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present invention relates generally to a process and sysgjmmmmm w y| ng

lo gas to a semiconductor process chanber. Mre particul sent

I nvention relates to a process and system for supplying gas tiwokean a

sem conduct or process chanber, where the gas is stored under

sub- at nospheric conditions. 2. Description of the Prior Ar mwml“mmmmlmﬁ
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deposition occurs throughout the chanber, and not just on the substrate.
The heavi est depositions occur in the hottest areas of the chanber, which
is 25 typically in the area of the substrate, but some deposition occurs in

ot her aregas,g L ¢RGEROUND HENPENGTON €as not directly exposed to the

vapor precursors. These depositions can cause a nunber of problens, such
as, clogging fine holes in gas nozzles, disrupting an even flow of gas and

affecting pro Sy | formty, 30 and cl oudi ng chanber w ndows affecting the
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The present invention relates generally to a process and system for supplying
10  gas to a semiconductor process chamber. More particularly, the present invention
relates to a process and system for supplying gas to clean a semiconductor process

chamber, where the gas is stored under sub-atmospheric conditions.

2. Description of the Prior Art

15
A primary step in the fabrication of semiconductor devices is the formation of
a thin film on a semiconductor substrate by chemical reaction of vapor precursors. A
typical deposition process includes chemical vapor deposition (CVD). Conventional
thermal CVD processes supply reactive gases to the substrate surface where heat-
20  induced chemical reactions take place to form a thin film layer over the surface of the

substrate being processed.

However, deposition occurs throughout the chamber, and not just on the
substrate. The heaviest depositions occur in the hottest areas of the chamber, which is
25  typically in the area of the substrate, but some deposition occurs in other areas, even

fairly cool areas or areas not directly exposed to the vapor precursors.

These depositions can cause a number of problems, such as, clogging fine
holes in gas nozzles, disrupting an even flow of gas and affecting process uniformity,

30 and clouding chamber windows affecting the ability to see into the chamber. In



e 2 addition, they may form particul ates, which can fall on the substrate and
cause a defect in the deposited |layer or interfere wth the mechani cal
operation of the deposition system 5 To avoid such problens, the inside
surface of the chanber is cleaned regularly to renove the unwanted
deposition material fromthe chanber walls and simlar areas of the
processi ng chanber. Such cl eaning procedures are comonly perforned between
deposition steps for every wafer or every n wafers. One type of procedure

i nvol ves di sassenbling the chanber and eani ng each part using a solution
or to solvent, then drying and reassenbling the system This procedure is

| abor - i nt enaddifiomNBeyt AR farBNSdHid I es, afdiciandalvah e Subktrdte atid Gdust hne

ef ficiency and increasing costs. /I n another cleaning procedure, nol ecul ar
f1uorine (Fdyfeatin thadeposited laysrior ingerfere Witnthg meghanical gpeypden ef thgases t hat
have been e t chant gases in cleaning 15 operations. Ml ecul ar
fluorine isﬁg‘gq%%gqgﬂsggtg%frosi ve and dangerous gas that requires speci al

handl i ng neasures. Most systens require a relatively constant supply
pressure to operate effectively. Therefore, the fluorine is stored under
posi ti ves pr essur &otayorlyshrbigres, the 1§51F1%Efoar°§ﬁgﬁie.cLﬁ€i’?§errﬂﬁjcfﬁa“ K with
this type of, ph&ss ﬁf‘g‘i‘f : sk W ol di ng
the fluori nféo occurt{ﬁét e %‘g‘ﬁ?’%’hg‘é@ﬁ%a\ﬁoﬁgwﬁfg}é< ouyaglfta?ﬁgm\?}gazg{eﬁapi nto

t he surroundf thg processipg ehanbeBUSMARMe@ingpiieceduvEsNre Ghinfioalypperfoemedi nvent i on
provi des a process fot.renovi residue froma surface 25 of. a

e conduct BPFG OGRS TR O D BAE LS THEMAES PRE "graeroedus)
storing a chfakddiasenling dhs HafbEPART dSanMLsatH hart ubing aSbRitREdrvessel ; (b)
renmoving the cleaning gas froma storage vessel under a vacuum and (c)
passi ng 10 he selvertnthey dgasg amnd waspemblipg thesystemh Thisproaedutsds beuhdensiv®  The
cl eani ng gas be passed_t.hr.ough.t rocess chanber wiih or. W thout a
emote ol ooted B paSEERE erGRE Ak TErlaivh e SEOTRE s nGrBnE IR o "L e
process of the present invention, a filtration bed is provided. The
cleaning gas is passed through the filtration bed to renove undesirable

i npurities and pdRprothenrdeaningpiperguemsolemmlar Sluering d) andeetiomes gdlioride t hen

1 oved L0 ' eI AERIEnEIRTPEIcl ol RANEHI0TOF :PUORER bad DY ALLRH 2! SO
provi des a rec € proctess for renoving res e froma Surface o

sen condsct @perationse Sdblegulahfindrne. is athéghlecoredsévepnddasgerouscgasdies rdquitebe St eps
of (a) storing.,a. cleaning gas at sub-at rmsp_heriegqprglssure in a stora‘(_;)éjl
vessel ; (b) SPEsi PR 1&%¢‘E§P‘é¢énmt SPLCTRS IGAUES ¥ thﬁ_ "‘(Pé‘é’@_@? SURRERTESS UL c uum
() passing Bﬁerﬁde%?f@bﬂ?&lﬁa?hérpfo?éf W Alorli83$StoRAGnkEd ﬁJsﬁNe?Peé@@x@to t her eby
15 purifying the cleaning gas; (d) flowng the cleaning gas to a process
chanber to Recahmadatethis fegnizbipent] €nsimajor drewpackowils thihtypb of preasutized)
recycling the cl eapi 0, step (c),fqr. reusg in the cl.eani ng process.
20 The cl eaﬁ?’ﬂand%@aﬂ%?%gia B%E é’éﬁletv%if%hlécﬁd?lﬁzgepﬁ%o §°°8Wahbegf?u(\ﬂ%tetga§)r _

