- 1 - METHOD FOR EXTENDI NG LI FETI ME OF AN | ON SOURCE Field of the Invention
[0001] This invention relates in part to a nethod for preventing or
reduci ng wbeof2omari on and/ or accumul ati on of deposits PATAIS2010/05H0Ur Ce
conponent of an ion inplanter used in sem conductor and m croel ectronics
manuf acturing. The ion source conponent includes an ionization chanber and
one or nore conponents contained wthinithe ionization chanber. The
deposits adversely inpact the normal operation of the ion inplanter causing
frequent down tinme and reducing tool utilization. Background of the
I nvention [0002] lon inplantation is an inportant process in
sem conduct or/ m crgeTesim PORCEXTRRE 8] UIFFIAMETOE ANQTONKDBREEL | on process
is used inintegrated circurt fabrication to 1niroduce dopant I npurities
into sem conductor wafers. The desired dopant inpurities are introduced
i nto sem condugd of thedhednsioho form doped regions at a desired depth. The
dopant i npurijd . sel ected, to baond . with the.sem conduct or wafer
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dopant. 1 mpur ifp ick QAHNER oIS TR cfddfecRbEEL FhfidheGARCUSHL it v Of the
doped regi on. ny such inpurity regions are necessarlfy created to form
transi stor stPYEe GPERONCNSBichidpnn Nfzgtion ehamben anGPRROT BPECOFPANNLS

structures, \Whtathed Hilh@€thicehiYatfontBhinBEy. eq&lemewms%ao&s@%% sewiece. [0003]

In an ion inplantation process,.a dopant source terial, e.g., .gas, is
used that coRPanHOrEREoReE e HEANP: Sushg icdietrarnitie 1 BS ¢t he gas
i s i ntroducedoolntitization. on source chanber, i.e., ionization chanber, and

energy is introduced into the chanber to ionize the gas. The ionization
creates ions that contain the dopant element. An ion extraction systemis
used to extr dkckgroend ofthe fnventiothe i on source chanber in the formof an ion

beam of desi ngshBNEE Mplafetidslah Sp&Rht BRoL ki €d out by applying a high
vol t age across extraction electrodgs. The beamis transported through a

mass anal yzerfijoopdycterimisgpelqotropics magafacRiging o The 1qNAIPAHYEIPN DIREESS Bn beam

can then be agefhanepeidderealtieiaiadondntrodnzrRpitdmboritikeneur face of a

target wor kpigee posi il s R A AR Bl e ntduced int

semiconductor wafers to form doped regions at a desired depth. The dopant
impurities are selected to bond with the semiconductor wafer material to create
electrical carriers and thereby alter the electrical conductivity of the
semiconductor wafer material. The concentration of dopant impurities introduced
determines the electrical conductivity of the doped region. Many such impurity
regions are necessarily created to form transistor structures, isolation structures
and other electronic structures, which collectively function as a semiconductor
device.

[0003] In an ion implantation process, a dopant source material, e.g., gas, is used
that contains the desired dopant element. Referring to Fig. 3, the gas is
introduced into an ion source chamber, i.¢., ionization chamber, and energy is
introduced into the chamber to ionize the gas. The ionization creates ions that
contain the dopant element. An ion extraction system is used to extract the ions
from the ion source chamber in the form of an ion beam of desired energy.
Extraction can be carried out by applying a high voltage across extraction
electrodes. The beam is transported through a mass analyzer/filter to select the
species to be implanted. The ion beam can then be accelerated/decelerated and

transported to the surface of a target workpiece positioned in an end station for



i npl antation of the dopant elenent into the workpi ece. The workpi ece may
be, for exanple, a sem conductor wafer or simlar target object requiring

i on i npl anbabi2os700The i ons of the beam collide with andppensteiansiivhe
surface of the workpiece to forma region with the desired electrical and
physi cal properties. [0004] A problemw th the ion inplantation process

i nvol ves the formation and/ or accunul atigon of deposits on the surfaces of
the ion source chanber and on conponents contained within the ion source
chanmber. The deposits interfere wth the successful operation of the ion
sour ce chanbémplaptgtionhihgldepant|ciamant sue thenperkpiere. c g wokaisse saybem deposi ts

formed on IO%Neéah@%alsa%woﬁam&wafelt&eslmga}ﬁ@efs@e&n aqiheRg RRd energetic
hi gh vol t age .sp rkln Eused zltﬂl or on i w!gtfors in the ion
sour ce charrbélfnp W@O’aeg g}qn§0§glﬁ khﬁgjceﬂen’?‘ﬁ%te acoHpEhati on of
th]e ion inpl &Vﬂrﬁpwce{:t@d‘&ﬂnflIif@i%lﬁﬁith(ﬂlml\dlﬁslrﬁiﬁelaﬂdlcdil%d@ﬁyil&ﬂ|pr¢{iel’ﬂ1' d’s%zati on.
Safety issue nalso aris ue 0 of ,toxic or
cor roxi ve vantfiE i eRBIAL TG S Bor Bel R e s RE I B B8 i b
within the i @ncwmdatmcm afhepbets cartke swefaveed the ronclogemeichgmbér and onher ef or e
necessary 0 Bl CodiaiREYRith FOLTRbLAP ANHAT TREGUBY Sl AROlyifleposi t s
on the surfaces 0 € 10n source c one contal hed wthi
the ion sour dke Bisaepdd operperepfitheia Wﬁqeﬁ@alahgr f%teé@meheeﬁ@@nwltshont he

