- METHOD FOR | ON SOURCE COVPONENT CLEANI NG Field of the Invention [0001]
This invention relates in part to a nethod for cleaning an ion source
conponentwof20am4i2a i npl anter used in sem conduct or andPprirarse@besiisoni c
manuf acturi ng. The method i nvol ves renovi ng deposits formed during dopant

i npl antation using a cleaning gas m xture. The deposits adversely inpact
the normal operation of the ion inplantédr- causing frequent down tine and
reduci ng tool wutilization. Background of the Invention [0002] Ion
inplantation is an inportant process in sen conductor/mcroelectronic
manuf acturing. The ion inplantation process is used in integrated circuit
fabrication to intrdETEHOIWPORIIONTBOURCEEONPONENT CDBAMING wafers. The
desired dopant inpurities are introduced into sem conductor wafers to form
doped regions at a desired depth. The dopant inpurities are selected to
bond with thg;gggkggqggﬁbgﬁ wafer material to create electrical carriers
and thereb rical conductivity of the sem conductor wafer
mat eri al . Th¢0mnmcéﬁﬁ$aﬁémmnn%bﬁspﬁpMTmn@umﬂmﬂdsrﬂaﬁﬁmymceﬂsdemernlnes t he

el ectrical conductivity of the doped regi on. Many such inpurity regions are
necessarily CPERPRALP A B PFARHRE bt MSERIRONGPRr erdTBICERSSHOBKY uct Ur o5 and
ot her el ect r gRinGrRhrie! Uhemortth Soicel Ile%mn?eaqso%%ﬁhm&ﬁl Aol conduct or
device. [0003] In an 1on inplantation process, a gas nater|§ s used that
cont ai ns therm@bnmadndapgamkmhegﬁﬁsnnmhe:gﬁscmpommRMMdﬂdEdnpmndkan i on

sour ce chanber at.i on nber r i,is introduced into the
chanber to 1 RMmd Phiatigher et Tt siingHearen P¥adTi e OIS n 1 ho
dopant el enengo] ufiigati@ns are extracted fromthe ion source chanber in the
formof an ion beam of desired energy. Extraction can be carried out by
applying a high voltage across extraction el ectrodes. Wen high purity is
desired, theEQSQQW Eﬂ%fﬁﬂ? é@hled t hrough nass anal yzer/filter to select the
speci es to bernpranted. the ron beam can then be 2 -

accel er at ed/ deso] erish édlplndtib ansraipbaanttpPodkeinsur f ace of a sem conduct or
wafer for inplantation of the dopant el enent into the sem conductor wafer.
The ions of tPRIHBAVRIYEREIIAIEORIKENAWFCAE I fTheHan FBpRRaHRILBIOB?SS Waf er t o
forma 1 o9 OOl indRLEEH GRE il alioFRNMNGAI dban L0 AnRr OB1 oM Wi LD the
ion inplantation process 1nvolves de ositron o terial residues on

t he surfacessahubhéwn@ﬂwabmrdéedhﬁnhﬁbpamdnmonpﬁnﬁaﬁﬁmﬂomﬁanmed wi thin the

ion source chanber. This can result in accunulated(&63#Q@$éﬂfp05|ts t hat
c

interfere wi SAMRBIuGRICELSH P foyprioner sreions At Ralchipd Aber, for
exanmpl e, el e(ﬁtnfs)hﬁt‘:i’és SOQEct&d foYdhl SvithaHs %nlEBﬁﬂcf&%&a@&%nQ&i?Q% ERafcor med on

| ow vol tage insulators in the ion source chanber and energetic high voltage
spar ki ng causémnﬁmbannesmdmdmdﬁpnﬁmt&whhmnudlanwuasubaﬂbh@ in the ion

sour ce chanber 0 s can advers act.the n

Soer ot i om0 Shiriedpdy SRR aRRAS R SRR BAER S TRk et oo
utilization. jopt@ngs iR &R Borflusvie bftBe deifediegibhe Ml S8 Ririty OXi ¢ or
corrosive vapor s when the ion source chanber and conponents contai ned

wi thin the i degienare sceshsitheercaied to brmiegsterstioFaeasi eglation ptsucturey efdor e
necessary to h I fo surfaces of
The i on Sour CURTRKEHIE ESUTL BN RS a0l ARen RETell Beiit o

chanber to m[ed0B] zenanyon Msladtefi@neecokthgdshratsriid ¢eset that opeaiat len of t he
i on source chanber. [0005] Therefore, a need exists for renoving the

accunul at ed d&pEs dfopﬁléireflﬁ‘d{l?%ngh? B (HEodyged inEan ion spyse PiNRSEUr e chanber
and COWPO”G”H@}]%R{&B%Q&Q%% aréd%r § 1ﬁt9cfhu§9djirn]‘t§c§%1§ *&ﬁ&ﬁ?ﬁ& to §dniOHE gasbe

desirable in e art to | eani ng et renovi ng
accumnul at ed dépmﬂnmuhmmmaMmomﬁthmamnmheﬂﬁmbpaﬂ&mn&mtthhymnmm&ource chanber

and conponents co ined within the jon u hamb r so to mnimze
any interfer é’ﬁE%Ct%i &ﬂmttﬁ%loék?el'l@%;’]ﬁpjb%d’és@tﬂogﬂo ot $fde chanber .

energy. Extraction can be carried out by applying a high Voltage across extraction

electrodes. When high purity is desired, the beam is transported through mass

analyzer/filter to select the species to be implanted. The ion beam can then be



Summary of the Invention [0006] This invention relates in part to a nethod
for cleaning an ion source conponent of an ion inplanter, wherein said ion
source CONPAPENM12ONPri ses an ionization chanber and oneCoiSa@AsS@SMPONENt s
contained within said ionization - 3 - chanber, and wherein the interior
of said ionization chanber and/or said one or nore conponents contai ned

W thin said ionization chanber have at -I2»ast sone deposits thereon of

el enents contained within a dopant gas, said nethod conprising: [0007]
introducing inte said ionization cha ¢l eani as ai.d cleani ng gas
corpr 1 5 ng a ‘nrard st st shE b IREREls A tRhld SRR end B TS noble
gases and/ or fei inipdgeationasTahO@dpadnébmyntQrto tBE seiniBdrdudfod waferaMhe ions of
oxygen/ fl uori ne-contai ning gas _and one or nore inert gases selected from
nobl e gases éh?db@mpﬁn@w@ghﬁ sugfage pHhosymicendudieigvalen tg Temeafee ghs with

sai d deposit i It sufficient to renove at |east a portion of
t he deposits§¥$g%${%gggﬁké$#%§VIf sai d ionization chanber and/or from said

one or nore ¢o0MuApnenpeobianiaihrtaeioni itiplantamingpro@ed madlivondepoaitibe bf gisO009]
This invention also relates in part to a nethod for clganing an ion source
conponent of THHCHAReSiHSP QR therSurigresdithe 198sauce Ahaneher B EIRPRItEIRt conpri ses

an i oni zat i oRyLHRISithdDNthe FREsRircd ambEL MPANEM s QPR RLMGHWItAlid Sail d
i oni zati on chanber, and wherein the interior of said ionization chanber

and/ or sai d claposits thmb irdcréaapotheht succontdiopedtion phihn igasodrdcahaméti, dor chanber

have at |east sone depasi.t her eon of .el enent ontained within carborane
(CoB10HL2) - QSRRSO EE R e HaTeGr R ip SOOI RSP NG | nto aa d
ioni zation cRankesindul&bRARKYo8 38urcs Shanth @ﬁ@bﬁ@%aﬁs{ligpmfdgg ispkigm Xt ure
of F2, one or nore inert gases selected fromnoble gases and/or nitrogen,
and opti onal logusgd fropr regidue depases Srmea opxgsyators iytheilpresager diapibey Bes and

[0011] renct IhgiesPRoRR R pE St P B R frAZRER PR P LARARP: one

sufficient tgaliemyjac@tdom@dsic aadpadict @bl afilitdidndSpfsy fssuds camulkderisont eri or
of said ionization chanber and/or fromsaid one or nore conBonents
cont ai ned wi tdHE 0 BgicEISER OF40Xie AT EPTERFHET VaPPBOMID thpjog sopkee shimBberfagdt her

Lo PP SR L R0ty SUUELNR LIRS
conponent of iatherefore nppdssary & renwive itied avcsmubhitddodepsotfor@at@sfame tic

surfaces of the ion source chamber and components contained within the ion

source chamber to minimize any interference with the successful operation of the

ion source chamber.

[0005] Therefore, a need exists for removing the accumulated deposit

formations from the surfaces of the ion source chamber and components

contained within the ion source chamber. It would be desirable in the art to

develop cleaning methods for removing the accumulated deposit formations from

the surfaces of the ion source chamber and components contained within the ion

source chamber so as to minimize any interference with the successful operation

of the ion source chamber.