Wi t hout 28 1 evulElcRk JGIEE tHOVESRE! ih® tBE burYdindirgem6épheis. Ng gas. The cl eani ng
gas streamfromthe storage vessel is adjusted to a high concentration at

t he begi nning of the process with the recycled cleaning gas nmaking up a
greater vol %i ter stages of the cl eaning process. As
aresult, |§§§“§?"é§¥%§ gas Iﬁ‘éﬁrﬁ?@&stor age vessel is 25 required in the

| atter stages of the cleaning process. The present invention also provides

a system for remving resj due,from,g surface of a sem cqndugt or rfocess
chamber. The systEWRATEEntmEentiogprayidesapiocess fonsuguingreidug P‘inr?gf“é 3¢ eani ng

gas; and;s %f%tsltelln%ﬁhuﬁglepr‘éé‘&%"dw Theprd¥dld ihflEd& 18 Sepdogas from said at

| east one vessel.

(a) storing a cleaning gas at sub-atmospheric pressure in a storage vessel;
(b) removing the cleaning gas from a storage vessel under a vacuum, and
(c) passing the cleaning gas through a process chamber to be cleaned.

30



. The cleaning gas is stored in the at | east one vessel at a pressure in the
range 5 of about 1 ton to about 750 torn. The present invention also

provi des a recycle systemfor renoving residue froma surface of a

sem conduct or process chanber. The recycle systemincludes: to at |east one
vessel for storing a cleaning gas; at |east one vacuum punp for pulling
cleaning gas fromsaid at | east one vessel; and 15 at |east one
filtration/absorption bed for filtering cleaning gas. The cleaning gas is
stored in the at |east one vessel at a ptessure in the range of about 1
torn to about 750 ton. 20 DESCRI PTION OF THE DRAWNGS Fig. 1 illustrates a

sub- at nospheri ¢ quppleininy gheMad®6 Pasted ehrbwzhte proeest diembeOwith BEwithesent
invention; 25 Fig. 2 illustrates a sub-atnmospheric supply systemw th a

filtration/ asgeetslasmaserrcsde astiviatigthe sleaping gpo dnmag embpdingat pf Bigent

i nvention; Fj i I p ing a
eoycl o 30 Bigtprsefthe bStiindonk 4 ALIRARALE bio AP The BERET (AN

i nvention; passed tHrough the filtrativhrbat ¢s reauie vadesirabledpodiéeandpusifpfley syst em

having a recycle confjgurat]jon according to_an enbodi nent of the present
i nventi of. e ees LRIl Slerei A 1S Rl ved torihe PRrCEsERhambsy @rte on

allows for thgauersatile operation of process equipnent, and especially
sem conduct or process chanber clean equi pnent, fromany pressure |evel
rangi ng froma vacuumto about 750 torr. The system of the present

i nvention to acc lishes this b rovi,ding a,stora vesse| capgbl e of
Storing gas at sOBeATSIERIRETIIEN 3158 PLOHEeS ATHoYPIS BIOGERn R ATFIOVERE TESANG o

vacuum punp frohfI£ sirfite 9 3bhRBAdIr RodRBSALhdrbet! ?h@re%y&l%%‘f&d&@?in@lu@b’@nt ity
of gas w thout being pressurized above atnospheric preSsure. Therefore, a

maj ori t yt0 of thensbepsapdaci ty of the vessel can be supplied to the process
because the vacuum punp pulls the contents fromthe vessel

(a) storing a cleaning gas at sub-atmospheric pressure in a storage vessel;
(b) removing the cleaning gas from a storage vessel under a vacuum,;
(c) passing the cleaning gas through at least one filtration bed, thereby
15 purifying the cleaning gas;
(d) flowing the cleaning gas to a process chamber to be cleaned, thereby
cleaning the process chamber; and

(e) recycling the cleaning gas to step (c) for reuse in the cleaning process.

20 The cleaning gas may be passed through the process chamber with or without
a remote plasma source to activate the cleaning gas. The cleaning gas stream from the
storage vessel is adjusted to a high concentration at the beginning of the process with
the recycled cleaning gas making up a greater volume of the flow in the latter stages
of the cleaning process. As a result, less cleaning gas from the storage vessel is

25 required in the latter stages of the cleaning process.

