; €3eTXD>6Tp~_WD 01/ 0038s8 PCT/ US00/ 40359 METHOD AND SYSTEM FOR IN SITU
CLEANI NG OF SEM CONDUCTOR MANUFACTURI NG EQUI PMENT USI NG COVBI NATI ON

CHEM STRIRa dilobdsss OF THE | NVENTI ON The present invention rglah&sshisogeneral
to cl eani ng sem conductor equi pnent; and nore particularly, to a nethod and
systemfor in-situ cleaning of sem conductor manufacturing equi pnent, such
as silicon dioxide deposition chanbers, using a two step, conbination of
chem stries. 10 BACKGROUND OF THE | NVENTI ON Sem conduct or i.ng
equi pnent is wdely enployed to fabricate electronic deviqﬂgmmﬁﬂmmﬂﬁwgrated
circuits on substrates or wafers. Many different types of r

equi pnent are used in the fabrication process, such as for 15 *Eatipl e: heat
.treatment chanbers used for thernmal annealing, oxidation, nitridation and
the |li ke, and chem cal vapor deposition (CVD) chanmbers used ﬂ mmmwmknn
films. In particular, deposition of thin filnms of doped and‘mmm mmﬂ con
:oxide (SiO-, also called silicate glass (SG, find w de applicatjggp,d n the
production of el ectronic devices. The chanber used to deposit these filns
often uses thermally 20 driven chem cal reactions. CVD chanbers, and
associ at ed equi pnent conponents such as injectors and the |ike, used to

deposit und E@ﬁfﬁ%@'%ﬁ@ﬁ’%ﬂ .% | ; §db .I ) and
e ORIt VR cOnsP i LagRE o=

process. If sufficient solid byproducts build up on the internal surfaces
25 of the chanber, these by products can flake, or spall, fromthe chanber
surfacess5and contam nate t he sHEED Fl TT h detri nment al

particul ate solids. The spall.ing byproduct. deposits often |land aon a .
waf er - i n- proc essTgeeEII?F‘mt h‘bvqlﬂo%g‘?l‘itggﬁnegener%" 935875?85%“90?%& ¥ BRHRGY 359

contam nati giy {ﬁhretﬂéﬁtid M R0 5RL BRI i Stem ot %ok, E1daRinE dFakinicoubiadisr

cont ani nat i on the ‘chamber i nteri or ané associ at ed equi pnent conponents nust
be peri odi calahyfactugiageguipMant, such aslsdion dipxidecteposjtios chamberbasimgeripiooyed i n
the art. Manual cl eaning oI[l t he, chanbers, and associ ated equi pnent
conponent s, SRRLOBPERIGROS CheBigiFsr this 5 technique i s undesirable due to
hi gh | agr costs and downtine. Another technique used in the art is a one
step in-situ process, such as that described in US Patent No. 5,788,778. As
described in the " 778 pat erBACH i¢iOMated in a renote
chanber via a hi source to.forma r ch.is then

h power activ ) cieéo\#qg) ¢
flowed into the %‘Bk?g}%\&i“'é?f% RECRHRARG! f%@dieﬁfsefrﬁ@og? tHE 1 Heposi t i on
chanber . V\V\a{e&r&rﬁ& Soi &S AH GtBrRfed\CirdEi%s ROMBBERBLS: WHeRFs. INeny @t et hod,

it also has I'imtations. For exanple, cleaning rates are still relatively
| ow whi ch r typas ofseimcasidgetof equEpmentoumtsadsn the fabrieation Psegess sBHHASHE! r educt i on

exann o8t SRl ORe! tredbh! Whinbbld G R ttbmbl SnAYEHD, 6R1d31i8, firblafHon 0"
and the like, and chemical vapor deposition (CVD) chambers used to deposit thin
films. In particular, deposition of thin films of doped and undoped silicon oxide
(SiOy), also called silicate glass (SG), find wide application in the production of
electronic devices. The chamber used to deposit these films often uses thermally

20 driven chemical reactions. CVD chambers, and associated equipment components
such as injectors and the like, used to deposit undoped SiOy films (USG), and doped
SiOx films with boron (B) and phosphorous (P) such as BySiOy (BSG), P;Si04
(PSG), and ByP, SiOy (BPSG) often become fouled with solid silicate byproducts of
the deposition process. If sufficient solid byproducts build up on the internal surfaces

25  of the chamber, these by products can flake, or spall, from the chamber surfaces and
contaminate the substrate or wafer with detrimental particulate solids. The spalling

byproduct deposits often land on a wafer-in-process resulting in particle



patent, NF3 may be used in a high power generator to create reactive
species for the 15 conpl ete cleaning process, which is very costly. Thus it
i's desiraRbifopsskg ovi de an inproved nethod and system for gd©aakaesshhe
chanmbers. SUMVARY OF THE | NVENTI ON Accordingly, it is an object of the
present invention to provide an inproved 20 nmet hod and system for cleaning
of sem conduct or manufacturing equipnent. Mre particularly, it is an

obj ect of tdémtgmimation of the émegmatedcarcpitov iTheavaidrihispetticuiae systammation then- si t u

cl eani ng of seni conduyctor, manufacturing,equi pment using a conbinatign of a
two step pr@@?ﬁ%ﬂ%%‘l‘? Apd @gsae 1 GRS a&nggme@&wgﬁy?{eapégﬁﬂsma?ffer ent
types of solid dg g%élaezﬁﬁﬁé ;{eﬁﬁﬂiﬁ&s‘flﬁv@ﬂeern@no@?%éﬂqﬁrth@ﬁg PaHhA RAhing25 For

exanple, in one e nent, e rnvention pr es a nethod and systgemfor
i n-situ, chefitheahambab, amdaasucinedodquiinzsnb eorapamaitsy bsoledeatueel]; bgwieperdhis
conponents, by .using conbi pati on qQf anhydro drogen Fl uoride (aHF) and
.atomi ¢ F'P'uo‘ieP%'éq‘éea{deaES-“ﬁ}qPq edo 8%@%%]?%60%? 6&@3%‘%% i nventors have. .

di scovered that il @nb WRp i sfr? hRREssf butAlak Aeat

chem stries var yA@MStth%{eﬁgthg?gfeg%% eta?;deﬁt%yf)le oP sgl ig BOSSdepos?i ts, which
are either ¢esereedjin 68 PdensNoan)d8&,718nAs described ia tho Y8 mpatenta poécubsorh.  The
i nventors have found that aHF qui ckly and.i nexpensively renoves powdery
deposi ts, wASI&acivatRddng faﬁlpm%ﬂéﬁrd%ﬁ ﬁ@M%@PV"Fg BESE 11 | m 1 i ke
deposi ts. i & 10 BBSILEAl chafiBYr R%144840H: ASiddRFH bed

bel ow. Theq rg%gmhwf\?\%%&q?%%l% P%:T/ USO00/ 40359 r-3 i nventi oln sel ectively

t ar get s 10hedepoeition @hamber Whiathistgclufiquaygodidpoad vastazes oweh tlemartval i ndi vi dual

hem cal i t . | e:. yieldi | 1. ff ive i ned
cl ani ng moTRBA FARE TRHBREF e R SEEaHE QY ERPGR 1 SUHeG P Sdttes t he
chem cal = cOghicna0ais S BEaT chiGioNRAH e, W?thgﬁe EdRespOBHiRERActioH 18 phéducp! the

two step, 5 conbination,” inventive nethod of cleaning chem stries that are
sel ecti vel ythtarghptte Further, ¢howst of the ehanicals ppelsighf Faepagiples infhed? 8
significant cost d t horoughness, benefits qver chanber.cl eanin ith one
Stop Use- ofPAAE: loMELIEH o § R OnST EEFON RETHE BACiR PeqE BRite

DESCRI P15 %c?{fpl?@%lé%ﬁﬁ%é’pﬂ}@sgvhﬁéh RRieBriuANdTREVR N RERSH1OTo SrBfidRASENt

i nvention w becone apparent upon re€ading the detailed description of the
i nventi on aimtbroveal mpthedded sydtem fw chgapingdbelclivanlans. and upon reference to the
drawi ngs, in which: Figure 1 shows an axononetric view of a CVD system
including the in-situ 1 S cleaning systemaccording to one enbodi nent of
the present invention. Note thaiviAer OFSTHE INVENTION s and maj or sections

of the chanber pressure control systemare omtted for clarity. Figure 2
illustrates a fuActardingly, itlio ek objiectopfalne presanh invepdenio whvide ai fmmioyed e 1. 20

Fi gure is a,cyt-awa rspective. view of .one ex l.e of . D chanber
whi ch nég b’é‘%‘ﬁ%ﬁl&@é}s&%g&?r ‘ﬁﬁaéu%ffﬁ(gﬁu?ﬁ IO AR onEBflﬁ%e urlégg%{t i nventi on.
Figure 4 is a schrp@phticlaag)id®aalobjddcoths peakbtiaventivnss provide Fmethive 2

according to one enbodi nent of the present invention, ) .
and system for in-situ cleaning of semiconductor manufacturing equipment using a

combination of a two step process which uses chemicals that selectively target the
different types of solid deposits that build up on the chamber and equipment.

25 For example, in one embodiment, the invention provides a method and system
for in-situ, chemical-etch cleaning of chambers and associated equipment components,
by using a combination of anhydrous Hydrogen Fluoride (aHF) and atomic Fluorine
(atomic-F) in a two step process. The inventors have discovered that the effectiveness
of these two different fluorine chemistries vary with the nature of the type of solid

30 deposits, which are either powdery, or dense and film-like, or a combination of both.
The inventors have found that aHF quickly and inexpensively removes powdery
deposits, while atomic-F quickly and inexpensively removes dense film-like deposits.

