1 4 JUN 2005 -1 METHOD AND APPARATUS FOR CLEANI NG A SEM CONDUCTOR WAFER
PROCESSI NG SYSTEM 5 BACKGROUND OF THE DI SCLOSURE 1. Field of Invention Tge
present invention relates generally to a nethod and apparatus fot l'cUléNarWU_g
a sem conductor processing system 10 Nor-e specifically, the invention
relates to a nmethod of cleaning a sem conductor process system conprising a
t ur bonol ecul ar punp coupled to a process cHamber, usi ng a fluorinated gas.
15 2. Description of the Background Art Integrated circuits have evol ved
into conpl ex devi Cgrpbhatan®d i ] i@ﬂhsnff ransi &Rpaci tors
and resistors on a single chﬁ)#WA'ﬁhmgﬁgsquo Slﬁmﬁd ggg?gfr’é’”“ continually
demands faster circuitry, greater circuit 20 density, and increased
functionality. As the circuit density decreases, it has becone

i ncreasingly ihp8s Wl OF /THEt RISGROSERE cui t structures precisely and
repeatably in order to effectively utilize thinner filns. In order to
obtai n precision and.r %)eéa% E?E%'v!eh%é’on' n circuit structures 25 fromwafer to
waf er, processing w Adows r

pardneters used when fornming thin filns such
as chamber pressure, ThEsPresastr ésyittdiRgislasest pepirnad Lanto betreghod and
control l.ed.. A rairerhabs caanDRIyankised 4 Nsthi-cBiitetht HESHMGISHAES syBtdd.i Zi ng
thin filns isphgshorqus sdaped, sild con,diaxlde. 1430, cegmnl y. known as
phosphor ous dope%e%lnass (5%%??&%0%% orQ?)YJ%ltg)é%e eglﬁggss ?%eneér%_% y C’ufzed as
a passivation fiI5PoPTas®a PrESIRCHFERN el RFOCRFE.  PRUSThor OB Hop¥d d¢f ass
i s comonly for nedbbypotdreniacalpurapopupleposid iopfdcéby cprobessessinbata r eact
a silicon sourceri(@r8nated lg@age or 35 tetraethylorthosilicate (TEGCS)) with
an oxidi zing agent (e.g., Oz and HOQ2) at el evated tenperatures.
Phosphorous doped gl ass may al so be formed using plasma enhanced cheni cal
vapor deposi tPor? -( PEEVD)irdRanh§HhgeRathorophasimne

Integrated circuits have evolved into complex devices

that can include millions of transistors, capacitors and

resistors on a single chip. The evolution of chip designs
continually demands faster circuitry, greater circuit
20 density, and increased functionality. As the circuit

density decreases, it has become increasingly important to
create the circuit structures precisely and repeatably in
order to-.effectively utilize thinner £films. In order to
obtain precision and repeatability in circuit structures
25 from wafer to wafer, processing windows for parameters used
when forming thin films such as chamber pressure, must
correspondingly be tighten and better controlled.
A material commonly used in the circuit structures
utilizing thin films is phosphorous doped, silicon dioxide,
30 commonly known as phosphorous doped  glass (PSG) .
Phosphorous doped glass is generally used as a passivation
film or as a pre-metal dielectric. Phosphorous doped glass
is commonly formed by chemical vapor deposition (CVD)
processes that react a silicon source (e.g., silane or
35 tetraethylorthosilicate (TEOS))} with an oxidizing agent
(e.g., 0O, and HO,) at elevated temperatures. Phosphorous
dopec_i glass may also be formed using plasma enhanced
chemical vapor deposition (PECVD) and high'density plasma
chemical vapor deposition (HDP-CVD) processes that allow for

40 deposition of phosphorous doped glass at lower temperatures.



chem cal vapor deposition (HDP-CVD) processes that allow for 40 deposition
of phosphorous doped gl ass at | ower tenperatures. 14 JUN 2005 -2 ring
bot h PECVD and HDP- CVD processes, chamber pressure has been f ound Tt%o JHNi 2085
hi gher over the course of deposition of phosphorous doped glass upon a
wafer. This process drift is aggravated over the course of nultiple 5
deposi tions when processing a batch of waférs. The process drift causes
variation in deposition rates across the batch, and variation in the

phosphor ous doping | BMPir?g f 3%06 | B | g%twaBS{; AT m%rgr sses, Ovegﬁ%

conformty required consi st circuit structures
course of 10 a é?ré?éé‘éjée r]i‘FrF iReSCofprBRi s adridic Rigler W Forthet §oprEsR of
limting factor depotheiars eofOf plaispbirdust dapetiuig@ss€opsn Sk ngafdri n Thilsns.