The present invention also provides a system for removing residue from a

surface of a semiconductor process chamber. The system includes:

30 at least one vessel for storing a cleaning gas; and



.t 5 down to about 1 torr. In addition, the gas can be provided at a
constant supply pressure, while providing a safe gas storage vessel, since
the supply gas is never stored at a pressure above one at nosphere absol ute.
As a result, any leak in the vessel would result in the 20 contents of the
vessel remaining in the vessel with air in the surroundi ng atnosphere
actually leaking into the tank. Therefore, highly reactive and dangerous
gases can be stored in the vessel without the fear of the gases |eaking out
into the surrounding environment. 25 Another advantage of the present
invention is that the cleaning gas can be passed through a process chanber
ei ther with or wiat hastions vaanmi ulp dsmpullgiiclesniiOgadtdr 34id at lastadneani ng gas.
Referring to FiP. 1, a systemfor cleaning a process chanber according to
the 30 presé&fitS€t-nvention is represented generally by reference nuneral 10.
System 10 has hol ding tank or vessel 14 designed to hold a cl eaning gas.
Sui tabl e cl eaning gas for use in the present invention includes, for
exanmpl e, fluori n&hechdaaingrpas isGitéred dmthe Bt fedst onbeessekatl, fressureGA thdingdF3, or
any conbinat%ggs thereof.mEES&erably, the cleaning gas is fluorine. 5 The

cl eani ng3ga®frROW10rrdead Wif-ume sufficient to fulfill the needs of an
i ndi vi dual cleaning process. By way of exanple, the volune may be about 4
to about 8 liters, however, the volunme will vary depending on the cl eaning

process to be corldeqresdnt ientiohalsoiprgvidesoxresyclofystém forreseningirasidus i on may
be used to ﬁiean [[0Cess chanbgré bet ween deﬁos' ion rgns asa&phated wth
numer ous serfoidAGHERE O 2 SERICoRINCaPTopess Chambe: The recygleyblem IgCIBdes s op,
SiNk, W WS, Tin, TaN, lowK dielectric coatings, high K dielectric
coatings, Si-based photoresists, carbon-based photoresists, or any other
deposi t stot hat r et icag ane vessgbfor stering aleagtingegas; vol atil e reaction product.
15 When the cleaning gas is required, punp 20 pulls the gas stored in
vessel 14 at a rate dictated by nass controller 32. Punp 20 may be any

sui tabl e vacuum pigteast die vabwwh Pemg f61 mAlhNEle@ifig gA fotRaidsdt Mgstiny eck
Regenerati ve Technqgl ogy with proper surface passivation to resist fluorine
attack woul dep¥Lanft abl e. By way of exanple, BOC Edwards |PX and EPX nodel
punps are suitable. 20 To ensure that there is a positive pressure on the
not or housi ng (not shown) of punp 20, an inert gas is flowed to the bearing
in punp 130 to prewbrast dneditritionvabebrptibe &ad fuy fjesing vieaninigegzasot or housi ng.
This is a critical safety and durability issue for this operation. To
ensure safety and durability, the inert gas is flowed to the punp 25
housing at a fl owHealiGnfg A id §a2H il thRtaANAS Shel Veb R At fHél&ire Bthé Algg i nert
gas includes, for exanple, argon, helium N2, 2, dry air, or any

conbi nat i onoftaheutdatprr tylabow¥Slhetr.02 may be used if the etch process is not
affected by OZ or N2. Preferably, argon gas is used in the present
invention. 30 To prevent overpressurizing the punp, bypass valve 28 and
bypass l4one 30 are in place so that the cleaning gas can flow back into
vessel 14, and avoi d excessive back pressure on punp 20. Sone dilution of
t he cl eani nd)gggRJPIIOHcQErT.HEiDMV@Mg%i ng gases such as NF3 are diluted
by inert gas in nost processes, this dilution would not danage the cl eaning
process. 5 The source of the cleaning gas entering vessel 14 can be froma
variety of sourcdég. killuktratss a Sub-atencaphmree, supplysystemzedorditig todar gases or
generators.é;ﬁs feed to vessel,6 14 |s designed to keep the pressure between
about 550 t qdimeps o themesenbinvenifhs pr ef er abl y bet ween about 550 torn to
about 7 torn. Punp 20 pulls cleaning gas fromvessel 14, as needed. Just
before the process starts, punp 20 is activated or 1o alternatively, punp
20 i s mai nt ai ned Fig. Ziilbsrattaasuteatarcsphery swpply. systmrwithne fidteatioméabedrptrens s
controller 32 s r uired,F¥alve g8 és cl osed and the flow of cleaning gas
i's routed t HPSSRGFOTHHIEL0 @B SPPSHiment 95the PrGsENIMEtiiohs ng chanber 36 until the
cleaning gas is no | onger needed. Under these conditions, the pressure of
the gas in vessel 14 will start at about 550 ton to about 750 torr and drop
until the demand BEgckdbstrateea suppimospheric supply system having a recycle

30 configuration according to an embodiment of the present invention; and



15 which could result in a pressure as lowas 1 torr. Therefore, should a

| eak occur in vessel 14 or supply line 12, cleaning gas would not leak to

t he atnosphere since the vessel is under sub-atnospheric pressure. This
results in a safe, |eak-proof system If nore gas is accumul ated than
needed by the process, excess cleaning gas can be vented through |ine 26.
20 Referring to Fig. 2, a cleaning systemw th a filtration bed is
represented generally by ref erence nuneral 40. System 40 has
filtration/absorption bed 42 in addition’to the conponents described above
in Fig. 1. Filtration bed.42 could be a conbination of CFx pellets, where x
= 0.9 to 1.2, NafFig. Whllustake, anbihef-sib-Mafosplterie supfly Kdiéirhgvingaflrddydle y, where
y =1 to 4, y conbi nations thereof, tq absorb HF, CF4, SiF4, and any

