+; ~e3egxd(*6$TxDJ1  METHOD AND APPARATUS FOR MAI NTAI NI NG BY- PRODUCT
VOLATI LI TY I N DEPCSI TI ON PROCESS BACKGROUND OF THE | NVENT) hi n
filmdeposition processes for depositing filnms of pure anmmmm‘w@m‘m
materials are known. In recent years, the dom nant techni or_thin film
deposi ti on has been chenical vapor deposition (CvD). A variant®f" cvD

Atom ¢ Layer Deposition (ALD) has been considered to be i t in
thin |l ayer deposition in terns of uniformty and conform’jﬁwm“@@‘ﬁmmﬂg ly for
| ow t enperature deposition. ALD was originally ternmed Ato er Ekpitaxy,
for which a conpetent reference is Atomi & . Layer Epitaxy, edi®®®Y by T.
Sunol a and M Sinpson (Bl ackie, dasgo and London, 1990). [002] Generally,
ALD i s process wherein conventional CVD processes are divided into

si ngl e- nonol ayer deposMETHOD!AND AMPERATUSPOR MAPRTATRINIGPOSi tion step
theoretically goes to saturation at a si n%INe nol ecul ar or atom c nonol ayer
[

t hi ckness, and sel f BErFROQBRUESE VERAHESDY N RBRPOSIEION BROEEHS of cheni cal
reactions between reactive nol ecul ar precursors and the substrate. In
simlarity to CVD, elenments conposing the filmare delivered as nol ecul ar
precursors. The net reacti BACKSIROEPUsOF THE INWVENTIEs red fil m and
elimnate the "extra" atons that conpose the nol ecul ar precursors
(ligands). [003] In the case of CVD, the nolecul ar precursors are fed

si mul t ane ' ' ' at a
terper at are2 hariraa ool SACLEEeE BNRne ARSIl eid Sl BR % ne
nol ecul ar pratgrialsare &nownc i reeaidt ywhishthe fdbminantechrigoe fifrithin filin depopitiontiet S.

Accordingly, the reaction, pracee 0 deposit the desired thin fi|m 2
[004] For ﬁw Q&Hrl @a'ﬁP%leOilﬁ%n iy b ufa nﬁﬁltg@‘élar togpig Liayerrlenpseipn
separately éADD? hh$BecNlebnsigael tdhe SNAIREVemd S tHi 196N & ¥itifoh‘?1¥"te'i‘1915%:f‘e

precursor (typically a nmetal to which is bonded to’atom c or nolecular
ligand to ermaity aidatonfamiyl espetielly farHewrtemhpéraredepositionr ddd wam i s

typically fall by .inert i ng to.elimnate thi rf
Lhe CharbePTBPRLY ited S his s BB, G THER pesorrutiaRe T d6Rre thus i n
contrast t @apdlersidbey, RIReEB$ T. Slbdlh SndPRL. 'SRLPRA (Blackics (tade6 abha@$Bh@sh, Wodd.

sequential alternating pulses of the precursor, reactant and purge gases.
Typi cally, only one nonol ayer is deposited per operation cycle, with ALD

typically u ressures | .than 1.To 006] ALD processes are

comont v JO05F G AITRAHOER WRSR R gL EVE) PRttt i REST B &

devi ces andingldhmbnéslapstdepdsiondiepse wiefeimesdh sepdrita depositidntgtey theareicalBgui r ed.

Such ALD processes produce, bi/- products that adhere to and ot herw se cause
&m

del et er i ouSOpY 9SaREIIg b psimelsmplecylpporrippiy mprayes tarkress aadsplénent s. Such
effects i ngd gt i F =Y i i - L.l Lopurities
adhering to reac?gitl(r;iril}1 ecszfﬁ}gﬁ%{eu?n ﬁﬁ@t@@bé&%&@%&nﬁ@@ hebrgg%(c){él ion
process t onbdecilspeenaecbravrid the titestiate: n cihitdrisy sy EVDe sizvetits composimgftbell ed
conponents _are rg | aced. The suspensi on ﬁ} t he pr_oducti&n is tinely and

t hus cost| y*"™[%® ﬁlvgm?sd? LS. o LR RetiTpACEAR MUshieposis de B¥Bosi ti on
(CVD) proCReafs PRV mind ¢ht REBRY §¥FnsRh4iRBnPEEHhe Whd1budiGRL Glrsdr§ EGUENCY
during ALD si nce,1 in ALSnBr ocesses, the Sgases“@e%ﬁto %bhe ?’g%ct?én chanber
and the intlkgedds).r eaction is a surface reaction on the substrate being
treated (e.g., IC devices). Therefore, in ALD processes, a ngjority of the
supplied gas |eaves the reaction chanber "unreacted", and further m xes _
W t h gases[0DBPNInt e ciNe®fICOUS, B8 tholdtasR Prifsof £A6 HdImalteRDusKIntd theEWD . a
significant volune of the unreacted gases is available to react outside the
reacti on cheaebien chambasc #t subaats ickephst 4 femplematyre dleas ssoftbniekd teepramdte he

unps. It i bel j eved that this condition 3 in ALD.pr.qcesses, results in
hi ghor unwaHEBIsahEACHGR R ren 18 BGTeGulR PrefmoTs aneiirent UL eig et desomiien
foreline " ghvagqitrmitbtsambcbﬁﬁwgly,i tR8 réadtiO! PRocE&islty d8pokitithe 458 eHintAmbPot h
Sel zure an restart.