Other fluorine containing chemicals may be used as described below. The present



Figure 5 is a flow chart depicting the nmethod of the present invention 25
according to one enbodinent. Figures 6 and 7 are graphs illustrating the
in-situ cweanjoaskssi me for a variety of cycles described inpdasmlEssol and
2, respectively, according to the present invention. Figure 8 I1s a table
showi ng the chanber cl eaning cost per sitBrcon wafer (200mm di aneter) when
practicing an enbodi nent of the nethod and system of the 30 present

i nventi on. invfiod s0&3iBElY tREFS tisOcheatiGdofor 4lepanglof B OSSR foT wibi¢h@ize THE

| NVENTI ON As descr.i bed. i n, det ai | | ow, ..t he i nventors have devel oped an
oot t winGTeRalGhamishbls B eI RSB BT BIRFY SReN e ST R

sem conduct Bfeaﬁmg'ﬂé?ﬁc;d‘.’mﬁg' Bl QI Rethod AR@ sREth BIEIRANihS rddiBECRE biYerkiedd t O
.deposit silicon containing filns or 5 refractory netal filnms. Wile

descri bed asostfam redypas thealosingios:'ofithe equipmerdr (Thause of theteotsteat t he two
steps may be repeated, various ti and in diff nt order,.to forma

.cl eani ng>s e&?ﬂ@ﬁ&@tl% IESHYS B8 qdr?r}g Hﬁnﬁ_cbﬁrpwes%% as %“é%ﬁ%‘tvﬂyﬁ?féﬁ‘teflé%
utili2es {WaesGRATARCHBE Ot dehSsisidHeRAGEnIRLAR ciliafl uRbegineYanehiar get the
removal of different types of deposits that build up on the equi pnent
surfaces. | ovgashambet deaniggowith oye stiep uddoftbe skenfichlmindikiduslly sdindeppdont s, as
wel |l as a conbination of both, build up on the chanber surfaces and

associ at ed éﬁui pment conponents. The deposits are byproducts of the
reactions occurring in the chanber, and when the reaction is deposition of

silicon oxide filnms, the deposits are often conprised of silicates. The
powdery I@eposits are |i gBRIBEODESCRIPTTOMNOF THE DRAWINMGSAhi | e t he dense
deposits are 15 fiJmlike and may forma hard filmla on _t he equi prent
surfaces. These thiﬁert HEL a&'a a&_@ﬂé@l‘?eﬁg%@rﬁ@%’\%ﬁ{p&o& \éﬁ{qqygm_aggar%ﬁe
present 1 nvgpty %dingméﬁie%%&?ptfoﬁw%é AderfonGRah\ApeRl@BALRG St eps,

yi el ds an inproved Cleaning technique. As used throughout the description,
the term " sptaidddtelow, and apen réferenemte thy drawiigsdiapsich: i s prinmarily renmoved
or nore effectively renmpved than the. ot.her .t of .deposit.. and. 20 the
difference in ef %é%"tr? @gm)g%awgpnpgﬁﬁyw%ﬁfg _Fystt%{nél?czlé(ilpg&eﬁgiﬁgﬁ y, the
met hod grd §iahiaBsGdterh B6cARUIRE 88 \bnd SYBEHIImEA: JIRY hidSsnt iiffenfibRaANLRAN& the he
chanber and associated equi prent usi ng separate steps with different

cheni cal s, gasfloWenntpes fnd majog sediose o thgpgamhera)rmufeaoytrgk sygtesl ared
sequences. S&g&i L C x?rrpl es of sequences will be described below, but it
will be und& %{)é?rﬁg'“yhose 25 skilled in the art that different sequences
can be enpl oyed wheH2 AnBiureRt b FidddnhiBlock dagrhincdfites sydasi sledvieipiiigeet i on,
based on the teaching of the present invention. Further, the term

"cl eani ng" ds used throughout the description refers to cleaning by

chem cal,. et ching.0of the deposits. ln I of the
pr esent 2iOnventi O#i)guge gésrar?Lg'c?%agﬁj B e@%&%’?%?ﬁ%&%’t‘%gﬁ%réﬁ’?%é%a?‘geb%? t hat
are conbi neg/hidh RapBeleapiofed @ith i metol hed sysemnbNhe preeasinveriiva. st ep
delivers a chenmical (or a conbination of chem cals) that is useful for
etching away t he Figwieiéisa srhomatie diagranpoihpgps delvgrypestepeeltiguereni cal (or a

conmbi nation_of chem cal s), tif i hi ng away t he dense
filmlike dS%"&é‘?‘P%%0&\/@)‘??{1;%%%1@@%&%5,%%9 g Anyysui tabl e chem cal
may be used. For lin flewetiine dbsicting thabhethddoof thé plesag infentibe powder y
deposits include, but are not limted to: aHF, and HF vapor (generated from
aqueous 29FHE@erding énpregmabadimenth| e for etching of the dense filmlike
deposits includeg: im t . 1.6 ; I

di gsoci at ed C1F3Flgﬂésnéa%ﬁeﬁ%%g%té%&g%ngg%l?fﬁgﬁlﬁ%agagﬁ tgﬁ%@% gfused.
The nethod apdlessdestiivoddh BExhmppesdseudt?, respectivelynacraydibg tathe grésentahesntion.
sem conduct or equj pnent th { IS use% to process, mang ﬁ%gﬁs of fers,

i ncl udi ng equi pnéigure 8 ép blerbgydng theshambes g CORY GER WAL put not
limted to: /3 j ' : BYRZS| S i N hous
or polycr yst(%(ﬁ&ﬁe%y%e%é? V@gﬁh%éflflﬁé a,gggln dlpg‘nrlt\lgf:tthgrn%%%t al ?‘}?{I%%lsgfgglégct ed
*from t hgogr ptemtfinihtiba, Mo, Co, Ti and Ni. Turning to Figures 1-4, the
system of the present invention is illustrated.




Specifically, Figure 1 shows one exanple of part of a CVD system having a
cl eani ng system accordi ng to one enbodi nent of the present invention. The
gas flow wohijogisss | 5 and maj or sections of the chanber pressH{go&esor ol
systemare omtted for clarity. The CVD system| O generally i1ncludes a
deposition chanber 12, an injection nmantffol d 14, a chanber exhaust system
15 with associ ated chanber exhaust ducting 16. Coupled to the deposition
chanber is a cleaning sDEs BSCRIBITON Ok INYEMAOMN| | y conpri sed of

two cl eaning chem cal supply. 3 !L_ an whi.ch,del.i ver th 20
di fferent cleani rﬁs%ﬁ‘é‘ﬁ‘? p e? déh‘f‘lv %P’quﬁaﬁ%dﬁ‘é%%?seld_taino%s%’gﬂéereplz.
Pref erably, otr'e&}nﬁt HEMNGATBERENERted for ERARING Bf béinRoRARES thardactdingOr €

0

-detailed view e systemis shown with réference to Figure 3 and the
functional lqoipknedi. deamipnegt guypicaly Spétd dénoait Filicon pentdiapesilins®i chamber

12 includes a_ chuck 30,_.whi Is.a tformused to heat.t. L

'subst r at Orre@;ggtgy nietfpl g 3{}51.1? Q‘?f‘ﬁ’g!?%[aﬁr Ewe ReRAFe tgﬂsg,gﬁ bsflgg’ﬁgt%‘{t tﬁggt-eGOOG
required forggigh %itgﬁs%gy%eeﬁapw@@ vafolsaiFReY AHdun &lifasht dribeto Bfm a
operatively coupled to the chuck 30, maintains the wafer 11 and the chuck

30 at the dedéanmg soqeanes ss teaspbedinudetnildwiqni Bhe progptarveniion gtikizes tVange of
about 400-600C) to within ~2C. Such. t erature contraollers

commer ci al | PERATAEICAEPISIIES JR ﬁa%tb&?f? WHICASPEH! r%%%@ E}EJ 18§§/1,0fﬁ%fge_r?nt

pr ogr anmebl & LG aesat Uk beild 39 ofesielauBierdBirfaced igeticuls: powdspasd Li on

gas di spersi hea often referred to as a gas mLect or, is provided

within the idephechlor-likmpoliddaposis, aTwell anp eembination gboth.cyuildympastbei on
chemcals to the wafer 11 and r al so deliver the eani icals. If
the inject orChg@gﬁfﬁf%ﬁ?ﬁa"&i @qun%%lﬂ BIYRTRC F%@H?Wé]@% h’féﬂrﬁ (gegf)é&gs a%glggj task is
per formed by,oqMd §HthOR3BRGhs & clihl S/ cASbE, aedwhai thelrasdiionte (not

shown). The injector 32 is nost often of a design proprietary to the
deposi ti on elgpogitienof sibenrf eride fibms, tiatepesitsrase eften pcamprsgd o silisatgg 3The 6

describ t f injector that ] i tion,
and the ent IR BEIPRHtY b5 et IsPEppt T Fusn Rl el F atsg BEeie B0 T2
chanber 12 ignRlik®sid Ahy &inPf haddnsl gfer bh e dipisntsarfides. Thgeswoitges

equi pment manufacturer,” and is not limted by the specific exanple shown
herei n. The afelppssitsiamarentoand seleatvehyshe PresentdpnsaioBoSuFiysalefive tasgetng. A

d it ion. 33 is f d b he i pj 32 and
Che sur f ace GPoRRh AR R E AL Tpegses Hbafihe Sonliife, ALeGhO] 8 B0
form the | aygfoughodtithddeRBriptiéh, S foirf €sclddtiobly? hrzaneihar orkltypPofdeposiblsy, t he

deposition region isolates the substrate, deposition gases fa%g cl eagi ng
cheni cal s f romariy rémeved asnmpreosfiastvely Traorebivg® the athartyRsof 45pesihgRd al way s,

N B e A L A e e

vane (note shown)Gédeadllys iiangemodand system ofithe espentsinvéntion prordeddor r om a
pressure 15 control|er 44. The conbjination of the val vagsn42 an.?}ié&%{
control | er 4deantignfghechanebesend gspoaiated CAHBMEBHYIRG PRt SRR Y! en
desired val ug, which i i aNgsi 788ecIms r
during fabricglglinilcé1 P ﬁ%@gggg%ﬁ%ﬁt%%e\%\%&e{n, anngffﬁgﬁé% oufﬁdgg/oo t he
pressure setg@inples(of keueaaanpillhe dederibed belatv, dusit wiliibaungerstwed by thefse 100
Torr). Throttle valves are commercially aVﬁi | ab as from gAT { Haag,

