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VETHOD D_APPARATUS FOR M NlNIZING EXCESS ALUM NUM + @oor
ACCUMULATI %PIL'X@@ TTTTTTTTTTTTTTTTTBACKGROUND OF THE

| NVENT SHEETST e pfesenfméé%%ﬂmmehﬁe%e@ to tH&LOLA) -

f abri cp¥l Bascoptiomt pgeat.dd. wipagdai t B4 ly, the invention
provid irio)Xls ap@eapga}'rtatpg& fXEpr event i “ll | red al um DD Lop
deposi froRrdwing(s)- tpugkdat] qgGULS dd The 7

Prawing(e)- Lgngtat | Qg %"d IF'ifngg sub
( AbeRki ON: ppePart 'tSE fiI msu‘,ef uI for al um num chem cal vapor

depositdoen-10__ pr ocesé'i"ﬁg, al so be useful for other FATEIST of

substrate pr e of ithe teps in the
fabrication &%EHZ?HSSANDMARATUS FQﬁ\M I&G EX&E@$on of a
metal film such e substrate.
Processes to foﬁxﬂmﬁ#%ﬂ&m&ﬂﬂkﬁmg\éﬁ M&Tﬁ%ﬁosition of a
metal |ayer or as part of the deposition process of nmetal 15

I nterconnects between one netal |ayer and either the substrate or another

netal s l'ayer. ConverBACKGROUNPIORIWE INVENTIONi s forned on a
substrate either by a sputter deposition process or by a cheni cal

vapor deposition (CJibp piessseinyention rglates to the @h@@ﬁﬁﬂomﬂf infpgrated cirg@ifsosi t i on

t to b
pout o MBEYRE0AR, 0 iR kol BEn Bl YR BURATELEL bilrdih provemile, L0 0
or 20 r agiesifedefuninaih t(dﬂﬁbﬁmmbuﬂd%upl thae bsdmmﬁmﬁgoéuﬁettaté pedcegidghe target is

ei t her grglﬁlnded floating, biased, heated, cooled, or sone
conbi nat i etmef%m%m@a@ Péﬁéﬂ‘l‘iaa’éf usefb for aluminumschemigab YaRas fepesitien he

syst t mllitorr
(rory fRbastby, VR ARete fle BF BBBH0BeDEl HBEDuE phtleing. ||

di scharge can be i niQreadfette pndxarmstapsamnheifabmmnnﬁe'ngdemwsdnsomcg:e i's
started, éggg tive ions stri etheta andt%i{get al um num at ons

are renov e formationof & e rS“ChI' %W’B’é’ﬂ o 3subsequent | y
condense iggifondbdtbl substrate. aﬁrHEEs&'é% fﬁ')tlxﬁThx?th n?%lﬁﬁtarr@Bﬁen #eiGR 1S on the

substrate holder. In a conventi onal CVD process, reactive
gases ar e dr;ppqgmueqfamqtaidammes pars of Ghef@peﬂmp@ccss of métadat - i nduced

chem e Iace formthe t L.u numf er t he 30
sur f ate of‘ﬁ@ hgg%%%‘r?tg'te & BT *‘8?"8’8&%&4 the e“'%‘gé‘% S “? aI um num
CvD lw@cee@véemﬁuyﬁmahmmummrmaf f@uﬁ&mshcaosmdstﬁtomﬂwm@'tar ate froma

process gas that I ncl udes di net hyl al um num hydr{rD (DMAH)_ and a
carrier gaBulerdepasitian gencesser bysa chemical vapor deposition (CVD) process. "In an

exemplary sputter deposition system, a target (a plate of the aluminum material that

is to be deposited) is connected to a negative voltage supply (direct current (DC) or

20  radio frequency (RF)) while a substrate holder facing the target is either grounded,
floating, biased, heated, cooled, or some combination thereof. A gas such as argon
is introduced into the system, typically maintained at a pressure between a few
millitorr (mtorr) and about 100 mtorr, to provide a medinm in which a glow
discharge can be initiated and maintained. When the glow discharge is started,

25  positive ions strike the target, and target aluminum atoms are removed by
momentum transfer. These target atoms subscqucntlyi condense into a thin
aluminum film on the substrate, which is on the subst:fate holder. In a conventional
thermal CVD process, reactive gases are supplied 0 the substrate surface where
heat-induced chemical reactions take place to form the thin aluminum film over the

30  surface of the substrate being processed. One exemplary thermal aluminum CVD
process deposits aluminum over a semiconductor substrate from a process gas that

includes dimethylaluminum hydride (OMAH) and a carrier gas such as argon. As is
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2 wel | known, alumnum CVD is a "selective” process in that al um num
prefers to deposit on a netallic surface. TRRGhebthRsBREOREBERE Of
alum numon a netallic surface has begun, th um num
itself a netal, supports further growh of amﬂﬁamuu ﬂllugh

al um num deposits on a netallic surface nore rapid

i nsul ating surface, alum numalso will2deposit on an insulator after a |ong

i ncubation tine. . One problemt hat arises duri ng

al umi num S ImoMm, glumingm (Y Ruf "selectivel/prosegsciasbd aluminpmapreferidant ed

al um num gﬁ)ﬁ;ﬂ t | eads to
potenti al ?a é}d %%l‘ gﬁgﬁg‘%gdé:@bos g&ﬁ%ué:q%ﬁfn'aglolfj%nmxmﬁ%%ﬂiﬁéeposI tion of a

singl e mtﬁfac&hﬁﬁ:egh&;%ﬂdépdﬂﬂ&bslhhiuﬁﬂnilsselflakmétﬂl tsa ﬁnmtslfnrtm"t drbwth
heater and/or process kit _ if these are-made of netal and even if these are
parti al | y 95aluminum. ,ighqugh ipmainem dgposits i ametilficheiass mere Baidlh E8ubsequent

waf er sdepggiqfy| 1ﬁflﬁam{ ¥ face, alum %&“"aﬁ?o %wﬂ%ﬂb‘gﬂ‘ograﬁ%&lﬁ e aﬁﬁﬁ er and/ or
process kit w el erat’e untl cont’I nuous a umnum fTImis grown
on the heatoubatiomdfime. pr ocess kit. O/er time, 15 ,= this unwanted al um num

deposition, unless r rmve@sgrrm i nterfere Wt rformance of the

processi ng chanber. P t AR AYr W‘B%%“F%Pr Simin YR ng
adver sel y gafh Qﬁ&&@lsebxs tﬂae uﬁ‘ﬁﬁﬂéﬂ'hlﬁﬁﬁ*xﬂ;ﬁhbﬁﬁsﬁi&moc&% th BRpredessifg Processing

chanber (such as the heater, shadow ring, and %gs di stributron

f acepl at e)chamber and leadsdapoteptinly highunaintenange |ceq5$ a cing@hnuummal ly.

of il 7 oBEesltitdt £ BRglt WP Sbme bR 06k 5 e B ReBh By < am can

be very hihg&ter and/or process kit if these are thd$ ofeRNERTeRnUMHR MG GRGEE N
probl em i s fa| rly easily solved for sputtering deposition systens.

W th sput tdollygnadeeisan ingHating materialn Burieg subsequent wafer depositions.dhist o ar eas
f th h
part ot t RACe} Al 35 ardy R HIRF BbE Prockss 1 il felBle filZ, POCP

ring or contmmiummmnnmg film BQeTowi oA itk lmemsaadmhpmdasmhdemer timen and to
pr ot ﬁ t he heat ed . substrate holder from unwanted al um num

deposh i onftis HppRRte | aumigua; degotiton Jtuess removeggfay dnterisre yathingcessed (about
0.3-0.6 ”?gfﬁhﬁﬁnc@edﬂgé tfd&@smg'néhgttng@r a*l'b'?réwﬁl’. chamber é\n&ﬁ]&ﬁhéé‘ggﬁems' tion

syst em bef'ore excess ositi res to i nter ere systeni s
perf or nancbemgTa‘danrselyrﬁffecteldd:ysme atahopilated alumi:lumrrpomarg afrtbe progessingt wo

ot her process, ki ar- not udi hg t expensi.ve, heat need to be
renoved afiamoer Es“&r Elcfo‘ ‘i‘ﬁ\‘) e ?ﬁ@?&%’@ af?‘?%[ﬁe)d?ayal umi num in
the sputt gebdéo BY ?éxﬁmed and replaced periodically. Depending on which and how many

20  parts need replacing and the frequency of the replacemént, the cost of maintaining

the deposition system can be very high.

This unwanted aluminum deposition problem is fairly easily solved
for sputtering deposition systems. With sputtering deposition, aluminum deposition
is Timited to areas of the chamber which have an uninterrupted “line of sight" to

25  some part of the target. Therefore, sputtering systems often utilize a shield ring or
clamp ring to accumulate excess aluminum deposition and to protect the heated
substrate holder from unwanted aluminum deposition. Typically about 3000-6000
wafers may be processed (about 0.3-0.6 mm total deposition) with an aluminum
sputtering deposition system before excess deposition starts to interfere with the

30  system's performance. Then, only the shield ring or clamp ring and one or two
other process kit parts, pot including the expensive heater, nieed to be removed apd
replaced to remove unwanted accumulations of aluminum in the sputtering system.

|

i
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3 However, the problem of unwanted alum num 1 deposi tion -
-i's not so easily solved for al um num CVD SY$itiE GReet HBS Béeh Fplatedr i ng
deposition, alum num deposition in CVD syste dto !
certain areas of the chanber. Wth CvD, al um WSM&BB&‘ !mcan occur

on any hot surface including the shadowring 5 because

the reactive gases can diffuse everywgere in the proceSS| ng chanber,

even between cracks and around corners in the prdcessing chanber.
Typi cal |y, about 50%wwézenbe pyleheofunvwantedeaturimoo depBsitiomis dod sall
deposition um CVD em bef.ore excess deposition

starts to° %SIW éPP"éFef"Wlﬂlﬁu ) SYsleiss ¢ @ﬁ ER%WFHF%EFRP@‘""?’(}@H’““E% heat er

and ot her a5 RERHSINKEYDRF5ems (xssﬂ&thuﬁ:&dtthece&ﬁn arSAA e ElaliibeR N WiGRS
distribution faceplate) "may need to be. renoved and replaced to renmove

unwant ed &dd¥nalbminiuom demdsumlnum ioenrian anyeioCwfag duainding thersbadgy eingct ed

in so wa ;l_{e(;hm unwant ed al um num deposi t| t he heater and ot.her process
o ayd Bt e TEREH U 810 o PN Yo YRRt TR FEOSHRRRE | o' be
repl aced chamberPBi?énOlSEtﬁ@éd dratlpy ﬁﬁdﬁéuﬂd&oﬁﬁ&yﬁi‘i}xem aenive.mance from
bei ng adversely affected. 15 éﬁl cal sol utions to simlar

unwant ed dapissily.i dheupsN) waksrst makbe prrcessed (aboth@S m@rioll depositienlCyith

R N e L

processes systétﬁ15| pttfopm@ii&ee MEheN, tiie lvatee 28d dﬂn@wdcemunpartsmeuaml tle surfaces
of the anber have been m nimzed by utilizing reactive plasm

cl earfitng ahﬁaionynas ARd) 239 lstr»m%%emm Py insed: g Feoved 354 repiaced 1l s
resi stant (Lo gnedrfidl Elfl ﬁ?Gf 41Bmiddh in the C\ﬂqa SHMUMI If b érafcéﬁd CvD
ashma Ccl e per

processes, a reactive aning 1s regula ormed to
renove t hdn mmam&tagcfrminmnwanned) nlumnmldaposﬁtlrmnthm amlnambethewprdcess kit

heat d oth Kit t th Co |
oor f or red PR NSBI BRSSHE: Rl opeup &9&@“&&%@?‘03&% RIS warors This
cl eani 9. FeriodPARCAAYIE opréfih eﬁmrqﬁrﬁnﬁmecféfn@ béig BRI schy REFRIE

operation ere the et Is used to rem)ve (etch) the unwanted
deposi& ed nateri al . T&pmbsplmmmtmglmﬂar unwatet deppsisionipreblems fased ddra. CVD

t echni ques_,t hat ATl tat n ,and4 or t he
Feactant - Sl Bop g VP S BHR RV e, congigers A FAGE il tor' 00
proxi mat esbmgsmbqirmﬁm if ahingiaem CVDtprecess.t WWithigseeson-Auimsgvef hi ghly 30
reactive species i s created that reacts with and etches away t he unwant ed

deposi t i orocesses, HEaF PEIDISROHAE FECesh dppRSHioRAn e %&fleéﬁlﬁé?esaﬂféh%. However ,