successf ul Ol%ﬁr&@&é QnscAf frérﬁ‘aepd%ﬂs %}H{eq%nqm%ﬁﬁ%e 1|h§lQQt5}s iReRORhissudc e f or med
in the ion so ch nber and HPE@S’P . ons n ion |t3Elantat|ontool

whi l e using afipbogan cAogsit Mg l%fﬁaqut org depgsi %or i ne

i ons/ radi cal $ndubuters th fhreom Sdl&cditlﬁiﬂfbet afha)dbpof;ltsﬁ‘ﬂaﬁéddersemgnpmtmatl on in the
i on source ch r Il sten, to
produce vol at eaeltogﬁgagiﬁ eul%r |T§%q9%fwn§3£ f 3esnet%\9ws91 %8% ?0 es mgrate
to hotter regiibrgionn Staf@y oshagsiven ahsndrlshamnottheﬂsotwna‘ﬂfm e@nm@f tomigponent s
where deposi 3 cé’&@s&é’x%%fk' %hén%@% éoﬂ@e&ﬂ@mﬁ@#iﬁ%@%mpgcﬁgé L&faifiéect rode and

regions close to the | anent. Fig. | ow shows a matic illustrating
various conpdYigt ﬁledvn éﬁww@aﬁw aisupmeved fonolspningclintihsreters nesespaver i al  on

t he cat hode l’t@ﬂﬂﬁﬁﬁzd dhspr&mf mrmatl@n 8/ si5dcetimtiatien of @ép@el&s &gthetsudadebi cul t to
ionize the SO rce I?fFSSI ve depOSI ts,on ﬁlge coqlit?onents cause
i

electrical sROMSHA S?l&%f%ﬂ??@f eaisoptapyd Wi WEHFSHht and
interrupti on&hamb@pmle%ymmnmﬂuzﬁﬂgemyqxneﬁﬁancceezntlDEmcsacd@sfar@eadtﬂm dfoltered on
the aperture (p[{ Lug OJh ;@E i on source chanber which degrades the uniformty
of extracted ion beam I's region is also very sensitive due to its

proxi mty to [0¢5] Deppsitssase ﬁmnegeletheodesour&@pn@@sa@me@r@cneg@aegf are usual ly

subj ected tofy ﬁhlfplantat%n toMp\LvEﬁ’Qﬁslﬁé’gﬂT Gup dBﬁnlt g%lrgés/) "l(;l%?%ng %?0%8{6%] i fll'hfahl S

regi on nake them e e 1O el ec

failure of arVicg ue&a? &Péls}rrjr%eﬁ 63%@5@6@&@@ the disgodrtionpd SIBnBirHgipHRaEM t he
mec hanihsms | iis tiedo@bares c@ﬁﬁﬁf tdaet Wiok clsamlbice enat@all, Sgreddri\]mhaﬂly tu&%’[ehl fave to
stop the processin Si G open i-gn _soyrce .changber. and, cl ean or
repl ace var|éﬁ%1%838%ﬁg% @%ﬁg%ﬁgﬁg§r?%Egéwﬂ@ﬁeﬁﬁ8“ %EPQ%Q #°89 eani ng or
repl aci ng th@ouhaﬂgmnsunmpohwnmsandﬁmxmﬁpeNﬁtTbﬂchammwcommenanWhmant
anmount of togl, d TBASy & I MNboidgers will
gain significa %ﬁﬂ§9% uct|V|¥rf aﬁ%&%%g%ﬂﬂk% &%?%%gﬁmrﬁ&P%r r%ggglng t he
formati on andlase tca@@lﬁ#mettl Brf; dfbebm&hocl@pﬁoeh@r@anq wgﬁté%ylge%ﬂew ng the
lifetime of @am@@ﬂaﬁpygéﬁﬁﬂjQ@Qgﬁ@gherefore a need exists for preventing
or reducing t or mat i n and/ or a n of deposits an the. surfaces
of the ion ség‘ﬁ?ﬁi Ac“ﬁ%‘lf} 108R mél’:ﬁrr‘ﬁ % scaﬂlﬁa? EdHee 1 tﬁ?fﬁﬂoﬁlﬁénﬁl%wnsour ce
chanber. It mﬂﬁIdn&ﬁngesmﬂEHMQDh@nt&&mabmmégaﬁeNBhQﬁcﬂEBhQﬁpoﬁ@Kmpreventing
or reducing the fornatlen and/.or, .a CH&%nat on. of. dep03|ts on the surfaces

of the ion soureE CRANBET CHNG" CEHEE RANT L8 LRt HEAR AR THI R A8 17 8F L our ce
chanmber so aeutrontmndumtﬁzeptmmy in np@atica(ecrtbelqmStohrceh@epomtsesedlm fommedati on of