ot her cont aﬁPWg%\{f%thf’rﬁ&Po’@Hlﬂtﬂaﬁé‘rﬂ}oég’é?ﬂt of thePrESePIBYERE. t 0 vessel 14. In
this configuration, the filtration bed not only enhances the cl eani ng gas
going to plasma chanber 36, but also allows for the quality of the cl eaning
gas being supplied to vessel 14 to be less than optimum therefore reducing
costs. ic systemwith a recycle
confi gur étl ﬁf&#@ﬁ%@gggi%&iﬁﬁ%ﬁ%%ce nuneral 50. System 50
has a |ine fromthe process chanber 38 that returns the gas to the system
for recycle. In the case of fluorine, sixty to eighty percent of the
fluorine that entlleypreshnt iohentioamallpws lfdrehe;Vﬂsaulmgpqnammﬁsfs)roeesmeﬂmlﬁmemed and

o B R LBl A S B S RGPS BT (1

cl eani ng gasevebaiihg fEd a8ASuER &AMt 35D yr. fTHetstﬁEm%Tt}K@ﬂeé%t inMegtidmer t
gases, such as, nltro%en and argon can be recycled with the F2 rich stream

whi ch cdf t %melﬁb?%/t Sy previging ditersae vesselepeblaef sipring gasHt gub-
trat T, th
Fruorine. pandiehpi iebe andd factbtn it BY B6nt BpoluPBUHB ESEs | "C0

cl osed. Val \aﬁsw58oramks§eﬁitcasterememson%leslhamit?aﬂgwmt beinp pkdsewtidedom vessel
14 through mass flow controller 32 by punp, 2 The gas, is_fed through
filtration BROVMERICECPLESEYSt éfhpw&n@,sa Iaa@nﬁk%b@eampwif the vepssh gas.
The purifie tely
o process CHEMEAT B8 A BedEML Rokusth By B ERE BDREned Rl hellebeel 2
pul | ed fisomdowadeabowtHanmyer 38 where it combines with feed cleanlng gas
prior to returning to punp 20 for recycle. This recycle process continues
until the cleaning process is conplete. 20 The cleaning gas streamis

adj usted to a hi qha@amssrthé dd QAR bRlpréi8eP/ G onitaSt sﬁﬁplk'@?es@ﬁ@cﬁﬁﬁe with the
recycl ed cl eani ng gas taking up a greater extent of e flow at the latter
part of theppeadiagsa $af¢1gasaesorag¢ eesatlt singecthe smrepéﬂg@ léaﬁvqngtog%atu agpragsuteed in

he | f h
et er ring. « SopIgonep it RROHPD BLERERT i ihibaghdsd SRR RV IR *°

process ztmdeonttehe onh?et Wil $e1ﬁﬂﬁiih@f1h e Rdsel ith ar memoahmg affephes
depicted in Fig .. In the regeneration node, valves 58, 66 and 70 are

cl osed. Val @é%la%yz lea;kegelztoah@taeh dherefperhistty sgpctive addangeroys sases sanbmnber
operatlons ne 74.
During thi s%orrgc(}:jiégsdslgg?égﬁf‘?g@ctm be%f@?légasrgggegﬁgggta g &ﬁhﬁ)é??y%glslﬁé such as

ni trogen, i snb@ekmérntowed t hr ough bed 42 by punp 20, which also pulls a
negative pressure on bed 42. As a result, the inpurities adsorbed in the
bed are desorbed, thus regenerating the bed. The desorbed inpurities are
exhausteg fromt h%x&ﬁ& a‘db%t%tﬁ@px‘e@é&%nﬁé’rhﬁ%ﬁét the &1 @% gQHah'BG this
process, the F2 gas supply would be filling pressure vesse ready for
the next cl gasieddhnongicapmcessathamber eiiicowiith Obelltlmdteﬁmmahaa S@LlTee foor egoi ng
description |§ % h§ 1IIustratlve of the present invention. Various

al t er nat i veSHh® HE fAH: §8ns can be devised by those skilled in the art

w t hout departing fromthe invention. Accordingly, the present invention is
intended to enbrace all such alternatives,_ nodifications and vari ances.

WHAT 1S CLAI MED [Referring fo Fithd e systasm forehespingq presgss ghambes seeordingftathe of a

semi co n%Ct %res%ﬁpﬁeérﬁlon is represented generally by reference numeral 10. System 10 has

holding tank or vessel 14 designed to hold a cleaning gas. Suitable cleaning gas for



chanber conprising the steps of: (a) storing a cleaning gas at

sub- at nospheric pressure in a storage vessel; 5 (b) renoving said cleaning
gas fromsaid storage vessel under a vacuum and (c) passing said cleaning
gas through a process chanber to be cleaned. 2. The process of claiml,
wherein said cleaning gas is passed through a process chanber w thout a
renote plasma source to activate the cleaning gas. 3. The process of claim
1, wherein said cleaning gas is passed through a process chanber with a
renote plasma source to activate the cle%ning gas. 4. The process of claim
1, wherein said cleaning gas is selected fromthe group consisting of:
fluorine, clbointhepresidtinvetibx incides, I3 exafriple, findriag)chivoinb] Ol amdBrEker eof .