L o e ot a%]@cﬁl S rqgﬁﬁ% utn%@#ﬁ&ﬁaﬁ&%a“a%g {:ﬁrbfﬁﬁﬁﬁ "

al unmi num ¢G
20  process kit parts constructed of materials resistant to the etching gas used in the

.-

cleaning. In these CVD processes, a reactive plasma cleaning is regularly
performed to remove the unwanted deposition material from the chamber walls,
heater, and other process kit parts of the processing chamber. Commonly
performed between deposition steps for every wafer or every n wafers, this cleaning

25  procedure is performed as a standard chamber cleaning operation where the etching
gas is nsed to remove (etch) the unwanted deposited nfaateria]. Common etching
techniques include plasma CVD techniques that promote excitation and/or
disassociation of the reactant gases by the application of RF energy to a reaction
zomne proximate the substrate surface. In these techniques, a plasma of highly

30  reactive species is created that reacts with and etches away the unwanted deposition
material from the chamber walls and other areas. However, with aluminum CVD

processes, etching gases useful for etching aluminum contain chlorine, which is very
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A reactive to many, if not nost, of the mat e"rmi'__"é_'lms“\_/'\ﬁi_E:"h""'ffﬁké""t}“ﬁ"the

- chanber, heater, and process kit parts of thg HHiasi Begn Rbplakar - .
Therefore, using chlorine- cont ai ni ng etching -
virtually inpossible to effectively cl ean excess mfilm

froman al um num heater w thout al so danmaging the heater iIn e

cl eaning process. Even if the heater a#d/or process kit parts are
constructed of materials resistant to the chlorine-containing etching
gas used ireactive te maay; ifgqot most, of thewaatedials avhich make up fhesihainber, deater) st |
occur al thoygh at sl ower .rate. Thus mai.nt ai_ni_ng, .chapber

per f or man(i‘B‘lll ‘gFeFiegiSPP“? H{; this BrgResYRE ERATRFL; RRCEESRES HuBS ghlormg—b i tems whi ch

need to b%pﬁﬁﬁﬁ%@@hﬁ?%k@%ﬁ]&s FSviruslBSithgossiBle to effectively clean excessFr om t he
above, it is seen that a nethod and agparat us are needed t mnimze

0 .
unwant ed A\Rianmingmpiilsn fiognamalumiruny beates withous alse Slapaging 4be Beaterg

chanb | 5,1 n alum nu D ' S | t hese
Comporent ¢ HsPERE PR BV HE AR o Bibeel UaT % B8 TR A2 ene
.the life materials pedstatit 1 BRSEhlSHEReiifg e@hingasashyed indhe eleaiingneed f or
and/ or frequency of 15 repl.aci ng expensi ve_consunahl e itens

; ex
SUMVARY Omnwagtef alminpmndeposition could still occur alth HracUeWer 2k e Ml%Son provi des
met hods angl..an [ odB O JHZ | : %ggq @J(Pg%' L EheuRMbi: i N an
al um num ﬁ%ﬁﬁ%@nﬁe&gg@?ﬁﬁcéce srie%ug}t lcnha r.°2 1The met hod of the
present i riseaist which ineéd mdbesplaced frequantly ris @ residt. pr ocessi ng chamnber

periodically after um pum CVD, pr ocessi 0 t__l.east sin er in
or der Pd 0 n ni %‘?’é’ @ﬁ\%ﬂ‘feed&élsﬁ?ﬂ ﬁﬁﬂ?%&?ﬁﬂ“&ﬁpgﬂaﬁxﬁ a&%g%egﬁé\%par ts of
the chanmbgpipimize unwanted aluminum depb$ifiéx 6h Rk He@teP'Froos it puen} and he present

i nvention provides a , method of mnimzing excess netal deposition
i nsi de a sbbpbenwallpimdumiium CMR sstemowithoutfegesing,daragettp 48%8€ pr ocessi ng -

operation. The neth L ncl.udes t teps of.intr i :

ni t r ogen- cﬁ?mpgpﬁ’?tﬁ'g%dﬂéégf'\}blsi "3?5“3’3% ﬁ}aﬁﬂ)& %e%ﬂ'g%‘gf%béf %5 exftend @ gl%ls rate

Pr ocessi NGpan of thelP ebiborits BNHereBy Pédatd ttitthead foreamiorafrqyueddyast of the
chanber at "a second tenperature during the introducing step thereby
reducilhg explasigrexpensivatangumgbloitemsn t he chanmber. In preferred
enbodi nents, the nmethod is performed after renoval of the 30 substrate
fromthe processing chanber. In other preferred enbodi nents, the second

t enperature ranges from ab@UMRARSOF aHE INVENTION

The present invention provides methodsi;and apparatus for minimizing

excess aluminum growth in an aluminum CVD or other type of processing chamber.

20  The method of the present invention introduces nitrogen into the processing chamber
periodically after aluminum CVD processing of at least a single wafer in order to
minimize unwanted aluminum accumulation in various parts of the chamber.

According 1o one embodiment, the present invention provides a

method of minimizing excess metal deposition inside a substrate processing chamber

25  after a substrate processing operation. Thé method includes the steps of introducing
a nitrogen-containing passivating gas into a chamber after the substrate processing
operation, and maintaining at least a portion of the chamber at a second temperature
during the introducing step thereby reducing excess metal build up within the
chamber. In preferred embodiments, the method is performed after removal of the

30  substrate from the processing chamber. In other preferred embodiments, the second
temperature ranges from about 200-300°C.

@ N :
According to another embodiment, thejpresent invention provides a
|
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Accordi ng to another enbodi nent, the present invention provides a @ou1
-5 - met hod for fabricating an integrated circuit in a processing

chanber. The present met hod i ncl udes steps .of introducing a wafer

into the chanber, performng a processing operation on the wafer in

the chanber to deposit a desired netal- filmon | the wafer and an

undesired netal filmon areas of the chanber, and renoving the 5 waf er
fromthe chanber. The nethod al so includes steps of introducing a nitrogen-
cont ai ni ngxeﬁa:dsﬁov:&ﬁrimgtigpan integrated eirchinirba prozéysing dhambenf Ehe peesetnoved from

t he C a mai nt ai [essur n t chanper, at a particul ar
pressure F@g& m&lﬁges Steps °fn %Q‘%f%i wﬁ “Pt@g&éft l&“@SF'tReg’??ngt%e chanber at
a partl Cuhﬁfceis@dgo talneocf}e RheRAte ¥AhE chamber t B@pd&ﬁqe&sfré‘djnﬁﬁ‘ai ﬁhmfdn| mto

m nim ze Unwant ed position in the areas of hanber .
These andthstwafex endaeniuné&susduietam’émmxeaem of thvehﬁmhnn aralsrewmlvmgathel ts

advan ages n ur.es .are.descrjb I 0 re det I con ctlon W th
The Tt walet togR s e - 298 SRebeiC s fugliReE oFe Gmiroduciny'd Aifoge

BRI EF DESﬂRitﬁﬁil@\ﬁa@ﬁvﬂilﬁ SASAMONES chamber after the wafer is rembied: ﬁ'éxﬂ thé a
vertical, cross-sectional view of one enbodi nent of a nBI ified
i}

cheni cal ¢hasaberdEgbBaining pragspee Withia the ehamben gt 1 partinelap presaise lqv éﬁtii on;

Fig. 1B [

el ot verptiia A Tess €SRRRAGhE Chphoc of Kplluchlly GIRRIP O
subst r at e thitOundesieedpetal Gilxft 36 Seininiize ewdrted metal deposition in the areas offthg. 1C is a
sinplified diagramof system nonitor and CVD system 10 in a

mul t i ¥hanBBIORSFst em  whi ch’ may incl ude one or nore chanbers;

Fig. 1D shows an il o di M icH sEﬁ'Lei r

control structure o?ﬂéieﬁ{gyasfﬁ%trg contro SP?%%E e, ggér%itrﬁtﬁe@g?lglaﬁ atsm 70,
accor di ngadvaniiges and $qaares me destritdrivmiore detail in conjunction with thefiexy. 2 is a
sinmplifi eg ross 'i‘gCt | Qqn@'f vi ew of a semni conductor device

manuf act u Y "®nbodi ment of the present invention; and
Fig. 3is a 5|rrpI|f|ed flow chart of a straight wafer run of one

enbodi nent of the nethod of the present invention.
15 BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1A is a vertical, cross-sectional view of one embodiment of a

simplified chemical vapor deposition apparatus according to the present invention;
Fig. 1B is a vertical, cross-sectional view of one embodiment of a
resistively-heated pedestal used in the chamber of Fig. 1A to secure a substrate
20  being processed in chamber; - |
Fig. 1C is a simplified diagram of system monitor and CVD system
10 in a multichamber system, which may include one or more chambers;
Fig. 1D shows an illustrative block diagram of the hierarchical
control structure of the system contro] software, computer program 70, according to
25  a specific embodiment; ' }
Fig. 2 is a simplified cross-sectional vxe‘w of a semiconductor device
manufactured according to an embodiment of the present invention; and
Fig. 3 is a simplified flow chart of a straight wafer run of one
embodiment of the method of the present invention.
30
DETAILED DESCRIPTION OF THE SPECIFIC EMBODIMENTS
L Exemplary CVD System o
This Sheet Has Been Replac

T
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DETAI LED DESCRI PTI ON OF THE SPECI FI C EMBODI MENTS : Exenpl ary CV% 12
System This Sheet Has Beenﬂ?eplace

Figs. 1A and 1B illustrate one enbodi nent of a parall

wal | chemni cal vapor deposition (CVD) apparatus 10 hayi harrber

15 in whi ch an al umi num | ayer can be deposited and t he nethod of
mnimzing excess al um num accungll ati on according to the present

i nvention can be used. CVD 5 apparatus 10 contains a gas distribution

pl ate (facepl ate or FignilAcdnd) 1B #iluswate one embddismear of npardi¢lqdate, codd-gases to a

wafer 16 that rests on a re5|st|vel heat ed_ pedest al (ar h ater) 12.
Charmber 1%3HEperical yaporsiepasition (Y % HS hayjag efﬁxfe@awaag: @ shown

in Fig. 1 m@ﬂ : . @ﬁa‘gp . entral 10
transfer ¢ éri‘?baaeﬂrag s?té}rl&e& g&ﬁg;%&ﬁ%id %gst%hrgt 'E@&ngmgrou into
chanber 15lummum abyumulaﬁﬁmhcdotcﬁdgetd thembntamsémibn\cahbeu’a’ﬁ |GV® 5| dewal | of
t he chanber. 12. i veaQl e vertically b s of a nmotor 20.
Subst Pat ea%"i‘tgs h&é‘ﬂﬁﬁlﬂslﬂzﬁ dc‘ﬁ"ég&"“l’atEKéﬁ‘E@?‘e\% “ny’él?ngft P is in a first
position ag &Bﬁ@&ie&:@sxﬁbﬁ aseshy/ § walfer 1 thROREds iRk resistively-Beatst/Pilesrat € 16 is
supported |n|t|a i by a“set of pins 22 that pass through and are 15

coupl ed t (orrfeates) 12.2. Pins 22 are driven by a single notor assenbly.

the dotted Iine) opoarpel L Bed BBRTY SRR o oty GUBRE 1Y, i
pedestal 2Fown in Figan€) snubmg rxﬁnﬁplafiarb@ssi@oam&eb @umb@ctaedﬁstaiuaﬁ Once
positi oned on pedestal 12, substrate is affixed to the pedestal

by a Macutransfeneiamher §§l§ fsem‘meééwta mbpt/ Suhstate; 16 is Grought ipto cmber ddooves

0% subst Phagobor bisde pgppaltS i AR PR YR LufliSaiRg PORL o0 37,

purge gui gsvedbleiveitichR$ B9 Gheans of a mdtor 201€ Salbistratecth i%ui@atghaim thshen purge
guide 54 is centered, it does not contact strate but pmintains a

fi xed 5-16hambergueen heatarrl2iis Wﬁé‘“s‘mmﬂﬂtlﬁ %651§LPH§F?IXFQ- ot P‘FE’Pnpassage
f
of hedast S5+ SpsEE o8 upffed‘nfiilly 8 A Y BEIMP R et Bo TG wrC

12, 15  cotpled r;tbheatadlrm Bi;xstﬂleargdmemby aningfe metor iassembly.n t he event t hat
pedestal 12 and purge e 54 contact .each oth

Purge guide 54 rest %Sdhe Pﬁ@sfagﬂﬁ bﬁouﬁgdeﬁpspc%nmaﬁn%ﬁiwéh Vs in

the dotted line) opposite gas distribution manifold 14, p'ms 22 sink into pedestal 12

and substrate 16 is deposited onto pedestal 12. Once pgbsmoned on pedestal 12, the

substrate is affixed to the pedestal by a vacuum clampiﬁg system (partially sbown in
20  Fig. 1B as grooves 50).