The cause of th%r@ﬁ@§§u'a§1§|£| fle Iégf%tfg&éwt&%f ey Eouldd tHE ﬁqmwﬂenatl on

of a turbonol ecu mal ntain chapber_pressure durin
processi ng. Dgrﬁ% g%lrgélgpgg‘ ?l%ﬁo‘iﬁsséfl%%cﬁ?tﬂ?o%f d‘éaf% SphospfioPboss
cont ai ni ng comﬁmﬁé cilvesevarmttivn tor denvsheted artpanpcrormpehenbstathus
reduci ng the purgaas x%ﬂ‘rflbeE&mcynanﬂuea%ﬂdsb}ioi&lsmdﬁl@qign :aavep..léect%tlﬁﬂmlﬁed

chanber pressure.; ]11%9 %’a/@rc@ sepicondyct or egr qce % Omlr% Vi ngu -l gani ng
nt'i

capability genera not cl'éan the t ur Bonol €cul ar onal
syst em desi gns &l 9’%‘%?‘? IS hE PRt GHEACRHhattrugBRERS tCV’eét’nc}hS §9‘f1f%%|°ént |y
| ow pr essurel@ordigiosrsswrithi ns tdreptrunixe@| ecaheat pounputidopmements a

deposi tion upon 1t1H§tMa%§ofom%tL§e 8% Surhh: cChagher, &leanpg; frgcesses
are generally vg\nt eg hrough a roughing punp and by-pass the

t ur bonol ecul ar A&, resul t, deposits within the turbonolecul ar punp
are never r ermved duTlllmg:aa{mv@tft itbﬁabremleanﬁnfgfqariﬂ:@@eébw'ﬁbs@ despydsit s
i ncrease over titae, t}@ @aﬂgmguattmenprcﬁ:ssur e B hatd &l1last | 8mOf ubkbe to

turbonol ecul ¢ punp. £ 1n (%gg]ade unt guturborrlplc%cs%lgr punp,.Reconks
unsui tabl e for use eposi STt i ng tSH e and T equl
depos:.tlon of silicon dlox1de, a phosphorous containing

compound adheres to the turbomolecular pump components thus
reducing the pump’s efficiency and ability to maintain a
predetermined chamber pressure.

20 Typical semiconductor process systems having cleaning
capability generally do not clean the turbomolecular pump.
Conventional system designs rely upon the high rotational
velocity and a sufficiently low pressure conditions within
the turbomolecular pump to prevent deposition upon the puinp

25 components. As such, chamber cleaning processes are
generally vented through a roughing pump and by-pass the
turbomolecular pump. ~ As a result, deposits within the
turbomolecular pump are never removed during conventional
cleaning processes. These deposits increase over time,

30 causing the pressure characteristics of the turbomolecular
pump to degrade ‘until the .turbomolecular pump becomes
unsuitable for use when depositing thin films and requires
replacement.

Therefore, there is a need- in the art for a

35 semiconductor process system that removes contamination from

a turbomolecular pump.



repl acenent. Therefore, there is a need in the art for a 35 sem conductor
process systemthat renoves contam nation from a turbonol ecul ar punp. 14
JUN 2005 -3 SUMVARY OF | NVENTION One aspect of the invention providgs shs
sem conductor 5 wafer processing system conprising a chanber, a cleaning
system .a punpi ng system coupled and a control system The cleaning and
punpi ng systens are coupled to the chanber3- The control systemis coupl ed
to the cleaning and punping systens. The chanber punping system conpri ses
a rough punp 10 and a turbonol ecul ar punp. The control system causes a gate
val ve di sposed between the turbonol ecul ar punp and the chanber to open and
divert. a porti orsBHMARY Qi JHVENTENent to be drawn from the chanber by the
rough punmp through the turbonol ecular punp. As the cleaning agent passes

t hrough 15 the turboppl ecul ar_ p t he turhonol ecul ar pu is cl.eaned of
surface contani nant S,BR? hﬁsspee?rFab?LgiTﬁBh‘? hén‘f%nrtBS%Pé?(ﬂ%F %E%%mﬁ?nﬁﬁ??ﬁrai n
subst anti al | y >corrfeanPranesyigyeateiilon resdains i chimbehe ehapbaringver

mul tiple wafer preeessidpump2gBRyferDESGR KT 108 OFcHRAMNGSsdde. t eaehi ngs
of the present Iaention. AN hGfEAdl]tonynderslonthdy conshderhogohe

foll owi ng detai Iﬁ'% description 1 n conjunction w e .acconpanyli ng
drawi ngs, in whidF ofgtﬁ‘i’]g.slisﬁé‘pilét Coyrdefeht o dF i dRfofnd PRI
processi ng apparsatstsnof tie khatbesaehrpingesfaen ngmphisesdepesigh opump
processes of i1bherpr 8s@ibohPY&AINpuARd Rig. dnt.H1a sl ko diRgeam ofaddhe
process of the Rrgsenty; invention. go 'I;g1 fampta@\gc nglfer s&lgndl N9 1 he
i dentical refereficdS: ;“ RGRET al"S "HEVE BEENn LEEF CuReHe poksihl 8%t o
desi gnate i dentdbgaber| @rerent fad AreercopnBertiont RE & GiAeedng 1adertUNC2005
-4 be drawn from the chamber by the rough pump through the
turbomolecular pump. As the cleaning agent passes through
15 the tﬁrbomolecular pump, the turbomolecular pump is cleaned
of surface contaminants, thus enabling the turbomolecular
pump to maintain substantially constant and repeatable

pressures within the chamber over multiple wafer processing.