5. The process of claim 1, wherein said cleanjng gas is_fluorine. 6. The
process of &here¥l,3.wrer &snNExiod any gorpbjsatensdhere asPraéevébeﬁ@ Geping 8as| j ter s
to about 8 Ld fi&dishe 7- The process of claim1l, wherein said cleaning gas is
stored in said storage vessel at a pressure in the range of about 1 torr to
about 750 torn. 8. The process of claiml, wherein a said process chanber

[ CvD h i 9. .The. | aj ' id CVvD
rocess Shanber 100 (LRGeS GaTRURRs i WINGE SPTEIenbl BUILCRFRH 08 gr oup
consi sting @ddividhiielearilPprodtss.VBY waliof exdiple, theVokinfd RAEES %Bdixt gQ@TchﬂﬁS’

hi gh-K dielectric coatings, Si-based photoresists, carbon-base
phot or esi st $ litenschaweyes dimbyvelume ovill vatyedepoiding on therndeapingomeeessto ¢ ai m 1,

further conprising, prior to ste t he step..of passing,jnert gas
through o mevenon s Tming R h et daRySh el E BRLIHIRR Sas 1rom
sai d st or ageroRssSeambéis befleeniep6866n Ains CdsdboiatddwithhahRdhsSaintbontgdtbr gas 1's
selected fromthe group ) ) o
10  processes, including, for example, CVD of Si0,, SiNx, W, WSi, Tin, TaN, low-K
dielectric coatings, high K dielectric coatings, Si-based photoresists, carbon-based
photoresists, or any other deposits that react with fluorine to produce a volatile

reaction product.

15 When the cleaning gas is required, pump 20 pulls the gas stored in vessel 14 at
a rate dictated by mass controller 32. Pump 20 may be any suitable vacuum pump for
flowing a cleaning gas. A pump using Howleck Regenerative Technology with
proper surface passivation to resist fluorine attack would be suitable. By way of
example, BOC Edwards [PX and EPX model pumps are suitable.

20

To ensure that there is a positive pressure on the motor housing (not shown) of
pump 20, an inert gas is flowed to the bearing in pump 20 to prevent back flow of
cleaning gas into the motor housing. This is a critical safety and durability issue for
this operation. To ensure safety and durability, the inert gas is flowed to the pump

25  housing at a flow rate of at least 1 standard liter/minute. Suitable inert gas includes,
for example, argon, helium, N3, O, dry air, or any combinations thereof. The N and
O, may be used if the etch process is not affected by O, or N,. Preferably, argon gas

is used in the present invention.

30 To prevent overpressurizing the pump, bypass valve 28 and bypass line 30 are

in place so that the cleaning gas can flow back into vessel 14, and avoid excessive



consi sting of: argon, helium nitrogen, oxygen, dry air, and any

conbi nations thereof. 12. The process of claim 10, wherein said inert gas
is argon. 13. The process of claim 10, wherein said inert gas is flowed to
said notor housing at a flowrate of at least 1 standard liter/ m nute. 14.
The process of claim11, further conprising, after step (b), the step of
passi ng said cleaning gas through a filtration bed. 1 S. The process of
claim 14, wherein said filtration bed conprises at |east one filtration
medi a sel ected fromthe group consisting of: CFx pellets, NaF, KF, CaF2,
NaHF2, NaF(HF)y, KF(HF)y, CaF2(HF)y, and any conbinations thereof. 16. A

recycl e proeg&ispressurd &Puhp 0T §6me dlufiérode the slemif B WwIlDéccRE.0S@ss Chamber
conprising the steps of (a) storing a_ cleaning gas at sub-atnospheric

pressure i nclfasinggasps spelsasdNFs e diyted birdnarhgpsdmmestpressssery thindilytiasm a
storage vessel qw’g m) sing said cleaning gas through at

| east one fi tu}&la{']ﬁg(?r’]m%é%?h%t are %%r@?fyi ng sai d cl eani ng gas; 12 (d)
passi ng said cl eaning gas through a process chanber to be cl eaned, thereby

cl eaning the process cha r; and to (e) .recycling said cleaning gas back
to step fc) for r sseur.Cﬁg?ﬁéquaaalaigagglaﬁra%ggsselﬁ.cafr e%ﬂpbe&%e%p?m ai m 16,
wher ei n sai | g | - d r anber
W thout a1 SaSEES deedR okl e e o B Ol R Rl PRERSG
process of okssehldls, desigrediorkesmilet préssanmeibegvepasbowt J98@temdo abouwd 7GO tar pr ocess

chanber W (1) 5ot SBL LRSS, SOUG%,L0, L MA) R el L0 G5, 12 T
?rg{( .uﬁ ; egpi giﬁan@bés\éelt 19, 8s ficdBd. CRIBESTbIeahd Hidc¥ls shrfks NP o0 & Revak&sni ng gas

10  alternatively, pump 20 is maintained in a constant operating mode. When the demand
of mass controller 32 is required, valve 28 is closed and the flow of cleaning gas is
routed through mass controller 32 to remote plasma chamber 36 until the cleaning gas
is no longer needed. Under these conditions, the pressure of the gas in vessel 14 will
start at about 550 torr to about 750 torr and drop until the demand exceeds the supply,

15  which could result in a pressure as low as 1 torr. Therefore, should a leak occur in
vessel 14 or supply line 12, cleaning gas would not leak to the atmosphere since the
vessel is under sub-atmospheric pressure. This results in a safe, leak-proof system. If
more gas is accumulated than needed by the process, excess cleaning gas can be
vented through line 26.

20

Referring to Fig. 2, a cleaning system with a filtration bed is represented

generally by reference numeral 40. System 40 has filtration/absorption bed 42 in
addition to the components described above in Fig. 1. Filtration bed.42 could be a
combination of CFx pellets, where x = 0.9 to 1.2, NaF, KF, CaF,, NaHF,, NaF(HF)y,

25  KF(HF)y, CaF,(HF)y, where y =1 to 4, or any combinations thereof, to absorb HF,
CF,4, SiF4, and any other contaminants that could be present in the feed gas to vessel
14. In this configuration, the filtration bed not only enhances the cleaning gas going
to plasma chamber 36, but also allows for the quality of the cleaning gas being
supplied to vessel 14 to be less than optimum, therefore reducing costs.