As it moves upward toward processing position 32, the substrate
contacts a purge guide (or shadow ring) 54 and centers purge guide 54 with respect
to the affixed substrate. When purge guide 54 is centered, it does not contact
substrate but maintains a fixed 5-10 mil gap (shown in Fig. 1B) with the substrate

25  for passage of purge gases between them. A set of bumper pins 52 on sidewall 51
of pedestal 12 helps minimize contact between purge guide 54 and pedestal 12,
thereby reducing the generation of particles in the event that pedestal 12 and purge
guide 54 contact each other in passing.

Purge guide 54 rests on the top of pedestal 12 when pedestal 12 is in

30  processing position 32. Deposition and carrier gases éare supplied through gas lines
7 to gas distribution plate 14 in response to the contrdl of valves or mass flow

controllers (MFCs) 17. During processing, gas suppiied to manifold 14 is
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30 processing position 32. Deposition and carrier gases are supplied
- through gas |ines 7.t0 gas distribution plmiseshbdt Has BeeWepia@edt o the

control of valves or nass flow control ler§ ( ng
processing, gas supplied to manifold 14 is ‘

7 distributed uniformy across the surface of substrate. Spent
processi ng gases and by- product pases are exhausted from the chanber
by neans of an exhaust system 36, which includes exhaust channels.
The rate distnihitechunjfwady acmsy the sadack dfitho sufistrate. Spemtiracessing gatesamd6 i nt o
an exhaush line is contro}lthl ed CP)(T athrott ebval ve a?d vacuum 5 punpi ng
syst em ( bOYWIAYICt §Ax5wA]C cxhalsted from the chamber byppeans 91 4R SXAYSY H®™Myyr ge gas

feed |ine38§8wamth ih€l@8esPdkhadst @Rdmnels. ThelfafttitGAli@flgddYs dre'PMMBsedThroBgRi NSt the
f ceramic nmaterial, such as

edge of wafer 16. Purgg guide 54 is nmade o
al um num exhawst system doviixtamnreixhaustiline isheontroldesl kyf a throttle valvgamd yacuun upon

whi ch pur yide 54 rests durl processing has a plurality of 10 fine
groovgs 5g,ﬁm§§n&_s§st§%@ln§5mlt(§ﬂwg)gapart, to prevent sticking between purge
gui de 54 and Digingeidpsdifidn, pOregss fecdinBLOASeal psrgpansd i cl es and can
occur because of the difference in coefficients of_expansign between
metal , suéiRdicated by ATFWS 29 againstihg edge of wafsy 6. Epeae guideplft sanaflsiefe) parts:
at processj : t eTelaio i ] - r.at ures,

al um num g}f(%g.‘r%gﬁgﬁ)ag’t&{cﬁﬁgemt 'nes as ﬁcﬁ%@@%ﬁeb.T&Fﬁdﬂgo 5 grooves
56 prevenpeddstal J2npoatwhich phrgp guide G4asstyidaringprogessingihde apluraligy gfedest al 12
are sgparated as t@g pedest al _i Iii?wered after grﬁce sing of the substrate

i s cotfpl effi8C BIOOVES O, g “bé‘rléé“ ARRFt 2 Prevegt SUEANE VSO YRR SYLC gas from
the botto ?&Er kﬁ{gdg ; ihA! 25 from
damage dugu%%dgg? osf“\;/% S‘é%heét‘% ea?%%érég%g%:%éé I Etcgﬁt%ﬁ(gﬁ?ﬁgggw uring

pr ocessi ngiffeiandeFinpoekiicientsopl sxpdrsiambetivecrPbetal, suciphealuminum (pefiestal), 14 to
provi de for,plasna-enhanc CVD. (PECVD), cl.eani ng_of Ehe chanber .

The 't hr ot ARS BERE CES ESIRLFYS; of DOLCSIne ERerirey 15 cOmPSEt TLLIHOR ve

heat ed pedgfpethtuied, altmiR@MRKpHide Rbdut4Hred Hiicd lah Siuch 3B eefami®f ThYE) system 10
are controlled by a processor 47 over control lines 46 (only sone of

whi chi3ar e 859RY6A °6 prevent thetgeneration af pyrticlesrwhon purge|sitided, angrpsdestaloi 47
oper at es r : A |
comput or - Fog Eag s SEIk e i€ towered 16 RSP PR YDA Solpide.
di ct at es tAeecordparget linec24 (Hignhay caw fesds purge ghs fromgthe bbitdinroé chamber of gases,
RF power |evels, t%edest_al posi tion, d other paraneters,of a particular

a
process. 15 and protects stainess steel bellows 75 from amage due to corrosive gases
introduced into the chamber during processing. An RF power supply 44-can be -
20  conpled to manifold 14 to provide for plasma-enhanced CVD (PECVD) cleaning of

the chamber.

2013

The throttle valve, gas supply valves or MFCs 17, motor 20, resistive
heated pedestal 12, RF power supply 44 and other aspf:cts of CVD system 10 are
controlled by a processor 47 over control lines 46 (onl‘;y some of which are shown).

25  Acting as a system controller 34, processor 47 opcrateEs under the control of a
computer program stored in a computer-readable medium such as a memory 48.
The computer program dictates the temperature, chamber pressure, timing, mixture
of gases, RF power levels, pedestal position, and other parameters of a particular
process.

30 An example of such a CVD apparatus is described in-U.S. Patent No.
5,516,367 entitled "Improved Chemical Vapor Deposition Charuber," having
Lawrence Lei, Ilya Perlov, Karl Littan, Alan Morrison, Mei Chang, and Ashok
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30 An exanpl e of such a CVD apparatus’ is—deseri bee-in U @014
-Pat ent No. 5,516,367 entitled "I nproved Chq’%%ﬂéetYéQ%Eeﬁ él on

Chanber," havi ng Lawr ence Lei, Ilya Perlov,

Morrison, Mei Chang, and Ashok _ ... S n ﬁ nventors

and assigned to Applied Materials, Inc., fhe assi g pr esent

I nvention, which is incorporated-herei$é by reference_for aII pur poses.
In a preferred enbodi ment, the systemcontroller includes a hard disk
drive (nerSinha lisgyd asaxnwmptp;pndrassagrchdr to Applicd qucrmieéwr the7assiEhee @i theessor

put out BeBoR e MR & RO phaly Rt R el AR cont r ol | er

boards. Various partga ?re@é@d%mbﬁmép the systen?@ﬁﬁtﬂﬂlé}’irﬁ:lﬁd@@a“ﬁﬁftﬁ&sﬁ/bdm ar
Eur opean (VME) standard which defines board, card cage, and connect or

di mensi ongiriyadmemers 48T acflopp diskedriverand processst 4ibs The, BIQ§Q§OT containgt r uct ur e

Syt om con vt B hibaitd ISBCY, el <t il pRPpat poify, insetyoe

machi ne. Bberds;aaﬁetappagmbmh: lcenirrsiles Guirds. Sgﬁigﬁm‘pmbIOVm@fﬁtemw whi ch ig a

conput er ram stored i ter-r abl e i um suc menory 4

Pr ef er abl >‘F°“ pyfheo ¥ersa 1\20‘%’5{ %3 )Stmﬁaﬁyw esrré‘iﬁfil% dpe” ot her

ki nds MO ctions
taﬁﬁf‘cﬁgﬁéﬁt chﬁ:eﬁé?&ﬂ%‘a IRV MEE l:th'ﬁcﬁfn% $Rb Yefifes RS b

t hat dict at% timng, mxt of gases, pressure, chanber
t enper at urstrctiRfe grolveving @\164bit, data bus andem24bit pddrest Bis. posi tion, and ot her

par a ers of a par cuI ar rams stored on
ot herthenory devi ce @E‘Qﬁfﬁ :gfcgmﬂ?sbﬂbgf 'c!i’resaﬁuY)‘FnBs of the er appropriate

drive, maynghiR. bPhéJ%EExﬁ @oﬁiﬁl’éﬁ&fecﬁ&@%ﬁé?édl%m?ﬁ software, which is a The
i nterface between a user. and control is via a CRI nonitor 20 50a

and | i ght cpmpuBoiprogrhmvatoted lﬂ:agompmemadablﬁ eegivm sth 45 emegionyé&m of the

system np nd _CVD system 10 .. . strate cessin t whi ch
ay ek @0 St 48 e iR DR RRSHPARBRY A Bl o

rmm tors fancHidty. The confiffer pit B?raﬁﬂzlﬂh&@k et dthistelctions tapMicw@d thef oOr t he

operators and the other behind wal | for the service technicians.

The nbhi t dimingomixige oft aseso ¢Bambeysipspisuse, chambes tempeyaturg, rﬁ%pimr. léYﬁlssbut only

ggg lzlletggfzts |gg&5ta§n1pglﬁ%k%d(@# ﬁg%?aég%$%ﬂgﬂfé§£$pgb%a$zlcu ar screenpgp

function, cohputegrograms tstogedon omedﬁ&nmﬁﬂedcaréga@mpheacﬂ@pyal)skwr een and
pushes t he buifton.on the Peg The toucheﬂ ag ea changes its
hi ghl i ght Sthe APBrOPrigie drivea pay also be use ‘to operate controller

The interface between a user and controller 34 is via a CRT monitor

20  50a and light pen S0b, shown in Fig. 1C which is a simplified diagram of the
system monitor and CVD system 10 in a substrate processing system, which may
include one or more chambers. In the preferred embodiment two monitors 50a are
used, one mounted in the clean room wall for the operators and the other behind the
wall for the service technicians. The monitors 502 simultaneously display the same

25  information, but only one light pen 50b is enabled. A light sensor in the tip of light
pen 50b detects light emitted by CRT display. To select a particular screen or
function, the operator touches a designated area of the display screen and pushes the
button on the pen 50b. The touched area changes its highlighted color, or a new:
menu or screen is displayed, confirming communication between the light pen and

30  the display screen. Other devices, such as a keyboard, mouse, or other pointing ot
comununication device, may be used instead of or in ]addition to light pen 50b to

allow the user o communicase with controller 34.
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menu or screen.is-di-spl-ayed, confirm ng comruni cati on between the |ight pen

-and 30 the dis Iag (i{e n., & her devices, suchias a keyboard, nouse, or
ot her poi ﬁﬁs een ﬁa‘ﬁu i i i i

ni cati on device, may be used instead of or in *
addition to | “ﬂH“l“H
controller

all ow the user .to communicate with
9
The process for depositing the filmcah be inplenented using a
conput er program product that is executed by controller 34. The conputer
progr am code J&‘ﬁ peeeesy for dspositingathe f&'ﬁrﬁﬁér‘?ﬁl@ﬂlﬂ“ﬁéﬁ?ﬁﬂém@r& readabl e

pr ogr amm e e gg;}g C C+ +,
Pascal , Fg?rtn]P r ot roduct [15585@ %mhfléy g?@g@%ﬁgogﬁé ¥% @H gr al nto a
single fikede can bmimtqahen fmy} esnvenrional camputerrreadable/ proktamiping tinghagedi t or, and
is stored _or di in a uter-ugsabl e medi um such as a nenory
syst em of ?‘r@“&?gﬁ)ﬁgp mﬁg’gﬁ&ﬁ‘!a&*’eé EcrE- Paseal.iFortrap ar ofhers. | evel

| anguage, stifigh I de is then

i nke?g S le?ﬁ‘?gan o) J&géﬁtérﬁgge Jﬁggléﬁg'loggﬂ]ﬂ ﬂg(@m% ﬁlglgggry routines.

