chanber e G bpafie” Ghled i BN NERioT Ao PR hfity®h fowor

sem GondideiAdd deirgacatduting 5 yisdntter $86h oferdtioad Fod dxamplef ahed 4 BE) Hth
to_an_enbodi nent of _the jnvention. stem 100 may be, 15

accordin S
for ex ar?‘glp@,a HDPs6 Dhehappber reirofifsesl wafion derorart foeshing Hestsam ob fhe her

type of Iﬁa@aﬁ?ﬁrpumﬁxé%@aig&pwﬁmesp&t 988 4 thedoROSinhs angéiont Rhphg
dielectric films (such as silicon oxide, silicon oxynitride, silicon

ni t ri de,capacity fororhighiflew rait BPhds entrodudeco2gtivates deroung gaminkd ghe chamber at a

for el | nagB3clacr ol 8l AphbraRAhP Harfl bR, NEAGAPE 1ROLLAM A rcahre

chanber at” "approxi nate e valve an
or i et edo ahab®dchampbregmedsneto b2 thagaahedodt &iorr Aaflb ISEM tloweatt af thepotivtated4

fromthe_ chanber s coupled to.a fir section of the foreline with a
kS0 iSRG aa o e SRt has rput briRarPaR G U e ede e
at 90  angbesity QurfnlgahaRBétcldadt opERLie UPRlsad]idved 3186 eRAmpR el Ghifdimity is
sections of the foreline, respectively, wth KF25 sized couplers. In

thi s enbbdishisatt in paretotpympengfdaa|gases fioor myltiplstnorts spacedgpast feqrp gach other

fitti”g<§§flﬁﬂkﬁgebgﬁﬁgﬁﬁﬁﬁﬁggﬁﬁﬁﬁr@ﬁﬂgPﬁﬁﬁép@%VShUtOff val ve 74 that

can isolate sections eline fromthe gas
flowng t u val ye 42 and the | ower section of th foreline. .
dur i g 4055}35?‘9%@ %ﬁgﬁﬁgéFW&IGWP%ﬂeBﬁz it s e @ﬁweﬁﬁwﬁw? oyl ip the

bel | ows H0Rat vayibhschodib2in$ ABmAEN cUhiRRtiordsCarddRuRaRhis 24y Hefus¥BhitRs
sections of the foreline with respect to each other enabling easier

i nst al | adepanting fromihe $prieofi theingertiope tos exqnple, Higro29 radthdisdadsd didremtwof
t he syst i j i . i i . i 30
some. envinl Ranert & B Srethe BErHARTRg RyPEs PAE e tiod PRbapPug o,
as det ecihntidd el avdjusti ohelof the tio addidbnah portsRaviag tlecthsd e fortoffteer purposes
pressure of cl|leaning. gas. in the chanb islo enou to indi

r.. h te
the ¥hd Bt & 1BF EARPHIPIGQf@IpEesstre gheRe g8 beliupy s eévalp&@r PEIpde, g the
posi ti onggerBoh Wal B&CHEErindgily FAMNSHEQ AAPHDPERD icRiPe? 4t Blttaldotbecan
readily be positioned upstream of section

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

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



104 or at other locations along the foreline between connector 68 and
t he roughi ng punp. [0030] As previously nentioned, a nultiport
foreline as descri bed above can provide increased punping capacity
during opredeacdadistatddefamturpcin@péd totrPordnksn vt t€s, bt ehiegaisedt preciwdothe 5
activated cl ean ses g%%!ng a cgﬁgger cl ean operation. For exanple,
when a JOECHR °F ‘i“ﬂﬁo CEVEY'ER ?mFeétlptﬁﬁ?rﬁ’tCé’H‘p\RPfﬂ%s alePhAgE Port
foreline,ypstream of the turbo nolecular 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 whil e mai nt ai ni ng chanber
pressure below 9 Ton and specifically 10 to enabl e chanber pressure
to be maintained at 6 Ton at a 15 SLMflow rate of the activated

cl eaning gas. The inventors have also found that the nultiport
foreline provides better clean wuniformty during a chanber clean
operation. It is believed that the inproved uniformty is due at