the ion sourgg kb [hR&FERYi0RXbGRALNEBAR S HidH RigtdiRs B nfiBrhilofour ce.
Summary of the I nvent |o%
extracted ion beam. This region is also very sensitive due to its proximity to the

suppression electrodes. Suppression electrodes are usually subjected to high



[0010] This invention relates in part to a nmethod for preventing or
reduci ng the formation and/ or accunul ati on of deposits in an ion source
conponentwof20ey3r@n i npl anter, wherein the ion source cecparseot/osanpri ses
an ionization chanber and one or nore conponents contained within the

i oni zation chanber, the method conprising: [0011] introducing into the

i oni zati on chanber a dopant gas, wherei-3 the dopant gas has a conposition
sufficient to prevent or reduce the formati on of fluorine ions/radicals
during ionization; and [0012] ionizing the dopant gas under conditions
suf ficient taoptgalesd (uprto 6 andedepeyitven tonragtady Baketbemhighdy i on of

deposits on %EﬁmeMEﬁ;gggggdkﬁgﬂﬁgﬂizatipn fhanbeL ﬁgd/or%égléngEne or

nor e cpnponeg @ i%n gLPe in e |on|za(g%n chanber . i's

i nvention al 480078 1dedailyre opap tongsguie mayinsaue Bie 1 ARY PHiBF SATBIRBRA 8F i ons
into a tar gethe inbehanBhRaitedipyd. SONG: the ich source fails, &hplaniaisidiHage an i on

i npl ant er ha\é'ong[han 0iconinso rcclacaﬁorrggl{] nt. n\S/\én%reeCihrAm hFaI{ D S0ur.c aceorrponent
conprises an 19812 B R En A her)l%’l b one Eé sze c% bgneﬁi%e;gngéﬂ?gd Wi t hin
the ionizati onriglraevingronents in thelshapboy iBgiidgs e cogtrof saniog or eadacand thgas f or
Feact ant “gas Raaoq OpbAdE RAS bESpch Rad BRAMERANOEHOr Tl 06w pfilsour o

f or mat i ongof apgl W%ﬁewpldﬁﬂmfemcm@ammrwiﬂ6%mzsé&qifé¢ﬁ;nt productivdly j ntr oduci ng
the ion sourg@pfRambARby Paschith®ot REudifY iedbindiodRAaREe hécumulationd)f 1 0ni zi ng
the ion source riac%?ngwg%§ in %he Log%zati chanber under conditions
sufficient tSUPISPANES: JrTebyfertcadingdh BFHS YR AMIBECccumul ati on of
deposits on t0@08]nt Ehdreforoh nebectiamifagircantiap anveduciag dicoformationnadar nor e
component s ot b WpBsits 25 hONARL nE RAHBEFce dhomb& R ons to be

i npl anted; an ' o ' ' '
components contained within the ion source chamber. It would be desirable in the

art to develop methods for preventing or reducing the formation and/or
accumulation of deposits on 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, thereby

extending the lifetime of the ion source.

Summary of the Invention

[0010] This invention relates in part to a method for preventing or reducing the
formation and/or accumulation of deposits in an ion source component of an ion
implanter, wherein the ion source component comprises an ionization chamber
and one or more components contained within the ionization chamber, the method
comprising:

[0011] introducing into the ionization chamber a dopant gas, wherein the dopant
gas has a composition sufficient to prevent or reduce the formation of fluorine
ions/radicals during ionization; and

[0012] ionizing the dopant gas under conditions sufficient to prevent or reduce
the formation and/or accumulation of deposits on the interior of the ionization
chamber and/or on the one or more components contained within the ionization
chamber.

[0013] This invention also relates in part to a method for the implantation of ions

into a target, the method comprising:



e) extracting the ions to be inplanted fromthe ionization chanber and
directing themto the target, e.g., workpiece. [0014] The nethod of this

i nvent i orwbuntmsroorel ates in part to a nethod for extendcCmgsehe/orilfeti ne of
an ion source conponent in an ion inplanter, wherein the ion source
conponent conprises an ionization chanber and one or nore conponents
contained within the ionization chanber4-the nmethod conprising: a)
introducing into the ionization chanber a dopant gas, wherein the dopant
gas has a conposition sufficient to prevent or reduce the formation of

fl uori ne i ons/radiaBroyiding phipniigwiantar heving gadon source dempopeiitzivAgreiohe dopant
gas under congl fohQBSrcS Ubhp&caNEorhridE 8Y RiMizaBbn CRANES ah@8né 8F BE on and/ or
accunul ati on of d%POSItS.On t he |€terlon 0 e ionization chanber and/or