Summary of the Invention

[0006] This invention relates in part to a method for cleaning an ion source
component of an ion implanter, wherein said ion source component comprises an

ionization chamber and one or more components contained within said ionization



4 - conprises an ionization chanber and one or nore conponents contained
within said ionization chanber, said nmethod conprising: [0013] introducing
i nt o sai dwoDani1za1i26n chanber a dopant gas; [0014] i ntro@agiusgoiosaséai d

i oni zati on chanber a cleaning gas, said cleaning gas conprising a m xture
of F2, one or nore inert gases selected from noble gases and/or nitrogen,
and optionally 02, or a m xture of an oXygen/fluorine-containing gas and
one or nore inert gases selected fromnobl e gases and/or nitrogen; and

[ 0015] reacti ai d dopant .gas.and sai.d.cl.eanin s .under .caondi tions
surtreent o S apadeid TREChIReRuREN o B g Py M BT MUF i8Rk ' Sa o

i oni zation chgdfoebmpoetingy codmisall witldi 8aidlorlRdtRnAARDAENAVS aclomdtgomed w thin
said ionization chanber; or reacting said dopant gas, and deposits form ng
on the i nt er (98P0S IEARQN OIGHIBSANS EARUERRERLRIN APHH toh 8B TCBHG or o 6
conponent s c%gﬁﬁhgﬁg.mﬁthin said ionization chanber during ionization of
sai d dopant gas, w th said cleaning gas under conditions sufficient to
reduce the f¢00i antroducilepasi dail @nizktien ¢irindrer oklecahing ghd shidricatigon chanber
and/or on said one or. nore co nents contained within said ionization
chanber . [00%6} COPRPES Y BTy e <L THRIE 1 %?@%%Seil%te&ﬁqulebla ghhod f or
preventing 0%n&%9H&b%&1%B&o%ﬁ&&%&K%nopinﬁﬁﬁ&ﬁﬁ%ﬁx&&g&ﬁﬁ&ﬁﬁk§mﬁ%ﬂﬁ ned

Wi t hi n carborane (C2B101-112) dopant gas In an | on source component of an
i on i npl ant ergas wirkoms or rs@i dndrogrssoistacesddonp onklntzassrpd/ios edrogensiandi zat i on

chanber and r nore conponents contain wi.f hin said.ionizatio
chanber , - sai A0TSR BasRBTAGE B0 M Y R attiEs gt g o3 AL ot o
chanber a dopaRim@ast | LohdHPRot the ASpEA PSS thtSRsrAT:aagoki LA BROHL 2) ;
[0018] introducing into said ionization chanber a cleaning gas, said

cl eani ng gas chanperiagilieg figriaxd oreorghocZomparendy cantgincd wihin sgidses sel ect ed
from nobl e 9%§ﬁ%n%ﬂ%£%5b&jtr09€n1 and optionally 02, or a m xture of an
oxygen/ fl uorine-contalnfhg gas and one or nore inert gases selected from
nobl e gases 30@9r THit MAgRn A§rel Q1A patt €@ g hicktighdstat clegopamt icgasuapd sai d
cl eaning gas under conditiaons sufficient to prevent the formation of
deposits on tCRBPPRRNSPF & lopfmplanger; whersintspisior AAHBRFOTBRRIICBT COBMPIESS # one or
nore conponen tal iyt hi .d.1.00j i : . ting said
dopant _gas, - AR RRBH, il b 3k odrlrk hicBiha A AR @1 idnfARb T8, 53
chanber and/ @hambersaiddwhreinghe mbereor ©6 s d netitasioo chirabereddior sdid onsar d

i oni zation chanber during ionizatian aof .said. dopan as, wth said cleaning
gas under comef"E FEMBORAFFGoRfaRd Wl&hlpéﬂée@n%%@nfcﬁmé?rﬁwe 8FIcHE 08¢ t's on t he
interior of gbekid QiZAld AR i AROK Riin QBrbBRind (@51?10]9[12) aopdnt g@gyponent S
contained within said ionization chanber. [0020] The nmet hod of This

i nventi on pr oviddeghdd gheprisiegroval rates than ot her known processes such as
NF3 based pr es for residue.deposj.ts forned during carhorane

 mpl ant at i onJOGA. PRR e i SRR eI G e sEUbE s AU (B can enabl e
cust oner s t 0 gpeEdRpMRihNE niQstd T, ChRadH ride dRel @iséOdt1dcasit fesm abble heqse

i nprove tool utilization. For exanple, users can gain an additional 1 hour

of tool util iapgior Bitroger. aigpptignallydlaer hgiNFS dasedyeindduirng-antaming/ Ar / 02
based cl eani %ﬁ? Qf&g(gt%ee}fr Jé(?oré gslf]e?{ a%%sg%?ec %@&&hoﬁl%@%ye%'aggﬁr ﬁ&@%&ﬂ%ﬂﬁe W th

this inventi ration can al’so'r ess usage of

cl eani ng gas [60d | heveginkesisl didaatgant withsarlyddposiarundepdoadaimaptsficithts, the
users can further reduce tool downtine and safety concerns experienced
during gas cy? IR a éﬁﬂﬁte?c@%?ﬁ of the deposits from the mterior of said 1onization

chamber and/or from said one or more components contained within said
ionization chamber.

[0012] This invention further relates in part to a method for preventing or
reducing the formation of deposits of elements contained within a dopant gas in

an ion source component of an ion implanter, wherein said ion source component



Brief Description of the Drawings [0021] Fig. 1 is a schematic
representation of an ion inplant system [0022] Fig. 2 is a schematic

repr esentwioi2on/maiz22di f f erent gas connection nodes usef ul PCm/usShé19/05019@nNt i on
[0023] Fig. 3 is a schematic representation of different plasnma and therna
activation nodes useful in this invention. [0024] Fig. 4 graphically
depicts the effect of cleaning gas flowd4and chanber pressure on renova
rate. [0025] Fig. 5 graphically depicts the inpact of oxygen addition on
renoval rate. Det.ailed De ¢l nvention %er of

deposits is RETRESFSGR PR “I‘IQ‘ §ﬁ%an§t%1§°r6%°r?%8°n“é%?ne CO%r‘i‘“} Sn sour ce

chanber mhlIemgemh@ﬁﬁmngmm@afBﬁ@h&ﬂkﬂnm@Qﬁ@ﬁg The deposits are at least in
part elenments contained within a dopant % for exanple, vaporized - 6 -

car bor ane ( CAIIF1- 1intrgducinpyataygph wngfa%n hsea dBPHUIt BRY from a sol i d

source, for I r [

vapori zed by?ﬁgmﬁlﬁan&ﬁnggﬁg)p05|%%gggéerseeia?ﬁ%@%kg?%ggﬁggﬁgﬁﬁoperat|on
of the ion-ingps ecnhpnsmg:auﬁﬁufercfﬂmmﬁe alonet iimaet gaseb sremztwdefrdmnbblutgad;dsz ation.
Fig. 1 shows a ,schematic reBres tion of an |on [ @nt system. Deposits

are forned oﬁn@ﬁénW@g@§aﬁﬁﬁ nPG2 pHxtpisofiag oxy TORZOBEINI&Hown as
dashed box angs Lo GHRrE o TELRORotddtiSin OYERLIRAnI BFRYBScAGRASI t S frOm

t hose regi ons.
[0015] reacting said dopant gas and said cleaning gas under conditions

sufficient to prevent the formation of deposits on the interior of said ionization
chamber and/or on said one or more components contained within said ionization
chamber; or reacting said dopant gas, and deposits forming on the interior of said
ionization chamber and/or on said one or more components contained within said
ionization chamber during ionization of said dopant gas, with said cleaning gas
under conditions sufficient to reduce the formation of deposits on the interior of
said ionization chamber and/or on said one or more components contained within
said ionization chamber.

[0016] This invention yet further relates in part to a method for preventing or
reducing the formation of deposits of elements contained within carborane
(C,B10H)2) dopant gas in an ion source component of an ion implanter, wherein
said ion source component comprises an ionization chamber and one or more
components contained within said ionization chamber, said method comprising:
[0017] introducing into said ionization chamber a dopant gas, said dopant gas
comprising carborane (C;B10H12);

[0018] introducing into said ionization chamber a cleaning gas, said cleaning
gas comprising a mixture of F,, one or more inert gases selected from noble gases
and/or nitrogen, and optionally O,, or a mixture of an oxygen/fluorine-containing
gas and one or more inert gases selected from noble gases and/or nitrogen; and
[0019] reacting said dopant gas and said cleaning gas under conditions
sufficient to prevent the formation of deposits on the interior of said ionization
chamber and/or on said one or more components contained within said ionization

chamber; or reacting said dopant gas, and deposits forming on the interior of said