To execut eomveatianal teitiedker andonvbtedcbrcdnyh@diedandecokﬂpamjusammémm i nvokes

t he object ode, causing.the np S 0,1 oad the ,code in
menory. Tﬁ%m P}?&Wégﬁiﬂ‘é’ﬁahe?{’é’&??% U]{lﬁ%e Entére CB%Ed@mtB ér}%t}m the tasks
i dentifi egeyen 1411?@1% @ @l is compiled, and the resultant Edriipilet @oﬂéxsaaen lihiegt rati ve

bl ock diagramo hi erarchi cal contr ol structure of the system

control sovithwen ebjeetnogde o€ presomgilechwiglows diboarilirafines. Folexecuts heci fi ¢
b el an st SR obledt bodt e svHeih WO Svol BB iR B SRR %05 1

response kcomparySyEmoe I‘l@xdrtﬂe do@qoinanaqun TlthPBﬁhémeaﬂ@ﬁnd dreeups €ress sets
are pr edet erm ned s¢! procglé gararreters necessary to carry out
speci fi ed CBﬁi?)E‘bB?gEmt e tas SéﬁlﬂngF@W REPER® by predefined set nunbers.

The process sel ect OrFl%Uﬁﬁ ‘?é’%d ggxst%ﬁ]w%%locld rﬂﬁﬁrai'nf oftfe biekarbhiBaldoRirbrd pr ocess

chanber and (ii) the desire roces paranmeters needed to
oper at e t sbugnureSthe sjistenaonirok sqﬁmai'ea rammpgter Ipeogtam%ﬂedccordmg tpaocess. The

process parangters f.or e or spec C process relate to process
condi t1 on$P %‘ﬁﬁ%%@%‘f‘&ég § gh‘égﬁ%&ﬁ?’t %Ffa%d‘ YSEL FRPLYAREOCESE Stfer at ur e,
pressur e, mumber afd pfEBssChaib ﬁﬁﬁbe’iqﬁﬂ% groRFss ReMEbr bib¢eltied3dnt he | ow
frequency RF frequency, 25 cool i ng ressure, and chanber wal l

t enper at UNESPOTeDampRISOTECEaens dtsplayed on thsr T seatiitor, The presess sets athe f or m of
a recipe, ?“chjete%nﬁne%n}e?s gtdprgct:ésls 'p%x"m%tetrsb %eéesﬂp} to_carry otResBéc% g}%rc]éstsgsr,_

interfaceP
and are identified by predefined set numbers. The process selector subroutine 73

20  identifies (i) the desired process chamber and (ii) the desired set of process
parameters needed to operate the process chamber for performing the desired
process. The process parameters for performing a spe;ciﬁc process relate to process
conditions such as process gas composition and flow rates, temperature, pressure,
plasma conditions such as RF power levels and the low frequency RF frequency,

25  cooling gas pressure, and chamber wall temperature. These parameters are
provided to the user in the form of a recipe, and are entered utilizing the light
pen/CRT monitor interface:

The signals for monitoring the process are provided by the analog and
digita! input boards of the system controller, and the signals for controlling the

30  process are output on the analog and digital output boards of CVD system 10.

A process sequencer subroutine 75 comprises program code for

accepting the identified process chamber and set of process parameters from the
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The signals for nonitoring the process are provided by the anal og and

‘digital input boards of the systemcontroller, afiusEhestBagBednReptaced
controlling the 30 process are output on the anal out put
boards of CVD system 10. _ _ A pr

subroutine 75 conprises programcode for = * accepti ng e identified
process chanber and set of process parl@neters fromthe

10 process selector subroutine 73 and for controlling operation of

t he vari opsoges®selesor subroutisie didradSor pantrollprigeopgsation of the eanious pmcessess set

mb hanb .nunber. | I tipl
ot ocess. oenaRRe R B caenusr R Se oo B8 pcSBh SREeC O onter

subr out i nguifbey) @ atiger t4nh snfedukiple! groceie saciuatbeRr MRqHO&Ss Bhambek N t he
desired sequence. Preferably, the_ sequencer subrioutine 75 includes a

progr am c dHEbEEs. 38 the)peguencer subrpuatings 7 operateniorsshedvls thpsclaged BIICBHEHT t he
proce : d 1.10€ slof : ' used, (i)
deter rSn§S ni r% mv%g{gm(%&eég%cg{éegée%hgf teH °b58§‘%§°§;‘?‘%§ﬁ%3§ g‘f%eﬁg chanbers
bei ng usegrogramh ¢ddeitdp perform thengepshef (i) monitodiag itheeopepativnerf shdproeesson

avai l abi |'i f a process .chanher and type of prqQcess tq be 10 carried
out . Convé&fgmgﬁélmﬁiﬂc%ﬂ@ lgf e%ﬂ@ﬁﬁsﬂﬁ@\b’?‘ﬁﬁufﬁ‘gé& tEmiMBE Mt an be used,

such as. PQirheeRtes afl0Bling Chfiba! dufln el &Emsﬁxg%gx}g sy, ' BdRE) @xEuhg dhe Seduencer

subroutin 5 takes 1nto consideration t sent condrtion of the process
chanber  desiredopfogessitmeatl omavailabidity eOn pmicess dhhmbeteanidriype pf proesss w@wboedi ti ons
for a,sel ected, process, .. r .the "age'. of each particul ar ,user,entered
requeld ! GRien, By G entionsh metiogt P moRnd e SR6ed] bt R 4B o5 1 o

i ncl ude f qucidlaé poMing] NWhet Sebd@dlingOvEER Prdckdsds to be executed, sequencer Once

t he sequencer subroutine 75 determ nes which process chanber and

process seubmyfpe 7atakes inte cgosideyation e pessentroadition of the: precese ghambssr

par | oul oo a8 chrb @ TR HE Ol pBhes VipdiRRTSF 4 R b phERR, "

77a-c, Whigrhhe ofde" Afeath phrtivhlar déer en&féac@gﬁésagortaag lotherr Relévant Gesa chanber
15 according to the process set determ ned by | t he sequencer
subr ol i n&y§tsm prograzupgRylesires tocinelude fra et schadling I ioEitieg o

conprises program cc@ﬁ11 f ] |ty A Ge il E&SThaftBEf ati ons
in the process cegﬁ%ggtﬁlgé.e?fh%ﬂg%%e@%a 1ggserﬁ?lgltlj rdc%u.si ne /7 al so
control s esndqrocass setfcombinationds geiug t« harksnted mep tientequerisensibrontinet hat
control opgration of the chanmber 25 conponent s .necessary to carry out
the sel ect @dMHATSRGEUN OIEHe RIACES S5 b%%.%ﬁ)@;}ﬁc partic 65?585?%%‘ subrout i nes

are subst r@fmAes! tol PeHafbes HAnME sBrodhe Pa0S ARficHShndR bt Bible

20  processing tasks in a process chamber 15 according to the process set determined by

the sequencer subroutine 75. For example, the chamber manager subroutine 77a
comprises program code for controlling CVD and related process operations in the
process chamber 15. The chamber manager subroutine 77 also controls execution of
various chamber component subroutines that control operation of the chamber

25  components necessary to carry out the selected process set. Examples of chamber
component subroutines are substrate positioning subroutine 80, process gas control
subroutine 83, pressure control subroutine 85, heater control subroutine 87, and
plasma control subroutine 90. Those having ordinary|skill in the art will readily
recognize that other chamber control subroutines can ))e included depending on what

30  processes are to be performed in the process ‘chamber LS. In-operation; the
chamber manager subroutine 77a selectively schedules or calls the process

component subroutines in accordance with the particular process set being executed.
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subroutine 83, pressure control subroutine 85, heater control subroutine 17
-87, and pl asma control subroutine 90. ThosgsitreétHhs@een Raplgceski | | i n
the art will readily recogni ze that other ch ubroutines’
can be included dependi ng on what 30 processes aﬂmnﬁlﬂgﬂ“m Frred in the
process chanber 15. In operation, the chanb I 'subroutine 77a
sel ectively schedules or calls the progess conponent subroutines in

accordance with the particul ar process set being execut ed.
The chanbeéfhenahamber nmnbger stbroatine @ asschetildsche poeessrapmpssent Surontines

subrouti nes ) much |'i ke the seguencer. subroutine.75 schedul es which
process c HEpAhke the sauencer su%mug&gggs S ules W HSB“&%&‘&HS‘@&"?S(;‘Q? .
Typically aar%ﬂ%s SHAb el pIBRAURH RULT PYSiAlRy; THeAchamber maRsdel d8GToStRIETa0f

nonitorin various chanber conpohents, determ ning which 5 conponents
need to bdndpdesatteps dfanenitosing ttheevarious ebambearcamponsnts, fdeierminingoyvbichss set .

to be gxecuted, and causing execution a chanber conponent subroutine

r esporsi veEOMPOPFRES Hﬁ?ﬂa?ots)t?q &ﬁréﬁgﬁggé’f‘%%?’ﬁﬁeﬁ tpéﬁge?erﬁéﬂge proceps &

Oper ati on tgfheRAetdted!| Ml QUARP BxecER/ODNE Bhantiep OMpomas swrbitineow be _
described with reference to Fig. 1D. The substrate positioning subroutine

80 10  cowsponsive tpthegmanitagcandsletesBiRiRHFEPg chanber conponents that are

used to | oad t il!‘iﬁ? tg Q FF;JC% | I fo lift
the substrate to a egeirre %{e‘%ﬁ?ﬂ& slgxtn&. e g}ﬁ&q reotraﬂ%fq?%llé&gvn?r ol the
spaci ng bedesgisted: With sefbrebt@ teFigh dDY aFhedsubktiath pdsitioning subroyinat&® 14. \Wen a
substrate is | paded into the process chang)e 15,i hea | ower ed

r er 12 i
to red@i vesomprises BEREFaM £odG i GOREPIFRE CRImbY Compprefs rﬁvgt HE S8 he
desired 1 ' ' 3 kiR s b raakifedPfeightf | I St
di st ance g*PeéE%é‘?nggm?‘?é‘%% ﬁa&ﬁ%’“&’ﬁ?@?ﬁ‘?i%%%@nﬁi fol d duerl?lng the CVD
process. |in theeharhberrlS totoentrabtie spacing betweenpths isulstrateradsgab distrihutions o
controls venment _of heated pedestal, 12,in response to. . rLocess set
par anet er gﬁl""@l e&ﬁFB %9 s%gﬁglf’?&%éf‘é‘ntpe PFP&FSSa&é“‘sF‘aﬁ%f‘EP%aEﬁ om t he
chanber meRAYRId DUREGYE tHRSuBstfate, 2 thereafter, heater 12 is raidédoRrOaAHRdgaS
control subroutine 83 has program code for control ling process gas

conpodft i oreightdn thoehanzher ¢o nAfnsaip thecsbstrga ot & fimstdistance or spacifigy HOM| ne 83
trols t | i tion.of - off val |
F s up/ RSy ABTARER Reold Ay b LD B, T efilon, BB, P 0

rate. The %ositionitig" QLSRG B cdatblsGhoveulzhool heaedGddestalildvinltespohge tohe chanber

manager subroutine 25 77a, as are all chanber cor’r‘Bonent subrouti nes, and
recei ves fPu9Ressiset parampters related to the support height that are transferred from the ,

chamber manager subroutine 77a.