ft
on the one orfPMBPRLTARGHRSH WitkigheatoREgioh e4™PFhe i oni zation chanber.
[0015] The net hod bybrdvidisg bimicdnbume rgdctnit dessfot providipg avadcpofivant i on or
reduction OfstQ§sHO%g%5iBﬂe ndﬁqgm%ECﬂﬂHJa&%ng?ftdgﬂﬁ§5&§npnilnnion source
conponent of BR'7°0R |inanE V'R “Conpari SO e Gt het SWR 5?80855es such
as Si F4 basedufiicome sspsvéndor iadncd g lfamiadion of fludivec ionplasneht ditringn of t he
met hod of thig,;;,pggntion can enable customers to reduce the nean tine
bet ween failure (MIBF) of the ion source of an ion inplanter and to perform
the desired ion i spiaiedasing thefign spwaEactanl gas diato e iopizationhdfagtstic| eani ng of
t?_eI i ont sour c$hi n d@tﬁbﬁﬁﬂﬂg tHERbRBs REe fSeﬁctﬂﬁegidQ%th?@&lliftﬁ%%tll_ﬁﬁﬂeﬂdﬂgéﬂvl? :ool
utilization. S, users can - - reduce too wntine and safety
Concer s oxpPTORRBP BRI PGS BrTar argedhih T RpBH o1 G PACBRMROD 016
Still other dbpesits®nalmdinadioant thgesnigdtiontthsmbenaartdron onkt bl moecone readily
apparent to th i1 i t fr fol i talled
description.??%@§n$%%%%%?%%PW§Q§§%%QP%aﬁ&lgpﬁgpgéég&%???ggﬁn enbodi nent s,
and its severablagedaiids are capabl e of nodifications in various obvious

respects, w thout JepafdihhhdibAMotHREmpIMERL &R thABRRAGI Ha¥nbet i dr awi ngs
and description are to be'regarded as illustrative in nature and not as

restrictive. dBectETe thegde thsttrast 612 tHEkPeei ngs
[0014] The method of this invention further relates in part to a method for

extending the lifetime of an ion source component in an ion implanter, wherein

the ion source component comprises an ionization chamber and one or more
components contained within the ionization chamber, the method comprising:

a) introducing into the ionization chamber a dopant gas, wherein the
dopant gas has a composition sufficient to prevent or reduce the formation of
fluorine ions/radicals during ionization; and

b) ionizing the dopant gas under conditions sufficient to prevent or reduce
the formation and/or accumulation of deposits on the interior of the ionization
chamber and/or on the one or more components contained within the ionization
chamber.

[0015] The method of this invention provides for improved prevention or
reduction of the formation and/or accumulation of deposits on an ion source
component of an ion implanter in comparison to other known processes such as
SiF, based processes for ion implantation. The implementation of the method of
this invention can enable customers to reduce the mean time between failure
(MTBEF) of the ion source of an ion implanter and to perform the desired ion
implantation for longer periods of time, before cleaning of the ion source in an ion

implanter is needed, and hence can improve tool utilization. Thus, the users can



[0017] Fig. 1 is a schematic representation of an IHC (Indirectly Heated
Cat hode) ion source. [0018] Fig. 2 is a table show ng di ssoci ation

mechani srwQl201sr00ener gy route) and di ssoci ati on ener gy PCorusdeififosrient

Si - hal i des (Prascher et al., Chem Phy, (359), 2009 pp: 1-13). [0019] Fig. 3
is a schematic representation of an ion inplant system Detailed
Description of the Invention [0020] Thi-g4nvention relates to a process for
inplanting ions into a workpi ece that inproves or extends the ion source
life of the ion inplanter. Mreover, the process of this invention provides
for i nproved réduce tastl dpwatimeang ﬁﬂffptazrﬂomer@mﬁp@@eweﬂhi@uﬂg gleewingendtant 1 oss in
t hr oughput okoﬁﬁgn@@ Q%H§nt[0021] This invention is useful in the

operation of heat ed t.hode type. ion sourc such as
the 1 HC (I nail el S;‘;?ll%a]é? it aqg%éyaqt%ﬁl?s ob v vemisirvilhp Ipeppryge read d¥he i on
sour ce shown applarEmtgo thost Bkilludl @sthaartdtdn teavhewingaletailéd desdeiption. Mphik he arc
chanber 112 r.ce |ntroduced

ti of t ant er. S
into the s Ourncl:veen](é:lﬂn oY apabq RP othgr anéi (F ff4 rngé e qd;l%lal%[é,ea 1tI§ &5 rsledegaé 5%
chanber, forcamémp¢%m0®ﬁpaugm1@&@ﬂﬂ@@hvmmsﬁmpan$ed&mdewmmﬂm@éhnm&wber. The

ion source includss fdrhﬁgﬁn{hﬁjtﬂ'%l gs" gﬁl& bds i YRy G@lle%grd'e& aé

t ungst en- cont ai ni ng fi1lament y I ncl ude
t ungsten or aIWﬁWEK%6W“@W?é9déﬁﬁﬁéﬁﬁmﬁ@mat Ieast 50% tungsten. A current is
applied to the filanent 114 through an associ ated power supply to

resistively heat the filanment, .The filaneqi indirectly heats the cathode
115 positioned in close proxﬁﬁﬁgﬁkﬁgﬂﬁgmélimiﬁﬁgﬁﬁ%%|c em ssi on
tenperatures. An insulator 118 is provided to electrically isolate the
cathode 115 f[ﬁ(?ﬁ‘] tP}{'ge 1354 s&be%tﬂ%rreﬁq@ielnta%i%% of an THC (Indirectly Heated Cathode)

ion source.