[0027] As indicated above, this invention relates in part to a nethod for

cl eaning an ion source conponent of an ion inplanter, wherein said ion
source CONPAPENM12ONPri ses an ionization chanber and oneCoiSa@AsS@SMPONENt s
contained within said ionization chanber, and wherein the interior of said
i oni zati on chanber and/or said one or nore conponents contained within said
i oni zati on chanber have at | east sone deposits thereon of elenents
contained within a dopant gas, said nethod conprising: [0028] introducing
into said ionjzatiaon,chanber, a cleanin as, .said cl eanin as.conprising a
mxture of FaotiaHien She B /eR of s5iH Eng 8y HOke edlPeneffs AR M AL R o

ni trogen, andoripdtioatdhinperQiliringiordzdtiottofsid Abpai gax wdei¥ald ¢lednimnegsont ai ni ng
gas and one or nore jhnert gases selected from nobl e gases and/ or nitrogen,;
and [0029] r &adensegdisianysuieian tagedygs the formaianpidiepesis g thiiérios 8hdi t i ons
suf fici ent tQ,[GHRYRIA b ABSE arl/ R hbrRlor LS ASRARHE bhRMRGt eri or

of said ionization chanber and/or from said one or’ more conponent s
cont ai ned wi tshidrnosiaitthni chaimbeit i on chanber. [0030] The net hod of this

i nvention proyides cl eaning chem stry an rrocess to renove the deposits
formed duri nﬁ?ﬁ}% FhedriBRd o félfstlmémt@flmyovefi?ﬁw%ﬁéeftl@zﬁiéai%fﬁ}ﬁmther _
i npl ant at i ony,J0E HAREERA s@h 4NIS UaBUERbEQS:s FBVRMES déRRit@forfic USARE Ng gas

m xture containing F2, one or nore inert gases sel ected from nobl e gases
(He, Ar, Xe aadokmy impthtationi Thogepicmantdtigpof thaalcthodas this imenterecadeposi t s

of elenents contained within.a d nt. qgas. In a preferred odi nent, the
ol eani ng gas CBAHDFINALYS (GRFAIPLE Aoyt dlinige obsatign e apANSICED. A and
02. [0031] ThepeRER&S utiliedioaf th@xéiﬁolﬂél,rﬂsgﬁ @R ailliaxtadAioh&1Cl M@ sf fodl [ Ar +F2]
nole ratio fromabout 0.1 to about 0.3. The conposition of the cleaning gas
mxture 7 - UilHeatipgasr 02y brrepbingftebased ¢loamingmithhout/Qn Ipsed deabeit 0.6. A
preferred ga 1 Xt ML L includes [ [ Ar +F2]. le.rati rom about
0.15 to aboutng%§% 5?%%3%5?§5§3§F@%§‘%%$§¥P§%ProWﬁg§%% VB&%%LJ%QE%out 0. 45.
I'n a preferrettapifp@PerEioh carbgled RYulDzh lees dshge Ficledmthg Fas@as hohottlegse can
enhance deposit renoval rate by about 30-40% under optim zed conditions. In
anot her enbodicaueit 225 pdindggreplaceraeiy Ghusafyg usorsgan F duceioebs,
oxygen/ fl uorije-cont.ajni : - i i ) mxed with
Ar can al so gggggggéﬁg@%?ggggﬁgﬁ%%gggf@%gg?xggga%?%gﬁ%ﬁggggéggﬁhposition IS
preferably a F2/02/Ar m xture. At extreme points, i.e., F2/[Ar+F2] = 0.3
and 02/[02+F21 = 0.6, 1 nol . ?§ m.xture W]l contain 0.21, 0.31 and 0. 48
mol es F2, 02 and Ar respecti LDegeript t 188%Hf 10- 25% OF2 and

bal ance Ar can al so serve as a useful cleaning gas m xture. The cleaning
gas shoul d have higher reactivity with the deposits conpared to the

mat eri al s of [6@3$t riigt | v seshemite icpreberdgdtionrnfehasbenplartdysomponent s

contai ned wi thin. t ioni zation.chanber..[0033]. The individual gases can

o Ther he ed0Uhe el B BhoRic R ined Alier rlGeop St B8 mad  tbea <o
t he source chgsaph thRR@Fatiehy or supplied in a prem xed form Various gas

connection nodes are suitable for use in the nethod of this invention. For
exanmpl e, F2, [M23ndipB Bragwhepyr gpesediiiongd diffgrenolsimecaddhdmahe i xt ure

i ntroduced ig& 36 L 28O0 (ShaREL,, Al ternatively, F2 and Ar from one
source and O roma separa?e source can be m xed and the m xture

i ntroduced i no624) heripohgaphicaity ddpaarbeic.cfBbisef,cldadingAas oo €04 chimbrrone sour ce
can be introduced into the ionization chanber. See, for exanple, Fig. 2
that depi cts PESPHIEBAEMYE "¥Bnnect i on nodes. [0034] Il lustrative dopant

el but. Do |
Zgg(r)g?ts sI P gr msgiuﬁlﬁ'? @g@@%ﬁﬁ nggp?ﬁgfhtgg?g% cf‘l%?%%o f[ﬁ ;@%@@%Q{%rangvi}ﬂlﬁ varyi ng

guantities depending upon the location in the process chanber. O her

illustrative elenents of which. dopant S | s conprised include
phosphorus (P) and arsenic é§§¥L£2¥$£$D?¢1 8¢ Ve ohant gases i ncl ude,
for example, [pduespPhi arish &%m%, ni um
tetrafluoridé (GEFi??%gﬁﬁﬁg%ggﬁgggﬁﬁggég?ﬁé%ﬁg§%g§g§?§s fo%ﬁggggﬂ?ing t he
i mpl ant at i on i@r sweeschagibagwhiepe fateg ionlinpknt piocess. dbpdenosgparcces nay
contain P, - 8 -. As and Btre§ge%hjve : Jhejpegosits forne%{in the ion
source chanbé?aSElgrPaBtee PIRFHSY & 2596 Y RGP R W%WWW a mxture of
F2, Ar and optionally 02 under desired process conditions. The deposits
react wwth F2, 02, F radical, 0 radical and OxFy radi cal once exposed to

t he cl eaning gas under desired operating conditions and are renoved as

vol atil e products. Ar serves as a carrier gas and al so reduces

reconbi nati on reactions responsible for the | oss of active species. Ar is
the preferred carrier gas conpared to other noble gases such as He and Ne
due to | ower ionization potential of Ar conpared to He and Ne. Al so |ower

o, Y Y I o o




[ 0035] The nethod of this invention can enploy thermal and/or plasma based
activation to achieve the desired cl eaning action. C eaning gases can
ei t her bewpenutmhaz3iacti vated by plasna and the active spegiussomoansport ed
to the source chanber or plasma can be generated in-situ in the source
chanber. The preferred node uses a conbination of thermal and pl asma
activation. Reaction tenperature duringé-he cleaning process can range from
about 25C to about 1000C. Preferably, t he tenperature of the ionization
chanber can T3 ?anfrerﬁaﬁ t(()i a aéjom e 1ned reo%lcuo 4 NESSH© during
t he cl eani ng proce {CEHRAp nge PBH &5 m@yB to abdlt ton

Preferably, tRempleecsbsrend (C,B b)dRkZélid Mr@dlﬁmﬂlewamﬁed aylgeatfnrgom about 0.1
ton to about 1 torr. 1%)WSG The cl eani ng gases are subjected to thermal,

pl asna or a deRepiBrRdyeTselFtMPRGS thi prneboRpriapeofthgiondmplangiiscausee, f or
exanpl e, Fig.ge u&ﬁ?ltowﬂﬁﬂfe%haréaufcé R 1Dk B8 P12 Inb 0O (BlenL vat i on modes.
I n an enbodi nent of this invention, Introduci asnma activation in
addition to &h&mmahﬁanbfmakmonm&ﬁmsﬁm@mjDepamﬁhyy@nhahmeﬂmhﬁﬂhemﬁval rate,

for exanple, about a 3X inprove Ther nal tion an be. provi ded by
mai nt ai ni ng ﬁﬂ@p%ermss%{fhwna?a% amB?r SEPWP«?% %S%ag E% #ndy etCPFéningn sour ce

chamber, at a,dksd SadisLEBREPAIHG s EBS A8 BB RER ﬂé?oﬁé’bl ected to plasm
activation usi ng a renote plasma system for exanpfe, the - 9 - renote
pl asma nodes [B27Fi ghs indkarddbBB;, thinthvehtem retatassportt itmg ntchwdrfadi cal s/ions to

t he source chgﬁg 003 Prior tq %ntroducH%g thﬁ,c ean 4 ng gas into the
i oni zation chf @%aﬁ AP AL CAACHE R AT Po dUE el 19T B 2 Bi%Gs ma
chanber. The c6h@afdnddodphsds aneXfikdtRM chimb&eunkloas @n%@éﬂiﬁﬁon%ﬁtscr eate a

pl asma. The ions, radicals, neutrals and ot her disassociated species from
the pl asma arcentaiie within swd inadratinn eharer] andi vherein theoitemeref sabe, f or
exanple, Fig. 3 0 in C n nto the

i oni zati on Crlloampétloul BEI%LerFZmdPor <Lid one %]é %1%%? %oglgpo%%{g% /ci}lt%f%%h vx%thgdass 1dr oduced

into a pl asmioibaishehambhiehact ealramgo@aaepcsltgmtdoﬁdmererﬁdm Johasiid chanber to
create a plasma. The ions, radicals, neutrals and ot her disassociated
speci es fronﬂWﬂ%ﬂbﬂﬁﬁ%ﬁgﬁ%émﬁé%¥RQQﬁQWH6Wﬂ§hld pl asma chanber and m xed with