20 BRIEF DESCRIPTION OF DRAWINGS

The~teachings of the present invention can be readily
understood by considering the following detailed description
in conjunction with the accompanying drawings, in which:

25 Fig. 1 depicts a schematic diagram of a plasma
proéessing apparatus of the kind used in performing the
deposition processes of the present invention; and

Fig. 2 is a flow diagram of the process of the present

invention.
30 To facilitate understanding, identical referencer::
numerals have been used, where  possible, to designate

identical element that are common to the figures.



DETAI L DESCRI PTI ON OF | NVENTI ON The present invention provides a nethod of
cleaning a sem conductor wafer processing system The inventionis 5
general ly appl.icable, but not exclusively, to deposition chanbers of

sem conduct or waf er processing systens, including, for exanple, 1phygh cabs
vapor deposition (PVD) or sputtering chanbers, chem cal vapor deposition
(CVD) chanbers, and ion inplant chanbers._4The invention is also 10

appl i cabl e wherever a turbonol ecular punp is used to nmmintain a vacuum
wi thin the chanber having plasnma processing or cleaning cycles. An exanple
of one such chaPiR¥LLi BESCHIEFAON ePis IINYERI ¥ ha chem cal vapor deposition
(HDP- CVD) chanber, such as an Utinma(r) High Density Chem cal 15 Vapor
Deposi ti on ( HDP- C,\/D) mystem vai | abl e from t{}%terl al I nc.

Santa O ara, California. PEFG 1 G&pretd £H999 U"s% th (’§y§ ?81“1306" | n
which the i nverﬁﬁlﬂﬁéoé@éﬂatmrngwﬁﬁmoérﬁmﬁmgreﬂ%@m t d'hsr adnverdion Thies
system 100 gersergdreyalDipabsescail eV asitabher eeg&mﬂz&;O (t@ham@@rs)tﬂc;m

coupl ed to vari &%@gygce%fandseﬁyl%gggctof n%%@éxng 59%?10 E%g%msa

control l er 102, (i eani n system

chanber 140 in Wf Bﬁl%%bsﬁcf“%t%‘aﬁpé‘ées@i‘wciaé ﬁé??%rﬁ%QPSltéoﬂef?‘H@d By a
chanmber body 1l2ramdenind d esmeémisy 1bhemPSlThevadanmbeterbodyidil? i(GVD)

preferably a uma@meraacm@eﬂm sltmwgﬂyr&am\éwg argd dﬁmhkléﬁt&g hatso
defines an |r1raer an Cubla élocesa n rﬁ%rg nd tapers toward(? its
lower end to dettna“a condeRtrTe e SES ea? @Y 2P he ‘EhattBe?  Hody
112 defines a plmfrlaltﬁ%ly of puRtWI nofiding &hel eabm@erso T@u’b@@raPéa@Fﬂry
port 124 that i sorsekesinyeby seahethdycevclesl.it ¥al w&addde The dmepesusurface

of 1 he chamber alhudiBidel! nes, 2o 0e05T BlLe! | Alorand! pg A ca00, e the

lid assenbly 114 s suppo ring grooves are. or pe
the 35 upper surf®XCeCH?) tHE™RaF! Wby ééeia?remotrf-é“a@r Hﬁ‘ﬁFeD%nsrﬁtﬁ(géthBlcaflor m an
airtight seallsbéatapeen Debeschianmbe(idredyDil 18y sirh,t hevailbdlasSeot| ppdlked

Materials,_ Inc., of Santa Clara, California.

Fig. 1 depicts a HDP-CVD sﬁ;stem {system) 100 in which
the inventive cleaning method may be reduced to practice.
The system 100 generally comprises an evacuable enclosure

20 (chamber) 140 coupled to various sources and systems,
including _'a gas panel 170, a controller 102, a cleaning
system 150 and a pumping system 104. The chamber 140 in
which substrate processing is performed, is defined by a
chamber body 112 and a 1lid assembly 114.

25 The chamber body 112 is preferably a unitary, machined
structure having a sidewall 118 that defines an inner
annular processing region 120 and tapers towards its lower
end to define a concentric exhaust passage 122. The chamber
body 112 defines a plurality of ports including at least a

30 substrate entry port 124 that is. selectively sealed by a
slit valve 144.