/ _ e, .suc
20 Swit z88 | askiljedrin dleg arbihabdificEent sequgnoes cany %e@;zi?aaw & APHBIZEE TI S pl ed
to a vacuum punpi - i | Balilifls 6PREDELcAFRVENBAY FlrtHHCT | N9
16. The vacLfgaﬁ%g%e%é&sﬁﬁhggn@ény%?%al ;H%%(ﬁ udges se 'csgndugt olr equi pnent
grade vacuungp s ctapg’ as afedthroughout itiegddsbptiteyre irs focrieairzgiiyeshemtical es s
than about 5 Torr under a.,gas flow rate |oad of about 28 25 slpm Such
punpi ng syst&pRingPEthe§gPRS i al Iy avail able, such as from Busch Vacuum
(Maul burg, Ger many) G i sfstent 3Pfhe plQchlEiRO&itionds 8asikd 66t Hyl | m on
t he surface of t%%@gkﬁﬁe‘g‘%é‘goégﬁ%n_ggsﬁ del i very gygtem 34, gs_
i1l ustraged émpldgihgitwo sepaFatg steps, that avaeombined b aseauenep éxpovideiheplganipg ect or

mani fold 14. The deposjtio as deliv .34 . ' S one
or 30 nore JBRESH S(jﬁgegﬁ Fa& e%@?FdPgagé’%‘%&%g%ogg%%gé%@hp ?F#’] he gas
delivery syskeciithotivly thyPbdirh Mebabieomenitty aelfvesoyetaenidador @n

oxygen/ ozone sourcg 36b, and any one of, or a conbination of a boron source
36¢ and phosqmbinatnsfichemic@tz) tharfrusefil & eschingavanibgidense feniiedppsitoc
contains liquid source boron chem cals such




WO 01/003858 PCT/US00/40359 _ 'j _ as: trinmethyl borate (TMB, CAS

#1 21-43-70), and triethyl borate (TEB CAS #150 46-9). The generation of
boron vapglp difoigépi cal Iy acconplished with either a bubbl e~ {]s@“g%g@,ect
vapori zer as comrercially avail able. The phosphorus source chem ca
generator 36d contains |iquid source phe8phorus chenicals such as:

trimethyl 5 phosphate (TMPo, CAS #512-56-1), trinmethyl phosphite (TMPi, CAS
#121-45-9), and tArysuityble phosishlanay baaed. Eosexangplachemicalsmitgeladeat i on of

hosphorus source vapor is typicall | sQ acc l.i shed wi.th.ejther a
Eubblo_er or &< iqgétfttﬁgﬁ?)%ﬁ_&‘ir% Qg&sﬁﬁmﬁd?i ‘&Lgﬁf%%ﬁgg’@te?ﬂg Ianﬂg‘ma}wé)[%_r 36a
contains |1 getngrap 6 ;ﬁhédx@@ﬂhﬁ@)’ﬂ CRdricSId Shitadds for RichAfidDthe &rsb @Skl | cat e

(TECS, CAS #78-10- d other fess 10 i mportant sources. The generation
of silicon Sikedemositapmiudesbutyaps natlHyiteaito vatpinicReahdthermadlytdissociatetd (BBJ. er or

a direct vaporizer, The ozane and_oxygen.saurce i.nclude a generator which
{i oni zes 2 fi‘é@‘eﬁffﬁFﬁ 8‘?“%‘%“{?8%%8“ %BHﬁ‘Efg?realﬁsegyt put gas that consists of
a mxture of 02 afd n%hé%ﬁ%ﬁ%?&eﬁﬂﬂ‘tﬁ@ﬁﬂ%ﬁ‘ém ir@%ﬁﬁ&uhﬁﬁ%!{x&édlc@cléaﬁ t he

formation of~ silica fi omthe ITquid source chem cals. Such ozone
gener at or s aemicbnfuctaraysipment that mused taprecess many typss Af weler Sarddading - GrbH
(Woburn, MA, ph 617-933-5560) nodel SEMODZON 200.3. O particu advant age,
t he met hod aﬂ‘ﬁpgg‘?g‘t‘éﬁ?ﬁé? g‘?ﬂ?étﬁf'aé‘émespk/%ﬂi P ’?)Sr?’[@’liélf’%l@f]ye%fooﬁ(é’és f or

i ncorporati e ni eng; F IS bAd hidBrfRYl: SYisdIgdFystallind he

cl eani ng Su%?}grﬁz%@%%@}g’ ﬁp}?’?’sedx’g@fl \AXJ,%{" nor e f:plggani n wg}s, 20 sources.
At | eastlOa ilicen fldiheamidmgﬁgetsrysrnetabﬁlmSeicmechﬁgmdbﬁéro@p@ﬁ%,%@,@é@, Gwurce 40
are provi deq.. g%gNdeI iver at least two different cleaning gases which are
used in the'$ 4t e steps to clean the chanber 12. In this exanple, the
first gas source38hihs (¢ PigRfes 304 119 syaRnPO QAR preked eNRMAbR Is WNbtedled. akes a
feed supply of NF3+Ar gas m xture and f)roduces an out put gas m xture of
F+F2+N2+Ar . SpeaficallyrFigene! shayvsomeSxamplecdipagrodindl YY) susten|baping asleanings f r om

Ast ex, nodel AX-7650..In this ex | e he second gas .source, 40 i

conpri sed ofYS &ﬁW@i‘r“@_ﬁ% ?WT@?%’TQEBQ}?}(&%W% ll?vfnﬁ%’ri ecgagﬁ}ow %?f%ﬂlsabl e as
a very ligw BrERSIIReéthils of it diRinBér preski dhtreDeRIRE & @nbRed fof URiit@SThd OM
Al r Products and Chem cals. As descri bed above, the surfaces of the

chamber s an€ V43 systémil @eneyallpineshidese depnsiiionahembprels g injesttoadnagifold 34 i d
b ducts f h h | t.] dur i i t
Dependi g of FREDRSDET TR 8 SileRSertied Qhllen SERAL thofing 1 B GHBp Bl 1o

relative toHdRpBEiion IR Qﬂeﬁxﬁﬁ%'&ﬁb@ystézﬁﬂ%(F_igfle) s/tifchas gendirdlly becone
coated with the different types of byproducts; i.e. the powdery or dense

filmlike depoprised ofitwa cleanipeehemabswplysystowrs/ 23306, 240duch delist figtthen of

both. Thus, .the differen S i t e gﬁa‘f’ﬁl o] i ent
surf ac e?.(l) Ffiﬁ rcé&(?ﬁeé'ﬂgﬁscthﬁ%\};vcg?ﬁ 1??%’?@%& etzgﬁiﬁ%ﬁencgﬁrﬂg?ﬁlgnconvee(r;:!t[i %o %5%%&&/ 03
deposi tion @W@mmnb@tsfawm&&inma&m.fi Ims on the wafer, can
accunul ate different t%/pes of solid byproduct deposits. Any chanber, surface

exposed to the 5AdJmonsdatailad vieveaf thelsystgiis shavapivih sefgicace (Wi Higus S and

bypr oduct s. jf Jd.cals f its wll
depend upon (EHEtAdaDpol kBEPIREER, SHeRiRbnY 16 BARLARHChaBRID | 2o
t enper at ur esnchidek dichgelh3@ heticlplwyilatédrmoieed itd feat thessilidonesubigrmeor whier L1 ke

deposits) byproducts. Consider for ex |l e.the thermal, .reaction chanber
Shgwn i 2SF )éhp% temperatpee ipﬁljleer@pgeroﬁ abop 699 girmlqu fot silica-Aim deposition.

A temperature controller 31, operatively coupled to the chuck 30, maintains the wafer

11 and the chuck 30 at the desired process temperature setpoint (typically in the range
of about 400-600°C) to within +2°C. Such temperature controllers are commercially
available, such as from Allen-Bradley Company, Inc., programmable logic controller
30 model SLC 05/4. A reactive or deposition gas dispersion head 32, often referred to as
a gas injector, is provided within the injector manifold 14. The injector 32 delivers
deposition chemicals to the wafer 11 and may also deliver the cleaning chemicals. If

the injector 32 does not distribute the cleaning chemicals, this task is performed by



10 cooled to a tenperature of |ess than 100C. These relatively | ow
tenperature surfaces of the injector tend to formthe powdery deposit that
may i ncl ud® §lasisgi cant amounts of unreacted or partial | y-gepgs@dosso
deposition chem cals. Deposition of a hard, dense filmon the substrate
waf er requires that the chuck hold the wéf-er at about 500C and above. Any
heated areas not protected fromthe reactive gases by the wafer will also
15 exper i encepaatetiatdivang (mot shdven)d diednjeétot 32 isitkest d8poef 2 design proprietary

aerodynam c-seal plate 45, positioned adjacent the K -1 receives
exposure to ke @FQB%‘%‘P{I FYHP ’é%‘?‘_%"al}r}g‘?t“?ﬁi orseécaqnp[}}, Hf%lﬁ@“ﬁgsﬁgg’sﬁgr ge
tenperature &E&%e@?ﬁf g@e%ﬁr&!%&%%a HWAtHAhE Pfoserd 35y ehfiBn, dadRe f r om >5

00 Cin the area ent to the chuck, to < 1000 C far away fromthe
chuck. The saite ddsatigtiohSs hbreby ombtperstsd Uy peene heteivar YhgehaeheslZys from

the dense, 20 filmlike deposits to the powdery deposits. Accordi to the
.present i hveRestoien Pﬁ%g?%@pﬁpp??tﬁ’é’rﬁoﬁge @%@%QP %9“133’5ngprp%r\‘}gﬁ°t{“5’r’t?§‘ggﬂi te
effective f | [ ] . i 1t used to deposit the

USG BSG PSGQE’@EE%Q#??@@%&%QW%Q%??%hfgfgﬁprrs. Wi | e not wishing to be

bound by any one Pardepositian changhmr 2 hohsesitimanckh 38 apdinjesier 32124 deppsitisgsi s of
the clean 25 nechani smin, each qof the sgparat e .S _etchi b he

f or mati on ofre%Pgs il§ @@P&h?ﬂh’g]ﬁ%ﬁi%ﬁy@% P}J?FS‘“% 2&’? th? Slg%ﬁcf; 0?%’? %ﬁ%r 86C)

at one at nospnep&e Hﬁ@ﬁ?ﬁﬁion@&k@m&%dfr@icw folfl tid laPifet flh drle SluFhte

reactions assures gase removal of the silicon fromthe chanber surfaces.
The f uot® neofiteerwnfeed] f drefSiably, ther depbéition mgjorbieoletgp fie subisttatensiepogitioner of

|1 qui d hydr dsses R aep RO oot SapyaRats The PRt oG i (are)
i qui ydr : S irde (a
and gaseous . gfy s,fJaUQ&ﬂl@ealé%E&%%%@hﬁgggecﬁﬁlﬁﬁg.CTEe tente@akiedsby in-situ

or renote plasma-c¢racking of g, SF6, NF3; or by thernmal
cracki ng of syB8mols ususiy Dehdessyaveerhuscohteds galve 42haging as bt By varad

above, aHF d atom ¢-F e the two preferred chem cal two ste
cl eani ng ne?d‘}Bﬁs PWP%@%?%?’@W p‘i’%’l%?’i TEPONITE CBF@%?‘? ﬁ%ﬁlfe%ﬁ{:eg%h?? eact | ong
during te Cdoﬁ?feilélmwﬁﬁﬂe%l@nﬁﬂﬁﬁ%ﬁ%tfqm Afive 4pearidIths estitrolley £ friagMaintien Usi ng

aHF and atom c-F as the cleaning chemcals for 5 chanmbers used to deposit
t he USGE BSGR8GBRSG thaddpbyitioh chamber, 1204 a dosiredaabiei whithdogenspallyan(the by t he
foll owi ng chem c re ions: .Si 02+4HFE. H. Si.F4+2H20. YOI EXHPHF =~