02 to create S e t he

i oni zation cﬁaﬁﬁﬂ ]ﬁ%§&Rﬂ#%%ﬂg?gﬁ%Pﬁ%ﬁﬁﬁgk/ §?QF8%%3% %??%?%g%?&%l y, plasm
can be gener ahecomprising aimittore eXangicyr mhdre itirt gsts wlasxeromdeblofgafdsg. 3G,

in the source chanber. In a preferred enbodi pl a ener.at ed
in-situint ﬁ‘Bg}igbﬂlt@gﬁ? @ad Bﬁg 62\7\% %ﬂn%awr%&g.owg%ﬂzﬁ% ég’éﬁ‘“}i?g

provi ding deghg gl &fét&%ér@hne@ﬁéé@@ssse‘lé&?ed%rﬂ99@16%@%5%98/’& ftodesenyn the

source chanber. Direct plasnma hode has several potential advantages over
renot e pl asmd00a%de mmingdaudglé(am)ngrgas mothssant depositswaderaginddloss sufficons i n t he

R T o Rt e KR s ST R A U

tenperature Qhahb& an@dr SOHT Ged 6MPeHBsrcWahipohéhtsesitdife wahiasidr equi red for
thermal activation. H£0040] Reaction conditions for the reaction of the

cl eani ng gas leiigdiiontsaambegiosi ts, such as tenperature, pressure and contact
time, may al r r I 0 f. tions
may be enpl ojgmeyre}%nﬁ%hw()fénsyl #ﬁi %%eor%fl&f%o%b érl%%%&eﬁnit%q{a ag%g%tl on of
t he depositsté f@ﬂiﬁvtehﬁe deplositd formed ditvey ingiak@idng parcibalaile cardogher from the

one or nobre coQ nents contained within_the ionization chanher, The

i oni zati on ch& 129)%@%@%‘%016 uFhgigethad Oérhé%lwﬁgloaﬂawx%s wssRf A &l5gRINEr om
about 0.1 to r torr
The ionizatiéﬁpgﬁﬁh%th%ﬁﬁn r3$%§2ﬁ§%¥?%éﬂ eggﬁﬁahgﬁggg%%eé n ‘range

from about 25C, Ko aath&u} atﬁm{)ﬁi,rogﬁnem&fqbioylamy OmOaﬂeowtve 466Sits of dbmants600C. -
10 - The reaction ti of the cle nin as Wih the depgsits in the

Foni zat on. cRANBRES AT SR Etom AEGNECaE! SBBOHEET: H oG i nut es. The
preferred re%@ﬁ@ﬁ&m&hﬂ&ﬂﬁ@b???mﬂﬁﬁ?Qﬂh%&xﬁﬁeBﬁﬁz%&%ﬁ&@ﬂcy of cleaning that

a user practices. The cleaning gas flow rate can range from about 10 to
about 1000 sd@031] prﬂfeenoamoyltlbn ofthelsdeanirgQzas miafsouincREs Bl F{looaig |

1 oast Ja portd Bnapors! kst B3 nPS sPRRe o of PEeTRRE A ST T

i oni zati on chanber and/or fromthe one or nDre conponent s contained within
the ionization chanber, the deposits are renoved fromthe ionization
chanmber as vol atile products. The ionization chanber can then be evacuated
and the cl eaning process repeated as nmany tines as needed. The evacuated
vol atil e products can be directed to abatenment units such as incinerators,
wet/dry scrubbers, and the like. [0042] As also indicated above, this
|nvent|on al so relates |n part to a nethod for cleanlng an |on source

T Y - T o -



[0043] introducing into said ionization chanber a cl eaning gas, said

cl eaning gas conprising a mxture of F2, one or nore inert gases selected
from noblwogaséai12ad/ or nitrogen, and optionally 02, or PaTAiS2410/080166 an
oxygen/ fl uori ne-containing gas and one or nore inert gases selected from
nobl e gases and/or nitrogen,; and [0044] reacting said cleaning gas with
sai d deposits under conditions sufficiem-to renove at |east a portion of
the deposits fromthe interior of said ionization chanber and/or fromsaid
one or nore GO n taibned within i{d.onizatiop chanber. [0045] The
method of ¢ hiS oS Feron oo Flotisr Bl REERL FRsELRTePhin o t nby
are fornmed duikfvge tdigp@itR@madtlndes FYARAF,] PIOOE £3iS.frdnd aBduit Bl 156 ABSUL\VE2I1Dde,
the cleaning gas m x can be supplied continuously along with the dopant

) g
source gas wiPf O:ARe Qudrolaatip figaeabouf 625 o pbaygPdss In apodasid As i ndi cat ed
above, this i ' r t i 3 f !
reduci ng the eﬂ] ??%%@g nadg{\n%éz St8 sﬂlgbt gza%n? }éf%agrenﬁ?{su?%garﬁ ézg]irhﬁlggc?e%éf?%{l 1%&5951 opant
gas in an i omatsbyrabeutGorsh anderoptiaizddaondinphaninenothahankédimsat, d | on sour ce
conponent conprises. an ioni é%ti on chanber and one or nore.conponents
cont ai ned wi tHiGRALIUHNE GRidnd e 8 SPRENDEISCS: QXY & AN G-©BIRIIIE BHG® [ 0047]

| ntr oduci ng isfiiPasstdod BiMuEALL AT1-§ RARREK R ASRRRAk0 A% of POBing Bh 0dUCT g

into said ionization chanber a cleaning gas, said cleaning gas conprising a
m xture of F2003he Tre domeng grecompasgten sairefctably § Fogth/Aoblistugasss and/ or

nitrogen, and optionally 02, o0r _a mxtur 0 n/ f.l yori ne-contai ni ng
gas and one &FT .?BOIinF?_ei/'?" Eﬁ@éFgeTng'gtagﬁ?}zﬁbﬁl%Bf%&ga@%lé)[%&ﬁ%lmmﬁ trogen, ;
and [0049] reafdtcbR@inSGD f odPPARL0. IR moRRE, S@) shdCA eRBpREVAJS Audidee conditions
sufficient to prevent the formation of deposits on the interior of said

i oni zati on cHhairtes oHHZ D QY awdibdlapereAp eamalsesaevhgsonesstud clesningigagd wi t hin
sai d ionizatiogp el i saj Q {.0as sits formng
on the inter ingl?(tug 'agfgel é(}eelmglﬁ”ﬁ %gs% ﬁé%lagﬁ\é%%lrlgarﬁ%ﬂlg }t (gvr%thstglggelgoﬁggor nor e
conponent s c@binphmeado ctridteridablcdnefiidivhi odthcCidarhesn eHakibdgandni zati on of
sai d dopant gas, with said cl eaning gas under conditions sufficient to
reduce the fSPHREDGYS emtaieqsbyithia thpiopiratiomelgmbst. of said i oni zati on chanber

and/ or on sai ne np: t ' Lt e LA L Ongzat i on
charber 1 00sg 3 Ble T B SPEROp R EOR RURGAILY U IR 2o
for preventi Athe@asasedubde phyntted té drersatitcorhahbaapesattly @fsuppledants cont ai ned

wi t hin carborane. B101-112) dopant gas in an ion source .cgonponent of an
on | ol ant ePreTTSS B ST &@P@%nda AETUTEBideY %S@_énﬁ}?m@_ﬁ?fiau on
chanber and Qpe,iQmvERER. GRTRRUABMESE.C AL AY 06 rovh §éﬂhﬂté@u@beh@£ﬂ Bohia
charmber, said met hod conprising: [0051] introducing into said ionization
chanber a dopadthegascturs aittbddoghimto fasorsaaionichimberc dyltvoragively( E2810A1 2) ;

[ 0052] introdqucing into said ionization chanmber, a cl eani as, said

1 eant ng. gas TGN kG SR 8 B3 sSURTCET o SmPet AR AR R8s Sel ect ed
from nobl e gasestueEHn@s theiiddiegRn chamBerO K@) AY a0, B6menlis¥liids @ardf an
oxygen/ fl uori ne-cont ai ni ng]ﬁgas and one or nore inert gases selected from

nobl e gases A&fdnterduaed ngyidig lonigign chamber. See, for example, Fig. 2 that depicts

different gas connection modes.