- [008] Various solutions have been attenpted, but are tine-consum ng,
costly, or otherwi se inpractical for various reasons including space

al l ocation. For exanple, one current approach being used fits a valve at
t he exhaust of the reaction chanber. The valve acts to physically switch
the flow alternately to one of two forelines and vacuum punps. The val ve
operation nust be tined to synchronize with the cycle tinmes used to pul se
vari ous gases into the reaction chanber. Each punp exhaust nust be routed
separately to an abatement unit. As a result, this solution is not
desirable due to increased processing cost. In addition, this solution is
i nconpl ete as portions of the reactant ga&ses may still conbi ne and react
before they reach the chanber's exit valve. Qther solutions enploy a
foreline tram Fer RLﬂkﬁfpliEﬁtﬁ)?xs,ttﬂénﬂfl&:‘ﬁﬁéfsr&)ifstsoﬂé’ﬁﬂrodﬁécdss%bﬁ‘?&{qe'éyﬁllté(thter ap
one or nore of the reactant species to avoid cross-reaction. proposed
sol ution i MDcuBtion sbagbsr. dihscis deralby flodihglohe$iekRdisor (ypiodily e meBilF8 or F2

Hovever .t nEVER i RAREL R Aol o et ol e PPRR ermeRe el Tt heREnber

and the expgredueshr pEREOH is 9pically fcﬁl%%ﬁ‘biytiﬁ{erpéasy&?giﬁg&Pélﬁﬁin‘&?&"tﬁisﬁgﬁ‘é&rﬂ?pr oach
unwor kabl e for ALD Séstem;. Rat her than intfoduce Separate chem cal

reactions tfEpmthegh peniathciatrdéystiontod themexpprsdursers, it woul d be nore
efficient, less disruptive, less costly and therefore nuch nore desirable
to i npede byproduct accumulation in the first instance. SUMVARY OF THE

| NVENTI ON [0069] Thiig ipc@seist toithy €WD pracéss, Ai.DEE p&dorhfedan ARYPIRIsasivs watn and
apparatus for inpraving the efficiency of a deposition syStem by decreasing

or subst antSFafaniakalicmatiagipuises pieths REAsHIsob reasianp pediperes gpiesd dvpigallionky t he
deposition rQul gi spher j intain
Che vl ati ITE AR BB A DR herabrth AREDAE L Bl EhaRa B 01

by- pr oduct piessarss {aspthaarl Tdre syst em punp, inner surfaces of the |ines and
chanbers, and on ot her conponent surfaces. [0010] Further, the present
invention is directed to a nethod, system and apparatus for inproving the

ef fici en‘CY[%%LaA@?p&%Eésjs&naré ¥§ usd8 &l g'ésfh 39511 M&%@&gh%él tteﬁrated

elimnating the anount of by-products produce uring t eposi tFon system
by provi di iFcaih (14D devisbeansl atherpubstratesabheye defined| altiazbindnyersi ereasduised.

by- product s, t hat, ;have been depasited on and caomponent surfaces. [0011
] More spe§ufzﬁ2g‘r[? [rocpses Eﬁpgg%h yp B‘ﬁtf‘iﬂ'g‘ﬁa reyior wdi e e Lafia drdderidfst em

and appar atpuscebifig EfTEStOMI thE d&ﬁ@itﬁi‘nfétpgmﬂ@eo&&)oﬁedé& PRl QLR DD
decreasing or substantially elimnating the anount of by-products produced

duri ng t he SEEPtSs Pump failyye timprrs,depesitipnlitmguriti¢s adbetingtoaeasimhrbambenwalls

deposi tion . e Q isin lLecul.ar. fluoripe (F2) or

fluorine i r?PC'[ %??%%gﬁe%%€&§r$0%ﬁ$ P%%us]p %ﬁi‘ﬁg%atﬁ%gﬁﬁ%‘{uggiaﬁ% roduced
to the appaembusl, onthictfeulbdcempoeentsBit EplddeSCRhETUspBhsidn diHhe PRAMEMNESIs[ 0012]
The present, i may be better understood, and its numerous objects,

en(Li on

features aftReyeH fhél@égs%hde apparent to those skilled in the field by

ref erenci ng the acconpanyi ng draw ngs. For ease of understandi ng and
sinmplicity, common nunbering of elements within the drawi ngs is enpl oyed
where the HI0ZheSuch drawbacksaiwe doetniadheital Stapat DepusitidnqQCIA)) frocustes. 1 1s a
schemati c g_ﬁg{)esentaﬁi on, of aone enbodj nment of the present invention wherein
fluorine i e &lch Br }Pénss%}nget“é%?f’?rrm gieateripgyoney Aunrg AED singe, in ALdk na

generat or. processes, the gases fed into the reaction chamber and the intended reaction is a surface
reaction on the substrate being treated (e.g., IC devices). Therefore, in ALD processes, a
majority of the supplied gas leaves the reaction chamber “unreacted”, and further mixes
with gases from the previous and subsequent reaction steps. As a result, a significant
volume of the unreacted gases is available to react outside the reaction chamber in

locations such as in the process foreline and the pumps. It is believed that this condition



+ [0014] Figure 2 is a schematic representation of an enbodi nent of the
present invention wherein fluorine is sourced to the systemfroma fluorine
generator. [0015] Figure 3 is a schematic representation of an enbodi nent
of the present invention wherein fluorine sourced to the systemfroman Fz
bottle. [0016] Figure 4 is a schematic representation of an enbodi nent of
the present invention wherein fluorine is sourced from NF3/ C2F6/ SF6/ C1LF3/ F2
with no dissociation. [0017] Figure Sis a schematic representation of an
enbodi ment of the present invention wherein fluorine sourced from