20 The process gas control subroutine 83 has program code for
controlling process gas composition and flow rates. The process gas control
subroutine 83 controls the open/close position of the sffety shut-off valves and also
ramps up/down the mass flow controilers to obtain the desired. gas flow rate. The
process gas control subroutine 83 is invoked by the chamber manager subroutine

25  77a, as are all chamber component subroutines, and receives from the chamber
manager subroutine process parameters related to the desired gas flow rates.
Typically, the process gas control subroutine 83 operates by opening the gas supply
lines and repeatedly (i) reading the necessary mass flow controllers, (ii) comparing
the readings to the desired flow rates received from the chamber manager subroutine

30  77a, and (iii) adjusting the flow rates of the gas supply lines as necessary.
Furthermore, the process gas control subroutine 83 includes steps for monitoring the

gas flow rates for unsafe rates and for activating the safety shut-off valves when an



——— Tz s1raf a4 4lo 978 0300 TOWNSEND SF )

manager subroutine process paraneters related to the desired gas fl ow
“rates. Typically, the process gas control subroutine 83 operates by

openi ng the gas supply | i nes and repeat edl yTHd 3hdetiask g@nmglaggocessary 4
mass flow controllers, (ii) comparing the rea Sired
flowrates received fromthe chanber manager subrou:mmgwjmq mrand (rii)
adjusting the flowrates of the gas supply lines as

Furthernore, the process gas control subroutine 83 includes steps for

noni t or i ngnsalfeecondition isgfetectddow rates for unsafe nates and for activating
the safety shut-off_val ves when an

12 unsaf e cond® FPTBF Pracessss. Atk igert gas such as helium or argon is flgwedy e
processesiny, ei&ﬁxgﬁb § i | ' i & 0 the
chanber 115n ?Sh st abi Ielg?e ttélﬁfghgir%gssu fg%@{q@%%ﬁ%@jéﬁ%r@gw gg{:?dle\g}te process
gases ar egases apglintroducddor Forhthese procssesss €, probess gancesm] gatwoutinet 83is

subroytine 83 is . ogr a tp ipclude steps. . for flow the inert
gas ifito ngmz? ‘%P&O‘?epéﬁg‘?ﬁ"wmg diet B ‘P_ﬁ%ﬁée _%E%%nganst abi | i ze
the presspmeuatofitifie GB@IRRY to 8APilizO &k preGufd BRSe chamber d@RF heR @itk #lve woul d

be carried out. Process gas control subroutine 83 also is _programred
t o i ncl uddessribpd abawe WowWdibegrarties guus Frocess gas eensrol subravtingr #aals@iswi t h t he

present invention, At hanb 5.. Addi tional.ly, when a proces as isto
b T0 " BReERimR « MsThde VR Tr AR ine sptt Bl st A e HRE S F S num
hydride present(int¥dtidn) inté BBaribe? (1SS SASdiioRlly] fdlen alRbcwds pacisdSbes written to
i ncl ude steps for . bubbling a delivery_ gas,_ such as argon or helium

t hr od§h t Meparizgdifepm ediguid precntsor, for example,himethylalwaigBmhydrident r oduci ng a
carrier g ' ga0 | ) Asd EOUL: s il EQn system
when & babaAPiEd. BRA0RRY o cdite Sibrghiinsd Wit 1o 1pelslBLBEL K" ¢

control sbbbllitig 1delBRry gas)lsatless dda6n ok Gulivah, thcughahe Yquid pyesursdrtie apr essure
in the bubbl er, and the _bubbler tenperature in order to gbtain the
desi red pPublissagambly erntroducing acasier £35, FSk A% 3kEAN 06 Sekivm, foa Higui, ed

process gﬁg%iogn‘éﬁy%ék{? SWhleh atﬁlﬂﬁfetr% ﬁ?eguf'rof H{é‘? Bpe _!o,f Prodihs e prod el gagntrol

subrouti ne rocess paraneters. re € process gas
cont ridl s cbatealtsubsoufife i83 abgulass tecfiow bO theadelizenyigng, theqressuresinahe del i very

as 20 f rat.e | er pre rre, and bubbler temeraturé far the
ge:i red pPB{E@\éV’é agg he glLljlg)btie"f WCH&W&S‘E )01 é%QgﬁaH’gt%S deyt °‘Ee<u§5I5és 88’!‘& ai ni ng
the necesgany Wl di&Sisd rabﬁv&.htﬁ@'taﬁseireg &rfx@s??ﬁ?ﬂmﬂ%&ci hRWrdfeRred e t hE

necessary val ues are obtal ne very gas flow rate, bubbler
pressure anatestipds eomtrob sybroutiner 83 as proness iparametsrs.c drpthersabre othe [process
necessary val ues .and adjusted.accordingly. .25 . The
pressure &BhEPUTOlSHBIONRS gé ‘%u{eﬁ PP 2‘3334’&188&&?& pergesagy felivery gas

20  flow rate, bubbler pressure, and bubbler temperature for the desired process gas

@o1s

("
fa)L

flow rate by accessing a stored table containing the necessary values for a given
process gas flow rate. Once the necessary valies are obtained, the delivery gas
flow rate, bubbler pressure and bubbler temperature are monitored, compared to the
necessary values and adjusted accordingly.

25 The pressure control subroutine 85 comprises program code for
controlling the pressure in the chamber 15 by regulating the size of the opening of
the throttle valve in the exhaust system of the chamber. The sizé of thie opening of
the throttle valve is set to control the chamber pressure-to the desired level in
relation to the total process gas flow, size of the process chamber, and pumping set-

30  point pressure for the exhaust system. When the pressure control subroutine 85 is
invoked, the desired, or target, pressure level is received as a parameter from the

chamber manager subroutine 77a. The pressure control subroutine 85 operates to
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e 20
controlling the pressure in the chamber 15 by regLH% si ze f the 019

" openi ng of the throttle .valve jn the.exhaust \ fber .

The size of the opening of the throttle val ve mﬁﬁﬁf roI the *
chanber pressure to the desired-level in rel at

process gas flow, size of the process chanber, and punping set- 30 poi nt

pressure for the exhaust system Wen]ghe pressure control subroutine 85 is
i nvoked, the desired, or target, pressure level is r'ecéi ved as a paraneter
from t he. measure thehprebsyre matluagbambubiﬁdw reading vae off mere cenventienat ont r ol

T3 " "Bredsed BtaPinBart Sannsricd (e 50amAg R FOERTE {15 BEHPIY BB ot ¢

convent | ofial target presﬂfr@%bﬁb@mﬂm bftiondl) MREEAH ah® dithRetiAfafifes t O conpare
t he neasured val ue(s) t arget pressure, to obtain PID

(pr opor t i Baml 2 Sﬁomdemeaﬂure table @nrresemimg ralt)le ma@sessure and focadjust theor ed

press spondi tar 853 adjust the 5
Pres=4r S RRUE R AT b BB AR R R e e A7 U2t
table.  AlternAtivelyneel pteésu:e ¢oneropsubReLtine SSCHthb@wﬁltHhrt@L&pbﬁler Sseair be
witten tq gqgen or close the throttle valve to a gartlcul ar_opening
size to rHgEeKlsvalveta aparpEar apsning sigedo Jegyiste dhe chambep, 1 & & fhedesired

The heat egrcggﬁ&_rol subroutine 87 conprises progrvam code for 10

controllihg the current to a heating unit that iis used to heat the
substrate 20." The The hettetatuntrotwmomlnesﬁjbcumnrisnsapl&yamwdesﬁoti nvoked by the

cha mana broutine-7 re es tar et - poi nt,

t enpng at P il.r“anﬂleeﬁ“"e?h@ %gﬁact’é‘g “@Hﬁﬁ‘?‘tc}f used' to\ﬁegtu(SF 5@! & F@easur es the
t enper at Up& &l cdiBd$ SitirBaneos ﬁ%oo%lt/ fth@ chamber xﬁihﬁééf%ﬁtb‘&hﬁe hpgated in
a heater 12, conpari ng t he neasur rature to set - poi nt

t enper at usrd reseives admt;mgefepommamg Ragamesest. '&b@hﬁ?&t qoptrohe heating

unit to o o] The t is obtained from
the ° CRuBbRieE FEhELAL SRERRIAN FeettBe PR B0 cnper atur e | 1 a
stored  thermofutipfd Ricaad iR dmeatef 1DYcohdJaging e meastvaa t&@ﬁaﬁfua&wmeum ng a
fourth-order pol ynom al Wien an enbedded | oop_is used to heat

pededfal ‘?‘P"Wée‘ﬁé%@l‘e‘c@ilt1F‘6‘Iea-°é%?b@ﬁqﬁ‘f?émE(F““ﬂmBaPPb‘F%Eﬂj@F ihgalhight r ol s a
ranp up/ dgug G’Bbﬁﬂf@g@lhn@f{m ‘3‘@%0 £ herplqan er@ﬂm fs'cﬁbf‘ﬂﬁédyfmmthc a built-in

fail-safe rm e can et ect pr cess safety conpliance, and
can shut dmasuredp@okagedsy lobkingeapithe tomesponding teinpcl'EEumrm(aessmed: hanber 15 is
not ont r_of

Cobr out | nEEFaURAbS o5 b Felghlasine Wadcmpsratu waipgA tourb-Gider polynoraial.
When an embedded loop is used to heat pedestal 12, the heater control subroutine -
20 87 gradually controls a ramp upldown of current apphed to the loop. Additiopally,
a built-in fail-safe mode can be included to detect process safety compliance, and
can shut down operation of the heating unit if the process chamber 15 is not
properly set up.
The plasma-control subroutine 90 comprises program code for setting
25  the low and high frequency RF power levels applied to the process electrodes in the
chamber 15 and for setting the low frequency RF frequency employed. Similarly to
the previously described chamber component subroutines, the plasma control
subroutine 90 is invoked by the chamber manager subroutine 77a.
The above reactor description is mainly for illustrative purposes, and
30  other plasma CVD equipment such as electron cyclotron reéonance (ECR) plasma
CVD devices, induction coupled RF high density plasma CVD dsvices, or the like
may be employed. Additionally, variations of the above-described system, such as
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25 the low and high frequency RF power |evelsappliedto the process
“electrodes in the chanber 15 and for set}iRgedtias Boyn Repgiteency RF
frequency enployed. Simlarly to t he prewH l E‘ﬂd chanber

@a20

conponent subroutines, the plasma control I s invoked by
t he chamber manager subroutine 77a. bove reactor

description is mainly for illustrative4purposes, and 30 ot her plasma CVD
equi pnent such as el ectron cycl otron resonance (ECR) pl asma CvD

devi ces, Variations gmheaterpdesignRRFrpogter deqeem;psmoam oE\RF g@mrc@yneqbuoni he |ike

may be enpl pyed:  A0dLhA03lHoY exdiBhh Ak e lonld 5 ABRUSRNLRAD,SYSt e

vari ati ongudrty ﬁﬁ@%%& oﬂﬁilh@lﬂngEcu@ny&r Tﬂﬁﬁyﬁ%d%md@&&ht ﬁfbsa‘ft RE_power
connecti ons and ot hers "are possi-ble. For exanple, e wafer could be

suppor t edinyeptioneistned limjted to any spesHic/apparspis asito éﬂh&?ﬂcﬁé‘eﬂlﬂw eEEpitue. The
| ayer and“_{gﬁ{ od of the present I nvention is not limted to any
speci 15| c apparatus or to any specific plasma excitation 5 met hod.