[0034] Illustrative dopant sources include, but are not limited to, carborane
(C,B19H). The deposits formed during carborane implantation contain B, C and
W in varying quantities depending upon the location in the process chamber.
Other illustrative elements of which the dopant gas is comprised include
phosphorus (P) and arsenic (As). Other illustrative dopant gases include, for
example, phosphine (PH3), arsine (AsH3), germane (GeH,), germanium
tetrafluoride (GeF4), and diborane (B,Hg). The deposits formed during the

implantation process using these other illustrative dopant sources may contain P,



[ 0053] reacting said dopant gas and sai d cl eaning gas under conditions
sufficient to prevent the formation of deposits on the interior of said

i oni zat i oNOchamaex23and/ or on said one or nore conponent $CTarst@vOsEsN t hi n
said ionization chanber; or reacting said dopant gas, and deposits formng
on the interior of said ionization chanber and/or on said one or nore
conponents contained within said ionizat§-on chanber during ionization of

sai d dopant gas, with said cleaning gas under conditions sufficient to
reduce the forngptio f deposits.on the interion of said honkzatiqn chamber
and/ or on st ORETRP NG TgtpAheRTE s mE b o o g HIOER S on
chanmber. The rembieithyf brdgher the@TRoses vaxt 4 acttiiRtfan, Apmdgaiohiinoo, sai d

i oni zation chanber for inplantation into a‘substrate.#[)0054i]i, For the et hod
of preventi ngneer desigesbpiaecss sanditeitat ihslcpesity apnst it ForOr Keadigtlei or of the
ionization c r r I > i ithin
the T oni 2at | aaloq and LR BB B e o DA AP SR BB o De
as descri bed chedigoms anthirs rad@ped iat vplaghegnddues. Matdods iasaamricngsidnd ¢l eani ng
met hod and canp be, call ed a. co-bl eed node of_ operation. [0055] Reaction
Condi ti ons T GROFRBIBEEPPBiRsHD fHesdameRYLl4er 'ZlﬁéPStSr‘?éLﬁkYﬁé fCigas} such as
tenperature, ;DiRSPUER RO GRS R6EphicdTo offBYndHIS Sask@Euthak $RdnY NANY: Sui tabl e
conmbi nation of such conditions may be enployed herein that are sufficient
to prevent orto feeducenitdtenfpotantili drirafongpepuldd e dnddwe. t Ao lowardostrofdfr t he

i oni zati on chanber and{or . fromthe one or C 0 ts contained within
the | oni sat | GHKERAGEH e TR TE R g g8 W0 NiarESgHe Ban T ange
from about O0.cdsthtrtioruet BtiBRizARAHoAGRM! cotnparcddeAr. Hdwalek ANoGBALBRr pressure
can range fromabout 0.1 to about 5 mllitorr, preferably fromabout 0.5 to
about 2.5 ni Irpteresiuits for¥ usingiledtzi than N Hniveking gxrpselgrabiecto Nerpsragiatyéetf r om

ab out. 25C to g%?%{/tis %%%&%OJP @ggeﬁglﬁglc%ngtﬁ%ﬁlog ?oqqani%agpo%‘ cthgmggrgléﬁd ?()rOC. .Th?

cl eani ng gas ow rate an opant gas ow rate are typically of a simlar
order of magrbingdeenitslcdntndl Witkiashe BhRbhesatianbete cl eani ng gas and dopant
gas flow rates can range fromabout 0.1 to about 10 sccm nore preferably
from about 0.803% abwupetBodelis ippadion cpmemploydheamad prhorgtlagmebased pl eed
node, the cl ol i oy - -t i : and

ol cani ng gasacheang) Bk ROURYh QbR biah ORytRE ks B ARRPbe S0 ess
time for theresetcly abheated g plasmatandehedepeassciestranspoyted tdiesownet he process
reci pe but also the nunber of wafers and fab | oading. In the co:bl eed node
of operati onchtm erl%é’rasmafae%ﬁg?%@e@ w-*mw%@ue?ﬁ‘e%ﬂmb?ar- gﬂ? REGREHCAS t er

st oppi ng t he QYORANEs HasinbiRafRRSHTtRerhRIRYA)laQha AW aHEDOREdcBoh Rintperdt@R57] The
met hod of preventing or reducing the formation of deposits on the interior
of the ioni zauiiog thehdernerg mndise caronngafrdmobeuto}s Gde ebatiPOR€nt s cont ai ned

wi thin the ignizatjon chanber e oys .t hermpl / pl asma _based acti Jd-on as
escr i bed heddifabbhieGoRmRar SR ehite S fPup bRl Rk Tt P Ehe

i oni zation chapbsi 1006'Ct IReat @SS uril thOiElchis FRicERtak Raigegforval | and
t he conponents contained wthin the ionization chanber rises due to

conduct i on anbe@r0.} i tatabewnt ¥ torm Phefcrablt & neesshisda thq iopzegon ¢ghamber

t hermal / pl as chi vagi I can conpri se di sassoci ated and

i oni zed consglgggagﬁggmg} 54"#36'&3%%‘% thoélg,lqﬁgg. , carborane (C21310F112), and

di sassoci at eq0@3% | T demiponstd dresitjsctad totth@ntill, gdadinagrga®mbination ol M Xt ur e
of F2, Ar and optionally 02. The disassociated and._.igni zed constituents of
the dopant g&8thteaEedugr peiiveHadigils a0 Seatietcampls. o AdhalcsRiAS t uent' s of the
cl eani ng gas it r qu{.é Rt I e el enments
contained w tdﬂ?eﬁglﬁtﬁ)g%%n@géﬁ e gg%{;ﬁ{l gasoa%hq%ﬁg%?ﬁ)?gfglﬁeg?gg%%fhe i oni zation
chanber and/ gnvention,hetredueingrplamiacactioagponiantiditioond ticrred asfivdtion dahe

i oni zati on chanb controllers can be used to control the ratio

r. Mass fl ow
of cl eaning ggglff%nﬁxsswcaﬁﬁ PRPYA) diie YPWI?’WQO?W)g&PPr&HG@ﬁ%nber. The

ratio of cl e%ieﬂﬂalggﬁva{tfén@@ﬁ?%@brcﬁ%d?@"&n&ﬁﬁﬁﬁné oo RRRtee @raﬁfibg:r, bpa@reat er

t han about 3:1. [0059] Various nodifications and variations of this

i nventi on wi ll¢ashepabof thasont wuscowbainber, skd d¢sedd tempehatuigr {Thagdsastcandet o be
under st ood thatt). stu(ip difi (%at i.ons .and var,i afi ons are o be ilnCtLUdEd wi t hin
the purview SFYEHF Oalg%ﬁlac%“t 1 ﬁo%sdn% RETINF PIPIARY ?Bo%é%afml% Fre"¢l ai ns.



Exanple 1 [0060] The performance of NF3 cleaning gas with different
variations of cleaning gas chem stry used in this invention was conpared.
Under si nwbDaniip4oxessi ng condi tions, F2/ Ar and F2/ Ar/ 02 PrirsusSdenmssse at ed
better renoval rates than NF3 (see Tables A and B below). For the thermally
activated cleaning - 14 - process, F2/Ar/02 resulted in greater than 2X
faster residue deposit renoval rate everp-at |ower tenperature. Al so, when
oper at ed under a conbi nation of plasna and thernal activation, F2/Ar/02

based chem stry exhi bited, better no rates than NF3 based chem stry. In
a1 on. " dod e Pbhal BEa ShFEoVR IR 3 RkFE bERPRMREBRRERAIER Sormar ea
to N-F bonds td theNGdicelcRsgbdrl asma power is required to sustain fully

di ssoci ated F2 f?l asma i n_conparison to NF3 plasma. Higher residue deposit

removal rat ed00¥] cdHrRATTOLUGNE Fha depnprgs Trtedhs ieairateschebst, thhe user a

W der procesgy ‘%ﬂg 3 Ee91 15’%51&8&1'[@ Q%Br %ﬂazsﬁlaeﬁ%{g%gr. Oﬂf‘eré‘éla!n oLqbl e A

Activation I\/bcfe. erm ean 8&3 5/ no ressure eﬁ%e ature
excited in the plasma chamber to create a plasma. The ions, radicals, neutrals and
other disassociated species from the plasma are then introduced into the ionization
chamber. See, for example, Fig. 3A.
[0038] Prior to introducing said cleaning gas into the ionization chamber, the
cleaning gas comprising F»/Ar can be introduced into a plasma chamber. The
cleaning gas is excited in the plasma chamber to create a plasma. The ions,
radicals, neutrals and other disassociated species from the plasma are removed
from said plasma chamber and mixed with O, to create a gas stream. The gas
stream is then introduced into the ionization chamber. See, for example, Fig. 3B.
[0039] Alternatively, plasma can be generated in-situ, for example, the direct
plasma mode of Fig. 3C, in the source chamber. In a preferred embodiment,
plasma is generated in-situ in the ion source chamber, which can easily be
achieved by providing desired potential across the cathode and anti-cathode in the
source chamber. Direct plasma mode has several potential advantages over
remote plasma mode including (i) no loss of active radicals or ions in the flow
lines, (ii) no need of additional remote plasma equipment, and (iii) in-situ plasma
generation produces sufficient thermal energy to raise temperature of the ion
source chamber wall to desired values required for thermal activation.
[0040] Reaction conditions for the reaction of the cleaning gas with the
deposits, such as temperature, pressure and contact time, may also vary greatly.
Any suitable combination of such conditions may be employed herein that are
sufficient to remove at least a portion of the deposits from the interior of the
ionization chamber and/or from the one or more components contained within the
ionization chamber. The ionization chamber pressure during the cleaning process
can range from about 0.1 to about 10 torr, preferably from about 0.1 to about 1.0
torr. The ionization chamber temperature during the cleaning process can range

from about 25°C to about 1000°C, preferably from about 400°C to about 600°C.
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The reaction time of the cleaning gas with the deposits in the ionization chamber
can range from about 30 seconds to about 45 minutes. The preferred reaction
time varies depending on the frequency of cleaning that a user practices. The
cleaning gas flow rate can range from about 10 to about 1000 sccm, preferably
from about 50 to about 250 sccm.