NF3/ CZF6/ SF6/ Cl F3/ FZ via thermal di sassoci ation. DETAI LED DESCRI PTI ON OF
THE | NVENTI ON [0018] The present inventich now will be described nore fully
hereinafter with reference to the acconpanying draw ngs, in which preferred
enbodi nent sing{LIb peoderses Asug 1rﬂilgh@hﬁwante-&%§ chBMBEY dePBsiBY rat&OWY&rleacRe
enbodied in many different forns and should not be construed as limted to
t he embodi n‘érﬁu@Ps@d fpmllpﬁ “tlegaing” andaendting itheuwnp &ilvoelivith m@&pe@trte bpthovi ded so
that this q£§ﬁk be thorough and conplete, and will fully convey

t he scope of ihe |nve |on to those skilled in the art. [0019] The present
invention is dlrected to injecting a gas containing fluorine into a

punpi ng, n, abaterrent system in such a way as to keep the
process byLQ@EUB{ar bt & Pq“élsam&e Beeanattempind, bute amer@lnwn@lg» @ﬁsﬂai@ unvvant ed

by- product {gaasidil t{ :H{“Hﬁg f atize
any deposits that I}n@%ﬁlg%l Fo r@d@g?iﬂéﬁfsu‘gr ?g% e\l}n({aﬁén ‘t'he e&%ﬁ%leean feed
| i nes. 6 C[mﬁt):}pplrwchrbeugrmecﬂﬁmdv& itehpexmantofitiyeattiodchambei. Bigd ed to

injecting fluorine Eit | ecul ar (F2) or_radical (F*) forminto
t he deposi tYaEYF ascygstf’gﬁy?l{i?bf Eph tBT’ go PErAgRately toonepifvpdprelines i vaspani ne
upstream of punfif. mal@%ﬁ@fﬁbhhusﬁ Q@tll‘ﬁgh W?yngﬁroﬂ?z%aglﬁgfffercggle'tﬁnésg%&[ gely

proportional to the reactivity of the gas. "Hence be preterred
over el emeriivdie varigus gares IIFcheHowérwarChaIﬁbcw\AHalchpemp egbavsk st contsdne t o

formF2, alt her gn _cons ons whi ¢ ffect the rate
at whi ch r ecg%ggh]a{‘a aélna%&,@g}fp i ‘?‘Sf‘ﬁ%guhu&bs ‘étloé‘fls Pes ‘Qesﬁr%g%at‘? ninciepsed; or m
"fluorine gascessinfecst. 10addifiiethibolufbn K'incéthploRld pdRtdRs of Hlc8hdtrt Gases

i ndicated. [0021 | According to the present invention, there are several

vi abl e opt iT8#sstibfombiae auslreaet before Meeyiready the ehayaker’ satxétrvalveo Qthersoditioast he

gas in the nrod ethe ectl into
Phe punp, AnP 8 MRS o offer AT DO AbERL A SpERRlY hf hrdel pec
to the exhanste ofdise thmmpm1e§m$W6MCra'§$€re@dtﬁ>ﬁern cFiMﬁdUed eslutibe irfd OV
contenpl ates all of th&se options as woul d_be readily understood by one

skilled in Rpgesslisclpssd aslh byl 8 el HlthFBQﬁZﬁlFF%ertﬁdﬁQﬂt withflyyererwess umedan
e SO Xy A R LA OB A oAl ol
i nvesti gat iexrting the praotien cheentet hnd thevexpestad prbpin}tmrdf neactivity bbthelspenitsat ory
Gyt nder o i s P BiskobRtncabledor RS ems: RAGH thhh fRiroCHES 1Ry be
o e et g

pl asma genesfheiont, lesedisaptivadessissisandoherefts nagTenorBrdesirablesto itibleds bigt on,
Y or o1 Tk 85l AR RS bhBLL 1o, 0L cal 5. The flworne rad cals

separating the F2 / F radical fromthe NF3 / C2F6 ~ SF6 stream would be to

use a holl ow cathode, as set forth in detail in US
SUMMARY OF THE INVENTION

_OI—l

[009] The present invention is directed to a method, system and apparatus for improving
the efficiency of a deposition system by decreasing or substantially eliminating the

amount of by-products produced during the deposition system by providing an



- 7 Patent No. 5,951,742, the contents of which are incorporated by reference
herein in its entirety. [0024] Still further, the present invention
contenpl ates the use of a fluorine generator, |ocated externally from or
integrated within the system which el ectrolyzes aqueous HF into F2 and H2.
The generator may not require the usually present buffer volune and
purification equi pnment since the present invention may not require highly
purified fluorine gas for its intended purpose. [0025] According to the
present invention, preferred design considerations for the systens, nethods
and apparatuses include injecting or introducing the fluorine gas at
specific locations in the foreline, prefdrably near the punping system One
contenpl ated location if a booster is incorporated into the foreline is
above the knasipherctto phalidtally exdigam thheowiityeProduted BPPsddIctsite ptdveaf i ne. I n
addition, the fluorine gas stream coul d be introduced between Phe boost er
and t he badRPagtes yepmesnlon-nredic depasitianeonstbasystem puep; mnengyafanes ofitheor i ne

backstreanhﬂgf%gﬁgFﬂg%%%g &QgPﬁ%¢g%ﬁ?%%%{ﬁgﬁég¥§ fluorine gas exposure to

t he booster. eve direc into the backing punp
stages may be necessary to allow F* to reach far enough into the punp to be