| east in part to punping clean gases fromnultiple ports spaced apart
fromeach other over 180 degrees of the interior perineter of the
chanber body. 15 [0031] Having described several enbodinments, it wll
be recogni zed by those of skill in the art that various

nodi fications, alternative constructions, and equival ents may be used
wi thout departing fromthe spirit of the invention. For exanple,
Figs. 2-4 each disclosed adding two additional ports to the foreline
for exhausting cl eani ng gases, sone enbodi nents of the invention may
use just one of the two additional ports saving the third port for

ot her purposes 20 such as the connection of a pressure gauge or

hel i um supply. As another exanple, while the invention was descri bed
primarily with respect to an HDP-VD chanber, it can also be enployed
with other types of deposition chanbers as well as etch chanbers and
ot her chanber. Additionally, a nunber of well-known processes and

el ements have not been described in order to avoid unnecessarily
obscuring the present invention. Accordingly, the 25 above
description should not be taken as limting the scope of the

i nvention. [0032] As used herein and in the appended cl ains, the
singular forns "a", "an", and "the" include plural referents unless
the context clearly dictates otherw se. Thus, for exanple, reference
to "a process” includes a plurality of such processes and reference
to "the electrode” includes reference to one or nore el ectrodes and
equi val ents thereof known to those skilled in 30 the art, and so
forth.

10



[ 0033] Also, the words "conprise,"” "conprising,"” "include,"
"including,” and "includes” when used in this specification and in
the following clains are intended to specify the 9 presence of stated
f eat ur eswHAT BOErSIMEDIIponent s, or steps, but they do not preclude
the presence or addition of one or nore other features, integers,
conpaonents, steps, acts, or groups. 10 WHAT | S.CLAIMED IS: 1 1. A
substlrate processilng S\‘f‘sscugﬁfaé%li’fﬁi; SEING FYSoM oMM at e pr ocessi ng
chanber having a %@%&Ja&tﬁo&egﬁ%aﬁhmr K& bubdttali folddSing RgfdhaMREH thed
a substrate support having a substrate receiving surface positioned
wi t hidn tdhemb&; substrate processing chanber for securing a substrate
during substrate pro ing. in the 6 bstrate processi reqi:Qr

the chamber:  and 7 0GA% Srlud M Av ARG RE0 ol RO PSR B luteaRl B S,
punp,5 a gbiteate pbyasinf alianttien for8ediging lhgsiedrate dufihgisubltyate pricadsmgtimeiet ur bo
mol ecul ar _punp fromthe chanper, and fiyst and second 9 gas exhaust
pat hvay sSUPHE® RIPEESFIng Feiqn Admthedbeha%th exhaust foreline; 10 wherein

the first gas _exh%g&% eﬂﬁhﬁ%e&@%?ﬂﬁﬁg Atkbd SR DT, § eMBNEde tHt @&n
port 11 positioned on the Substrate processi ngbsystemto exhaust

gases’ pubrpdesed b Buighy istiete thertbdo nolemvias puinp fropuifp candher ansklirstdndisecond
processi i Lhe: .13 wherein the
secoﬁ)(sj e 5%%%9%25}%3\359}%%?[@@?1 Ilefélgéglll Es{e}lggsﬁg&glﬁn ‘third 14 conduits
coupl®ed to second vdretit therfustigas extiaag @atheny scuded 4 fisneshdoin coupded to a port
subsirate processjn 15 systemto, when the gate val is.closed

L ui by FesBioatd ay e R RO PAT BT T ears PHEPed Greugh fischiroo
exhayst @aReNar fudip kiR tebBitiadd SrofisaRe Sifaniber MBAMDB 8XhaubitBrelil® agkhaust
foreline. 1 2. The substrate processing systemof claim1l wherein the

secohd gas 2 exhauwdgtergmthewesond sehavdienatiavay dughedes ablaeitipecordans tbadt o a
f ' . i ti.oned: . t ' .
our 0, Dhaf A RAN cP0R OR BeL r BB s EORREP TR
4 ol ec udyatempaphdnrthergith ealed ardesed fleidhyasdbtigabesirtio molket e midpsfronathe

r ocessi hamber into 5 the exhaust foreline. . .
P Fg é}l%m%er, exhaust gases from the substrate process?ng chamger into the exhaust foreline.