[0041] Following the reaction of the cleaning gas with the deposits and removal
of at least a portion of the deposits from the interior walls of the ionization
chamber and/or from the one or more components contained within the ionization
chamber, the deposits are removed from the ionization chamber as volatile
products. The ionization chamber can then be evacuated and the cleaning process
repeated as many times as needed. The evacuated volatile products can be
directed to abatement units such as incinerators, wet/dry scrubbers, and the like.
[0042] As also indicated above, this invention also relates in part to a method
for cleaning an ion source component of an ion implanter, wherein said ion source
component comprises an ionization chamber and one or more components
contained within said ionization chamber, and wherein the interior of said
ionization chamber and/or said one or more components contained within said
ionization chamber have at least some deposits thereon of elements contained
within carborane (C;B1oH)2) dopant gas, said method comprising:

[0043] introducing into said ionization chamber a cleaning gas, said cleaning
gas comprising a mixture of F,, one or more inert gases selected from noble gases
and/or nitrogen, and optionally O,, or a mixture of an oxygen/fluorine-containing
gas and one or more inert gases selected from noble gases and/or nitrogen,; and
[0044] reacting said cleaning gas with said deposits under conditions sufficient
to remove at least a portion of the deposits from the interior of said ionization
chamber and/or from said one or more components contained within said
ionization chamber.

[0045] The method of this invention is directed to cleaning the deposits after
they are formed during the preceding implant process. In an alternative mode, the
cleaning gas mix can be supplied continuously along with the dopant source gas

while the implant process is in progress.
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[0046] As indicated above, this invention relates in part to a method for
preventing or reducing the formation of deposits of elements contained within a
dopant gas in an ion source component of an ion implanter, wherein said ion
source component comprises an ionization chamber and one or more components
contained within said ionization chamber, said method comprising:

[0047] introducing into said ionization chamber a dopant gas;

[0048] introducing into said ionization chamber a cleaning gas, said cleaning
gas comprising a mixture of F,, one or more inert gases selected from noble gases
and/or nitrogen, and optionally O,, or a mixture of an oxygen/fluorine-containing
gas and one or more inert gases selected from noble gases and/or nitrogen,; and
[0049] reacting said dopant gas and said cleaning gas under conditions
sufficient to prevent the formation of deposits on the interior of said ionization
chamber and/or on said one or more components contained within said ionization
chamber; or reacting said dopant gas, and deposits forming on the interior of said
ionization chamber and/or on said one or more components contained within said
ionization chamber during ionization of said dopant gas, with said cleaning gas
under conditions sufficient to reduce the formation of deposits on the interior of
said ionization chamber and/or on said one or more components contained within
said ionization chamber.

[0050] In particular, this invention relates in part to a method for preventing or
reducing the formation of deposits of elements contained within carborane
(C,B10H)2) dopant gas in an ion source component of an ion implanter, wherein
said ion source component comprises an ionization chamber and one or more
components contained within said ionization chamber, said method comprising:
[0051] introducing into said ionization chamber a dopant gas, said dopant gas
comprising carborane (C;B10H12);

[0052] introducing into said ionization chamber a cleaning gas, said cleaning
gas comprising a mixture of F,, one or more inert gases selected from noble gases
and/or nitrogen, and optionally O,, or a mixture of an oxygen/fluorine-containing

gas and one or more inert gases selected from noble gases and/or nitrogen,; and
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[0053] reacting said dopant gas and said cleaning gas under conditions
sufficient to prevent the formation of deposits on the interior of said ionization
chamber and/or on said one or more components contained within said ionization
chamber; or reacting said dopant gas, and deposits forming on the interior of said
ionization chamber and/or on said one or more components contained within said
ionization chamber during ionization of said dopant gas, with said cleaning gas
under conditions sufficient to reduce the formation of deposits on the interior of
said ionization chamber and/or on said one or more components contained within
said ionization chamber. The method further comprises extracting an ion beam
from said ionization chamber for implantation into a substrate.

[0054] For the method of preventing or reducing the formation of deposits on
the interior of the ionization chamber and/or on said one or more components
contained within the ionization chamber, the composition of the cleaning gas
mixture can be as described herein. This deposit prevention method is an in situ
cleaning method and can be called a co-bleed mode of operation.

[0055] Reaction conditions for the reaction of the cleaning gas and the dopant
gas, such as temperature, pressure and contact time, may also vary greatly. Any
suitable combination of such conditions may be employed herein that are
sufficient to prevent or reduce the formation of deposits from the interior of the
ionization chamber and/or from the one or more components contained within the
ionization chamber. The ratio of cleaning gas to dopant gas can range from about
0.1:1 to greater than about 3:1. The ionization chamber pressure can range from
about 0.1 to about 5 millitorr, preferably from about 0.5 to about 2.5 millitorr.
The ionization chamber temperature can range from about 25°C to about 1000°C,
preferably from about 400°C to about 600°C. The cleaning gas flow rate and
dopant gas flow rate are typically of a similar order of magnitude in the process.
Preferably, the cleaning gas and dopant gas flow rates can range from about 0.1 to
about 10 sccm, more preferably from about 0.5 to about 3 sccm.

[0056] In the operation of the co-bleed mode, the cleaning time is equal to the
duration that the dopant and cleaning gases are flown. This duration then is

dependent on the process time for the user. The cleaning time depends not only
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on the process recipe but also the number of wafers and fab loading. In the co-
bleed mode of operation, the user may continue to flow the cleaning gas even
after stopping the dopant gas to ensure removal of any deposits left.

[0057] The method of preventing or reducing the formation of deposits on the
interior of the ionization chamber and/or on said one or more components
contained within the ionization chamber employs thermal/plasma based activation
as described herein. The dopant gas is ionized by striking plasma in the
ionization chamber and the temperature of the ionization chamber wall and the
components contained within the ionization chamber rises due to conduction
and/or radiation from the heated cathode.

[0058] In thermal/plasma based activation, the plasma can comprise
disassociated and ionized constituents of the dopant gas, i.c., carborane
(C2B1oH12), and disassociated and ionized constituents of the cleaning gas, i.c., a
mixture of F,, Ar and optionally O,. The disassociated and ionized constituents
of the dopant gas react with the disassociated and ionized constituents of the
cleaning gas to prevent or reduce formation of deposits of the elements contained
within the ionizable dopant gas on the interior of the ionization chamber and/or on
the one or more components contained within the ionization chamber. Mass flow
controllers can be used to control the ratio of cleaning gas to dopant gas
introduced into the ionization chamber. The ratio of cleaning gas to dopant gas
can range from about 0.1:1 to greater than about 3:1.

[0059] Various modifications and variations of this invention will be obvious to
a worker skilled in the art and it is to be understood that such modifications and
variations are to be included within the purview of this application and the spirit

and scope of the claims.

Example 1

[0060] The performance of NF; cleaning gas with different variations of
cleaning gas chemistry used in this invention was compared. Under similar
processing conditions, Fo/Ar and F,/Ar/O, mix demonstrated better removal rates

than NF; (see Tables A and B below). For the thermally activated cleaning
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3.0 400 1.2 F2/Ar/02 0.0 3.0 400 1.6 F2/Ar/02 0.4
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process, Fo/Ar/O, resulted in greater than 2X faster residue deposit removal rate

even at lower temperature. Also, when operated under a combination of plasma

and thermal activation, F,/Ar/O, based chemistry exhibited better removal rates

than NF; based chemistry. In addition, due to lower bond dissociation energy of

F-F bonds in F, compared to N-F bonds in NF3, less plasma power is required to

sustain fully dissociated F; plasma in comparison to NF; plasma. Higher residue

deposit removal rates in combination with low power requirements offer the user

a wider process window to perform desired cleaning operation.

Table A: Activation Mode: Thermal

Clean Gas 0,/F, mol Pressure Temperature | Removal Rate
ratio (Torr) °O) (um/min/100 scc-
F)
NF3/Ar NA 3.0 800 0.7
F,/Ar/O, 0.0 3.0 600 1.5
Table B: Activation Mode: Plasma + Thermal
Clean Gas 0O,/F; mol Pressure Temperature | Removal Rate
ratio (Torr) °O) (wm/min/100 scc-
F)
NFi/Ar NA 3.0 400 1.2
F,/Ar/O, 0.0 3.0 400 1.6
F,/Ar/O, 0.4 3.0 400 2.1
Example 2
[0061] Experiments were conducted to evaluate removal rate of deposits from

carborane dopant gas at different operating conditions. Fig. 4 presents removal

rate observed at different flow rates of F,/O,/Ar mix (F,:0,:Ar — 0.18:0.09:0.73)

and Fo/Ar mix (F2:Ar — 0.20:0.80). The mix compositions used in these

experiments are:




3.0 400 2.1 Exanple 2 [0061] Experinents were conducted to eval uate
renoval rate of deposits from carborane dopant gas at different operating
condi ti ors0 2Bilgn41223pr esent s renoval rate observed at di PCeEmsea10f05@d r at es
of F2/02/Ar mx (F2:02: Ar - 0.18:0.09:0.73) and F2/Ar mx (F2: Ar -
0.20:0.80). The m x conpositions used in these experinents are: - 15 -
[0062] F2/02/Ar mx: F2:02:Ar = 0.18:0-09-0.73, i.e, F2/[F2+Ar] = 0.20 and
02/[02+F2] - 0.33 [0063] F2/Ar mx: F2:Ar = 0.20:0.80, i.e. F2/[F2+Ar] =