effective.%ﬁi&L%ionally, t he present invention contenplates abatenent of
the punp e urthgs; (R PrgsemtdnysReon dedirgofrsk tp manethod sysfemiand apparais fon s

i deal Iy tregbafdilPAR e&Xdidnch" G : ' nded usefu
pur pose of bgcorlﬁ ng feur tliné{y O?Iq]tjfgpgsrllg S u%é%gggg&?atr?"{gﬁ(g S%?%%ﬁedr‘l%u‘;syst em or
as a fl uor ichmisatimgdke froourd of byaradwetpedated aarifg tiee. depblidopsesanbynet hod may
al so becone_a .fl uorine oduct i of thod that may be stored for other use,
or recycl eé’r?vddlflﬁé‘nﬁp@gﬁ’hf’reﬁ? BE@E@%@}’ _.re"fﬂ]é‘%er%‘%y _ °§1Fﬁ¢é?¥t'l?r_8ﬁu°é§ thgt have

cont enpl at eerd 8éposREPEPRirAp il cOthpdiitht Aieack£gul ating, sensing, and
nmonitoring nmeans for the mtigation of fluorine | eaks, and general system
conpliance and control. Further contenpl ated consi derations and 8

tical t . . 1 d t
pract ool AR ECMARE G, B BRER T o A R SRS
dynami ¢ seapparatub 8Y itipryvifg thereFheisscy i fRsdpbsition SFtdrh b'yaég@wﬂrfg?&t i ons;

i nterlocking of plasnma _generator of fluorine generator with cleaning gas

suppl y, vadtRsnsaHy chmdnasipg thaemeunt of iy-preductsproduced during thegleposition ce

across the | el e the tool . |t is. readi

under st ood S?ﬁgr'?tbé/ h%?ﬁgm a%@%%hﬂgg%h% 1? iﬂg %epﬁglrtrlﬁg%ﬁ%fa P ﬁ}ae, atrtnﬁg)q’ref%or i ne
sour ce and cemprising nededubarehiorin® (F£) ob @ustine @dhefaddss fahl(Fp)apd thdiorirRqui r e
fluorine treatnment for. cleaning. [0027] As previously noted, a ngjority of
the gas sufpPogeredniedncad ke @pparas dhthefotedRgi ns unreacted. The armount of
gas introduced to the chanber in generally carefully nonitored and
controlled, and therefore to provide the desired deposition layer, and it

i s known how much unr eactBRIEFASESKRIRTION OFHEHB &R AWINGS t her ef ore possi bl e
to nmonitor and control the anount of fluorine gas provided to the foreline
in order to optim ze the use of the system according to the present

i nventi on. [0099PBhe SR88Ht HVRAAGARAY De bRAbAMREAIRA, B i&mrﬂéreﬁse&ﬁ'eeta\&@agfeen
are described bel ow. The nost significant differences anong tHe enbodi nent s
shown i n t B8d pivantages made pppagend to those ekilled int the fielsk byt teferénaing fhee gas

sourcing a Lntr cil t ot he syste | n,.each, enbodi ment the vacuum
punpi ng sysqg%dnq%ag%%’:é §%‘§ﬂl Sb’é%‘k‘i’%ﬁaggﬁ‘?fg‘?“(‘a ng aréfln%mBgf@f’é‘fP%n% BEch
foreline (DbBplementtovittin thedawinggas tmpldyed whERARS sSlef@nCid MR et t 00! .
The punps exhaust via pipes (13) to an exhaust gas abatenment system (14),
which is edN¥s&aH@®-t 0 be sinmilar in technology and construction to, for
exanple, a thermal oxidizer and wet abatenent' system The effluent is
piped to the facility exhaust duct (16) while liquid waste is sent to the
facility af0d3MBigue I fsendchembtiSiepteRBhtbtldn of citeniboditiern ot tRNRLEME Hvetich
housed wi thin an _enclosure (12) such as_a Zenith style system encl osure,
whi ch is exthesgin dyoripe ispeurcsd {q theyyaemaiam NFGLLESST &1E/ Toats aplaswat r act i on
system (17) n%@&)'enclosure is optional for this invention, although it
does provide | eak detection and contai nment environments. Simlarly the
boosters (10) are optionally present. 9 [0029] In each enbodi nent

descri bed herein as well as those shown in Figures 1-5, fluorine gas (21 )
is inj2 ected between the booster ( 10) and the backing punp ( 11 )
although it nmay be equally or nore effective to "inject” the fluorine gas
into the foreline (18) above the booster, ideally within the encl osure
(12). If boosters are not used, the injection point is above the backing
punp (11). [0030J In each case the effluent fromthe punps needs abatenent
and the addition of fluorine requires suitable abatenent, for exanple using

o o, o,



+ 10 system contains HF, it is also possible to recover the HF in the waste
stream usi ng an HF recovery system (22) and feed back |l oop (23) to the
fluorine generator (202). In this case the punp does not require the purity
and flowrate stability that a process chanber does and therefore, sone of
t he conponents of the typical fluorine generator nmay be able to be del eted,
down rated or shared with other parts of the system The other elenents of
this enbodi mrent are the sane as those shown in Fig. 1. [0033] A further
enbodi nent is shown in Figure 3, wherein fluorine gas may be sourced from
an FZ "bottle" (203), (e.g., 20% FZ in N2). In this case, fluorine gas is .
source froma bottle (203) contained withhin the systemenclosure (12) or

| ocated in a separate but nearby gas cabinet. This systemutilizes a
fluorine control and distribution system (30) as will be readily understood
by one skilled in the field of gas manufacture and distribution. The ot her
el enent s of00i #] Bigardd i mhtmaticerepi‘asemwiml afantdndwdiséro\ofi therprésegt inventjod034]