Si F4+2H20+( yrﬂééﬂrﬁaij_&?@g“%to(t%? %BﬁFéﬁﬁﬁaQ“%‘%Réﬁ%ﬁfﬁig)ﬁ% ) Within

By Pz Si Ox+dHRyyopt §lyfglftﬁgbl%_@sﬂi{ré’é&%6‘ﬁ for tkarhS,H3PCsIr af 43etgdinShiSudd of 100

Si F4+02 (5) BySI Ox+kF ~" Si Fg. +02+yBF3 (6) _PzSi Ox+nF ~ SI F4+02+zPFs 20 (7)
ByPZSi Ox+nF Totr)siTitettle velResarg ppmmieayialiy avaslablg, such ag from VAT GHasn are
"rich-reactign.constant i the range of 4 to 1000, 25 and which
provi de reé)‘?’“%faﬁﬁg&)srﬂ? qlgﬁofg%%ﬁbégfl'of fluorine atons available to form
t he boron, phosphplidisichaa eystérh 16 ancapigtiadacsim pompingtsystem @bt shosmdl- si de

of the equations. The nethod of cleaning according to the reseg{ i nvention
i s now descrvibé dhamet gaslexhaust dectiamedd, thﬁéfa%\ﬂﬂéﬁlfyp’ééﬁéﬁ%@glsm&? Y| eaned

first and the he den L i I : ver,
1t T to’be THARRS pER0Fnglor efhiphitfe RO Bnns SBIAL 0P RAGRAIEME
order of cl bSitlofBNaniteer GEMeSY hedl abdiefSeTart mglet @ ghs flow Fate headneftabout 28 t he

present invention according to one exenplary enpodi nent is i|llustrated. In
gener al , 28 heslpmt Bgeh pegPing syiterss als cppBneraiRlHAHgLSr Bch 8 fog BisPhe waf ers.

AL TSt oy, GeRonrh o, U YPflubl G890 of ¥BRs6and m Xt ures ther eof)

have built up 0 )
To deposit a desired film on the surface of the wafer 11, a deposition gas

delivery system 34, as illustrated in detail in Fig. 4, is coupled to the injector 32 and
injector manifold 14. The deposition gas delivery system 34 generally includes one or
30 more deposition gas sources 36. To deposit a doped SiOy film, the gas delivery
system 34 will typically include a silicon source 36a, an oxygen/ozone source 36b,
and any one of, or a combination of a boron source 36¢ and phosphorous source 36d.

The boron source chemical generator 36¢ contains liquid source boron chemicals such



WD 01/ 003858 - 10 PCT/ USO0/ 40359 surfaces of the chanber and associ at ed
equi pnent conponents. The cl eani ng net hod begi ns by reducing the pressure
in the chg@hgfoisds about 100 Torr and bel ow, and heating thg-Gkiekeiso t he
chanber to a tenperature in the range of about 400 to 600C at step |02.
step 104, the first cleaning step is activated by introducing a first

fluorine containing 5 gas into thle chanmber. The first cl eanir@g ste({l)r IS
carried outas tnmethyldsirate {TMBnCAS #1211 -48- 790 cand toethyt bprate dREB{eA%#13¢re t wo

types of de {t.s fromt.he anber surface n i aked. j . The
first cl ean?fﬁ'gj's epg‘?“sfai‘%@ﬁg%‘i°nsv_t"‘8%r P b@f@%%?%gﬁ@ gsﬁ‘,% %te%étg%n clearing
step is actVadiesdt dhporizePaslédridrcially &eMA1ableN TR phosshvgud douede chem@ant ai ni ng
-gas into the chanber. The second cleaning stepis carried out for a desired

time "t2" (gmestaBoicontains liuidsace thespiomes chsmicals suchast Wimethpes of

d its f th f d i at ed . i d
cloani ng st Bipis COARS CAS o1 Tg B indidt BRORhES (R GRS 2R BAE Br N g
steps may bgiciPpRéPHate ATEPS EASLIAR) 4@8). dBtsd geeratibh o f phesphong se@beieqee ends

at step 114, Mre particularly, when the powdery type deposits are to be
cl eaned, t his typicallyi also acsomphistedrwitiyeithgsa pubbden @ ditech¥anorizer- When t he dense,

filmlike depOSin’#ﬁq %_[igﬁgquggea%&géﬁg%nee}ap& Bféalﬁ%'h{a'i]r?s lf(g{f& %%&@Qli&ﬂls s

selected as ato uorine con ning gases nay be

used; the igmeaitas sudhaketethabpuptosiliciia TBOE, CARiH78- 104 gndothtelessed f or
removi ng the powdery deposits, is inefficient at renoving the dense

filmliKke depmsiantsourteso Thaigriesatianorisdicsn seurge Eanor itypicaHy pesopinlished he

d , filmlike d its, it,.h 2N 2 i t

removi ng ¢« nEhSTRERREYIE ona peRtaBSEy e SRR b BGadTBU AN £ (o
te ti i &Bsiip fan€ lpediticegart ¢ fdasetnd t2 f

Z:gﬁr 2t gp ngﬁeﬁa{t/saﬁgﬁggg?rl\%ﬁgﬁgﬁon tﬁe typegagr?(t:l1 t hi cl?ﬁgssmgfpl,ltgr?tsa deposi tgr

bui It up oncansistscafzmixturged OatandOx(exyeanend ogame)oP2one intréiehig that e of the
| eani hemi cal . _Tn. | ' . it
have an’2s S of SETRRRIEIR A o IR ARmica oS REISHY ehibio RO, |2

range of]sabgathmircidly2Railals odin, theidkizxSotblpuscGmbHh{WiberasMXA, pabout 4 mi crons
at the start of the cleani ng net hod. The dense, filmlike deposits have an

accunul at ed6thpPThAsed mndel AEMPERNA0dnd ot her surfaces in the range of
about 4 to 50 mérﬁgggibul\g% %@ﬁt%&%gﬂ”eﬂ}oﬁ'aﬁﬁQﬁ?ﬁﬁg@qﬁﬁ%nfﬁ“’%ﬁlons at the

start of the cle ng ne ased on suc Irst cleaning
step 30 to pefeaty pheidwBeinhyorgenang tie danggsabsystom tamithedibe @VPor a time
tl in the range of about 1 to 10 m nutes. The second cl eanjng step to
renove the @staelg.i The claesingsybeystem 1&is gampriasd of tRQqrimaRyes 8B%A time t2

o o e S st OB U SDc

PCT/ USO ing rates atomc-F fox different types
of deposi t sa@peovdtiaiand deliVeddtdeakt twel differeht dledniing gaseh whivhrage Tredrin thed BPSG

ENoTRAn aNoHRAWISNERHA CHNGHRRIEDI06h Lo, Ot AT plegH eyt gaes aoimee 38 57 ™ 1) R
00. 05-0. 30. g&ﬁﬁ@eﬁ‘o’f%n Ut fmfF gane%tg‘r WhicK %kds 4 £ s8Bp 130T NEE+Ar ks not es:
mixture and produces an output gas mixture of F+Fo+No+Ar. Atomic-F generators
25 are commercially availablé such as from Astex, model AX-7650.
In this example, the second gas source 40 is comprised of an anhydrous HF
(aHF) source. aHF is commercially available as a very low pressure (boiling point =
293 K) compressed gas, such as from Air Products and Chemicals.
As described above, the surfaces of the chambers and associated equipment
30 components become coated with solid byproducts from the thermal reactions during
processing of the wafer. Depending on the temperature of the surface, and the surface
location relative to the main deposition reaction zone, the surface will become coated

with the different types of byproducts; i.e. the powdery or dense film-like deposits or a



i. For a nomnal silicon-wafer heating-chuck tenperature of 500C ii. "Nont
refers to the current best-practice nomnal, or preferred, value iii. O ean
Rates in W&f@fosegumul ated p, M/ mn. 15 O significant advaiggruodsebl e 1
shows that cleaning rates as high as 2 mcrons per mnute for the powdery
deposits and 4 microns per mnute for th8-dense filmlike deposits are

achi eved by the nmethod and system of the present invention. Tn general, the
first and seowhihatibeafiboty. Jhveshedifferpnhiypas efidepnsitsdend oisvelog ongiffersny f r om

t he chanber, and . be introduced to the.chamber in.. of ways. 20
Preferably, SF&%“F'F?E@“%%&@%W&’ @F%Eﬁ‘hﬁ Y _lodlgsogg °8?Vee%.“§i‘$m93t o the
chanber t hr qegdtitidifchafibRE LR t6Zorml USGARd BPRG filies 64 gRWdle, gasfsuinlzeigh t he
-injector 32 causes the cleaning gases to travel a sinmlar path as the

deposi ti on differentdyposef golidbypradigt denpss.| Hny shambes suidsrsrpEraicditorihtes t he

need for additignal .har.dwar Al ternativ . v he first and second
‘gases na e%Fms}‘b%%ean?ﬁ@?wﬁ&b%ﬁ%ﬁe%i“g{{%sé’élg(r%ré’%ﬁ%t%uw e neans, such as
one 25 or nore s iEC0 A% pHybisiIFornt betHe Bipfdduet depbiits willdepgad esorstibect ed
for each of the cleaning steps are supplied by conventional  neans, Fox

exanpl e, whéemperRtuiesofithe chaniher perfagenwith highes spsface tamnsyatares Xielding pigjer