30



greater volune of the cleaning gas passing through said filtration bed
during the recycle process. 20. The process of claim 16, wherein said
cleaning gas is selected fromthe group consisting of fluorine, chlorine,
Cl Fx, BrFx, 02, 03, NF3, and any conbinations thereof. 21. The process of
claim 16, wherein said cleaning gas is fluorine. 22. The process of claim
16, wherein said storage vessel has a volune about 4 liters to about 8
liters. 23. The process of claim 16, wherein a said process chanber is a
CVD process chanber. 24. The process of £l aim23, wherein said CWD process
chanber is used for depositing a material selected fromthe group

consi sting of Si (ferfinpio Fig/ 3 Visub-atmdspherit ystahlwittoarekyele ebefidurationdoat i ngs,
hi gh-K dielectric coatings, Si-based photoresists car%on- based

phot or esi st g,epramt%ﬁﬁneraﬂﬁ by aefersnee pBsrabl0. Systerrh@ has plinasomrthe proress16,
further conphbshags @A r@fu{ﬁsothéggsoto(tﬁé .{?'swﬁ‘?fo?g@o&cféf I.Hﬂ'?ééa@?of A&drined@zty

t hrough a notor housing of a vacuum punp used to renove cleaning gas - from
sai d st or agdo ehtyepercédb of thiedluprine thms eritrschachmiber invthe cleaming pratessiendt gas i s

el ected _fromthe.grou onsi st i f argon, helium, nitrogen, oxygen, dry
2T andSany RbBh SR TR dofS Gaeed VRSt st airdlete aFohisiss e of n
said inert %&e&&l?a&rﬂféﬂ(i.e%&iFJ@AH‘l%S§crﬁf)bé21|cﬂﬂtBfﬁé1sp¥m%!&hﬁlg55‘likd | nert

gas is flowed to said notor housing ‘at a flow rate of at |east "1 standard
|'iter/ m nut deavee propess shavlks S8dfy fdiration el 42mhednert gases siich ag, aitrageanbed

conprises at_l|.east one filtrati. di.a sel ected fromthe group consisting
of CFx pell é‘flg,ar%glf,anﬁﬁ,re ilé§w‘%;}pﬁ 211 ?‘(equ—‘}’ %m%&’?‘ S‘iﬁﬁé@‘?‘%ﬁs@&eand any
conbi nat i ongpl4sher caibeBss whh 2S3HEEONt StratiBATRY FO6riAe: STIHY &/ill hdiniz6 Wef ace of a

sem conduct or _
10  actual use of the fluorine.

During the cleaning recycle process, valves 52, 56, 62 and 68 are closed.
Valves 58 and 66 are open. Fresh cleaning gas is pulled from vessel 14 through mass
flow controller 32 by pump 20. The gas is fed through filtration bed 42 where
15 contaminants are removed from the cleaning gas. The purified cleaning gas is then
fed to plasma chamber 36 and ultimately to process chamber 38, where cleaning
occurs. The cleaning gas is then pulled from process chamber 38 where it combines
with feed cleaning gas prior to returning to pump 20 for recycle. This recycle process

continues until the cleaning process is complete.

20
The cleaning gas stream is adjusted to a high concentration at the beginning of
the process with the recycled cleaning gas taking up a greater extent of the flow at the
latter part of the process run. As a result, less feed cleaning gas is needed in the latter
stages of the cleaning process, resulting in cost savings.
25

Referring to Fig. 4, when the process chamber in Fig. 3 goes into the process
mode, the system is reconfigured into a regeneration mode, as depicted in Fig. 4. In
the regeneration mode, valves 58, 66 and 70 are closed. Valves 52, 56 62 and 68 are
open. Pump 64 resumes process chamber operations by pulling process gas from

30  chamber 38 to exhaust line 74. During this process, filtration bed 42 is regenerated.
Inert gas, such as nitrogen, is back flowed through bed 42 by pump 20, which also



processi ng chanber conprising: at |east one vessel for staring a cleaning
gas; and 5 at | east one vacuum punp for pulling cleaning gas fromsaid at

| east one vessel, wherein said cleaning gas is stored in said at |east one
vessel at a pressure in to the range of about 1 ton to about 750 ton. 14
31. The systemof claim 30, further conprising at |east one mass fl ow
controller for controlling the flow of cleaning gas to said sem conduct or
processi ng chanber. 32. The system of claim 30 wherein said cleaning gas is
selected fromthe group consisting of fluorine, chlorine, C Fx, BrFx, Q,
03, NF3, and any conbi nations thereof. 33. The system of claim 30, wherein
sai d cl eani pyllyasegativé pressureen bedi42. TAe aggsitethe afputitaésradserbeduinethe bed sai d
vessel has a_ vplu out 4 |iter 0 out 8. liters..35. The process of
Charm 30wt dsoroEd. M eprsed B b ol descioed ishiied ate SERIRPESES “The
process of gleHeddPpuiph 20 ehrdusitbchaldBneeC ThgingMEPRIcesss tﬂé%‘égaﬁ Qt!ippéy
depositing a material selected fromthe group consisting of S 02, SINx, W
WS, Tin, Taquld beifillingipedseare vesset bhtreadydor the ghxticlennirigaquoedse cydat i ngs,
Si-basedsphotoresists, car bon- based photoresi sts, and any conbi nati ons

t hereof.”37. The system of claim 30, wherein each of said at |east one

vacuum punp conpilj shesldebermiderstdodubit il fodézoinddessrystionris ohlydlladtraise of teer ei n
an inert gas is passed through said notor housing to prevent back flow of
cl eani ng gaPrSSPRIANYHECRD VaFoRmRlisrRalives and modifications can be devised by those

skilled in the art without departing from the invention. Accordingly, the present

invention is intended to embrace all such alternatives, modifications and variances.