Fi gure 4 shaqws .an enbodi nent may be sourced from

NFI-CoF6l SPGAR BB bR TR KT SEUPHAT S E TURuR ek doe onl y &
distribution manifold (204) is required, such manifold (204) including the
control and nonitoring functions. It is also possible that F2 sourced from
an ext er nal004 §LiFigarech s ajschemadereprasentatéonseiran emshodement Phthequrerent aventiont s of

this enbodi re.the s sho 1. [003 5] As shown in
i gar e 5. PR deSribg o a8 IR RS AR MRl Fosr CiFa/ 2 vi &
t her mal dlsaSSOC|at|on using a thermal cracker (205). The other el enents of

this enbodi nrent _are the sane as those shown in Fig. 1. [0036] The nethods,

syst ems antP0dphBicstars issa whempic pwpreseniatiomefeant dnehpdiment 94 thei predear inyeqf&sy ul i n
ALD processgg élﬁrﬂu%Hﬂg%s s%ﬂrc%ﬁ%%%{ NE9R f‘ﬁ?spb%ﬁ} /%“Q@tﬁ ol dUGhRAL ! on |ayers

and tungsten barrier amvd fatning specres are or are not
present. See U.S. Patent No 6 635 965, which is |ncorporat ed by reference

herein in |t tirety. 11 \When ammoni a- cont ai ni. ng Speci es are present,
the fluori tp@slaﬁglggter ik %hﬁma%%?efesmt@%ﬁrb? %ﬁan?rﬁ Tegeredt B ehct | on
to produce gslinghioe BOEHCHomNF, AN gcmymma RAndidaSQlcRlied, downstream
and either recycl e to the systemas her” fl uorine sources, or delivered
to storage facilities for storage or further purification. EXANPLES [ 0037]
Test results confirm ngDETAIVEBIDESCRIPATONNGF SHEINYBENTIONer ed by the
present invention were obtained, and are shown in Table 1 below. Table 1
Run

#FZNF3A Te i1 35 FRELRALATIRYRESH how Wi bERe Bt b hRhd AR Rshaft iR raRANoNON

el101. 971
all50esf astt6 AR14c¢Ompamnied 6b33dgs7 Brehioh pGI@T8UGn s ests bf)th¢35‘&n553@®ssl ow3. 7

60. 5230essl 51. 530essl on307al.,771. 730esf ast 5. 03

o 11 cat | ROV AT ORGURH: AOR T SRS BT A PRR: SRS ARLati o
one skil | ethot Be OBtk a$ Bmivel Eithe RinbolMy@Rd de@ forticdrdhathiRA\hdy@ t he benefit
of the teachings presented in the foregoing descrlptlons and the associ at ed

drawi ngs. Tinehagliroenss atetprngd@d)sq)@authcsectlstlw wiHhbe tharough ved completss apdwill o be
limted to

ot her O b i eﬁ? veegr e?c%%gr%ggﬁr{?\get d| s Oﬁ%l dll%qltnﬁ.fl%a hg‘Ddlfl cations and

[0019] The present invention is directed to injecting a gas containing fluorine into a

pumping, or pumping and abatement system, in such a way as to keep the process by-
product volatile and prevent or substantially eliminate unwanted by-product deposition in
the pump and system feed lines, and to re-volatize any deposits that may have formed on

the surfaces within the pump and feed lines.



+ scope of the appended clainms. Although specific terns are enpl oyed herein,
they are used in a generic and descriptive sense only and not for purposes
of limtation. 12 WVE CLAIM 1. A nethod for depositing thin filnms onto a
substrate conprising the steps of: providing a deposition apparatus
conprising a reaction chanber, said chanber having an inlet, and an exhaust
in communication wwth a foreline, said foreline in conmunication with a
punp; providing a substrate to said chanber; introducing a conponent to be
deposited onto said substrate to said chanber; depositing said conponent
onto said substrate; and introducing a fluorine-containing conponent to
said foreline. 2. The nmethod of Caim 1, 6cherein said fluorine-containing
conponent is selected fromthe group consisting of fluorine and fluorine

radical's. OIS badkabodEhah{ ik orbhSt S4Bl S aLLUOY INIEAN Al gOTPONEN

is provided froma fluorine source apparatus selecte

consi st i ng ®theninfholeewlae(Faport radicelr (F* pfdrinlinto the dgesitioatsystemaoeklimef | uori ne

pl asma generator. 4. The. nethod_ of. Claim1l, erein said

Pl tor  nes caPlsriRty & BRgisahdts reapsit of Grpampr Gmerblypihe salises of

sel ect ed fromrédierediOMReGONDrSidribhaPto fié red¥iidity GRS gasM Hen@f* Gaki po-  The
nmet hod of aim 1, wherein said fluorine-contailning conponeht is introduced
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to either F, or F*, or both unless otherwise indicated.

[0021] According to the present invention, there are several viable options for the source
of the fluorine gas, where to introduce the gas in the foreline, as well as where to
introduce the gas directly into the pump, and how the injection system and pump are
arranged with respect to the exhaust gas abatement system. The present invention
therefore contemplates all of these options as would be readily understood by one skilled

in the gas processing field.