cani ster 22, . posi.tjoned.renote fr.om..he, ch 0 e he
chanber Vi apagsécaa‘éiep%}g'r(&efggggqse g e&?B%%ﬁ%‘%f@@‘%%E@@ﬁ?‘?%%ﬁ eq(éé@lé
control | ers i @eMSAJedcion Chamber ENowh & FibfregBSTHd ifacton és typieplly waseni ster 22
to the chanber 12 at the desired tine and flow rate. When atomc-F is

sel ect edltas caoledl taatampagature dftless shanr W0F aBlhgsegelatvely dy Bynpamatatos faces

tor 24_.positioned te.f : h
dhanber vi a 0508 toigef By Bt BRRER RsphRrBELmdf el et 02
chemi cal s akguiRdeRe BepHihly-aactes dpsusaioncthethigls. Depositivhef ahard) denst2.  As

descri bed above, atomc-F ~ WO 01/003858 - 12 PCT/ US0Q/ 40359 ma%/ be
gener at ed f fidenca the substrptegrafergneises. thatiihe eluckheldthe s@ieshabouraf® C #idbni c- F

e S0, 4 RLSAIRBERI S}l O MO B GEh SO SO KL
The ar gors t @xplrnké @BLIIE of Beldense) flmdike! depositsg @ aemtipnanhis-seal pldte 45ange of

about 1 to 10, with a ratio of about 7.5 5 being preferred. The c]eaning
gases are tppbitiansdadiznentiiacberkl), else ressien expesiredo thedeposition chempicalsy ange

f about 0.5, 2 i ' .of
1 uor i me cortths feH B Bint 41tk oA Eeo KL BRETA AR O P8
det er mi ned kid e#anpe HeKReS00TE i fHel :06n adjaveanie thxepk Aby<100H0 firnpay fudner e

aHF is used as a cl eanig@g as, 10 aHF is_ introduced t&ethe hanber at a
flow rate ithedhackadgesesp thys gollects dpesifsAt VAES SEDFItHFquAt S&bout 2

sl pm bei tprefer. enpl ary enbodi nent where atom c-F
is used %g gﬁ%lhel%n‘?eﬁgglgsgcg?héa&ﬁn&&E&fogﬁ%nt roduced to the chanber at a fl ow
rate in the range\gbrdifiptethd piesent 2oentibmrthevidchofdlublioechanistrp hasgrouen . 2

sl pm bei ng nost preferred. 15 As the c)] eaning steps are carried out, the
pressure an®euBitpeHastivedonsleaning sy clor SARRMERHSAL P dFPOSECai n val ues.

The  enper alyepapdh s/ migs ahify dbifhibudde i, Wil ndWhsBiRg e Be 6O@RNI N

steps may be erences are due primarily To the different
chenmi cal s u%gdny oné partitilasthearyriths énamtbrs belaaviertigat shedpsis dfthe dgampl e, when

Che. Lharser meEhaw i Ateh b HraRHLSt PTG BT Eto e OB ipgat YORRLEES nor e
preferably igipthg 4 Bdlge g&nﬁQP&fﬂC\é?@ KQ-890) 106de attbigheR pre@aRy rEuef thgbout

| 00 Torr being nost preferred. nversely, "when carrying out _a cl eaning
step with atfemiation cfSiF by theetohiroartigns asstites gpseous tenwviahof the silicembrem i s

intained in th f t 10 Tor. f v kNt h
Tange of - abdb SR R Teer  Thetarte rituted IpeSER TumiRicnathar s BBl hiut ©
preferred. Thender bEARG R dnesnind chdificslWohdoandd Aclheing] Banpedlititedds: change

72
during the first and second cleaning steps, with the chuck nmaintained at a
* t enper at3(r e liguid hyalrowrhydraftuoab acid, gBeousndydrons hydregendiupsidesgdiansei ng nost

f d. A le of typjcal. dit | 1 t
C1 cani no. st EpSU Mg Aot LiPuinl Py TP RRE I GPled B 0 EPROBPET 810,
“in Table 2 bplsp-cratkind bf CENVC Y| 09BSEF 6, NF3T abbe tikrhaREACHIGHO] MB35




Cl eani ng Chem cal Chanber Pressure (Torr)C ean Chem cal Flow Rate

(sl pm Ar: NF3 Fl ow Rat e Rati oRan aNomRan aNonRan

aNomaHFSGyvdQalopskds 22n/ an/ aat om c- F1- 1081- 21. 21- 107. S NOTESic1/us000 559
denotes "not applicable”. 10 As nentioned above, the first and second

cl eaning steps may be repeated to form@a ¢l eani ng sequence. O particul ar

dvant , th i nat i I ' t.h f. th gsent i t b

car i ed_olt Clfy. AScicBaTheAgbeuyARACES HAFE-TLAT Ihe, 20 WBEF spRbicgr 1 Beni ng

chem stry ivaiﬁg%El\éQniﬁ ﬁ]@ﬁlodiogtﬁeﬂﬁ%nlﬁﬁgfeﬁﬁ&?r and frequency, such that 15
[ I'S , and ¢

production up Ximze eani ng chem cal costs are m nim zed.
Further, the confheptimaery chlemdal nepctieshbutingride slpatiegmethodreadsysiem of the
‘invention offers a technjque .tha rovi des | ar amount of flexibility.
Thr ough sysPEsNEVEBHIRMIYEED UFBE c%g{) @lﬁlpﬁt‘i’rﬁiczgf‘? @’ﬁ%ff‘@&m& ’é’é‘falsafloﬁl eani ng
sequencec"s " I i I

~appl i cat Fonélgﬁlﬁe%u .eﬁﬁga%égﬁég an g?ﬂ%@@%@%ﬁs%ﬁ?’ g‘%ﬂi;én(f/égér:]ﬁegn
provi des a esitbptally bytheffollowingehamankreattasi ng st eps which utilize
different chem cals that | ectively clean, i.e. etch away, the different
types of deﬁ&l*ﬁ@?ﬁéﬁﬁéﬁ;&%r oving the effectiveness of the overall

cl eani ng process, 1Al t hough not required by the present invention; in the
preferred enbodi hent, the tvvo separate steps are performed in a sequence,
and repeat eB,SiOQ+pHB\ §if 4+ 2H, Op(y/Bai3BO2ani ng ef fectiveness. The particul ar
25 sequenci ng chgjce for cleaning a chanber used to deposit

USE BSG1PsE BPsA¥ani | y of filns according to one enbodi nent of the present
i nvention d S yjncluding: ( 1) the etch or cleaning
rates; fast?ﬁig‘%ﬁrfﬁg rg‘?g?g?ga?e@%é) o mnimze the cleaning-rel ated
downtine, as wel ¥3 as the cl eaning chem cal costs; 30 (2) the dollar (%)
cost for a unit (usually a standard liter) of cleaning source chemcal; |ow
cost, readi ByPg#fi@kt-dbF e SiFyreBoon&B3 B BORr@/DBsPs| y preferred; and (3)
the formation of Aﬁonvol atile liquid or solid residues; since a system using
TECS+Ozone deposf ion gases typically uses only thermal energy (as opposed
to plasng M- £ gg@g@g 1 g. _ PCT/USO0/ 40359 energy) to create the
deposition reattion, evaporation is the only nethod for renoving cl eaning
products from t h€&)chanber. The cl eani ng sequence is defined in the

foll ow ng n kN, I he cl eani ng sequence involves repeating the
first and/o yS@é@rlfg cs?éﬁﬁlﬁg*’-‘/‘éféps, in a certain 5 order and frequency, at
certain stages vv'(g)hi n the production process. Fox exanple, if a particul ar
production process tends to generate a rapid build up of the powdery

deposi ts anBSiOxHover SHY1@iEPEs t he dense filmlike deposits, then the

cl eani ng st ep th?.}) is nost effective at renoving the powdery deposits w il
be initi Qt ed and‘Fepeated nore frequently than the other cleaning step

whi ch i s nmoBgpgdiDgehF vweSill+OgnyRFzPFge dense deposits. 10 Specifically,

t he cl eani ng seqt(JSe)nce includes the follow ng paraneters. A nean

where: b, ¢, d, k, m, and n are "rich-reaction"constants that are in the range of 4 to 1000,

25  and which provide more than a sufficient number of fluorine atoms available to form the
boron, phosphorus, and silicon compounds shown on the right-hand-side of the equations.

The method of cleaning according to the present invention is now described in

detail. In general, the powdery deposits are cleaned first and then the dense, film-like
deposits are cleaned second. However, it is to be understood that this is not a

30 requirement, and that the order of cleaning may be reversed. Referring to Fig. 5 the
method of the present invention according to one exemplary embodiment is illustrated.

In general, the method begins at step 100 following processing of the wafers. At this
time, deposits of the two different types (and mixtures thereof) have built up on the



waf er between cl eaning (MABC) frequency is established for the first
cleaning step (MABC-step 1). For purposes of this description, the first

cl eani ng iR/ dosssgel ected to be the step which targets thep(f'ﬁmﬁ‘b:;:@f t he
powdery deposits, which pref erably uses aHF as the first cleaning chem cal.