[0018] Fig. 2 is a table showing dissociation mechanism (lowest energy route)

and dissociation energy for different Si-halides (Prascher et al., Chem Phy, (359),

2009 pp: 1-13).

[0019] Fig. 3 is a schematic representation of an ion implant system.

Detailed Description of the Invention

[0020] This invention relates to a process for implanting ions into a workpiece
that improves or extends the ion source life of the ion implanter. Moreover, the
process of this invention provides for improved life of the ion implanter source
without a concomitant loss in throughput of the apparatus.

[0021] This invention is useful in the operation of ion implanters using heated
cathode type ion source, such as the IHC (Indirectly Heated Cathode) ion source
shown in Fig. 1. The ion source shown in Fig. 1 includes an arc chamber wall
111 defining the arc chamber 112. In the operation of the implanter, a source gas
is introduced into the source chamber. The gases can be introduced into the
source chamber, for example, through gas feed 113 at the side of the chamber.
The ion source includes a filament 114. The filament typically is a tungsten-
containing filament. For example, the filament may include tungsten or a
tungsten alloy containing at least 50% tungsten. A current is applied to the
filament 114 through an associated power supply to resistively heat the filament.

The filament indirectly heats the cathode 115 positioned in close proximity to



[0022] Electrons emtted by the cathode 115 are accel erated and ionize gas
nol ecul es provided by gas feed 113 to produce a plasma environnent. The
repel | er wbeotwmsd®7116 buil ds up a negative charge to rep®luseée/osiiert r ons
back to sustain ionization of gas nol ecul e and the plasma environnment in
the arc chanber. The arch chanmber housing al so includes an extraction
aperture 117 to extract the ion beam 12k -out of the arc chanber. The
extraction systemincludes extraction el ectrode 120 and suppressi on

el ectrode 119 positioned in front of the extraction aperture 117. Both the
extraction aferBuge eBEshon tEneTttiide AnHawdatahl Hpis preveeddoicdpsterallyt h t he

]gextracti on ft%léwm Jagf?ﬁen?sgg%imeaﬂfctﬁﬂl%wamii.ned 3eam ;gldt obbe U\SAﬁd

or ion inp ion. e Li [ 0 e i on source descrjbed above when

operating wi T022) 3cnoas comtestn ¢ @C?&E 15935%%@6%%%&@ IPAIZCEA¥4 and BF3

etc. may be Indtedubsl poyvidet By fascfegt DIR to pRHIVE arplaht: cREoiatentcdifponent s

exposed to the pla envi.ronnent cont al ni hj ghl ctive F.iogns. [0023]

Thi s i nvent i oS! Aorrqd b S obn § Y phste oot oy b Goms e B ri g, 1.

Qt her sui t ablsestiignozationes’ gas molexlzmpt ¢he Besmasnaionfeeeimdhe drgpe i on

sources, My fgnbSeik abdh éh'&ﬁb@ﬂ?&ﬁ{dg%'&o% LS &Yx%&ﬁdn%egﬁi%dl'ﬁ'wna' Ly,

this invention is not limted to the-use of anﬁ/ one type of ion

i mpl ant at i on cappEtke g8 bearyd2d qut efifbe pstgharber hei cxtrpefianiyptem ingludespl i cabl e

for use w th cam¥ctionReccBbdé 020 hiiuppPieadib® BlcBPRR DD sHidAYin ffort BetHRr t .

[ 0024] Accordln%Fto this |E¥eﬁt|0ﬁ, a gas ordsource.na erlal i s introduced
into the i on $BEH108 BRRAWEdL7 s RGUHDF FXiEfeyion #nd ppresion flseedes vF 8Bluced i nt o

the source chaeder alignedonith thcleattagjioanipettine Sosextastidroofgewell dtfndditeantesi r ed

:CO”S to be 'gﬁh%‘ﬁeegsed‘?ﬁr f[oﬂ‘i‘ﬁlﬁﬁ%%?oﬁbﬁ*}{gnfe%{etcﬁ‘tﬂe RRUHT. 98 c%t%ﬁcﬁmy cause
ormation and/or accunulation of deposits on the surfaces o e ion source
chanber and @beyowiken epecmgayitietiugtinertiontaining depans s stieh eh&bebsFiang. | t he

removal of t @igtehal RMiRG SAHEGEicRANRIT Whlagc ARchiREPASHdHAR Of
tungsten on other regions including but not |imted to.the Tilanent,

cat hode, aperrtRRssd ihthedigsaa ayirongd coplaporg highlypglrSE9ns; npact t he nor nal
operation of [pém3]iToms ind@HtRdAtSHet IGRItSEo fthETHE RipcdonduréiEshana ih @gtge t ool

tilization. 025]. .1n. d ith this i ti t hod i i ded
For  pr ovent i ARG~ BT TSe PO D) RAHASIT R or> BRbsi s on

an i on sour cécascipbmaght opdratéom efchisiimyindon.e Addiwoealgi, this eentoom isaut ce
conponent conRpt: i.an[i o) - r pnent s
cont ai ned mﬁ?ﬁ#%ﬁﬁﬁg&?gﬁ?2g@?@%ﬂgggH?ﬂ@nggggmgﬂﬁgﬁﬁgﬂgoﬁ§§%nprises
i ntroduci ng imitlod ¢fchisdryeation srappheatbefor asgwphnny Gas of wreinailantatig dopant