[0022] For example, fluorine gas can be supplied to the system delivered from a gas
container, cylinder, or “bottle”. However, this is expected only to be acceptable for
small-scale investigations to prove the effectiveness of fluorine but for regulatory reasons
it is unlikely that the presence of a high pressure fluorine cylinder often will be

acceptable.

[0023] Further, fluorine gas may be sourced to the apparatuses and systems of the present
invention through extraction from a gas stream such as NF3, C,F¢, SFg or similar using a
plasma generator such as the MKS Astron (MKS ASTex Products, Wilmington, MA) or
similar device to produce fluorine radicals. The fluorine radicals will recombine to F,
within a fairly short distance. Another method of separating the F, / F radical from the
NF; / C;Fs / SF¢ stream would be to use a hollow cathode, as set forth in detail in U.S



+ 8. The nmethod of Claim1, wherein said substrate is an integrated circuit.
9. The nethod of Claim1l, wherein said substrate is a wafer. 10. The net hod
of Claim1, wherein said conponent conprises a naterial selected fromthe
group consisting of rhenium containing, nolybdenum containing, titanium
cont ai ni ng and tungsten-contai ni ng conpounds. 11. The nethod of Caima1l,
wherei n said conponent conprises an ammoni a contai ni ng conpound. 12. The
met hod of Claim1l1, further conprising the steps of: providing said
conponent iri a first streamflow at a predeterm ned anount such that a
portion of said first streamremains unreacted and exits said chanber from
sai d exhaust; contacting said unreacted ortion of said first streamwth
sai d fluorine-containing conponent in said foreline; and creating a

by- product HhQRnNg. 5%@t7h9r‘th9E01§t@ﬂt§iof Whith a?él‘h@@r?gﬁaﬁ%n eflerbhdéd, é‘h-gﬁ in its

cont ai ni ng corrponent .- The method of Claim e| n sail y- product
i s purifiecntitdy. The rret hod of Caim12, wherein said by-product is HF or
NF3. 14 15. The nethod of Claim 12, wherei n sai d by- product is recycled
for use in the

[0024] Still further, the present invention contemplates the use of a fluorine generator,
located externally from, or integrated within the system, which electrolyzes aqueous HF
into F; and H,. The generator may not require the usually present buffer volume and
purification equipment since the present invention may not require highly purified

fluorine gas for its intended purpose.

[0025] According to the present invention, preferred design considerations for the
systems, methods and apparatuses include injecting or introducing the fluorine gas at
specific locations in the foreline, preferably near the pumping system. One contemplated
location if a booster is incorporated into the foreline is above the booster to better expose
the whole of the booster to fluorine. In addition, the fluorine gas stream could be
introduced between the booster and the backing pump, which would provide some

protection against fluorine backstreaming up the foreline, while giving some fluorine gas

exposure to the booster.

[0026] Some level of purge directly into the backing pump stages may be necessary to
allow F* to reach far enough into the pump to be effective. Additionally, the present
invention contemplates abatement of the pump exhaust, which would include fluorine.
Indeed, the exhaust is ideally treated upon exit from the chamber exhaust for the intended
useful purpose of becoming further fluorine source gas in the present system, or as a
fluorine source for a separate operation (i.e., the present method may also become a
fluorine production method that may be stored for other use, or recycled to the present
processes). The present invention also contemplated the incorporation of various
regulating, sensing, and monitoring means for the mitigation of fluorine leaks, and

general system compliance and control. Further contemplated considerations and



- deposition process. 16. The nethod of C aim 12, wherein said by-product is
stored. 17. The nethod of Caim1l, wherein said deposition nethod is
selected fromthe group consisting of chem cal vapor deposition and atomc
| evel deposition. 18. An apparatus for depositing thin filnms onto a
substrate conprising: a reaction chanber, said chanber having an inlet, and
an exhaust in comunication with a foreline, said foreline in conmmunication
with a punp; a first stream source in comrunication with said inlet to
provide a first streamto said chanber; a second stream source in

comuni cation with said foreline to provide a second streamto said
foreline, said second stream conprising & fluorine-containing conpound; and
means for regulating said first stream and said second stream such that

sai d seconghrakicasyhistaPssftReskeldt SRitdnd, %e@ﬁddg%_rllg ApFRad iR fct(ziirsgi&?t to

react wth an amount of said first Sstream 19. e apparat us of alm 18,

wher ei n saiod nfatermld ofsconstmcioniingudingptatie and dgnaset eedle dtabiliyof prcegsoup

consisting of fluprine and fluorine radicagls. 20. The apparatus of C aim

18, wher o RS Lols Cumectns biFlaskng o ofisardimerts.of HLOgRo85oETsi st i ng

of a fluor ivﬂmlgémﬁ@g B&supplyl VARLIMRINGS AR MalimentNHd3niditOsf MR rik3ada

ener at or.

d source across the quantity of process pumps used on the tool. It is readily understood that

should a system have multiple pumps on-line, the fluorine source and support equipment

would be shared across all pumps that require fluorine treatment for cleaning.

[0027] As previously noted, a majority of the gas supplied to the deposition chamber
remains unreacted. The amount of gas introduced to the chamber in generally carefully
monitored and controlled, and therefore to provide the desired deposition layer, and it is
known how much unreacted gas exits the chamber. It is therefore possible to monitor and
control the amount of fluorine gas provided to the foreline in order to optimize the use of

the system according to the present invention.