The MABC-step 1 occurs every "M nunber- - wafers. 1 S The val ue of M may
be any desirable nunber and will typically be selected such that the
deposit bui Isdnfm:esloéﬁlembnanibetmdeassmlgﬁéaqma@en@m%tél yLhef qlesging method

ot 11 m 1 o PeB PRIGYEE thep ER aAge oY oua b 3 PR ent e, fheeltl °1¢

bet ween cl eqpd digick MABELh B 46 B f¥npefaties irbdhlk rafpe & f hiesut HO@tesEI0e0 dt 26 Di2eani ng
step (MABC-step 2). The second step targets the renoval of the dense

filmlike de"p(smptléM thiaifiest obeaningrsigpl iy activiateddrydniredycinga first flyerng rentAdiagi ng

h .. The de d d f
Sonven erite Bp M SRR Hhe iRy clall s FRD Ry K PegR e HTela By
nunber of wapey . etJh@neV@ﬂtH@t\% t;ltyegr@ﬂdepssxﬁsrﬁ/orﬁem émnﬁw pla€ices Eitﬁmbcﬁéte@f

typi cal val ues” of N include, are not limted to, 25 integers in the
range of abeguiphent TEOirsGeaniag step issodedrasstend 06 Therealier, thr scophd alsawing N

fatio G - Thatpds agipregadrn 18y furaifip SE0¢ Rl Faftelifie S5 folbfry 20
the denom nahahberCTihe sé&ﬁ@'cléénﬁ‘lg st&ﬂﬁ@@?ﬁed"bﬁtffoﬁ deslired 6@ “HDT(6t stepUIN o C i S
in the range of about . eani ng steps one and two % be

per f or neld i retdbabkother dreeci thelkyipepes, of dfspcwtﬁ &ppthe QWb%M?@S aggeeiated

fabricated between, the ste t eps
may make up SARETERh, erFSC%’g‘g‘i}E@%‘ig S\{%&ee%%) |a(r€1%1tr§qcr| DHQ girhegg?%gllg ?ng

WO 01/ 0038s BlendingRichs HRRARRRSA (BEsted em)lalgesimuemelsamﬂgmqmwemm the
deposit buil dup and the frequency of the deposit buil dup. For exanple t he

fol |l owi ng setepdides may be used: (1) Step 1 (aHF chemical) ~ Step 2

(atomc-F) ~ Step,l ~ Ste t e ~ ' [ -~
(oot e wat or cMoepamiciRurf i fibn 8 BBydsry i eh St g e oReancg, Betiotine
2 (4) Step Zomtari®Pgab is seledt@ihs 22 Wieh theadbglkd, lﬁqxnalﬁkemep@asaeestomsewdaaed

performed between,” or at the beginning or end of, the steps. For exanple,

an inert gaihqzﬂmrb@rcopwrg@g geyis Brleqied FatarRig- Thr Wiilegny phibe élpawe Q?F‘titnh‘égf irst
¢l eaning ste pg,%% s be b egé o (9B a0 bisGORAL (e TP pﬂhi?%B&ﬁ%;aféf&%& AR

dep03| tion OI’ nme season I or

resum ng fabgmgﬁhgmpﬁwdelaﬁdaﬁi‘sﬂi s inBfficyeny aﬁ%mok/ingsthe aénsenﬁlnahkb dapiositsy way
of limtation, exanples_ of a cleaning sequence accoy dlﬂ { ﬂSlTé % odi nent s
X

of the preséddso,whilsratpmic-Bieprgfesied dardemeying hedenss fim1l 1, the
vai e ofag! Iisuffin o iherid A #irkiBhnR oiciduficly Bhe Bepdilie. f eani ng sequence i s

sel ect ed2 epositi o produ |on wafer, M=20, 2. Perform
pre-cl ean lnert mhchalmihgrstepug@ene&ommpaﬁtetﬁaduwdtthewa@stmaoum t he

chanber to 100 Torr, 20 4. Initiate Ste n po er from chanber
interior usMﬁ@ eamng tige thand & fy saeh 1StePSYig’p Wﬂep 1RE o ¢ WPW%@? s&ean

inert gas pq %gltscg@[m%l on ane hEmB&%'drcﬁﬂer tRrhQRUER S e Jté}ﬁ@ ra%ﬁﬂhe

effect”, per ep05|t|on to "season"' the chamber for
subsequent m@du@tchmican sIn aﬂﬁe & enfpémy amboginwatt,dhé powdepdgia depositsthaxafasr s

e er - NBL0GOTBMIaied FHERRSh Pb It AR OF I T UGB P o) FOREL S 11
Reduce the pressungith B oiical GhamRes of dotl®PmiQbhs at the start of the cleaning method.
The dense, film-like deposits have an accumulated thickness on the chamber and other
surfaces in the range of about 4 to 50 microns, with a typical thickness of about 25
microns at the start of the cleaning method. Based on such buildup, the first cleaning step
30 toremove the powdery deposits is generally carried out for a time t1 in the range of about
1to 10 minutes. The second cleaning step to remove the dense film-like deposits is

generally carried out for a time t2 in the range of about 5 to 60 minutes. Examples of



12. Initiate Step 1 - Cean powder from chanber interior using aHF, 30 13.
Cease Step 1 - Stop aHF flow, 14. Performan "inter-clean"” inert-gas
chanber pwipadosssgeeded, 15. Reduce the chanber pressure tg-Hud@idhzse WO
01/0038s8 - 16 PCT/ US00/ 40359 16. Initiate Step 2 - Clean dense filmlike
deposits from chanber interior using atoml=F, 17. Cease Step 2 - stop
atomc-F flow, 18. Perform post-clean inert gas chanber purge, S 19. If
required to retdingrates or'bbthradiF ansfabomictl for differgns fypos of deppsitstaregheain in Table
deposition tqQ "season" the chanber for subsequent product wafers, 20.
Resune produc,ltl?e waf er deposition, and restart cleaning method fromstep-1
when M= 20. A sinplified graphical representation of the cleaning sequence
.of Exanple 1 is shown in 10 Figure 6. ng%qglle 2 In Exanple 2, the val ue of

M and N are 2S5—gtvHfg—ea—tatto—€pf—t—ihe cteamnySequenge s -Serectyqgd
as: 1 S 1.5 CpEphene (BPEEFimon on| Bré@¥evdenn }W@E}}NM 2S, | USGRomEYT m
pre-clean in iod ¢chwrbial pur ge| (/AR ded, 3l (“mEdibkce t he |MBER) e in |t he
chanmber to | g lnifiate § QAN Sl OMEGRATER
interior usi SR g R %%%%
"inter-clean|aiimert - gass-aina plinge.a f =0 Reduce |t0198-08hhaRer

7
ressure to $ToOrT,— 8, TTitfate S{ER .2 -| O €an dense [T1] m [l Ke deposi t 9
Pt om chanber LEGESTE of Lod0ngl 20 ori ¢ 18300 | Chaad &k 490 & JOR5al 89l ow
2S 10. Perform post-clean inert gas chanber purge, 11. If required to
reduce thg "first noadser effect”, performa post-clean deposition to
"season" the chamjer f qrorgWBaEREHeMHcoR vl eatiad-Etik tddperm@sdioRsqoeaduct i on

vaf er_deposi ti on, iand reRLRefds RARL @?Hﬁ%@ﬁfrﬁ&f&%ﬁﬁlﬂm,]or\ﬁﬁ@@r];%éxzﬁluél 30 A
sinplified graphi r | _ isequence o anpl e
I's shown in Fi gurg{;}?. @éﬁpﬁ%g%a@gae%rg s%‘?\.tf‘?@?m’?’f“; nore conpl ex than
Exanpl e 2. However, all the steps in either cleaning sequence can be easily

automated with nodern sem conduct or WD 01/ 0 38?8 . 17 PCT{I.U 00/,40359
15 Of significant advantage, Table 1 shows that cleaning rates as high as 2 microns

Boonl -
)

per minute for the powdery deposits and 4 microns per minute for the dense film-like
deposits are achieved by the method and system of the present invention.

In general, the first and second cleaning gases are generated and/or supplied
remotely from the chamber, and may be introduced to the chamber in a number of ways.

20 Preferably, the first and second cleaning gases are introduced to the chamber through the
injector 32. Introducing the cleaning gases through the injector 32 causes the cleaning
gases to travel a similar path as the deposition or reactive gases. Additionally, such a
scheme minimizes the need for additional hardware. Alternatively, however the first and
second gases may be introduced to the chamber via separate hardware means, such as one

25 or more separate gas inlets.

The fluorine containing gases selected for each of the cleaning steps are supplied
by conventional means. For example, when aHF is used, it is generally supplied by a gas
supply canister 22, positioned remote from the chamber and then coupled to the chamber
via gas delivery lines. As described above conventional gas controllers are used to

30 convey the aHF gas from the supply canister 22 to the chamber 12 at the desired time and
flow rate. When atomic-F is selected as a cleaning gas, it is preferably generated by an
atomic-F generator 24 positioned remote from the chamber and then coupled to the
chamber via gas delivery lines. Preferably, the different types of cleaning chemicals are

independently and separated supplied to the chamber 12. As described above, atomic-F



equi pnment control software, such as "Control WORKS" avail abl e from Advent a
Control Technologies, Inc. O particular advantage, the nethod and system
of the pr&gRNiinisdyention provide a cost effective nmeans Ofp&%ﬁﬁmmﬂw

sem conduct or manufacturing equipnment. Fig. 8 5 depicts a table show ng

cal cul ations of the chanber cleani ng costl2per coat ed-200mm di aneter silicon
wafer for aHF or atomc-F chem stry. This cal culation takes capital cost,
product i on- r g{s9.beGlef@nted dicin andriefyaifisowtes: dattke prefaredomohotimenithatomic-F is

cal cul ation shows that aHF is nore econom cal for powder-cl eaniﬂgcg V\/qi(Le
atoni c- F has genesstedjby 2 plesma genciptoning JF3 £5 thaPrqcursar ga5 witlhasgpn ot onezated)st
to atom c-F ¢] ean unq%% jJi.cat popd }

.el i m nates c&L%Pﬂ‘g?ra?i onetﬁa{téasr??l gtagﬂlwc@éﬁgélkh}%@rgam'nghgys gsr%) E\tﬁ?ﬁgﬂlcﬁﬁg{tés/ to
aHF cl ean t heatldSe thoplaBRSGenawdes dhaninggolatiduy lerddewithheratipmfiabel Tchst s.
Recal | that ge_ner ation of atomc-F requires costly and conpl ex plasm
.cracking & &cmppeafeied. sour ce such as NF3. This seens to inply that an
aHF-only cl eani ng ] . - ,

ow compl oxi ty o JBkEisal i b oRicRS eclio IR mARR W B i te |
Very seri ous rilg@dw¥:abdined. 8 HR. Rilph. rBiierdnge nthgnaey dédeminglon thSGpdafdbiotise i s
very nearly zero as noted in Table |I. This lack of an ii,j-situ glean.wuld
then requi r e comfainings eleaning eges tusedmindatheyexaple FAREesH 814y %ﬁ@@nﬂweg%é'e’ﬂugﬁ? c

basis. As discussed. earl ier S, 136wl FBDHIRAnifd BANI NY.
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aci d |i quigd/ spiFidintegicbdao tiRrapiver ita fRe ticiadharangd of abgupdd ne.Soflprapwgh 5 C
and thus resists evaporative remnmoval from OO‘{E arts. of the,depo i
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even more di fflc 19 EMARPLAL Qe %?ﬁtoxﬂfo-ﬁé ihtiSdiRed R5the HISnBES hitOfIdWI S

i :
one step al one V\?OIE{’I& regquire a nmanu W pe-down cl ean of the deposition

chanber i nt erhtgtin thdhbhge dftdoat®.ant2. HlpmHFite o davecitEpSGoub § 2kl dbaimgiyeost

m nimzed by cleaning at | ow chanber pressures, preferably at pressures of
s 100 Torr, iptefegthot be conpletely elimnated. In addition, nost