0.20 [0062] F./Ox/Ar mix: Fy:00:Ar = 0.18:0.09:0.73, i.c, Fo/[F+Ar] = 0.20 and
0,/[0,+F,] =0.33
[0063] F,/Armix: F,:Ar=0.20:0.80, i.c. F,/[F,+Ar] =0.20
[0064] Fig. 4 depicts the effect of cleaning gas flow and chamber pressure on
removal rate. Pressure values listed beside each data point is the chamber
pressure during corresponding experiment. It is observed that for both F,/Ar and
F»/O,/Ar mix removal rate drops by only about 1.9X and about 1.6X respectively
with an about 5X reduction in cleaning gas flow (and corresponding chamber
pressure) thus indicating more efficient utilization of cleaning gas in low flow-low
pressure mode. It is also desirable to maintain low pressure (less than 1.0 torr) in
the ion source chamber when cleaning is performed in direct plasma mode due to
the physical location of the generated plasma. At higher pressures, plasma will
tend to localize around the cathode regions in the arc chamber unlike low pressure
operation where plasma tends to spread around the chamber and hence provide
more uniform cleaning. The results demonstrate that reasonably high removal
rates are achievable using F,/Ar/O, mix at about 200 sccm and a chamber
pressure of 0.7 torr. Further optimization based on specific implanter
configuration is also possible.
[0065] Fig. 5 illustrates the effect of oxygen addition on removal rate
performance of the cleaning gas mix. Initially removal rate increased as the
relative concentration of O, in the gas mix was increased, however an opposite
effect was observed as O, concentration continued to increase. The removal rate
dropped to zero when samples were subjected to a pure oxygen stream. The
results suggested that the preferred range of O, mol fraction [moles O,/(moles O;

+ moles F,)] in the cleaning gas mix is from about 0.3-0.5.



[0064] Fig. 4 depicts the effect of cleaning gas flow and chanber pressure
on renoval rate. Pressure values listed beside each data point is the
chanber pwessurei1zari ng correspondi ng experinment. |t i sPobasemensiihat for
both F2/ Ar and F2/02/Ar m x renoval rate drops by only about 1.9X and about
1. 6X respectively wth an about 5X reduction in cleaning gas flow (and
correspondi ng chanber pressure) thus ind6cating nore efficient utilization
of cleaning gas in low flow | ow pressure node. It is also desirable to
maintain | ow pressure (less than 1.0 t g&nin t he i on source chanmber when
cleaning is perfornmed in direct plasne due to the physical |ocation of
the generated plasma. At higher pressures, plasnma will tend to |localize
around the cathode regions in the arc chanber unlike | ow _pressure operation
wher e pl asma lt end< Psthed fendeaying giop saurss somponcahef Heine dnplasiei-de nore

uni form cl eanj . g r : : I ' val rates
are achievabpgﬁgzg%gdé%f%#%%fgﬁﬁﬁﬂgﬁCa H%Q%%ﬁsggéﬁﬁgﬁﬁxgptﬂgHgg?Ppressure
of 0.7 torr. nkare cbporggptd conzaiddonitiiasad ia@nzajpachimber, apd whérein thonf i gur ati on
is al so possi.ble. [0065] Fig. illustrates the effect of oxygen.addition
on removal r é?térlﬁ%‘gﬂ‘séﬁdﬁé%%@ 31@1%@%@@59%@ PELT S CORPRNCEIS Pfdiedval rat e
i ncreased as il (40 WMok CRERRLHATE ANchl s@Re lidhobREMERSN BF KlehRS(si NCT eased,
however an opposite effect was observed as 02 concentration continued to

i ncrease. Theontemedaithiras dophno ppe skid mcttwmdoomtpensinganpl es were subj ected to a
pure oxygen strean% T, e.reﬁylts.sug estépg%hat fhe refenre% range of 02
mol fraction [ ol S¥BFIRIReSHIoONZnaDapmben 4 plganipg 8ay S4A KA 3RS x i s
from about 0.c3mBriSing amikfire ofF Abi®or thorc/inBR LR sdI&dte£Ir8RANOBLE @Red ON source
conponent of an ion inplanter, wherein said ion source_conponent conprises
an i oni zat i onndlantegemngd epeomsdly iy er towgbitertas oapernAllystewonkimngai d

| oni zation ¢ %ﬁg@%&; Onneoaér}gnocv}ﬁ(ﬁ'e) ?Tr_ée%é n%aﬁ%pseelelcpéd%g)rg E}O@lee tgﬁlfgrs] %nhBPhi%%%leﬁ) M hamber

and/ or said s contal ne d3Pa ORI Zal T on chanber
have at | east sonecat€pg@siil slchhiapeanwith seildikpoyis uaditahdieidnybifitiontaodopant
gas, said nethod conprising; i ntroducing into said ionization chanber
a cl eani ng gagmovwatdeast &BeriAR oft depppisifameanteriox efrgidgpnizstionone or nore
[nert gases suf6lea/o ABLNOM 61 HASRSHROMHNBhrdN LIRARY: wARH Rl 1 onat 1y 02,

or a mxture of an oxygen uori ne-contai ning gas and one or nore inert
gases sel ect echitastomchadber. gases and/ or nitrogen; and reacting said
cleaning gas with said deposits under conditions sufficient to renove at

l east a portion of the deposits fromthe interior of said ionization
chanber and/ or fr amR.$RiEhPOI A TMRAEFARPLREMES oSOMAMIEHa Mikfitdosai d

ioni zation chanber. 2. The nethod of claim1 wherein the cleaning gas
conpri ses a mhsttAur emoftucdidndArand Go, ot x mixterodl dkFgendiflandd@@Fppnd mi xt ur e
of oxygen dif]uoride (OF2) and Ar. 3. The nethod of claim2 wherein F2, Ar
and 02 fron1§gbarate sources are m xed and said m xture introduced into
said ionization chanber; F2 and Ar fromone source and 02 froma separate
source are m xed and said m xture introduced into said ionization chanber;
or F2, Ar and-02 flhgmaied efmlzine? whercimkx ddaeel: fignbsopaiatk Soprics 814 on
chanber. mixed and said mixture introduced into said ionization chamber; F, and Ar from
one source and O, from a separate source are mixed and said mixture introduced
into said ionization chamber; or F,, Ar and O, from one source are introduced into

said ionization chamber.

4. The method of claim 2 wherein the F»/[Ar + F,] mole ratio is from about

0.1 to about 0.3, and the O,/[F, + O,] mole ratio is from about 0.01 to about 0.6.



4. The nmethod of claim2 wherein the F2/[Ar + F2] nole ratio is from about
0.1 to about 0.3, and the 02/[F2 + 02] nole ratio is fromabout 0.01 to
about 0. 6WO020111041223 5. The net hod of claim2 wherein theCFA/sprw/03015@] nol e
ratio is fromabout 0.15 to about 0.25, and the 02/[F2 + 02] nole ratio is
fromabout 0.25 to about 0.45. 6. The nmethod of claim 1 wherein the dopant
gas conprises carborane (C2B101-112) 717The nethod of claim 1 wherein the
deposits conprise an el enment selected fromB (boron), C (carbon), W
(tungsten), and mptur I eof Ih 0 f claimil wherein said

et hod enpi ops et TSI A el BB FEARET S 2 S AR 0T g gas.
9. The net hod. Bf toabaitr0.35, fabd tHea,/[F0 FAD ] $hdlgratio)is BHMIbolO0 RHtd sibuei Nng sai d
cl eaning gas into said ionization chanber, introducing said cleaning gas
into a plasn&fghanber, exciting said cleaning gas in said plasma chanber to
create a plasma, and introducing ions, radicals, neutrals and other

di sassoci ated species fromsaid plasma into said ionization chanmber, (ii)

i ntroduci ng %ai d dheamithgl ¢fadaimnt ohe@irdthe dopanahoeongranbedrbande exci ti ng

sai d cleaning gﬁz in said ionization chanber to create a plasma, or (iii)
prior to int 6 Hﬁg said cleaning gas into said ionization chanber,

i ntroducing said cleaning gas conprising F2/Ar into a plasma chanber,
exciting said cleaning gas in said plasm chanber to create a pl asnma,
renovi ng i on¥, radibeahghodefinlaial swheadinothhdepadits eagmpuicanadcrspaselested r om t he

pl asma from sai d_pl as anber .., xi sai d ions, .radi.cals, neutrals and
ot her disassE%Phﬁéhm?ggéfG§HngéVRﬁ@ggg sﬁﬁﬂﬁfgweﬁgwﬁﬁfcreate a gas stream
and introducing said gas streaminto said ionization chanber. 10. The

met hod of claim 1 wherein reacting said cleaning gas with said deposits is

carried out 8 saildeinihodef daimchwhbrsm sid methedsmpiays tieerepl 4ndim about 25C

to about 100%%sma based activation of said cleaning gas.

9. The method of claim 1 further comprising (i) prior to introducing said
cleaning gas into said ionization chamber, introducing said cleaning gas into a
plasma chamber, exciting said cleaning gas in said plasma chamber to create a
plasma, and introducing ions, radicals, neutrals and other disassociated species
from said plasma into said ionization chamber, (ii) introducing said cleaning gas
into said ionization chamber and exciting said cleaning gas in said ionization
chamber to create a plasma, or (iii) prior to introducing said cleaning gas into said
ionization chamber, introducing said cleaning gas comprising F,/Ar into a plasma
chamber, exciting said cleaning gas in said plasma chamber to create a plasma,
removing ions, radicals, neutrals and other disassociated species from the plasma
from said plasma chamber, mixing said ions, radicals, neutrals and other
disassociated species from the plasma with O, to create a gas stream, and

introducing said gas stream into said ionization chamber.