The upper surface of the chamber wall 118 defines a
generally flat landing area on which the 1lid assembly 114 is
supported. One or more o-ring grooves are formed in the

35 upper surface of the wall to receive one or more o-rings to
form an airtight seal between the chamber body 112 and the
lid assembly 114.

The 1id assembly 114 is generally comprised of an



The lid assenbly 114 is generally conprised of an 1 4 JUN 2005 -5 energy
transmtting donme 132 nounted a gas distribution ring 138. O rinpigioes
are formed in the top of the gas distribution ring 138 to receive an
o-ring to seal the donme 132 and the top of the gas distribution ring 138.
The Iid 5 assenbly 114 provides both the physical enclosure of the plasm
processing region 120 as well as the energysdelivery systemto drive
processing. The gas distribution ring 138 conprises a plurality of gas
inlet ports 136. The ports 136 are coupled to a gas 10 panel 170 that
provi des process eaadnttrensigasdsgt doricha 32chawirerd 240as Thie tdone: ib32 rii sy

general |y made ofi3g. di &b 8GhE G.5BLEL | ake téa%easlgrmmt%? v LR ggner oy,
an exanpl e of mhlc %ﬁ ceram ¢_such as al um num oxi d %
separately 15 powet&d REIRDiTY 43Bop° ciqe YT 250 R TR | e %ﬁﬁh ?4d°%?e

wound external t&3%2 haditéeetorict ddrme gb32diFheidREicni +iagl138. andhé7didcr e

‘respectively powes&drly aihi rsbvvadd abbe, tﬂ@qu%>éaBFe§9%&f‘rel7@f apck a
second vari abl e sour ce F nmat chi ng .net wor k

177 is coupled b {meenpféces%u@SfeﬁﬂﬁbﬁggoﬁFc%ﬁﬁ 6Ea °t FBHI 1°174%and i s
typically used £ iamansf@&rivgorercassiagpl asma formed within the chanmber
140. Sinmlarly, a secbedghF aEitehbogidietrnangkl 1y edrpresetpl £db1dat weenod he

second power souige Aigcand Lhe, goi | 12 (28 A SubsLLale shnpld fregher 116

is disposed i nber 140 canti] fron1 er wal 8. In
one enbodi né'ﬁ)t %&I‘netlhel ThvErs oﬂrO\t%Ssmﬁa%eagﬁp@éb?r neRpes tP1ethe
conpri ses one orcimombercodiducti ng el enments or el ectrodes 126 inbedded

therein. The el ect roe}ﬁelé’&n&%zcwénéﬁaﬁlﬁ%a@@t @Ha Qh%'l@@@ﬂto k€81
printed netallzqméy1 nmesh ,screen aqr_ the lik % or exanple

about 700 Volts, 1§ BfmﬁﬁuFSlYﬁéxéﬁﬁéfpﬁﬁﬁ’sﬁBpSF?“ F oy & b
vol tage source C(Gmt}‘t“lghcﬂm)l tas geheriaum téwidel eil,08t at i d‘wat tyeRerponly

15 powered RF coils, a top coil 172 and a side coil 174, are
wound external to the dielectric dome 132. The RF coils 172
and 174 are respectively powered by a first variable
fregquency RF source 176 and a second variable frequency RF
source 178.

20 A first RF matching network 177 1is coupled between the
first power source 176 and the coil 174, and is typically
used to transfer power to a plasma formed within the chamber
140. Similarly, a second RF matching network 179 is coupled
between the second power source 178 and the coil 172.

25 A substrate support member 116 is disposed 1in the
chamber 140 cantilevered from the chamber wall 118. In one
embodiment of the invention, the substrate support member
116 comprises one or more conducting elements or electrodes
126 imbedded therein. The electrode 126 may comprise a

30 metallic element, green printed metalization, a mesh screen
or the like. A voltage, for example about 700 Volts, is
applied to the substrate support member 116 by a DC voltage
source (not shown) to generate the electrostatic attraction
force which holds a substrate 130 in close proximity to the

35 upper surface of the substrate support member 116.