39. The systemof claim 38, wherein said inert gas is selected fromthe
group consisting of: argon, helium nitrogen, oxygen, dry air, and any
conbi nati ons thereof. 40. The system of claim 38, wherein said inert gas is
ar gon. is 41. The systemof claim 38, wherein said inert gas is flowed to
said notor housing at a flowrate of at least 1 standard liter/ mnnute. 42.
The system of claim 30, further conprising at | east one filtration bed for
filtering said cleaning gas. 43. The system of claim 42, wherein said
filtrati on bed conprises at |east one filtrati on nedia selected fromthe
group consisting of CFx pellets, NaF, KF, CaF2, NaHF2, NaF(HF)y, KF(HF)y,
CaF2(HF)y, amBIADYS CLAIMBD ISs thereof. 44. A recycle systemfor renoving
residue froma surface of a sem conductor process chanber conprising: at

| east one vessel for storing a cleaning gas; s at |east one vacuum punp for

pul l'i ng cl eani ng 19@;?{&959 f%ﬂegl?cgzgr}é £28he ROA QRS bfa’?‘{éﬁ’nié‘&dﬂul@ﬁ‘ﬁ rf8&

filtration bed for tering ng gas, to erein sard cleahing gas is
stored in sahainbér doefgsisingthe viepseft at a pressure in the range of about 1
ton to about 750 ton. 4s. The system of claim44, wherein said at | east one
filtration bed filters both a cleaning gas fromsaid at | east one vessel

and a recycled cl@pabAe dfkafing BafaliBARAGEBATARL I 2 sHhagsvasam of cl aim
44, further conprising at | east one nass flow controller for controlling
the flowsof cl earfbhpming said cleahing pascioon sait storggecisesst mdgr ehvaotm;. and

(c) passing said cleaning gas through a process chamber to be cleaned.

2. The process of claim 1, wherein said cleaning gas is passed through a

process chamber without a remote plasma source to activate the cleaning gas.

3. The process of claim 1, wherein said cleaning gas is passed through a

process chamber with a remote plasma source to activate the cleaning gas.

4. The process of claim 1, wherein said cleaning gas is selected from the
group consisting of: fluorine, chlorine, CIFx, BrFx, O3, O3, NF3, and any
combinations thereof.

5. The process of claim 1, wherein said cleaning gas is fluorine.

6. The process of claim 1, wherein said storage vessel has a volume about 4

liters to about 8 liters.

7. The process of claim 1, wherein said cleaning gas is stored in said storage

vessel at a pressure in the range of about 1 torr to about 750 torr.

8. The process of claim 1, wherein a said process chamber is a CVD process

chamber.



16 47. The system of claim 44, wherein said cleaning gas is selected from
the group consisting of fluorine, chlorine, ClFx, BrFx, Oz 03, NF3, and
any conbi nations thereof. 48. The system of claim44, wherein said cleaning
gas is fluorine. 49. The system of claim44, wherein said vessel has a

vol ume about 4 liters to about 8 liters. 50. The system of cl ai m 44,
wherein a said process chanber is a CVD process chanber. 51. The process of
cl ai m 50, wherein said CVD process chanber is used for depositing a
material selected fromthe group consi stlilng of SiCz, SiNx, W W&, Tin,
TaN, low K dielectric coatings, high-K dielectric coatings, Si-based

phot oresi sts, cadbdrhelpasads phcibiar &svistrain saiddC\aD precesdhetmathepisustd oreof . 52.
The system of cl.aim44, wherein each of said at. |east. _one v ,

conpri ses adﬁm%?n%ﬁ’éfeﬁ\éfs%@te QI RS Erapp S?nsatlagﬁﬁépzvﬁgﬁﬁ%f&gm gas
s passed t ey @Kokl cBRIcUoa S HIA-K BicRicRIERarREAC ki hhQW phbtofdstani ng. gas
into the notor housing. 54. The system of claimb53, wherein said inert gas
i s sel ect ed chrbombabesl phroterpsists midsiny ngmbinatiensgbereofiel i um ni trogen, oxygen,
dry air, and any conbi nations thereof. 55. The system of claim53, wherein
said inert gas is argon. 56. The system of claim 53, wherein said inert gas

i's flowed to saidomepréussdai! 1,Fufthé?WofrdtiSingf pridr tb 8@ (b)! il stepdsyr d

liter/mnute. _ 17 57. The system of claim 44, erein said filtration bed
conpri ses atassaginedgas throughes moter heusing ekl wasuan funemuged 4o areens deandisst i ng

of OFx pel | €L frohBaid bragtPE&el.

11. The process of claim 10, wherein said inert gas is selected from the group

consisting of: argon, helium, nitrogen, oxygen, dry air, and any combinations thereof.
12. The process of claim 10, wherein said inert gas is argon.

13. The process of claim 10, wherein said inert gas is flowed to said motor

housing at a flow rate of at least 1 standard liter/minute.

14. The process of claim 1, further comprising, after step (b), the step of
passing said cleaning gas through a filtration bed.

15. The process of claim 14, wherein said filtration bed comprises at least one
filtration media selected from the group consisting of: CFx pellets, NaF, KF, CaF,,
NaHF;, NaF(HF)y, KF(HF)y, CaF,(HF)y, and any combinations thereof.