TEGS+Qzong, based t Ld4 Ssur@RalERpSfanRé o8B Bifiniiend
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of the deposig L j RBSREN0CIYRS béing nhddp préferieds X@omiesel g
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WO 01/003858 - 19 W Caim PCT/US00/ 40359 1. A nethod of cleaning deposits
i n sem conductor manufacturing equi pnent wherein there are different types
of deposiw® divesdasli ng powdery and dense filmlike depositspefhgjoreiari zed
in that the equipnment is cleaned using twy separate steps, each of 5 said
steps using different fluorine containi ngl%hem' cals to selectively clean
the different deposits. 2. The nethod of claim 1l wherein the equipnent is
used to ‘deposit silicon containing fil ngabsd r ef ractory metal filnms. 10 3.
The met hod of claim2 wherein the silicon containing filns are selected

firomthe gr of. Si OX BYSI OX, ., PZSi OX, 4 hricap N0 | RS I RARd
] edhipEL ] GRamde prefiire | CIYpIE Sg“fai Poe | Ak P
amor phous, of @&gﬁéu (or, o o B bt B O VplRE LTI arle

claim 1l wher¢ the fluorige. cont aj g ¢ jcal s “Sel
of hydrogen f i Il ﬁbﬁu@rm N ;

f1uoride (aHFyggpand ClE%o.2R 5. | The meihogl of cllai m 4 wheme the §

gener at ed usiHRg—plasretgererat-of—6—Hre—rrethedjof—etai-m4—wheretthe-
atom c- F gen¢asingid-H romiany onef 8f NF3| 1CF4, C2H61.2 C3Fg|, 1-3BgF2, 017.533 F3. 25
7. The nmet hod—of—Tctarmm I wherernm one THe TWO separate Steps uses

anhydr ous hydrogeﬁg{){qggri de (aHF) to selectively clean the powdery

deposits. 8. The .of claim1 wherejp,one of the two separate steps
uses atonmic ' B to sé’?”eéﬁf‘?/té? W%IaBgl?‘Fa%’ e dense filmlike deposits. 9.

The metholf of claim 1 wherein the nethod is carried out at a pressure of

b B 0 IS R T 0 e 10

A nmet hod of in-situ c¢leanin r contarnin nse

filmlike siladdedinglenasides Ofpartivulsiadgaritiyge, dieepmbidatiohicteahinglmeethbdof hee of

the powdery type or dense filmtype deposits with a first fluorine

cont ai ni ng  cPESENEVEHRION: ¢aRtbeCariFd OUHH] HElERNS GauCRAFY %Etﬂ&%i}@%b‘gfp?%of d

S second cl eanpl I Y. 0, i sit

wi th a second i PieaRsBpiinhe (A6 [OH. The WKBRAGECHAT o) RAPE IRRS

ot her types ofpréthyetion uptitht is faeiniedd)and ofeaning icherialdvstsairantilienizid. | mther,

deposits may include any one of gi éJX ySi OX, . PZSi OX, .B\yPZSi Oé, Si NX, . Si CX,
WKSi , anor protrmiinatirhsieaning methy Fxptany pf the presetinysption glierp deqhnidlisy of

claim|O wherg,t {ol S | HQLhiT@y. C OB ehend ahSe and
sel ected frortrﬁthgﬁgﬁdgép&o%k@h?/xg?gggr?%f#%‘c%trniﬁgle (Etlg)%‘,uggt rsn C Irgtg%r} nee o
atomi c-F), arbytcbminsizitydr wgeariqidspacledringatif)enca fgirabigy3 carl be d8veldpeal thet isod

of claimi12 Vt\gf}orrgd ttltleepggtiggliag ﬁgplg:%’plgﬁ %tt %%nﬁr Qlc?learrﬁ%th%gean%f s:ystem of the present
20 invention provides a combination of two separate cleaning steps which utilize different
chemicals that selectively clean, i.e. etch away, the different types of deposits, thereby
improving the effectiveness of the overall cleaning process. Although not required by
the present invention; in the preferred embodiment, the two separate steps are performed
in a sequence, and repeated, to provide the optimal cleaning effectiveness. The particular
25  sequencing choice for cleaning a chamber used to deposit a USG/BSG/PSG/BPSG family
of films according to one embodiment of the present invention depends on several factors,
including:
(1) the etch or cleaning rates; fast cleaning rates are desired to minimize the
cleaning-related downtime, as well as the cleaning chemical costs;
30 (2) the dollar () cost for a unit (usually a standard liter) of cleaning source
chemical; low cost, readily available source chemicals are obviously preferred; and
(3) the formation of nonvolatile liquid or solid residues; since a system using

TEOS+Ozone deposition gases typically uses only thermal energy (as opposed to plasma

]



NF3, CFq., C2F~, C3Fg, SFg , F2, or CIF3. 14. The method of claim10
wherein the first and second fluorine containing 20 gases are independently
aHF and afy@ifodsss 15. The nethod of claim| O wherein the fdFg§oofhieri ne
containing gas is aHF and is used to clean primarily the powdery deposits.
25 16. The method of claim 10 wherein thel4econd fluorine containing gas is
atomc-F and is used to clean primarily the dense filmlike deposits. 17.
The met hod ofenetgy) in deatetiies déposiion roavtionfevaporather is the onbyhaethpd for rem@vigcond
cl eani ng stepci are reﬁ’?ecztgd. BO éB.bThe met hod of claim 10 wherein the
first and secOring AL IeNRE cOdOLarried out at a pressure of less than
or equal to about TplQedfihf sequehlt GLUPORAE thé Ioll&¥eikd &0309gdiidral, Tine
-met hod of claim 10 wherein one of the first or second cleaning steps is
earned out atcleanprgsegquenee afvolirsuepestipthe firstand/phecoond klsanisg stdps, imarertain

Lemperat urs | SIEATAGER: SLAHaD Sugs PETBOne e sEot RStk s Srileddt, 10

wherei n the fitstantbEREHFrdck&ABIRT0 ShRPRe AEHiCBLINEH BFtheipdiABSNREHilsY
for a tine i thé1 rgnge of ]lgout 1 toogo m'?nut%sl. 110 % Aeé)l eani ngﬁwfds

S eg uence met hmdfafslxrwarlbeﬂdup] gf therdensen@luetiky depgsiise themtthe plganipg siep dhat & master s
and contains diLfferent types of deposits rising the s s _of,

est abl i shi ng «gi‘ef:{wesat reiﬂ“é‘é ﬁ“ﬁpgf'vgﬁ&dslﬁg?ﬂl%Wg@gg]&gﬁtﬁg@dﬁpe@%ﬁgﬁe\%ﬂ%ﬁmy

bet ween cl eanhRgie bRy éleﬁmggte%tvﬂﬂcﬂkm&@@fﬁﬁﬁfe% MARGBE @i den8c@dpositevery M
nunber of wafers and Mis in the range of about 2 to 50; 1 S establishing a

second cl #ani ng stSyscificeldy;éheglcaning seauencesnetedas thafadlowing peametdr s afimegist ep

2 (MABC- st 2 d wh . - . Ly N d
N s i the rEHDgTeEs FsRTEE TG frgas S st irach g fst Kb gsfe ™2
i nteger and i GMW'E@-E’(@;? 95 'FR hufPohbsyr ik MscAptidd, SleTirsl Mengnd dtépsik selb@adions
step every Mnunber of wafers and a second cleaning step every N nunber of
vvaf9 e/ r ,SA 9 2 gd rtbp stap whicht tazgets the remerchl o€ thepewdemalepasgitss wapsh rmeferablisuses alF

. A 00 . . . 5V ek

 AsU9. Agh9. A Fiithefirshelring eharyiol PheASWEL-sigp | RBTRSYEY ARG, WITBC AL RES Shn 2.

AL 15 The value of M may be any desirable number and will typically be selected such that the

deposit buildup does not become $0 great as to advérsely effect the processing of the
wafers. Examples of typical values of M include, but are not limited to, integers in the
range of about 20 to 50.
A mean wafer between cleaning (MWBC) frequency is established for the second
20 cleaning step (MWBC-step 2). The second step targets the removal of the dense film-like
deposits, which preferably uses atomic-F as the second cleaning chemical. The
definitions of the first and second steps are established for convenience oniy, and can be
reversed. The MWBC-step 2 occurs every “N” number of wafers. The value of N may
be any desired number. Examples of typical values of N include, but are not limited to,
25 integers in the range of about 5 to 100. Generally, but not necessarily, the value of N will
be equal to or greater than M.
The values of M and N define a cleaning ratio C. The value of C will be the larger
of M/N or N/M, with M usually as the denominator. C is usually an integer with C > 1,
and more usually C is in the range of about 1 to 5.
30 Cleaning steps one and two may be performed in back to back sequence, or
alternatively wafers may be fabricated between the steps. Any variety or combination of

cleaning steps may make up the cleaning sequence. The primary criteria for establishing
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[dE~_@ 10%4& ()-Y F10%4& ()- 10%4& } @100
.) Reduce the pressure in the élzamber to 100 To (,) @109 () -

20 4. Initiate Step 1 - Clean powder from chamber interior using aHF,
5. Cease Step 1 - Stop aHF flow,
6. Perform post-clean inert gas purge of chamber,
7. If required to reduce the "first-wafer effect", perform a post-clean deposition to
“season" the chamber for subsequent product wafers,
25 8. Restart production deposition of wafers and repeat steps 1-7 four more times,
9. Complete deposition on production wafer, N=100,
10.  Perform pre-clean inert-gas chamber purge if needed,
11.  Reduce the pressure in the chamber to 100 Torr,
12.  Initiate Step 1 - Clean powder from chamber interior using aHF,
30 13.  Cease Step 1 - Stop aHF flow,
14.  Perform an "inter-clean” inert-gas chamber purge if needed,

15.  Reduce the chamber pressure to 5 Torr,
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"season" the chamber for subsequent product wafers,
20.  Resume production wafer deposition, and restart cleaning method from step-1
when M = 20.
A simplified graphical representation of the cleaning sequence of Example 1 is shown in

10 Figure 6.

Example 2
In Example 2, the value of M and N are 25, giving a ratio C of 1. The cleaning
sequence is selected as:
15 1 Complete deposition on production wafers, M=25,
2 Perform pre-clean inert-gas chamber purge if needed,
3 Reduce the pressure in the chamber to 100 Torr,
4 Tnitiate Step 1 - Clean powder from chamber interior using aHF,
5. Cease Step 1 - Stop aHF flow,
20 6 Perform an "inter-clean" inert-gas chamber purge if needed,
7 Reduce the chamber pressure to 5 Torr,
8 Initiate Step 2 - Clean dense film-like deposits from chamber interior using
atomic-F,
9. Cease Step 2 - Stop atomic-F flow,
25 10. Perform post-clean inert gas chamber purge,
11.  Ifrequired to reduce the "first wafer effect", perform a post-clean deposition to
"season" the chamber for subsequent product wafers,
12. Resume production wafer deposition, and restart cleaning method from step-1
when M=25.
30 A simplified graphical representation of the cleaning sequence of Example 2 is shown in
Figure 7.
Example 1 appears significantly more complex than Example 2. However, all the

steps in either cleaning sequence can be easily automated with modern semiconductor
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diameter silicon wafer for aHF or atomic-F chemistry. This calculation takes capital cost,
production-rate, clean-rate and chemical costs into account. The calculation shows that
aHF is more economical for powder-cleaning, While atomic-F has a slight cost advantage
for film-cleaning.