The substrate support member 116 also includes a
temperature control system (not shown) that maintains the
temperature of a substrate 130 during processing. The

temperature control system preferably comprises fluid



force which holds a substrate 130 in close proximty to the 35 upper
surface of the substrate support nenber 116. The substrate support 4 \[@f
116 al so includes a tenperature control system (not shown) that msu n e
the tenperature of a substrate 130 during processing- The tenperature
control system preferably conprises fluid a 4 JUN 2QQc)5 -6 channels

W thin the substrate support nenber 116 thad- are connected to a thernal
fluid source (not shown). The controller 102 senses the tenperature of the
substrate 130 and changes the tenperature of the thermal fluid accordingly
5 to maintain a pRIRKISK mlﬁé@véh%esuhﬂqréﬁﬁaﬁwmr} neoher lheathagy ane

cool i ng met hods, cemrcdrtas resi at i sterheat inNgidmypurbe Ubbki z8@whp. control the

tenperature of t B&%§E2a3§2 1§@915egu }1(@_9 tgﬁxgﬁ(\t%%ﬁ‘fggbf B@lll s&&%r%gﬁp?%ﬁ

menber 116 is a y concentric wt

I.Nn
upper surface of Q?‘EEC ag‘ﬁgio’:rhte ﬁﬁﬁ%"é’?atllﬁ oThehisrAY poitd15ac98liasEposed
substanti al | y Tehtrahiytdiel ow phedsushstined e vabeei vi g cepmaitiveny pof other

support menber 1ﬂ&alelgdaaw &mlaa%éu?a@nl ¥uch hg@%},ﬂsfe@v@aﬁ&a&ﬁgl%ﬁnd
out of the chambgr 1 e uni form_gas w over

substrate surface ?e(?h‘éo ecr?tnl%Fg cﬁ%&ﬁ“@?@%%et Rér EB‘F %1 trrﬁa?aﬁ“g/
downwar dl 'y and o‘ti.tlfrvﬂdltgdpyocf?s@r#ﬁghe chanber 140 through punping port 154
centered in the base mefiothenehaubgsrtl4Qembelher 18asi$A0L zgaapmgonp&ﬁ usd form

deposi ti on ofy i Lindiayer 20 DyndBItal g, PLessuce.and Lesidenge L

unlformty, | acking 1 n exis processing such as substrate

| ocations' with HHPEF rfbe“}?re’ém iy | el BT3RS ke 1Punbf nglisBPEed 54,
The punpi ng systemstédtisligoupleatiradlyt hebgiowpi nieporsubs 2batkb4. rebeevimpi ng

system 104 generr%rltﬁ_oﬁr gyl gﬁ@ é@por@sh@méﬁ hJ!lrég o g R ag';a@e@g eFeRLUUM
wi t hi n chanber

| i
bypr oducts, cont amoﬁgﬁt gﬂgnﬁasoﬁaﬁsr ?6 gglg ??‘btm‘%fﬁe%@ﬁ}%ﬁg’gses 144 S8

15 enables more uniform gas flow over the substrate surface
about the entire circumference thereof and radially
downwardly and outwardly from the chamber 140 through
pumping port 154 centered in the base of the chamber 140.
The passage 122 promotes uniform deposition of film layers

20 by maintaining pressure and residence time uniformity,
lacking in existing processing chambers, such as substrate
locations with differing proximity in relation to the
pumping port 154.

The pumping system 104 is coupled to the pumping port

25 154. VThe pumping system 104 generally provides for
establishing, and maintaining a wvacuum within chamber 140,
along with the removal of process gases, reaction
byproducts, contaminants and other gases from the chamber
140. The pumping system 104 comprises a rough pump 160 and a

30 turbomolecular pump 162 are mounted to the pumping port 154
of the tapered lower portion of the chamber body 112. A
gate valve 158 is mounted between the pumping port 154 and
the turbomolecular pump 162 to permit isolation of the
turbomolecular pump 162 when not in use. When the gate valve

35 158 is closed, the flow exiting the pumping port 154 is
diverted through a foreline 168 to the rough pump 160. A
throttle valve 156 is mounted between the gate valve 158 and
the pumping port 154 to provide pressure control when the

turbomolecular pump 162 1s in use.



140. The punpi ng system 104 conprises a rough punp 160 and a 30

t ur bonol ecul ar punp 162 are nounted to the punping port 154 of the tapered
| ower portl on of the chanber body 112. A gate valve 158 is muntﬁgm HRen
t he punping port 154 and the turbonol ecul ar punp 162 to pernit isolation
of the turbonolecular punp 162 when not in use- Wen the gate valve 35 158
is closed, the flow exiting the punping port- 154 is diverted through a
foreline 168 to the rough punp 160. A throttle valve 156 is nounted

bet ween the gate valve 158 and the punping port 154 to provide pressure
control when the turBSntiléauing PiEEET1620] somprisss. a1 RF HINe2@0¥ 192 The
cl eani ng system é.rScE) L oapehises carKkRA tgeper at e K52 geddithtar mad L hisngoGprai t