1 2. The substrate processing system of claim 1 wherein the second gas

2 exhaust pathway includes a fourth conduit coupled to a fourth interface port positioned on the
3 substrate processing system to, when the gate valve is closed fluidly isolating the turbo

4 molecular pump from the chamber, exhaust gases from the substrate processing chamber into
5  the exhaust foreline.

1 3. The substrate processing system of claim 2 wherein the second, third

2 and fourth interface ports are positioned in substantially the same plane and spaced

3 approximately 90 degrees from each other.

1 4. The substrate processing system of claim 3 wherein the second, third

2 and fourth conduits are fluidly coupled together at a single cross fitting.

| 5. The substrate processing system of claim 3 wherein the gas exhaust
2 system further comprises a roughing pump operatively coupled to the exhaust foreline

3 downstream from the first, second, third and fourth conduits.

11



1 3. The substrate processing systemof claim2 wherein the second,
third 2 and fourth interface ports are positioned in substantially
the sanme plane and spaced 3 approxi mately 90 degrees from each ot her.
1 4. The substrate processing systemof claim3 wherein the second,
third 2 and fourth coddeitbstraie@rdcessinglsystemwpletn B sderdiethe drstasegindgl e
cross, fittin 1 5. The substrate .pracessi temof claim3

wher & n DI AL O0aT et PR HE BLR PATREY BE A E DR Sughi g pun
operatively coupled to the exhaust foreline 3 downstreamfromthe
firstl, second, thintd amdmtithod vhcleamigpd dubstratd rodesting Theantsen behpradigs:
processi ng system.of claim3 wherein the first, second, .2 third and
fourth interface PRfCERENFHLTSISIERNEEFTRITHE l%ﬁg@fﬁgp@ersﬁ penthe 1
7. A gret fegiff gas Irﬁﬁﬁfe%na)r@e&bﬁﬂd@ﬁl@-csﬁ@iﬁﬁ%scbﬂﬂpﬁhwx?@ged@@arpragﬁa Batside

i ntroduci ng an activated cleaning gas m xture into the chanber,
wher et n thheh@nkereani ng gas ni xture conprises a fluorine-contai ning
conpound exposed t S| SPQHR . g i t

I eastéja portion ofrgatcﬁgg éﬁgggﬁflﬁgﬁ%lhgfﬁlre éle\%\nﬁiﬁ hires) g{ﬁﬁeh %%1,9 g‘?ﬁgﬂeggfﬁl? he
6 chairbechamber,enovi ng the cl eaning m xture fromthe reaction chanber

through nultiple 8 exhayst ports fluidly coupled together and,.
oper Al vely coupl aEmEunG T Raie FUBre Forb ISCHREF RR e hatbes reye Tyl
wher eg n ERuapbhty Aol dolipled topethbSardGpbay @ chipleddo @XBARMT Furh® 2
renmote plasma in a renote plasma system 1 9. The nmethod of claim8
wherein the activated cleaning gas. mxture 2 conprises NF3 and the

activhted cl eani ng gas C6Hth claim dr Whgein dhesackivgfed ﬁH‘HI‘IeH%aCrUé(E‘Ie‘éQYS
3 andyis, g@gﬁrg@gj&ﬁ%oiterﬁhgsrﬁﬂ% a%@ﬁgﬁégﬁasﬁata séstéhow rate between 10-15 SLM

and chanb pressure 4 i1s maintained at” or below 9 Torr. 1 10. A

met hod of operating a substrate processing system having a substrate
2 prokessing chantfer arldeanajes el Stwheyan theagiovabed deaniggagas mixere

I I t e Rdly i t
e i ot TR 900G B VAR AL BBpeSl RRPe Lt b clote BALAL
f i r st3 anandie tmrdugdsnte xitadiainbpedt Avilysratelbatwean @ 04115 WL yndciaplbedpregu@n

4  is maintained at or below 9 Torr.