gas has a COQ?ﬁﬁghggﬁb@gL{ﬂﬁhﬁnt to prevent or reduce the formation of
fluorine ions adicals.duriﬂg.ioanation. The dopant gas is %ﬂen ioni zed

under condi t il B} Sipeprdiniqrthis dnysmbgrfy g2 o s RateRal iF MRt thinth e or
accunul at i on ief sq@g@oiatn®coshobren iRig. ar, iIThie gaf nahdciivtfoduatd oo theashee and/ or

on the one or, nofe .conpo ts contained within .the.ignization chamnber.
(00267 1 pachib 4 SRRIEL GRS 5 XS Rbnb il At SRS S hor ovi ng

per f ormance amgdlassederdiindicitcd ebavieecarfaimsour@rgascumeecduhatorgehien andder at | east
silicon contapni NS r ghRaRt gas, wherein
no dil uent g%gakgg?%trod%%gﬁk?ﬁﬁggﬁﬁ%w%%ﬁqgﬁgﬁggpﬁggﬁﬁ PanegUSly with the
dopant gas. CAMpOREs epaRed vHRindls ipagourse chambesig-gethsfremevilef speci es.
[0027] In aceigdrRndRiicolifte Shirb@RFdIRRANnd AcpaRithAh fitgnddtc@\ondskk:f Or
extendi ng the LlfetHgEmgf an ion source.co onegagln an ion. inplanter,

wher ei n the i"BHOSGHIFUENEIRHBAIRICIRBRG LB CHh RBATS 4PTTHHC BRLIABETSTand one or
nor e conponernthsscdopbsitseidenstlylimpadthiee h@niak apdrativredfahd fon. imphatdrpddunsd

compri ses i ntg adueIdg ik ant D& LM fliliofoRhamber a dopant gas, wherein the
dopant gas hasa conposition SUrTICl ent 1o prevent or reduce the formation
of fluorine i[002M dadéwadance withribyisiimention.iaoncthdhis pdopded fogascviestingem i oni zed
under condi t i a0t Féthfaflbn LRYE! RYERRIAGn bPAULES Gl RRMBien and/or
accurrul ati on of deposits on the interior of the i1onization chanber and/or
on the one orOMBPECNE BHHHIMBAID a0 whGTaR thi 10K SAUICR SOMBANSAEPBRrEh aRber .
[0028] Dopantofigitionesainbél dhd@nt BEsRrd@Ments COMAMSH bithin SdfibhigitRAt to
prevent or reduce the formation of fluorine ions/radicals during
ionization. Illustrative dopant sources include, for exanple, dopant gases
that conprise (i) a hydrogen containing fluorinated conposition, (ii) a
hydr ocar bon contai ning fluorinated conposition, (iii) a hydrocarbon
contai ni ng hydride conposition, (iv) a halide containing conposition other
than a fluorinated conposition, or (v) a halide containing conposition
conprising a fluorine and a non-fluorine containing halide. In particular,
dopant gases can be sel ected from nonofl uorosilane (Si H3F), difluorosilane

1 1N N o o ~ 1IN . o o 1 1N ~NA \



- 8 - chlorotrifluoronmethane (CCLF3), dichlorodifluoronethane (CCl2F2) ,
trichl orofl uoronethane (CCL3F), bronotrifl uoronethane (CBrF3), and

di br onodiwburoraasaionane (CBr2F2), and the |ike. [0029] I PCuatse@tiosa7hydr ogen
contai ning fluorinated conpositions include, for exanple, nonofluorosilane
(SiH3F), difluorosilane (SiH2F2), trifluorosilane (SiHF3), and the |iKke.

[0030] Illustrative hydrocarbon containing fluorinated conpositions
include, for exanple, difluoromethane (CH2F2), trifluoromethane (CHF3), and
the Iike. [0031] Illustrative hydrocarbon containing hydride conpositions

i ncl ude, for chxabyl dhemmilbrreeamirises mredyeng otihqapnizetioneahrmbsi 4 ane
(Si (CH3) 2H2) gapshtiohd, RRicRyh B! cﬁ)@@nt(g%'s ﬁ%l&ﬁ%osﬂ?&ﬂsﬂfﬂ’@eﬂt'tg revbRQ32]

Il'lustrative halide containi OSI%%qS ot her n]l‘_]h@llnate

conposi tions ¥ F Ormgfjo Flée opsadift oA udrg IQH’éaf(‘ éOPant gas

di chl or osi | anethe®idiZ£si2)ndeit sondhioas @@ﬂﬁb&ﬁﬁto(p’its@:h%i) redadd the Gsintadibti achl or i de
(SiCl4), di chI odi si