151. The RF generatQle ta2chSfHpLef 19 LAY @ﬁé‘i@tggu% r{#'cfu %5%513‘“95 the

matching circuit 151 is_ coupled to the el ectrode in the substrate
support 5 116. THEREEakPnd sy SLERTASES 126t yRitBAR | hait FYPAEdte pélPBditcal | y
to renove contam¥ants (hee.cleoxiides)sygtem t B0 chanbepiddlivas upaiizef a

mai nt enance prO%ékmodIhﬁlI?yl e;@nlragov§y§$rﬁcmn1§9n&oe(flatees byi RRp! ¥iae R pover
to the el ectrode ar%% %%I‘Ikln asmafroma cleanlng entlsugplledto
the 10 process cha 179 35 &7 fhe NP0 PEYRE eanion§ 246t may

be, for exanple, S%ﬁt@E‘n 18P aretHes |]?Yerakppéasn9 ORF arowgrs t(,@OIﬁ]ﬂel 9 ggterdErent al
or di sassoci at edidd,uekifleingThepladapi g aagﬂr@‘annwlig%ﬁta@ﬁb@ulaaechetmd y

et ches and rempVes, Q¥ desmidiat; Jgay, be @ia %g%a\g‘l tlh'l%t he (ghanber, 140.

15 exanpl e of such a cl ean| ngf systemi1s comonly assi gned
United State Pat¥NEY5°¥61 °688X31P%]§ue&r99%n‘ihﬁ?°’i§er 11§§§t #3%° Kitfr &ha et
al., and is hered®ns rooorisonat edebppntr®f erencéisassotsatent | EbtgrinAl t efhwat el y,

the cleaning sysiinlhf SOV i%08-8s ! 8ABL eubg&;ﬁahagme&%gcan@%m@e
renmote plasnma sour.ce 1 A IS c%eplded Lo anbtr ?§j|t|
side port (not ShowA) t "¢ dFsposBa T hr Stgh ™t h cha

about the |edél RTPhe wépe?u%rﬁadée@ﬁltl%e sygbem r d6e descrlbed in the

commonly assigned United State Patent No. 5,861,086, issued
Januvary 19, 1999, by Khurana et al., and is hereby
incorporated by reference in its entirety.

Alternately, the cleaning system 150 comprises a remote

20 plasma source 150A. The remote plasma source 150A is
coupled to the chamber 140 via additional side port (not
shown) that is disposed through the chamber wall 118 at
about the level of the upper surface of the substrate

' support member 116. Cleaning gases, such as disassociated

25 fluorine containing gases, are introduced into the chamber
140 from the remote plasma source 150A through the side
ports.

The system 100 is coupled to a controller 102
comprising a central processing unit (CPU) 106, a memory

-30 108, and support circuits 110. The controller 1027 is
coupled to the pumping system 104 and cleaning system 150
along with various other components of the HDP-CVD system
100 to facilitate control of the deposition and cleaning
processes. _

35 In operation, the semiconductor substrate 130 depicted
in Fig. 1 is placed on the substrate support member 116.
The chamber 140 is then evacuated using the rough pump 160_
to first achieve an initial vacuum level, at which time the

turbomolecular pump 162 is activated and the gate valve 158



support nenber 116. C eani ng gases, such as di sassociated 25 fluorine
contai ni ng gases, are introduced into the chanber 140 fromthe renote

pl asma source 150A through the side ports. The system 100 i s coupl&edunogs
controller 102 conprising a central processing unit (CPU) 106, a nmenory
30 108, and support circuits 110. The controller 102- is coupled to the
punpi ng system 104 and cl eani ng system 1568-al ong wi th various ot her
conponents of the HDP-CVD system 100 to facilitate control of the

deposition and cl eani ng, ﬁro esses. 35 In operation, the sem conductor
substrate 130 desi CPEESY I FYFENET i I CBRE offiHE SRiFRY rat &hsuppdriedmenber
116. The chanberciyg ilsvehen ewscwst edmpsnerg st kerer cughl pedrpfb60 a tgasf i r st

achi eve an i nitigahevagusind eXelprbsWhichklMsd N&robbh bommbecylar punp 162
is activated an Ott}%I%ate val ve 158 JUN 2805 -8 is ogened tQ further

reduce the vacuatm I"eVel %t G RE USSR - vattiufASETRf . MEASEGUS S cOFpoITent s
are supplied Profmte fazlaspanél WEOPrecasse rpobeess Ochanbeplyise RArmawgl entry
ports 124 to fdrematpasRPUSolicdsUREd Thepgaseeus BbxkHEeetrhs &gnited, 5 into
a plasma in the Qpro .8gh oR-120 | yj RE _paower _from.the RE
sour ces and resl%ﬁct %\?/Lglé Ctgghtﬁg}t ogg%o?ﬁgl%,ﬂ&ﬁaﬁg SSYL\% O_E%i el?fl/elf, laF’?tr?d t he
substrate support tREMHET Y1160 APERNLE el XtEFR F¥SeodgnHisk uPE miP<Fgnit ed
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To facilitate control of the system 100 as described
above, the CPU 106 may be one of any form of general purpose
computer processor that can be used in an industrial setting
for controlling wvarious chambers and subprocessors. The