[0028] Some embodiments contemplated by the present invention are described below.
The most significant differences among the embodiments shown in the Figures 1-5 relate
to the location of the fluorine gas sourcing and introduction to the system. In each
embodiment the vacuum pumping system comprises a backing pump (11) and booster
(10) for each foreline (18) — one per wafer reaction or processing chamber on the tool.
The pumps exhaust via pipes (13) to an exhaust gas abatement system (14), which is
envisaged to be similar in technology and construction to, for example, a thermal oxidizer
and wet abatement system. The effluent is piped to the facility exhaust duct (16) while
liquid waste is sent to the facility acid waste treatment system (15). The pumps and
abatement are housed within an enclosure (12) such as a Zenith style system enclosure,
which is extracted to the facility exhaust system via a cabinet extraction system (17).
This enclosure is optional for this invention, although it does provide leak detection and

containment environments. Similarly the boosters (10) are optionally present.



+ 21." The apparatus of Claim 18, wherein said fluorine-containing conpound is
generated froma fluorine precursor selected fromthe group consisting of
F2, NF3, C2F6, SF6, and CIF3. 22. The apparatus of C aim 18, wherein said
second streamis introduced to said punp. 23. The apparatus of C aim 18,
further conprising a booster in comunication with the foreline upstream of
said punp, and wherein said second streamis introduced to said foreline
bet ween said punp and said booster. 24. The apparatus of Cl aim 18, wherein
said second streamis introduced to said foreline upstreamof the punp. 25.
The apparatus of Claim 18, wherein said first streamconprises a materi al
sel ected fromthe group consisting of rhéhiumcontaining,

nol ybdenum cont ai ni ng, titanium containing and tungsten-cont ai ni ng
conpounds. 26. The apparatus of Caim 18, wherein said first stream
conprises an anmoni acont ai ni ng conmpound. 27. The apparatus of C aim 18,
wher ei n sail@28p pa czohuesnticslinsettelcsaibef horeirt devet authososivivsttinfiguwes theni cal

appar at ue. ofisReal o) Bt SurR e beter (EhRshe SRt B D) alfundh
react to f of fag bRYyRAl ore?egfect-[@oaﬂﬂ@étam@ﬂ%ngéﬁé Hidthe HRGLELIB)SaI d
by-product is purlfle 30. The a&ps)ar at us of aim 28, wherein said

by- product dbsveshedroontes idedly Withen wrs (b2). 0f hoostez8 arefnot tibeds theonpr i si ng
a recycle | 18_]06&1&9 0191{ {sea%gven &e%aokmg pump (11).

[0030] In each case the effluent from the pumps needs abatement and the addition of
fluorine requires suitable abatement, for example using the thermal oxidizer and wet
abatement system (14). It is further understood that the fluorine stream provided
according to the present invention can be either a continuous low-level bleed, or a pulsed

flow at higher levels, or a combination of both.

[0031] The potential arrangements of integrating the pumping systems are shown in the
Figures. As shown in Figure 1, fluorine is sourced from NF3s/CyF¢/SF¢/CIF3/F; via a
plasma generator (201) such as the MKS Astron, a similar generator, or a plasma
generator designed specifically and optimized for these applications. The plasma
generator (201) preferably is fed via a pipe from a regulated source of NF; or SF¢ or C;Fs
or the like from a container on a back pad. Alternatively, it could be fed from a regulated
source from a point of use fluorine generator situated within the fab or on the back pad.
Furthér, hollow cathodes could be used in this application. See, for example, U.S. Patent

No. 5,951,742, incorporated by reference herein.

[0032] As shown in Figure 2, fluorine may also be sourced from a fluorine generator
(202). This embodiment is in most respects the same as embodiment 1 except that the
fluorine source is F, electrolytically separated from aqueous HF in the fluorine generator
(202). Therefore the output from the fluorine generator (202) is F,, not F*, as a plasma

generator would be required to make F*. Because the liquid output of the gas abatement
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system contains HF, it is also possible to recover the HF in the waste stream using an HF
recovery system (22) and feed back loop (23) to the fluorine generator (202). In this case
the pump does not require the purity and flow rate stability that a process chamber does
and therefore, some of the components of the typical fluorine generator may be able to be
deleted, down rated or shared with other parts of the system. The other elements of this

embodiment are the same as those shown in Fig. 1.

[0033] A further embodiment is shown in Figure 3, wherein fluorine gas may be sourced
from an F, “bottle” (203), (e.g., 20% F; in N;). In this case, fluorine gas is source from a
bottle (203) contained within the system enclosure (12) or located in a separate but
nearby gas cabinet. This system utilizes a fluorine control and distribution system (30) as
will be readily understood by one skilled in the field of gas manufacture and distribution.

The other elements of this embodiment are the same as those shown in Fig. 1.

[0034] Figure 4 shows an embodiment where fluorine may be sourced from
NF3/CyF/SF¢/CIF3/F, with no dissociation, in which case only a distribution manifold
(204) is required, such manifold (204) including the control and monitoring functions. It
is also possible that F; sourced from an external source could be used in the same

manner. The other elements of this embodiment are the same as those shown in Fig. 1.

[0035] As shown in Figure 5, fluorine may also be sourced from NF1/C,F¢/SF¢/CIF3/F,
via thermal disassociation using a thermal cracker (205). The other elements of this

embodiment are the same as those shown in Fig. 1.

[0036] The methods, systems and apparatuses of the present invention are particularly
useful in ALD processes for tungsten deposition as both tungsten nucleation layers and
tungsten barrier layers where ammonia-containing species are or are not present. See

U.S. Patent No. 6,635, 965, which is incorporated by reference herein in its entirety.
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EXAMPLES

[0037] Test results confirming the viability of the solutions offered by the present

invention were obtained, and are shown in Table 1 below.