1. Exenmpl ary Structure Fig. 2 illustrates a
simplifi eijIt cro§ -sectignal view of an integrated circuit 200

accordi ng SCIBPBEPUUCSent  on. As shown, integrated circuit 200 10

i ncl udes NMOS and Py?fz';o &?dtésté)ﬁlﬁngﬂé%éﬁgs—gﬁ Wi&ho@iﬂ Rpacdt ed and

electrically isolate m each ot xi de regi on 220 formed by
| ocal circuik 2@ a¢conding tos thiei preseny h@ﬁ(ﬁé}i oAs :holmr integrated girevit 20Q er nat i vel vy,

fr omWachshiges NOS son O eacsivions 208 Bt o bRt sRBHET B whon
transi st OpRc#RANPIB1ALDfrBiuceabR biheNWPYR fMMld BRIEE 1E6A220 formeddg Nodal ansi st or

203 and 206 conprises a source region 212, a drain region 215 and
gate regi gmdgtlgx of silicon (LOCOS) or other teclquﬂee nislternatiyely), dvapsistors 3¥ud ayer 221

separ at es ansi,st or.s _ r

connect i o%é g&yv%ee%p%feglanﬁaesecpxﬂg %o(i’ag {ﬁgm &%ﬂ%hie gisg@g&wrem e by
contacts ZsdfatioBhed sho@MP whed erahsistore203fantl 206 atebsth NMOSrar bBﬂDPMlIS 242
244, and 246, included In integrated circuit 20 Ea h, met al gyer 240,

242, 15 Eagmranaﬁgr m?eaméz%wwsea arPWRE Aegiel el ARIAA regigy &l 2B

respective Jil dielectric layers 227, 228, and 229. Adj acent
nmet al Iayer ré connect ed at sel ected openi ngs by vias 226.

Deposi ted over net alA preymetal Aiddectnie (RM B dayier 220 pepsratasdtansistors 203 and

206 from metal layer 240 with connections between metal layer 240 and the
transistors made by contacts 224. Metal layer 240 is one of four metal layers 240,

20 242, 244, and 246, included in integrated circuit 200. Each metal layer 240, 242,
244, and 246 is separated from adjacent metal layers by respective intermetal
dielectric layers 227, 228, and 229. Adjacent metal layers are connected at selected
openings by vias 226. Deposited over metal layer 246 are planarized passivation
layers 230. CVD apparatus 10 may be used to deposit metal films used, for

25  example, as metal layers 240, 242, 244 and 246, or as vias 226. .

It should be understood that simplified integrated circuit 200 is for -
illustrative purposes only. One of ordinary skill in the|art could implement the
present method for fabrication of other integrated circuits such as microprocessors,
application specific integrated circuits (ASICs), memory devices, and the like.

30  Further, the present invention may be applied to PMOS, NMOS, CMOS, bipolar,
or BiCMOS devices. Although aluminum deposition may be used to deposit metal

layers or vias discussed above, the present invention also may be used in other
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.-layers 230. CVD apparatus 10 nay be used to dep05|t met al f| s used for

25 exanple, as netal |ayers 240, 242, 244 and TQu@he@,H ,
It should be understood that sinplifi ed int egr at ed s for )
illustrative purposes only. One of ordinary skill

i npl ement the present nethod for fabrication of ot her I nt egrate
circuits such as m croprocessors, 15 application specific integrated

et | onsAalpabis P o oot oy s . g
devi ces. flrddianddRilition\d EEcQé%@&’ﬁl': veOfas T50f h&aluafds ! 19tegf‘ﬁ?&l;éﬁcu et al

| ayers or vias discussed above, e present I nvention~also may be used in
ot her having additional or even fewer metal layers also may be fabricated using thg¢5

appl i cations ere alum num or other netal deposited by CVD is desired.

Al t hough PreemtiYiiiat ed circuit 200 discussed above has four netal

layers, integrated Eixém lahswafer de%&ﬂiﬂnrﬁd%@Qxhbétoﬁmlvﬁfng%E&s&@%f éﬂmt al
| ayers also may be fabr cated usi present iInvention

Exenpl ar ysmaﬂemddeéuﬁéwpemomdtmhmr ﬁ%gaﬁ ﬂraﬂlcnges]cpub@ﬁ@eéeg, for |b nd e
T Bl e BERy SR BBt Ir A ot coant i nvention.

L1l Exenpl ary Chemical Vapor Deposition Process 10 The
met hod of _t he %éesent |nvent|on rraljg be used to passivate the . I nsi de
al umi num By f aE¥emplary Chemical YapopDenosisionPuecesn, or ot her CVD appar at us,

and tyaereby mnimz I Ltt Oon on
conpolrt?ent s and partghgw gﬁ&g?fe‘%%}rg % Bﬁﬁﬂxagcﬂérsﬂss %ﬁ@éﬂa\%pdeposi tion
of I :xmckel alumumml §urlt‘acem%t\a;cempsarpﬂt\natappmtus :lDuent matxeﬁVlmet h%pa/f]ms yan
example o al.um num a eayes unwanted a um num
mat eri al %gﬂﬁf‘?ﬁ& lemerﬁccumulaﬂerﬁaﬂw egtaggqxguma @OHHLR PPon process, and
as an exa ﬁoﬁm@aﬂa WEAIQ s10. A r??(;creﬁ‘{foktt& GVW&é‘ﬁohﬂBn ofhe met hod
of the present |nvent n e to mnimze he "unwant ed

deposi t ed anatupminwin ﬁ.lnbavarraewbmbmﬂmmat& bé¢lewtagan ﬁamipbtd‘fan process

205 G PR ATELARRS: Bt tiaes RavaRRLaeEh bl sBRshtd Vil 1"

"t he

il lustrat hﬁﬂnﬁ&l Blaftey a deposxﬂ&@?rd%éﬁ”ﬁh&ﬁé’axpHidﬁ;ﬂ@%f 2pkocesyfbr Whitéh t he net hod
of the present invention'is no
after its completion, the method of the present invention may be used to minimize

—
0]

~

i

-

the unwanted deposited material from the chamber walls, heater, and other process
kit parts. While the method of the present invention is Famcularly useful in -

20  removing unwanted aluminum material, it is understood that the illustration below is
for exemplary purposes only and that the method of the present invention is not
limited to cleaning or removing material deposited from the exemplary process.

In the exemplary process, an aluminum film is deposited over a wafer
positioned in processing chamber 15. In the aluminum depositibn process, a process

25  gas including dimethylaluminum hydride (DMAH) with a carrier gas such as argon
(Ar) is introduced into the chamber at a rate of preferably about 200-500 standard
cubic centimeters per minute (sccm) through gas lines 7 to gas distribution plate 14
in response to valves or MFCs 17. DMAH is a liquid source that may be vaporized
by a liquid injection system and mixed with a carrier gas such as argon so that the

30 DMAH/carrier gas flow ratio is about 1:2. Heater 12 is heated to a temperature of
preferably between about 200-300°C, and chamber 15 is pressurized to a pressure
of preferably between about 5-25 torr. Heater 12 is nﬂ‘oved to a processing position
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limted to cleaning or renoving materi al dep05|ted fron1the exe Iary
' process. In the exenplary prbeg, t filmis
deposited over a wafer positioned in process . In the
al um num deposi tion process, .a process..29. .gas in yl al um num
hydride (DMAH) with a carrier gas such as argon (Ar) I's introduced
into the chanber at a rate of preferadby about 200-500 standard cubi c

centinmeters per minute SCC% t hr ough as | i nes l7 tg %as distribytion plate

14 Oh Preier3Blysaboph 3Q0:P Y milsfromreas spivuoRRIae 1 YNl 38r°88¢ t hat nay
be vapori ] lfhr'&je carrier
gas such ggfkgr grfucS:IEX% E%llidrﬂ'di‘gra%)ﬂ %@ﬁkgi?ﬁ?lhg gas %Iﬁ\;v‘ﬁjrd,\ﬁegex?s about

1: 2. Heat depdsmorsorhﬂntmgeiand batlsideenf ahe wefeofand of hcatqrrl%fasr@lsmbeﬂsnmeen about
200- 300[err%C and chanber 15 i s ‘gr surized tc? aHB 3’8

pr ef er abl §© EGR 4, theorgptary sharmb uIge gar 4ags gk WF?SeranFr"S‘&tesm ng

POSi 1isON  deposition from all unwanted areas of the chamber, and therefore docs not ¢ allev1aﬂe6

of preferab?y about 300-500 m| fromgas distribution plate Optionally,
an edge the needifore dg}aslesn@tcpax dnh;drlsmmtonmaugmunugmbbammmUrl ng the
dep05|t|or& t 0.prevent deposition on the edge and backsi de of the

waf er and ﬁ‘l Mer 12 as described in . reference to the exenplary

chanber . The purge GaRoné pesferded exchipMiryProceps, ai®piocess gas tdting DMAHr om al |
unwant ed areas of the chanber, and therefore does not alleviate t he

need for avifly §rzen dpintoducedintosthp chamberat agate ofiabpyie200nIRfcem. as b?ﬁtt’r{um
d th
CeRoSid! orl G s watr e s heold BBRM ALY RSER RERERES. 1T,

at a rat e abbutad euit. mﬂn@ asition, Iratei padestal 10 is aticut Gamhxl fremvgaler t her eon)
I s heated to about 265[err C and ssure i s nt aj ut 5
torr. Duridigribitiansplatectd. Ky ag aB-E%‘B Ailmqmay be émpecﬁg@o e S#IF%‘an’Sas

di stributi t [ p o the
surface oftﬂ@wa%& h%ﬁmgéﬂébde%&flﬁ%w n@%%gg éﬁgggg‘?f %‘Pglr?%teopgfr %)lgfeaéﬁ?f F for a
certain t |deposiﬁm pmlcassem amhower tempbeqIaIss or htghpr sopsedeeytthe desuioarrper atures
or hi gher te @ t he .deposition

short &t R lpnEer or ShAFtER, Jespeptiye otf’ agmﬁY %@#‘ﬁ’é& Pre&%@ hi ckness.

Al'so, the rfxicﬁﬁ%s& atLlso (e muﬁﬁm (dBciishsd RDAY abevichpdYelow setibhs)ags faar e for
an AxZ chanber (equi pped for 200-nm wafers and having a total vol urre of

about 6 an AxZichanber (eawipped:fon280-niy wefersiand hmnglaltaqakvolme@é@b%@ ot her
sim lar Cqﬁgrtgfmsanﬁ}aﬁt%red by Apgﬁé(d Rﬁteltlisaf“s. 0? Qourse, other similar chambers also

may be used.

20

IV.  Chamber Passivation
The present invention may be employed to minimize unwanted

aluminum deposition material that builds up within chamber 15 during deposition
sequences such as the exemplary aluminum process described above. In the method

25  of the present invention, a passivation gas, preferably ;itrogen (N,) gas, is
introduced into chamber 15 between aluminum deposiron of a wafer or wafers.
Although the preferred embodiment utilizes nitrogen gas, other gases such as O,
moisture (H,0), nitrous oxide (N,0), nitric oxide (NO), or other gases containing
nitrogen and/or oxygen may be used in other embodiments.