20 memory 108 is coupled to the CPU 106. The memory 108, or
computer-readable medium, may be one or more of readily
available memory such as random access memory (RAM), read
only memoxry (ROM), floppy disk, hard disk, or any other form
of digital storage, local or remote. The support circuits

25 110 are coupled to the CPU 106 for supporting the processor
in a conventional manner. These circuits include cache,
power supplies, clock circuits, input/output circuitry and
subsystems, and the. like. A cleaning process 200 of the
present invention is typically implemented by the CPU 106

30 and is generally stored: in the memory 108 .as part of a
software routine. The software routine is discussed below
with respect to Fig. 2. The software routine may also be
stored and/or executed by a second CPU (not shown) that is
remotely located from the hardware being controlled by the

35 CPU 106.

The cleaning process 200 is depicted in greater detail
in Fig. 2. The cleaning process 200 comprises the steps of
supplying a cleaning agent to the chamber 140 (step 206),
pumping the cleaning agent from the chamber 140 through the



for controlling various chanbers and subprocessors. The 20 nenory 108 is
coupled to the CPU 106. The nenory 108, or conputer-readabl e nedi nay,
be one or nore of readily available nmenory such as random access lf[lrg]r’rﬂy@/ 2005
(RAM), read only nenory (ROV), floppy disk, hard disk, or any other form
of digital storage, local or-renote. The support circuits 25 110 are
coupled to the CPU 106 for supporting the qrocessor in a conventional
manner. These circuits include cache, power supplies, clock circuits,
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process of the present invention is discussed as bein | enented_as a
sof t ware routi ngf,‘aréigﬁﬁe ofS et st IYd Deepsitens a‘foéltagéjc%sedkf hetei'n may
be perfor nmed 15n the invention may be implemented in software as executed
upon a computer system, in hardware as an application
specific integrated circuit or other type of hardware
implementation, or a combination of software and hardware.
More specifically, the semiconductor process system 100

20 is cleaned, for example, by first supplying the cleaning
agent comprising a gas containing elemental or disassociated
fluorine from the cleaning system 150 to the chamber 140 in
step 206. The cleaning agent is then pumped out the pumping
port 154 by the rough pump 160 in step 208. The

25 turbomolecular pump 162 is activated in step 210. The gate
valve 158 is at least partially opened and at least a
portion of the <cleaning agent is drawn through the
turbomolecular pump 162 in steps 212 and 214, respectively.

The cleaning agent reacts - with and removes the

30 contaminants from.the turbomolecular pump 162. The c¢leaned:.
turbomolecular  pump 162 is then able to maintain
substantially consistent and repeatable vacuum levels until
new contamination forms within the turbomolecular pump 162,
necessitating a new cleaning cycle.

35 Although the teachings of the present invention that
have been shown and described in detail herein, those
skilled in the art can readily devise other wvaried
embodiments that still incorporate the teachings and do not

depart from the spirit of the invention.



hardware as well as by the software controller. As such, 15 the invention
may be inplenented in software as executed wupon a conputer system in
- hardware as an application specific integrated circuit or -other tiypenaf ops
hardware inplenmentation, or a conbination of software and hardware. Mre -
specifically, the sem conductor process system 100 20 is cleaned, for
exanpl e, by first supplying the cleaning ~“a%ent conprising a gas contai ni ng
el emental or disassociated fluorine fromthe cleaning system 150 to the
chanber 140 in gi6p;206;,:The ¢leaning agent is then punped out the punping
port 154 by the rough punp 160 in step 208. The 25 turbonol ecul ar punp 162
is activated in step 210. The gate valve 158 is at |east partially opened
and at | east a Jor® eemtfortthetot eafiengpagenting dsawn ¢dupatighndg:he
turbonol ecul ar punp L62nidbest.eps 212 and 214, respectively. The cleaning
agent reacts with and renpves thf% 30 contam nants from'Igglht r bonol ecul ar
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-10 Wat is cl aig{]s%@ Lailved- t& S€MLandychen - Yaf efpdi 0CaSREAY S¥Si&le -
conprising: a chanber; g a squrce of cl earnl ng agegt coucpl ed to sg%d
chamber; a tur BOHSI8CuPar apﬁﬁﬁaﬁﬁ%laé’(fntto SEd SERANBEPT % Gatr ke vEFTE
coupl ed bet ween tdacdgl lrigmsheleencdiecpliap puard sai d chanber; and a
controller coupled to said source, said gate val ve
15 2. The semiconductor wafer processing system of claim 1,
wherein said controller further causes said turbomolecular

pump to activate.

3. The semiconductor wafer processing system of claim 1,
20 wherein said cleaning agent comprises elemental or

disassociated fluorine.