10 While the cost to atomic-F clean undoped silicate glass (USG) powder deposits
clearly eliminates consideration of an atomic-F only cleaning system, the costs to aHF
clean the USG and BPSG powder do not greatly exceed the atomic-F costs. Recall that
generation of atomic-F requires costly and complex plasma cracking of a fluorine source
such as NF3. This seems to imply that an aHF-only cleaning system would be a good,

15 moderate per-wafer cost, low-complexity cleaning strategy. This concept suffers,
however, from two very serious flaws:

The aHF etch rate for dense film-like USG deposits is very nearly zero as noted
in Table I. This lack of an in-situ clean would then require the system user to manually
clean the chamber on a periodic basis. As discussed earlier, system users wish to avoid

20 manual cleaning.

Further, aHF etching of BPSG deposits forms a tenacious (H3PO4) phosphoric
acid liquid/solid residue. Phosphoric Acid had amelting point 0f42.35°C and thus resists
evaporative removal from cool parts of the deposition system. In addition, H3PO4 can
dehydrate to form glassy H4PO7, which is even more difficult to evaporate. Removal of

25  these residues using this one step alone would require a manual wipe-down clean of the
deposition chamber interior.

While the amount of aHF-created BPSG residue can be minimized by cleaning
at low chamber pressures, preferably at pressures of <100 Torr, it cannot be completely
eliminated. In addition, most TEOS+Ozone based thermal deposition systems are capable

30 of depositing both USG and BPSG. Accordingly such deposition systems can then
greatly benefit frém an in-situ cleaning method and system of the present invention which

combines the best features of the two step aHF and atomic-F cleaning chemistries. With
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may be desired in certain circumstances.
As taught by the foregoing description and examples, an improved method and
10 system for cleaning semiconductor manufacturing equipment has been provided by the
present invention. The foregoing description of specific embodiments and examples of
the invention have been presented for the purpose of illustration and description, and
although the invention has been illustrated by certain of the preceding examples, it is not
to be construed as being limited thereby. They are not intended to be exhaustive or to
15 limit the invention to the precise forms disclosed, and obviously many modifications,
embodiments, and variations are possible in light of the above teaching. It is intended

that the scope of the invention encompass the generic area as herein disclosed, and by the

claims appended hereto and their equivalents.



| " 109& () -
| " L109%' () - 10%' () - HWKYYY[\ _@P191L" 10%&' ()-9!L"109& ()-9 L"109%& ()-9S
W% 58)5 s 10% ()-\k]]s"$_. "/ a?11 10! &6#10%& ,&gmm“g,%& ()-f2

109%& () -
109%& () -

S 10%& ()-SS 109%& ()-S 10%& ()-

T00RT) - #10%&: (-0 #10%& ()-1"01>CR"

10!y: 10% u& ()-110% u& ()-31"L10% u& () -119% u& ()-910% W ()- 10

10° 3 e
10% u& (
10% u& (
10% u& (
10% u& (
.10% u& (

10% u&' () -

) -
) -
) -
)
)

“d
I
I

E+l 10% u& ()-| 10%u& ()-|) 10%u& ()-|) 10% u& ()-

) WOWaAif: () - FS10% u& ()- " aaaaj P11 10% u& ()-| 10% u& ()-|
10% u& ()-| 10% u& ()-|. 10% u

| a%&a’ &l a. a2ariethod of 83@913"?“%19%4‘}&0‘%‘3“" or FgyRfARAIng Gquippent

%?r%}% t%%re a%%g@fe?%? (tﬁ}eFPT %b%g}s() ﬁ)ﬁﬂl@l é%gwggg]( %n;]iladelagg/ﬁﬁﬁtlfl& |
1390 4it%, EhardctekDi¥el irdth) the eqiipmer®’ 14 YlednetiGfing &0 sepaty steps each of

naravaaaaaB(1l 10% u& A 0%
-10% u& () -5 aasades&avgruﬂ(n}x@[%fgrgpf(f}uome ngﬁ@lal&zgﬂli 1F11°f§0 ) &1685}"“1‘{3’ éﬁﬁ@}é %‘&h tferpnt

10% u& () -

10% u& ()-| 10% u& ()-| aaaaaabgE$ "10% & ()- ! "10%& () -

10% u& () - | ASEPOST0% u& () - | 10% ug& () -| bbbxcexde| [:  "10% ! #10% & ()-

F#10% & (
eeeJf Myhi

Y'L109% &
Y'10% & (

) -

10% & ()- 110%& ()- 9"109% & ()- - "10% & ()-

-10" 6!'10% & o0 9 - & A& () -
+ 10% & (I)I[ ) 10%-& ()Thg mi(e% n}ofﬁé?a/é%vée?rem g%%i{{l;mgg i’ﬁ)g‘gegjtg)cffe&s@sﬂicon

() -
) -

ST Sy %ﬁ@l@ﬁ%gé}lv&ﬂx%aitﬁmé<oj%>mﬂmg Z9@0" | #10% & ()-

'109% & () 10pr (r/rOr 1r 2r 2 | obU410 ° 10%&() (10 10 10 610% & ()- 410% & ()-
| #10% " (& () - ! #10% & ( ’7rDrLrNr] %GL <hUALO ...10% & ()= X 1006
1" 10% & ()- F@10% & (Yhe mgthodof jRegeip) %?41?‘?‘}?‘}1‘6& /5% f%d

10% &
10% &
10% &
10% &

~ —~—~—~ O

)
)
) -
) -

109 & () - Xr r sWs 8r¥opCe, Tiowmd

10% & () -
10% & () -
1 10% & () -
(#10% & (

X
- X
X
X

) -

1 % 0 &l A4 Eﬁﬂa]@%ghou
10@/}3"-%%&%%1 i‘o%/x’%ozl‘?y&%%%%y& (g;%‘t%x 10%% E( rrrrrrr bUSSWM
105pBlcrysielRASAiRL4Y, aXd aotefadthryna@bfilny yre xelpapd frogTihemwun of
10% & ()- X _10% & g% X 10% & ()-X 10% & ()- X

£)-X 10% & ()-X 10% & ()-X 10% & () - X5W M
ss!s"s#sMsi N-bUS " 109%& ()- 1096 & ()-XSWM 1096 & ()-X 10% & ()-X

PsssNttt|[:bUS * "10% & ()- !10% & ()- |1'110% & ()-

X 10%&' () - THO%hétho)l -of Mirivvl xsbisfe masﬂuon(mmml&u(g) éhemlcals are

$#10% & 11109 & 0 5
yPyyyHz| [ : bU5se ec;eglf;((ygn&ﬂ\e) group rﬁf(()‘)’/@ér%ée% A& ﬁ%%i%fo Al-g.?)e )a o{nlg ém (( ftoiznc-F),

1810% & (

) -

L109% & () - 10" %’é%‘&h%‘@g/e’f&ﬂ%ww |}}|[&( _ Y.1Log/ooogf0 ((&)() 1(1)OO/ZA:&'&(§2 Y

| "10% & (

) -
20

25

30

1096 & () -
5. The method of claim 4 where the atomic-F is generated using plasma
generator.
6. The method of claim 4 where the atomic-F generated from any one of:

NF3, CF4, CoFg, C3Fg, SFgFp, or CIF3.

7. The method of claim 1 wherein one of the two separate steps uses

anhydrous hydrogen fluoride (aHF) to selectively clean the powdery deposits.

8. The method of claim 1 wherein one of the two separate steps uses atomic-

F to selectively clean the dense film-like deposits.

9. The method of claim 1 wherein the method is carried out at a pressure of

less than or equal to about 100 Torr.
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13.  The method of claim 12 where the atomic-F generated from any one o

NF3, CF4, CoFg, C3Fg, SFg , Fp, or CIF3.

14.  The method of claim 10 wherein the first and second fluorine containing

20 gases are independently aHF and atomic-F.

15.  The method of claim 10 wherein the first fluorine containing gas is aHF

and is used to clean primarily the powdery deposits.

25 16. The method of claim 10 wherein the second fluorine containing gas is

atomic-F and is used to clean primarily the dense film-like deposits.

17.  The method of claim 10 wherein any one of, or both of, the first and
second cleaning steps are repeated.

30
18.  The method of claim 10 wherein the first and second cleaning steps are

carried out at a pressure of less than or equal to about 100 Torr.
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21.  The method of claim 10 wherein the first and second cleaning steps are

carried out independently for a time in the range of about 1 to 60 minutes.

10 22. A cleaning sequence method for cleaning semiconductor equipment that

processes wafers and contains different types of deposits, comprising the steps of:

establishing a first cleaning step frequency, defined as a mean wafer between
cleaning step 1 (MWBC-step 1), and where MWBC-step 1 occurs every M number of
wafers and M is in the range of about 2 to 50;

15 establishing a second cleaning step frequency, defined as mean wafer between
cleaning step 2 (MWBC-step 2), and where MWBC-step 2 occurs every N number of
wafers and N is in the range of 5 to 100; ‘

defining a cleaning ratio C , where C is an integer and is the larger of M/N or
N/M;

20 preforming a first cleaning step every M number of wafers and a second cleaning

step every N number of wafers; and

repeating the first and second cleaning steps C times.