16. A recycle process for removing residue from a semiconductor process

chamber comprising the steps of:

(a) storing a cleaning gas at sub-atmospheric pressure in a storage vessel;
5 (b) removing said cleaning gas from a storage vessel under a vacuum;
(c) passing said cleaning gas through at least one filtration bed, thereby

purifying said cleaning gas;



NaHFz, NaF(HF)y, KF(HF)y, CaF2(HF)y, and any conbi nations thereof.
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20. The process of claim 16, wherein said cleaning gas is selected from the
group consisting of: fluorine, chlorine, CIFx, BrFx, O,, O3, NF3, and any

combinations thereof.
21. The process of claim 16, wherein said cleaning gas is fluorine.

22. The process of claim 16, wherein said storage vessel has a volume about 4

liters to about 8 liters.

23. The process of claim 16, wherein a said process chamber is a CVD process

chamber.

24. The process of claim 23, wherein said CVD process chamber is used for

depositing a material selected from the group consisting of: SiO,, SiNx, W, WSi, Tin,
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passing inert gas through a motor housing of a vacuum pump used to remove cléaning

gas from said storage vessel.

26. The process of claim 25, wherein said inert gas is selected from the group

consisting of: argon, helium, nitrogen, oxygen, dry air, and any combinations thereof.
27. The process of claim 25, wherein said inert gas is argon.

28. The process of claim 25, wherein said inert gas is flowed to said motor

housing at a flow rate of at least 1 standard liter/minute.
29. The process of claim 16, wherein said filtration bed comprises at least one
filtration media selected from the group consisting of: CFx pellets, NaF, KF, CaF,,

NaHF,, NaF(HF)y, KF(HF)y, CaF,(HF)y, and any combinations thereof.

30. A system for removing residue from a surface of a semiconductor

processing chamber comprising:
at least one vessel for storing a cleaning gas; and

at least one vacuum pump for pulling cleaning gas from said at least one

vessel,

wherein said cleaning gas is stored in said at least one vessel at a pressure in

10  therange of about 1 torr to about 750 torr.
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chamber.

32. The system of claim 30 wherein said cleaning gas is selected from the
group consisting of: fluorine, chlorine, CIFx, BrFx, O,, O3, NF3, and any

combinations thereof.
33. The system of claim 30, wherein said cleaning gas is fluorine.

34. The system of claim 30, wherein said vessel has a volume about 4 liters to

about 8 liters.

35. The process of claim 30, wherein a said process chamber is a CVD

process chamber.

36. The process of claim 35, wherein said CVD process chamber is used for
depositing a material selected from the group consisting of: SiO,, SiNx, W, WSi, Tin,
TaN, low-K dielectric coatings, high-K dielectric coatings, Si-based photoresists,

carbon-based photoresists, and any combinations thereof.

37. The system of claim 30, wherein each of said at least one vacuum pump

comprises a motor housing.

38. The system of claim 37, wherein an inert gas is passed through said motor

housing to prevent back flow of cleaning gas into the motor housing.

39. The system of claim 38, wherein said inert gas is selected from the group

consisting of: argon, helium, nitrogen, oxygen, dry air, and any combinations thereof.

40. The system of claim 38, wherein said inert gas is argon.
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42. The system of claim 30, further comprising at least one filtration bed for

filtering said cleaning gas.
43. The system of claim 42, wherein said filtration bed comprises at least one
filtration media selected from the group consisting of: CFx pellets, NaF, KF, CaF,,

NaHF,, NaF(HF)y, KF(HF)y, CaF,(HF)y, and any combinations thereof.

44. A recycle system for removing residue from a surface of a semiconductor

process chamber comprising:

at least one vessel for storing a cleaning gas;

5
at least one vacuum pump for pulling cleaning gas from said at least one
vessel; and
at least one filtration bed for filtering cleaning gas,
10

wherein said cleaning gas is stored in said at least one vessel at a pressure in

the range of about 1 torr to about 750 torr.

45. The system of claim 44, wherein said at least one filtration bed filters both
a cleaning gas from said at least one vessel and a recycled cleaning gas from a process

chamber.

46. The system of claim 44, further comprising at least one mass flow
controller for controlling the flow of cleaning gas to said semiconductor processing

chamber.
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group consisting of: fluorine, chlorine, CIFx, BrFx, O,, O3, NF3, and any

combinations thereof.
48. The system of claim 44, wherein said cleaning gas is fluorine.

49. The system of claim 44, wherein said vessel has a volume about 4 liters to

about 8 liters.

50. The system of claim 44, wherein a said process chamber is a CVD process

chamber.

51. The process of claim 50, wherein said CVD process chamber is used for
depositing a material selected from the group consisting of: SiO,, SiNx, W, WSi, Tin,
TaN, low-K dielectric coatings, high-K dielectric coatings, Si-based photoresists,

carbon-based photoresists, and any combinations thereof.

52. The system of claim 44, wherein each of said at least one vacuum pump

comprises a motor housing.

53. The system of claim 52, wherein an inert gas is passed through said motor

housing to prevent back flow of cleaning gas into the motor housing.

54. The system of claim 53, wherein said inert gas is selected from the group

consisting of: argon, helium, nitrogen, oxygen, dry air, and any combinations thereof.
55. The system of claim 53, wherein said inert gas is argon.

56. The system of claim 53, wherein said inert gas is flowed to said motor

housing at a flow rate of at least 1 standard liter/minute.
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