30 The technique of the present invention preferébly may be employed to
passivate chamber 15 after every aluminum deposition or substrate processing

operation step in a wafer run in that chamber or may be employed after every n
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V. . Chanber Passivation The present invention may be
enpl oyed to m nimze unwant ed al um num del§s; en Replacehat ,
buil ds up within chanber 15 during deposition ch as the °
exenpl ary al um num process descri bed above. In the f the
present invention, a passivation gas, preferably nitrogen (N2) gas, is
i ntroduced into chanber 15 between al dfi num deposition of a wafer or
waf ers. Al t hpugh t he eferred enbodi pent utilizes nitrogen gas,
ot her gas &?f?ﬁgﬁveage%%‘f’ﬂs?g{- Accmﬁ\ﬂgé? GP@@@P‘H"@)’{“% £ MPERECBXi de
(NLerr]O) padiivafing g@¥ isCRublided 204 fRiWRite HRRIGRIF YLRNG 108-2000 scerdli t 1 OgEN
and/ or ox&gen maggggé used In (?t her eﬁ)%gf&rrent g%l?3gé 2000 socu, The

t echni que wihiletchemper &% ist maintaiaedi at 2 pressfieer efipreferably beoue Opll-00=wbrt, anost

passi vat e_chanper .15 r ev al um num deposi.tiqn.or substrate
pr ocessi ngfer%"fggfy oot Z@'&ﬁﬁ"’gt‘gy‘ﬁ‘wsﬂ"Wr‘ Wefﬁﬁaﬁﬁa\?u?ﬁ&?fg@° or may be
i;m' oyed hdriRbereSChyY thHe edge and/or bottom purge lines, In other embodiments, the

waf ers have been processed.” Accordingito specific enmpodinents,
t he nitropgassivation gapalseimayt heniptrgduceid viad faceplatgddd Burisg fhepassivationpr ef er abl y

of about 100-20 sce whi |l e.ch er 15 i.s mmintai ned at a pressure
of prefer Bbﬁﬁssaglg%fpaﬁmgﬁeiﬁﬁfﬂt‘beﬁ*ef ﬁ&tﬂ‘?qﬁ? gas ;’ﬁ?@f‘%‘?‘h@?@ rﬁﬁo‘?ﬁ 10-90 torr.
The passi ppiferablydsifout SOPLSICEAD| Thd RirpefinGe ®f heited pedesah 20 Bpsteriblyby the
edge and/or bottom purge lines. In other enbodinents, the - passi vation

gas al so FeRAiBEal thertemperatire useds e dis shoxe-discussed plyginuse deppsifiopat i on

proc , ag tﬁﬂ;] N 2 t S. di Lot te may
be T Eﬁgﬁe %?aﬁ@% ou?ﬁgi)?){]@g%ggsﬁ ng%gsé 'Fgﬂ%g‘f gﬂ {)Jr%fé&% hlesga{lel@é s%edestal
12 pref er abhditions lasts pesfetably bdtwedieaioat <308 tseconds,smokt fppefetably #boay #0-di scussed
al um num ositi.on_10 rqcess.. The intyoduction of the passivating gas,
o tr ogen, TP SeEoS TERen ciber 18 i MAlttained g owet RSt st e BROTGKED) |

bet ween algais shbuiOfk feeFQRES. nost preferably about 10- 120 seconds.

Wien chanber 15 1s nmaintalned at a |ower pressure, the passivation
ti me should be incr &gellis a simplified flow chart of a strafghy waferi mnafoneplified flow

chart, of a strai ght fer ryn_of one 15 enbodi nent of. t he t hod of the
o esekh | PBRERRANT of i mesar of Sre FiiRent fvepdam. 1ap start of the SR Ry ¢ | 5
| oaded i nfqybteace feiEREEd ﬁﬁl&’d@%ﬁ%éﬁ%ﬁ%ﬁ@é&d‘&c&ﬂi@@ 8 %%thﬁlﬁbsy _

escri bed abo si ng

al um num deposi tion process ve or by another proce
oper at i on aluminum(dspesiticy Pyocesw desrritadhiowe oohy anothércproatssing aperafioncessi ng
operat | Onﬁt%@?@)q E{éhrsla %?e)mal(sgﬁ?r} of fhg:s%gsgl\'/a?edpgorcgsrsr}nfgho%ega%%ﬂp §L shsdil: 20°) and a

det er m na

removed from the chamber (step 305) and a detetminat:ion is made by controller 34

20  as to whether the passivation step should be performed!(step 310). The passivation
step 1s performed after every n substrates are processed, where typically 7 is
between about 1-25. For processing operations used for specific applications in
which aluminum build-up is a great concern, # is preferably 1. If n processing
operations have been performed, the system proceeds to step 315. If n processing

25  operations have not yet been performed, then the system returns to step 300 for
another metal CVD process operation. '

In step 315, at least a portion of the chamber, €.g. resistively heated
pedestal 12, is heated (or remains heated at the deposition temperature from the
metal CVD process of step 300) to a temperature preferably ranging from about

30  200-300°C, most preferably about 265°C, and the passivating gas, nitrogen in a
preferred embodiment, is introduced into the chamberg(step 320) at a flow rate

preferably ranging between about 100-2000 sccm, mosft preferably about 500-1000
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20 . as to whether the passivation step should bey step 310).

me
The passivation step is perfornmed after ev:eryﬂ?seéﬁeg N egipgec
processed, where typically nis bet ween abjout W[},ﬁﬁ ﬂ essi ng
operations used for specific applications in | bui | d-up

is a great concern, nis preferably 1. |If n processing oper ati ons
have been performed, the system procedds to step 315. |If n processing 25

operations have not yet. been performed, then the systemreturns to step 300
f or SCCho HREFUFAY 2t seb3ad FumgRIned at 2 level preferably abont |

step 315, paf-18 ' X : LStk d
pedest al 121, ligﬁht'a?ggq{rgﬁeﬁ?é%?%g?%gg'?ggqﬁgp '? %1% d%%géﬁgie{nkgﬂa%‘g%%ﬁd:t ure
from t he pressurerdeveld thawthgse slissnssed AboveaisoaNy be used dndnmpay be destrabledfier abl y
rangi ng fro .ab%tt. 30 200-300[ err] C, " nmost preferably about 265C, and the
passi vati ﬁ%‘%}ﬁé,‘ N"tnﬁbgen in a preferred enbodi nent, is introduced
into tshe chanber (StpR s8iéetkd Phssivalih®bordMidhs are maintih&d BF ¥R durk@sIobNY

bet ween about 100-2000 sccm nost preferably about 500-1000

18 Seecpassipptiarsstep (Sep B3Q). (The durationenf tztsp@eivarémdsttmﬂeneadmwm a | evel

pr ef er abl - 100 rr. npst preferably. about 10:90 torr
(step 325}{? %I %ﬁ%&er arfdegr%esrué%Héegsméﬁedpasswau?“ps?@’ssﬁﬁ%p?‘%\yéﬁ%u f‘fféﬁlqnﬁose
di scussedlabpseferablybetmyengbous B-30@8€toidy, risst PrFirablp|aBontN10-120 secmist ai n

situati on}. The sel ected passivatjng conditions are
mai nt ai ned oF W RIEUFest308 fermperatures, therfuraionafithe passivaianpsteBisep 330). The

dur atjpon p ' ' . . ] .t r re and

r eaciPy Srehiler PRBRCVE, (i SRSt OBt 1 permid HRELAN | ©

| ast pr ef passhiagioh evhileaninithizing the HH@ durariondsf, therpassivatied step oythatbwater 10- 120
seconds. For | ower, pressur.es.and tenperat yres, e duration of the
pasel vat | Siroustmy? isactmau ARG O ResrAton o COnRbea s R SPPROyTEE

opti m zed e dikhitd, O SRR FhMS to step 309%15'%6;&%;&%@19 ﬂirsétéhﬁh ing the

time duration of the passivation step, so that wafer roughput is
not undul ppéifiermt ed. Once passivation is conpleted for the appropriate

time ration, the stem,eturns to step 300,.for anot her .neta D
proc s ng op«??lsa‘{qs‘b"ﬁb. %_1%0%' use of niffogen advan;ige‘a.:é chsﬂgﬁe%b'B%, use of
ni trogen apveftaoEaisdod maes the ﬁ%h/fg@ﬁbtant to mnﬁértmvntmxﬁmhﬂ%@%mkes

t hem hi ghla%ﬁresi stant to further al um num gr owt h. e nitrogen
forms an
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. m_ght passivation step is periodically repeated, any small-amount-of growth which might.- .. .

@o24

20 occur on the AIN surface is also passivated. Accordingly, it is believed that
periodically performance of the passivation step can extend the life spans of the
expensive heater 12 and other process kit parts possibly up to about 10-100 times
their current life spans (about 5000 wafers for about 0.5 mm total aluminum
deposition) as measured by number of wafers processed. It is projected that the life

25  span of these components may be increased from aboutii 5000 wafers (about 0.5 mm
total aluminum deposition) to up to about 50000-500006 wafers (about 5-50 mm
total aluminum deposition).

The above-discussed embodiments illustrate the passivation step being
performed between every wafer or every n wafers. Héwever, in alternative

30  embodiments, the passivation step may be performed. post-deposition while the wafer
remains in chamber 15.

It is to be understood that the abave description is intended to be
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20 _ occur on the AIN surface is al so passivated. Accordingly, it is
bel i eved t hat periodically performance of the passivation step can
extend the life spans of the expensi ve heater 12 and ot her process
kit parts possibly up to about 10-100 tines ‘their current |ife spans
(about 5000 wafers for about 0.5 mmtotal alum num deposition) as
measured by number of wafers processed? It is projected that the life 25

span of these compopents nay be_jncreased from gabout 5000 wafers (about 0.5
nm It;\g'{sglau‘é?ng?ffﬂ%ﬁeﬁfé’ﬁﬁ%‘?t _Mﬂ‘?)’ ogwan& Wilob appatsoe tosbotoef Sl er s
(about 5- 30 tH¥Art upon revitiwihg Blet4bole %Qﬁﬁﬁﬁ%i-%gmay--of-example-, the inventions. . | €

above-di scussed ehbodi ments illustrate 't passivation®step bel ng
per f or med hexgimbave beearillusteated: prémardly evith regawdf te rasspetificaiiminumpradeser nat i ve 30

e0dl 1o, od s PR AR Bore she tal B BSRLy iSR! B0 Vi L e

dozs

récipe an

under gt 00§r5\ﬁi6ﬁsgi §i2ed DA ERSTE of the ko/gesehﬁnwﬁﬁﬂdﬁﬂottlﬁn#&i to minimizing
illustrative and not restrictive. Many enbodinents wll be apparent to
t hose of $Ryepted aluminug achemBlation yithinrachasien fronhée aboveextaplarypt i on. By

way of ex Lot .oV l.an erein .have peen..illustrated primarily
wth rega?g}a{flgmg IJsil g%éé?'f ?gsttéaal(au%lerﬁfﬁeﬁ @ggxg%on 15 equal&eaiapggabi%@ a specific
passi vat i atininiingIsatertali foon abuhiniieyVBrizodesies hatlenipldyesther’ Huinunpr evi ousl y
stated, the nethod of the present invention is not limted to m nim zing
Unwant ed SPRATHAEEaFES AT AET KRRFiZed DMAH widh STier gt (issussed sovexterpl ar y

al umypum g, . ' | | Lcable to
i i i e SPegne 00,  ALSn GG ainple) W NPk of B A3 R D L0 i
cont ai ni njaybemsdesadileg usikgpa carajep pay ath BYARon, bt atherr daetiergpeses Hkescussed
above for 10 a.speci fic epbodi ent not her .exanpl e, _the deposition
of an al UHF]E‘HH’IOFHY 0gen, may, §“B§£§F H@cﬁ“ﬁgﬁf' @astivation g5 oEFlugtiRe Wich as
argon, bu i i : Reld X _ . be used
argon. bubf ?{cﬁ%ﬁrﬁ? bt BSecdBetalr dfibodiments: HowWeVER, ey WEY BYF rellBtie"S

passivation gas o dorine or oxygen may be
used i n ceincaitese ghwedimanteact Withwheedluminamyhydeide lkhemivalsneed forweme si nce

t hese gases r eac L.th the al.um pum hydride.chenm cals ysed for some 15
enbog%enﬁg‘bg? & Gmgﬁﬁn&é‘ﬁbéﬁ‘%’ﬁ?- §%§19u?$ Pl AF WilreaRamis | |
recogni ze other equiYhiRRl oLAlrNA{ve %eﬂﬁs?ﬁ}dﬁﬁr{%ﬁﬂg"ﬁc F'.i)’fettﬁ%ﬁr Whiﬁ@%_@ﬂﬁ o9 the

metal |ayer while remaining e scope of ‘the clains of the
present | fKidwn therscopk pf thefalaimis@f thespresent ifvention. | Still furthey calthough the descri bed

above Wi t B, GliSH W' EScliSed 2{3vERRA! Akignct {0 D ggéa%at%g 1b %gving 2 heated

pedestal 12, the present invention may also be used with CVD apparatus using -

20  quartz lamps or other heating technique to heat the substrate. The scope of the
invention should, therefore, be determined not with reference to the above
description, but should instead be determined with reference to the appended claims,

along with the full scope of equivalents to which such-claims are entitled.