1 10. A method of operating a substrate processing system having a substrate
2 processing chamber and a gas exhaust system comprising a turbo molecular pump, a gate
3 valve that can be closed to fluidly isolate the turbo molecular pump from the substrate
4  processing chamber and first and second gas exhaust pathways that are fluidly coupled to an
5  exhaust foreline, the method comprising:
6 transferring a substrate into the chamber and performing a substrate processing
7  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
9  from the chamber into the exhaust foreline with the turbo molecular pump through a first
10 exhaust pathway fluidly coupled to the chamber at a first port downstream from the turbo
11  molecular pump, wherein unwanted residue material builds-up on interior surfaces of the
12 substrate processing chamber during the substrate processing operation; and
13 transferring the substrate out of the chamber, closing the gate valve to isolate
14 the turbo molecular pump from the chamber and performing a chamber clean operation by
15  introducing an activated cleaning gas mixture into the chamber, reacting at least a portion of

12



5 exhaust foreline, the nmethod conprising: 6 transferring a substrate
into the chanber and perform ng a substrate processing 7 operation
on the substrate by introduci ng one or nore process gases into the
chantger thhicleanifly inbeurs widt thatesidus naesial, amdhechowinig hhaclédnengcdaa mietareafian
exhaust i t he one or nore process gases . 9 fromthe chanher into the
exhalfst 'ggFf&W%ﬁé&W&gﬁ A REA BT EsTea Y &Y hings Aot trgkporigo
exhatst ﬂlﬂ&l?%ﬁ(pl@d 14118 YhaafbePlfted A floRPhE RRBPRIeBIadminky St pOrt
downstream fromthe turbo 11 nol ecul ar punp, wherein unwant ed
residue material builds-up on interior surfaces of the 12 substrate
procédssi ng chanber ldur iThg meHwdfsleim 49 ehpregibe sicagd oferdPribvay netrdes
transferyj l.0si val ve
to 1 ool o ury RO ARHRTLARIE R Rhmbel DR o ML BN
perform ng a chanber clean operation by 15 introducing an activated
cl eani ng gas mni xt U2e i rthe mettwdotialbel | wherot thegtepbf tleemsingahqdeaningn of
12 16,the. cleaning mxture with the.residue erial, .and renovj.n
the d eamNyeqas b firdtambrsd st 1018 P hReufigne S edeliiru ind
exhaust RapsAgSNR)sykam opgradtell eagiledocivhamber. t hird ports 18 fluidly
coupled to the chanber upstreamfromthe turbo nol ecul ar punp. 1 11.
The net hod of clai,m 10 erein the. second exhaust .pat hway jncludes 2
A Foubth port f1aildy ddasiDedas CRi TERbeiar hp SoT A U DR s
nmol ecul agreﬁb%te(ﬂ.fra{g.NIﬂ;he met hod of claim 11l wherein the step of
removing the cleaning 2 activated cl eaning gas m xture conprises
fluorine ions and fluorine radicals generated in a 3 renote plasna
syst eln oper at i vel y4coupieekhpgst fHglinefanpiaging fluids fromaesubsiraieprog¢ssidg aj m
12 wher et bbe Whk AR hB SorkPScoRiisdd MO | I ~

from NF3. Ilntblll. An ' exhaust f%’?@ |s‘§1seﬁf$t o%e'agltlﬁ%:ar%g@# ?Jrfsﬁg@g ?%‘%hﬁg§£a}p%q
subst¥ at ® the dwedsi.ng 2 chanber, wherein the foreline conprises first,
second and third ports independently coupled 3 to the chanber. 1 15.
The exhaust foreline of,claim eregin t ir.s econd and, t hird
2 ports merge int olga siTr%lﬁleéf‘aﬁl(%trlf?’re\t{\ﬁ%f’ F?I%Imcfc])ﬁﬁ{‘eéﬁntt%e fi{ﬁt’ @%(Cf’{l@%gct U

13 2 ports merge into a single port that is coupled to an exit vacuum.
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