(i chl of oret hARGer erorpiton{oP RS el Bop R A S R TR D P or 1 de
(CC14), and tolnehet prieeQr I{l@@3empbh¢m¢mmlncdewttb1hlthi@loomnm ghangpbeconposi ti ons
conprising a § for
exanpl e, chI 2&?1#1 p%g?@%?mﬁ%*ﬁ&?@?@ﬁieg?c loro @9 ]ﬂﬁjgr 0 tﬂgneg(ﬁacHFZ) ,
trichl orofl u@fl@ reichding lifcomert)an ipn sorses thel RpeEies  Aasst YicRnmontainipg

di bronodi f | uesedh aniepAdeBietiabr, cadddpast gaﬂsk\eherkﬁ%ﬂdﬂuémdga@@@n cont ai ni ng

fluorinated co Si reduce .t he. anpunt of er, nol ecul al so
Lenor atos 1 TORERRN e S sh siptmaebus yign DR o ars. Paliohe oy th ¢ he
generated F idopaitrgasisewésastth)e §ourdchdrioniedpseéesf | uori ne attack on the chanber

conponent an gﬂ(?ﬁi i cctorl)(?ancg t?\Qles enh&? I;{gﬁ ng}e/sﬂ)r O\?ﬁé&dofo? %%f%h&n%ghe

fluorinated ions nmaln Ke sarre AU
Si, per unit hé@tsmef ny'w a8 sewrp aereporteot lmrﬁdulbmreplla&eFMhemmﬂE] lopadurde

cont ai ni Ng CQpRPshdr: e8%p ﬁ&s&nqoxﬁ&ltf&h'cﬂ%ﬁ& a%ﬁm@%k hio?é‘éc)m&nféﬁtrs than
fluorinated conpo S|t|ons conpletely substitute F atons with C atons. They

produce O | aﬂ%ta@:edwa@%megoru%w a@Bes aiheanethey cqraprisey ntiodueing o pr oduce
WC1X upon read iodrarbd EhaWbahh @Bpdns g8, ehictdie aitdopateas hvod edmpgitionan

For  oxanpl c. NHsoPT SrOSET af Brugpbeap an ol tysEhe i P biencts (s a
solid at 20CiemehteneThatlof80Eas isttberviapiard pndes somditiors sofifigicr2 tél ptogont Due to
the s gni T captdich BRERAIGALEI Yo Bl AR Sntit (RerSPyHiRNTeNt 0

corrparl son to environ
ionization chamber and/or on the one or more components contained within the

ionization chamber.

[0028] Dopant sources include those having a composition sufficient to prevent or
reduce the formation of fluorine ions/radicals during ionization. Illustrative
dopant sources include, for example, dopant gases that comprise (i) a hydrogen
containing fluorinated composition, (ii) a hydrocarbon containing fluorinated
composition, (ii1) a hydrocarbon containing hydride composition, (iv) a halide
containing composition other than a fluorinated composition, or (v) a halide
containing composition comprising a fluorine and a non-fluorine containing
halide. In particular, dopant gases can be selected from monofluorosilane
(SiH;sF), difluorosilane (SiH,F,), trifluorosilane (SiHF3), monochlorosilane
(SiH;Cl), dichlorosilane (SiH,Cl,), trichlorosilane (SiCl;H), silicon tetrachloride
(SiCly), dichlorodisilane (Si,Cl,H,), difluoromethane (CH,F,), trifluoromethane
(CHF,), ), chloromethane (CH;Cl), dichloromethane (CH,Cl,), trichloromethane
(CHCl,), carbon tetrachloride (CCl,), monomethylsilane (Si(CH;)Hs),
dimethylsilane (Si(CH3),H,) and trimethylsilane (Si(CH;);H),



- 9 - etch Was readily as F, thus producing | ess amounts of vol atile WC1x.
A reduced anpunt of volatile tungsten halide results in | ess deposition of
W t her ebyoext2nsdiong the |ife of the ion source. [0036] pArams201flos11exanpl e
in the case of Si containing dopant gas, |less energy is required to

di ssociate a Si-Cl and Si-H bond in conparison to a Si-F bond. See Fig. 2.
Hence, users can operate the ion sourcegat reduced |load (i.e., |ower
filament current and arc voltage) in conparison to SiF4 to obtain simlar
Si beamcurrent. This al so helaﬁ:extend the lifetine of the ion source.

[ 0037] Di schicblosefriuprgmethras (¢ ol :bididgadiflyeronmhae(CE€LFDhe use of this
ol ecul e can (@¢HiSHNabroARHRMH AT AR, %gﬁn@&lﬂhafo&mqanbraelaﬁ@la% the Si beam

current for the sa anount of o) creased beam current provides an
opportunity @&romegﬁwwgl%@e&%@wﬁ&%%r ocess wafers. [0038] The
dopant s usef 0029 IHiNtStivaOHedbg@ncoam@inibg flusathtyd Ed’tﬁpﬁsna)n@hﬂdlll&m fgas whi ch
serves as a sQurc e r | npl ant ati on
typically coftar lee mﬂnosf?uoros(l\%\? &gh %)r Ifﬁlﬁpo(fh%{h StIIEi Pn}agr p%%a?lng upon the

| ocation in t(ﬁiéiF@) eoeédw lditanber. Wis a common material of construction for

i oni zation Cg@d{?ﬂgrlﬁus@ﬁqvé %dr?%m&{‘&mteﬁm g%@hﬂﬁgd }T%ﬁlﬁ(:)sﬁlth&dg nd1 QA Ft 1 on

chanbers. oSl ts so _contaln €lenents ant gas.