Table 1
Run # F, NF, Ar Temp Plasma Etch [lime|Pressure
slm slm sim C torr
0 1 1 30 yes fast min 2.3
1 0.5 5 50 no none 10 1.97
1a 1 1 50 yes fast 6 2
2 1 1 70 no none 10 13
3 1 1 70 no none 6 22.9
4 0.5 5 30 yes slow 43
5 0.5 5 30 yes slow 3.7
6 0.5 2 30 yes slow 3.3
7 1.5 1.5 30 yes slow 30
7a 1.77 1.7 30 yes fast 5.6

[0038] Many modifications and other embodiments of the invention will come to mind to
one skilled in the art to which this invention pertains having the benefit of the teachings
presented in the foregoing descriptions and the associated drawings. Therefore, it is to be
understood that the invention is not to be limited to the specific embodiments disclosed
and that modifications and other embodiments are intended to be included within the
scope of the appended claims. Although specific terms are employed herein, they are

used in a generic and descriptive sense only and not for purposes of limitation.
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WE CLAIM:

1. Amethod for depositing thin films onto a substrate comprising the steps of:
providing a deposition apparatus comprising a reaction chamber, said chamber
having an inlet, and an exhaust in communication with a foreline, said foreline in
communication with a pump;
providing a substrate to said chamber;
introducing a component to be deposited onto said substrate to said chamber;
depositing said component onto said substrate; and

introducing a fluorine-containing component to said foreline.

2. The method of Claim 1, wherein said ﬂuoﬁne-containing component is selected

from the group consisting of fluorine and fluorine radicals.

3. The method of Claim 1, wherein said fluorine-containing component is provided
from a fluorine source apparatus selected from the group consisting of a fluorine

container, a fluorine generator, and a fluorine plasma generator.

4. The method of Claim 1, wherein said fluorine-containing component is generated
from a fluorine precursor selected from the group consisting of F;, NF3, C,Fs, SFs, and
CIF;.

5. The method of Claim 1, wherein said fluorine-containing component is

introduced to the pump.

6. The method of Claim 1, wherein said fluorine-containing component is

introduced to said foreline between said pump and a booster.
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7. The method of Claim 1, wherein said fluorine-containing component is

introduced to said foreline upstream of said pump.
8. The method of Claim 1, wherein said substrate is an integrated circuit.
9. The method of Claim 1, wherein said substrate is a wafer.

10.  The method of Claim 1, wherein said component comprises a material selected
from the group consisting of rhenium-containing, molybdenum-containing, titanium-

containing and tungsten-containing compounds.

11.  The method of Claim 1, wherein said component comprises an ammonia-

containing compound.

12.  The method of Claim 1, further comprising the steps of:
providing said component in a first stream flow at a predetermined amount such

that a portion of said first stream remains unreacted and exits said chamber from said

exhaust;

contacting said unreacted portion of said first stream with said fluorine-containing
component in said foreline; and

creating a by-product from a reaction of said first stream and said fluorine-
containing component.

13, The method of Claim 12, wherein said by-product is purified.

14.  The method of Claim 12, wherein said by-product is HF or NF;.
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communication with a foreline, said foreline in communication with a pump;

a first stream source in communication with said inlet to provide a first stream to
said chamber;

a second stream source in communication with said foreline to provide a second
stream to said foreline, said second stream comprising a fluorine-containing compound;
and

means for regulating said first stream and said second stream such that said
second stream is provided to said foreline in an amount sufficient to react with an amount

. of said first stream.

19.  The apparatus of Claim 18, wherein said fluorine-containing component is

selected from the group consisting of fluorine and fluorine radicals.

20.  The apparatus of Claim 18, wherein said second stream source is selected from
the group consisting of a fluorine container, a fluorine generator, and a fluorine plasma

generator,
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Y4' 108 & ()- Y1109 & ()- - YY. 108 & ()-\\IV]]1]-"[:vWAr Y Y 10K & ()-Y
Y3108 & ()- YFI0W & ()- Y YSI0W & ()- YF1I0WB & ()- - Y

310 & ()--"x"N) _ [[:vWAr Y Y &0B & ()-Y Y''T108 & ()-S Y LIMOR & ()- Y
Y@O0% & ()-21Y  The apparatus of Claim 18, wherein said fluorine-containing compound is
generated from a fluorine precursor selected from the group consisting of F,, NF3, C;F,

SFs, and ClIF;.

22.  The apparatus of Claim 18, wherein said second stream is introduced to said

pump.

23.  The apparatus of Claim 18, further comprising a booster in communication with
the foreline upstream of said pump, and wherein said second stream is introduced to said

foreline between said pump and said booster.

24, The apparatus of Claim 18, wherein said second stream is introduced to said

foreline upstream of the pump.
25.  The apparatus of Claim 18, wherein said first stream comprises a material
selected from the group consisting of rhenium-containing, molybdenum-containing,

titanium-containing and tungsten-containing compounds.

26.  The apparatus of Claim 18, wherein said first stream comprises an ammonia-

containing compound.

27.  The apparatus of Claim 18, wherein said apparatus is selected from the group

consisting of chemical vapor deposition apparatus and atomic level deposition apparatus.

28.  The apparatus of Claim 18, wherein said first stream and said second stream react

to form a by-product.

29.  The apparatus of Claim 28, wherein said by-product is purified.
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32.  The apparatus of Claim 28, further comprising a storage chamber for said by-

product.