This Sheet Has Been Replaced
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pedestal 12, the present invention may al so be used wth CVD apparat us
using 20 quartz | anps or other heating technique to heat the substrate. .
The scope of the i nvention should, therefore, be determ ned not with
reference to the above description, but should instead be determ ned
with reference to the appended cl ai ns, al onthis\Bhdet HaeBden|Replacarpe of
equi valents to which such clainms are engitled. 4 I

1. mn"wrﬂr rm}n m zi ng
excess netal deposition inside a 2 substrate processing chanber after a

20 VWHAT IS CLAIMED | S: 1
substrat e WHAISE GLAINEDIS:0n, said nethod 3 conprising the steps of: 4
I ntroduci ng a nitrogen-containing passivating gas into said chanber 5 after
sai d substrate processing operation, said substrate processing operation 6
conduct edj at a proce§si ng A efERRidafUnimiE ekcess metal deposition RidIAi Ni ng at
| east a portion of said chanber at a second tenperature 8 during said
i nt r oduci hgubsizate plogessing chathber afferox sbstratepredessing pperafionyistidimetbed d 9
chanber . 1 .. 2. The nmethod of claim1l wherein said
ni t r ogen-+SAPRAFPRRS S16RE 8 vat i ng gas is selected froma group consisting
of Nlerr]l4 Nerr]O dndoddcing a Aitrogen-containing passivating gh¥ énto8kil @ftaberc! ai m 1
wherein said second tenperature 2 ranges from about 200-300[err]C. 1
4. Thed rffensrid subsiraty prOSeSAINGQPEFAtion; whigh sibsiraleggoesssing apsratien are 2
deposi t edg icﬂﬁ&&?edsﬁiéjpfogéémﬁrte%eﬁuﬁ@emdcal vapor deposition reaction of an
3 al um numcontai ni ng" gas. !

7 maintaining at least a portion of said chamber at a second temperature

8 during said introducing step thereby reducing excess metal build-up within said

9 chamber.

1 2. The method of claim 1 wherein said nitrogen-containing

2 passivating gas is selected from a group consisting of N, N,O, and NO.

1 3. The method of claim 1 wherein said second temperature
2 ranges from about 200-300°C.

1 4, The method of claim 3 wherein \Faid particles and residue are
2 deposited inside said chamber by a chemical vapor deposition reaction of an

3 aluminum-containing gas.

1 5. The method of claim 3 further comprising the step of setting
2 and maintaining pressure within said chamber at a level ranging from about 0.1-100
3 torr.

1 6. A method for fabricating an integrated circuit in a processing

2 chamber, said method comprising the steps of:
3 introducing a wafer into said chamber;
4 performing a processing operation on said wafer in said chamber to

5 deposit a desired metal film on said wafer and an undesired metal film on areas of

“—Hlllllj\l-lllj T AR
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5. The nethod of claim3 further conprising the step of
setting 2 and maintaining pressure within said chanber at a | evel ranging
from about 0.1-100 3 torr. 1 6. A nmet hod for fabricating
an integrated circuit in a processing 2 chanber, said nethod conprtsi-ng -the
steps of: 3 i ntroducing a wafer into sai Ly
perform ng a processing operation on s2d wafef in sai gﬁg'}ﬁ &rHa ﬁe Replacec
deposit a desired netal filmon said wafer andian undesir g m l m'ﬂﬁm
areas of . 21
chanber ; 67said chamber; removing said wafer fromsaid chamber; 8

I ntroducikng a nitroggns J: | Qﬁ%ﬁl At s into said chanber 9 after
sai d waf Igr S rem)ve???ér;@é# gaje‘l?éﬁ%ﬁa ers%(xﬂléblﬁ&%&? mai nt ai ni ng
pressure8wi thin sai dinttodotifg aatirregepadotainihp passivadsg pss ihfo $ail chantberi ng sai d
passi vating. gas, jntroducing step; and 12 mai nt ai ni ng at | east
a portiof &feTSaid wales apEsmoyed from s3id chamberi3 t enperature to passivate said

undesir @ metal il Moghithid Hrd:Sud WidthStia Thbdberl4t £5088IL Rsdufe sal d_ar eas

of said chanber.. 7. The nme d of erein said
pr ocessildglevpleduririgosaid passivpting gas iatrotwingstep;vador deposition step. 1
8. The thod of claim?7 .V\her%i n sai dd%ar gfi C.ldl %r gressure devel is at 2
least 01f torr. maintaining af least 2 portion of said chamber at a particular

13 temperature to passivate said undesired metal film to minimize unwanted metal

14 deposition in said areas of said chamber.

1 7. The method of claim 6 wherein said processing operation

2 comprises a chemical vapor deposition step.

1 8. The method of claim 7 wherein said particular pressure level is at
2 least 0.1 torr. B

1 9. The method of claim 7 wherein said particular temperature ranges
2 from about 200-300°C.

1 10. The method of claim 6 wherein said performing step comprises
2 the steps of:

3 introducing a process gas including an aluminum-containing gas into
4 said chamber; -

5 heating said portion of said chamber to A process temperature

6 between about 200-300°C during said process gas intrbducing step; and
7 maintaining pressure within said chambeér at a level between about 5-

8 25 torr during said process gas introducing step.

1 11. The method of claim 10 wherein sajd aluminum-containing gas
2 comprises dimethylaluminum hydride (DMAH).

L
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1 9. The method of claim7 wherein-said.particul ar—
tenperature ranges 2 from about 200-300[err]C _ 1 10. The
met hod of claim6 wherein said perforning step 8 S BEERCRACEHS_ of : 3
i ntroduci ng a process gas including an al um numco ll nto 4 said
chanber; 5 heating said portion of s a process
tenperature 6 between about 200-300[ err33 during said process gas

i ntroduci ng step; and 7 mai ntai ni ng pressure within said
chanmber at a | evel between about 5- 8 25 torr during said process gas

i ntroduci dg step.  112. The method of claim 1irpdierein paid) PEYCess gas Alspoincldese n sai d
al um num gogilgghni ng gas 2 conprises dinethylal um num hydri de (DVAH).

22 1 ’ 12. The method of claim 11 wherein said process gas
al so includes 2 argon. 1 13. The method of claim9 wherein
said perfqormng step conprises 2 the steps of: 3 ) I nf roduci ng
a process lgas i ncl udi i% av%%e&le’ah?avlw% syd PerfRrping step Pieber: 5
heating sai %%PEI%“ of said chanmber to a process tenperature 6 between
about 200-300[err]C during said process gas intfoducing step; and 7

mai nt ai ni 3g pressure ttodicing aipdoeshs gascinclatding anahghinhet-containipp gat inffle 8 25
torr duri ngsasx icﬁl e(%g:ess gas introduci ng step.

5 heating said portion of said chamber to a process temperature
6 between about 200-300°C during said process gas introducing step; and
7 maintaining pressure within said chamber at a level between about 5-

8 25 torr during said process gas introducing step.

1 14. The method of claim 8 wherein said level of at least about 0.1
2 torr ranges from about 10-90 torr.

1 15. An integrated circuit processed by the method of claim 6.

1 16. A substrate processing system cori_nprising:

2 a housing for forming a vacuum chamber;

3 a gas distribution system, coupled to said vacuum chamber, said gas
4 distribution system capable of introducing a plurality of gases into said gas mixing
5 chamber; _

6 a heating system, said heating system including a heater capable of

7 holding a substrate and capable of heating to a selected temperature;
8 a vacuum system, coupled to said vacuum chamber, for controlling
9 pressure within said vacuum chamber;
10 a controller for controlling said gas distribution system, said heater
11 and said vacuum system; and
12 a memory, coupled to said controller, said memory comprising a
13 computer-readable medium baving a computer-readable program therein for
14 directing operation of said substrate processing systerfn, said compurter-readable

o

i
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1 14. The nethod of claim8 wherein said |evel of at |east
about- 0.1 2 torr ranges fromabout 10-90 torr. I 77 77T 6. An
integrated circuit processed by the method of ghaishe& Has Bden Replaces

16. A substrate processing system conprising: 2 housi ng for
form ng a vacuum chanber; 3 a gas duwmimﬁmﬂiumyem
coupl ed to said vacuum chanber, said gag 4 distri capabl e of

introducing a plurality of gases into said gas m xing 5 chanber; 6

a heating system said heating systemincluding a heater capable of 7

hol di ng alSspegramicemprigingapabl e of heating to a selected tenperature; 8

a vacuumgsystem coupled to i d v, um.chagber.. for controlling 9 pressure
within sdid vacuum chanber? ﬁ%% set of Tnstrucrions F(;%é:oggﬂﬁpéls?lgrhe F: séght rolling
said gas i stributi onvadishefsteiRindl HEPEAY diditibatich SRteth WARHBMGRYSt em and 12
a menory, coupled to said controller, said nmenory conprising a 13
conput er -lBeadabl e nedPIRerITEAS A0 Faidorspunm chambrrARd do mainiainAbambeei n for 14
directin peration o ' t ' '

conput er 91r9‘e)a dabl e fentifureUa  grdlstre R RIGH $8100a TAERED B fur a metgl
program @@npri si ng: 16ubstrate processing operation that keaveésnaiwanet méal rsidaeict i ons
for controlling said heater, sajd va&uum system and said

€ s 17 .
gas di st 2but i on syst 8FRasiieq W_ftp’é‘cﬁélf’e"a&‘@@ chamber during a first fimgpesiodyas i nt o
sai d vacugm chanber and t 0, Bigah 3L oCiaRREbns for controllin%llsaig &eatef' fperat ure

and pressure within selected ranges to carry out a net
substrat €3rocessi ng apertiin ehsaicelianibenves partisalat éainperatate duringcusecfdd

deposited, W thin said_vacuum.chanbe ring a.first time period; 22
a second <&t of instrH&eiﬁ’é’df‘gﬁerE%‘if&%lqmﬂﬁuéogﬂd heater to heat

15

25 a third set of instructions for cofntrolling said gas distribution
26 system to introduce a nitrogen-containing passivating gas into said
27 vacuum chamber during said second time period to minimize further
28 unwanted metal residue deposited within said vacuum chamber.

1 17. The apparatus of claim 16 wherein said first set of instructions

2 controls said gas distribution system to introduce said process gas, said process gas

3 including an aluminum-containing gas.

1 18. The apparatus of claim 17 wherein said particular temperature
2 ranges from about 200-300°C.

1 19. The apparatus of claim 17 wherein said metal substrate

2 processing operation deposits a metal film on a substératc during said first time

3 period, and said third set of instructions controls saic& gas distribution system to
4 introduce said nitrogen-containing passivating gas after said substrate is removed

i 5 from said vacuum chamber during said first time period.

T
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- 23 a portion of said chanber to a particular tenperature
during a second 24 time period after said first tinme period,
25 athird set of instructions for controlling said
gas distribution 26 systemto introduce a
ni trogen-contai ni ng passivating gas into said 27 vacuum
chanber during said second tinme period250 mnimze further 28
unwant ed netal residue deposited within said vacuum chanber. 1

17. The ggparatus of claim 16 wherein said first set of instructions 2
control s kaid gas di $0riBlhn anparasysselcgiaimol§ mhexsinisaid semprutgr-tradatde gas, sai d

e apparabrieca Sk By TR IBRlcRBn IR comrdling s9d et g 1 om

about 2003 3PEMIto]set and rhaintain said vacuum chabSer Bh& paéspire HetiBeel abehes-25 17
wherein sai'd metal substrate 2 processing operation deposits a netal film

on a subst temrsugingisaid Get Hmeinesiod ppdio setgad imaintapgid woyumshagberet Hf
instructi t ' St B Dyt : pntroduce said

nitr ogen-%@ﬁ?sg&r%i %gb%egﬁogggﬁnbwggg% .lgrﬁ?aﬁﬁéﬁgﬁs#&gﬁghi s renmoved 5 from
sai d vacuum chanber during said first time period.

24 1 20. The apparatus of claim 16 wherein said

conput er-readabl e 2 program further conprises a fourth set of instructions
for controlling said vacuum 3 systemto set and maintain said vacuum
chanber at a pressure between about 5-25 4 torr during said first tine
period and to set and nmaintain said vacuum chanber at a 5 pressure between
about 0.1-100 torr during said second tine. period.
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