10.  The method of claim 1 wherein reacting said cleaning gas with said
deposits is carried out in said ionization chamber at a temperature of from about

25°C to about 1000°C.



- 18 - 11. The nmethod of claim1l wherein reacting said cleaning gas with
said deposits is carried out in said ionization chanber at a pressure of
from abowoQo/4e228 to about 10 torr. 12. The net hod ofPCElts2omobsmber ei n
reacting said cleaning gas with said deposits is carried out in said

i oni zati on chanber at a reaction time of from about 30 seconds to about 45
m nutes. 13. The nethod of claim1 wheigin said cleaning gas is introduced
into said ionization chanber at a flow rate of from about 10 sccmto about
1000 sccm . The nmetho f.claiml. further c rising evacuating said
Foni zat 1 on citdmber tamraotboleif, LTt MGDE SRR SPUERHE 19 P8 Cher
conpri si ng r eppaits idcasdédoutaih bad ichieatioh chihbertat ABLessurd 6f frédmdbhod 1 f or

cl eaning an ion source conponent of an ion inplanter, wherein said ion
source conpon@iio ewhl9 &5 an i oni zati on chanber and one or nore conponents
contained within said ionization chanber, and wherein the interior of said
i oni zati on chanber and/or said one or nore conponents contained within said
i oni zati on chHanbelThhkawghat ofl ddist 1 shoeirdepaiigtsaid diemégpasfwith ankent s

contai ned within, carborape (C2B101-112 opant gas, .sai.d hod conpri si ng:
i ntroduci ng iRPIEA P AR it 1%@&8@ Fﬁa&eqréa%r%gtl%eweg?&fa%%@&hi ng gas
conprising auiXidnas tPibneds Agt&y nore inert gases selected from noble
gases and/or nitrogen, and optionally 02, or a m xture of an
oxygen/ fl uori ne-containing gas and one or nore inert gases selected from

nobl e gases d/or, nitr ; ,and . reacting sai.d.cleaning gas, wth said
deposi ts unddr cordeti Ul i) whereiu el LB ER iR iR B of ¢ he
deposi ts fromdiR@ionthehb& at @fflowdiath fORdE abdiAN 0GB RS ibARAOEY sdkhom sai d one
or nore conponents contained within said ionization chanber.

14.  The method of claim 1 further comprising evacuating said ionization

chamber after said reacting.

15.  The method of claim 14 further comprising repeating said method one or
more times.
16. A method for cleaning an ion source component of an ion implanter,

wherein said ion source component comprises an ionization chamber and one or
more components contained within said ionization chamber, and wherein the
interior of said ionization chamber and/or said one or more components contained
within said ionization chamber have at least some deposits thercon of elements
contained within carborane (C,B1oH;2) dopant gas, said method comprising:
introducing into said ionization chamber a cleaning gas, said cleaning gas
comprising a mixture of F,, one or more inert gases selected from noble gases
and/or nitrogen, and optionally O,, or a mixture of an oxygen/fluorine-containing
gas and one or more inert gases selected from noble gases and/or nitrogen; and
reacting said cleaning gas with said deposits under conditions sufficient to
remove at least a portion of the deposits from the interior of said ionization
chamber and/or from said one or more components contained within said

ionization chamber.



- 19 - 17. A nethod for preventing or reducing the formation of deposits
of elenents contained within a dopant gas in an ion source conponent of an
ion inpl anDenivemesei n said i on source conponent conpri PEF/BRAOMIZ@L T ON
chanber and one or nore conponents contained within said ionization
chanber, said nethod conprising: introducing into said ionization chanber a
dopant gas; introducing into saidi9oni zati on chanber a cl eani ng gas,
said cleaning gas conprising a mxture of F2, one or nore inert gases

sel ected from nobl e gases and/or nitrogen, and optionally 02, or a m xture
of an oxygen/fluorine-containing gas and one or nore inert gases sel ected

from nobl e gases angetodFot rog@iing@fekducing thd RashticiOoSdpositalakin@as and
sai d cl eaning gas under conditions sufficient to prevent the formation of
deposits of EPRIFESE vithih dPRAEHSH BN ACTs SAUECCROPEIONCHE 2B Aokt Weplaieter i or of

said ionizati - [ : . 0 ai ned
within said Wgﬁpgggggﬁﬁkﬁgﬁ%eP?&%P&?gggl?%ﬁgééﬁﬁgﬁgggggﬂggg%ﬁgﬁﬁQ%eposits
form ng on t meort nd@podmMtsafonsadned within 2aitlii@nzalvarchembansdid medwodsai d one or
nore conponents contained within said ionization chanber during ionization
of said dopafP™§a8!'8wi t h sai d cl eaning gas under conditions sufficient to

reduce the formatijofRtindeRBIhidSoRRatidiechaMb8F 4 @bpadf cf@i d | oni zation chamber

and/ or on said one or nore components contai ned mnt%ih said ionization

chanber. 18. The imeddwothgohitocshiaiiomizatidnuohader € dapring gasg sast tleacing iggs an i on
beam from sai d ionjzatiﬁﬁgch er for ing%%ntati n Hﬂéo a ﬁ bstrate. 19.
The net hod of °CPHMAE £7WHEF 81 > S4F & et efsP Bfij%“? PREIOPP #8fa based
activation ofaqngat ﬂit@g&ﬁ&hdg?ﬁo@ml GRbfl gligar d_TQmQﬁ?gen/ﬁ&brirAd@Sﬁ{ah}ﬁﬁlg for
preventing or reducing the formation of deposits of el ements contai ned

wi t hi n car borganend @rBreuore iyt ghopaselcctpalsrom nableigases godiot vitiogpsendnt of an
ton inplanter, wherelifo Sk dop M B CRiCATRINENS (FIMPLnITInENfkiGih £ AL | On
to prevent the formation of deposits of elements contained within said dopant gas
on the interior of said ionization chamber and/or on said one or more components
contained within said ionization chamber; or reacting said dopant gas, and
deposits forming on the interior of said ionization chamber and/or on said one or
more components contained within said ionization chamber during ionization of
said dopant gas, with said cleaning gas under conditions sufficient to reduce the
formation of deposits on the interior of said ionization chamber and/or on said one

or more components contained within said ionization chamber.

18.  The method of claim 17 further comprising extracting an ion beam from

said ionization chamber for implantation into a substrate.

19.  The method of claim 17 wherein said method employs thermal/plasma

based activation of said dopant gas and said cleaning gas.

20. A method for preventing or reducing the formation of deposits of elements
contained within carborane (C,B0H;,) dopant gas in an ion source component of

an ion implanter, wherein said ion source component comprises an ionization



- 20 - chanber and one or nore conponents contained within said ionization
chanber, said nethod conpri sing: introducing into said ionization
chanber awOaparuirgds, sai d dopant gas conpri sing car bor 208/USSRBOSHER) ;
introducing into said ionization chanber a cleaning gas, said cleaning gas
conprising a mxture of F2, one or nore inert gases selected from noble
gases and/or nitrogen, and optionally 020-or a m xture of an
oxygen/ fl uori ne-contai ning gas and one or nore inert gases selected from
nobl e gases apd/pr. ni.trogen; and reacting,sai d, dopant gas .and said
cleaning gas URGEF WSSET P BIRE" & R".%?%ﬁ?ntf‘%le%?‘gt\?lenn%a“% PR o R ot
deposits of eghi@dmeahsd emprasinyed Wit hin said carborane (C2B10H12) dopant gas
on the interior of said ionization chanmber and/or on said one or nobre
conponents cont ai WEEPdNCgiRosaiddonHioRRBRcThdeRrset 2aspsaid depant B3 sai d
dopant gas, J [34] on the interior of said ionization chanber
and/ or on sa?gggﬂgﬂgﬁhﬁgﬁégég%%gﬁgzts contained within said ionization
chanmber during i onmtzatucimg indh ss@lidnidatpanthagdss a vietting gas sal ekaning ggas under
conditions sufficient to reduce the formation of de Pits the interior
of said ioni FAMPHHNERANBEIC Shkpr GRS BHMELY 18%8@%?“%&@ r%‘rﬁ?@ € cont ai ned

within said i;afbf a2, G0aBB8Enally O,, or a mixture of an oxygen/fluorine-containing

gas and one or more inert gases selected from noble gases and/or nitrogen; and
reacting said dopant gas and said cleaning gas under conditions sufficient

to prevent the formation of deposits of elements contained within said carborane
(C,B1oH)2) dopant gas on the interior of said ionization chamber and/or on said
one or more components contained within said ionization chamber; or reacting
said dopant gas, and deposits forming on the interior of said ionization chamber
and/or on said one or more components contained within said ionization chamber
during ionization of said dopant gas, with said cleaning gas under conditions
sufficient to reduce the formation of deposits on the interior of said ionization
chamber and/or on said one or more components contained within said ionization

chamber.