4. The semiconductor wafer processing system of c¢laim. 1,
wherein said source of cleaning agent is a remote plasma

25 source.

5. The semiconductor wafer processing system of claim 1,

said source of cleaning agent is a gas panel.

30 6. A computer-readable medium having stored thereon a
plurality of instructions, the plurality of instructions
including instructions which, when executed by a processor,
cause the processor to control a semiconductor wafer
processing system to perform the steps of:

35 supplying a cleaning agent to a chamber;

pumping said cleaning agent from the chamber;
at least partially opening a gate valve coupled between

said chamber and a turbomolecular pump; and



10 and said turbonol ecul ar punp, said controller causing said gate valve
to at least partially open-allowng at least a portion of a cleaning agent
fromsaid source to be drawn through said turbonol ecul ar punp. 15'2. Joh@005
sem conduct or waf er processing systemof claiml, wherein said controller
further causes said turbonol ecular punp to activate. 3. The sem conduct or
waf er processing systemof claiml, 20 wherein said cleaning agent
conprises elenental or disassociated fluorine. 4. The sem conductor wafer
processing systemof claim11, wherein said source of cleaning agent is a
renote plasma 25 sodt@¥ing. athelessiyi con@aetim waf ersepfocdssimrp spgerm of
claiml, said souraghobaid earbogoRrgeNbrisung.gas panel. 30 6. A
conput er -r eadabl e nmedi um having stored thereon a plurality of
i nstructions, thg plurality of instructions,  including instructions which,
when executed by’a proteSSBRuterciga®hlfe NrdeRsebr ctoit dnt rgiergin said
sem conduct or Swafieswingr stes Slongr syest ehet ocqpepformt he steps of: 35
suppl yi ng a cl eani ng agepic i 3athamkebmo1 RUTRENGAI d cl eaning agent from
the chanber; at |east partially opening a gate val ve coupl ed between said
chanber and a turbonol ecul ar punp; and 14 JUN 2005 -11 drawing at |east a
portion of said & eBff ngoBRESE —reddadnlgh mediiumt gf bedpimcal avhpusan ¥aidrhe
conput er - r eadabl @ admdhgm elyetit ai Mobpr @y ei B1&Ata15 dAawW Agssdsep i OMPri Ses
the step of: gctiyatipng said turbonol ecular punp. 8. The conputer-readable
medi um of cl aim 6, Wherein said cleani ng agent conprises el enental or
di sassociated 10 fluorine. 9. The conputer-readabl e nmedi um of claim§6,
wherein said suppl Jingecstmpecongprdadds tedighepfoklaim 6, wherein said

supplying step comprises the step of:

supplying said cleaning agent from a remote plasma

15 source.

10. The computer-readable medium of claim 6, wherein said
supplying step comprises the step of:

supplying said cleaning agent from a gas panel.

20
11. A method for cleaning a semiconductor process chamber
comprising the steps of:
supplying a cleaning agent to said chamber;
pumping said cleaning agent from the chamber;
25 at least partially opening a gate valve coupled between
said chamber and a turbomolecular pump;_and
drawing at 1least a portion of said c¢leaning agent
through said turbomolecular pump.
30 12.  The method of.claim 11, wherein said drawing step

comprises the step of:

activating said turbomolecular pump.

13. The method of claim 11, wherein said cleaning agent

35 comprises elemental or disassociated fluorine.



suppl ying said cleaning agent froma renote plasma 15 source. 10. The
conput er -readabl e nedi um of claim®6, wherein said supplying step Q,oirpri ses
the step of: supplying said cleaning agent froma gas panel. 20 11.* AUN 2005
met hod for cleaning a sem conductor process chanber conprising the steps
.of . supplying a cleaning agent to said chanber; punping said cleaning
agent fromthe chanber; 25 at |east partial?y opening a gate val ve coupl ed
bet ween said chanber and a turbonol ecul ar punp; and drawi ng at |east a
portion of said ¢]eani ng agen hrough sai d turhonol ecul ar _pupmp. 30 12.
The met hod of C|%% m 115 fﬂ%%?oeqt noéaf]galg}a 'ng"_FEE" i%“%’ﬁﬁ?@g steP of :
activating sai d tUlFores e atepunip. 13. The nmet hod of claim 11, wherein
sai d cl eani ng agent s3ppCPINY | 5851 ebesmNhg! Lendi s@ssOCk atredofd Uuplisien 14
JUN 2005 -12 1450&@% met hod of claim 11, wherein said supplying step
conprises the step of: supplying said cleaning agent froma renote plasma
source. 5 15. °The nethod of claim 11, wherein said supplying step
conprises the st¥p dfhe swpiod ngf saladncl| Bgni wigerdgentsadfidomuwpdasngpanetn 10

comprises the step of:

supplying said cleaning agent from a gas panel.
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