[0040] The nBKHBHS, @lﬂg@i@@seé@np RCHS) griflaprogiethape (GHER, angothedikprani sms t o
reduce deposijhoF1Pnmatiabe hﬂlcﬁrﬁéatrﬁorﬂ&difﬁﬁm\ﬂg%@dﬁlﬁ@cdﬂ%sﬁf&@ﬁﬂMegﬁﬁ’ physical l'y

sputter the osits for t ng forned.
Agdl tionally exg‘gp@h@ﬁﬂorﬁ?r}ﬁglﬁﬁ@e (ﬁ{ﬂgﬁ/ ‘H m@&é’ﬁe @m@%&%‘teg t he
concentrati omrlméthatsﬂan/aa(SﬁdG]QDgH)earththailke gat e fluori ne attack on chanber
conponent s. Z?QEusura?%; b%ld’éﬂ cogtalnlﬁqagérﬁﬁgs%on? %?he% (Hu%}lﬁgted[ 0041]

However, co- f OWr ng Ian Ion gas al so physically
dilutes the @gm@eﬁtlo@tmdnd@ffon m@hmht mqnonhlgmllam EH&:Gh, Xllcélm]‘%lhl@ﬁ efore the

concentratio tation
gas i 5 | oner ’ES%@W&E@B{&H;&% (SRoIgH), sficdn {@facRiofbY B AebrolTRbAN

i pl ant at i on (SrhHas ghlofparethancgfbbebsdighipemacthiied bt h).drieleromstieni eve
simlar am)umCHQjS)d@slgblﬁgtradj@omc{domeﬁldnh@ﬁg@s This increases the process

cveral | por ANEAERGRbYR BB Brfuiiti foobBiions LRPATREL fiPUR: ol “The' use
of heavy at omengluwhnasoneiningrhalide indsudesfoa bsmpla,déﬁoroaﬁlwrcdnmha@ risk of
cat hode thi noppge WA orb 81 A @RarRi CRERYY, RENSIHRbrotR A C0gr) 10 -
bromotrifluoromethane (CBrF;), and dibromodifluoromethane (CBr,F,), and the
like.
[0034] Hydrogen containing fluorinated compositions reduce the amount of F per
molecule and also generates H ions/radicals upon ionization. H ions/radicals react
with the generated F ions/radicals to further reduce fluorine attack on the chamber
component and extend the ion source life. The hydrogen containing fluorinated
compositions maintain the same number of dopant atoms, e.g., Si, per unit gas
flow as compared to undiluted SiF,.
[0035] Halide containing compositions (e.g., chlorinated compositions) other than
fluorinated compositions completely substitute F atoms with Cl atoms. They
produce Cl ions or radicals upon dissociation. Cl ions or radicals produce WCl,
upon reaction with W which is significantly less volatile than corresponding WF,
produced during reaction of F ions or radicals with W. For example, vapor
pressure of WFg at 20°C is 925 torr, whereas WCly is a solid at 20°C and even at
180°C, its vapor pressure is only 2.4 torr. Due to the significantly lower volatility

of etch products in Cl environment in comparison to F environment, Cl does not



[0042] In contrast to these nmethods, this invention uses alternative
dopants to solve the source lifetinme problens faced with other dopants,
e.g., SiPo2bre/q3ari cul ar, this invention uses dopants wPhatUS2MIEOFI0L at e
hydrogen into the dopant source conposition. For exanple, for Si containing
dopants, suitable dopant nolecul es useful in this invention include
nmonof | uorosi |l ane (Si H3F), difluorosilan® (S H2F2), trifluorosilane (Si HF3),
and the like. Al these nol ecul es produce H and F upon ionization. Hydrogen
serves as F scavenger and reduces fluorine attack on the chanber

conmponent s. Gihi Weas pedddy aaFt thye prasiasingdese amevnis @f selatilei WGl rrduedfl does not

dilute the i gplcant MyoPRigRSgHER BAMC LIS iMRisHESBItRE of e, tRaaBy nunber of
dopant atons, r-unit gas flow as conpared to undiluted SiF4.

e.q., Sl,..p
[0043] In an eéWBg‘&gﬁ%en]ﬂfF Ot?ltut?eslopﬁwgﬁ?-i on uses chlorinated nol ecul es as
dopant sour cg0038jiAled)Ifer ckappid infhd esubeSi futaifing dopimigas, hgs dogragnts sour ce
i nclude, for _exanple.. nonochlorosilan Si,H3C1 di.chl ogosi | ape (Si H2C12) ,
et chiof osi | ATAMA EyismeRRgsPES R SPRoRb B oo EoER§ SPReRTostsn o1 I ane
(Si 2C12H4), aingl 2 Héerlck ksersThe spemisl the ivhessupe atiedecdd load 0, Ugwoer i oni zat i on.
W et ches at 1 red: : i pl asma.
Hence, the. r Shatf LRt IR v OLOr b RemBpATRo SRE LB At STUIfY By ant
| ocati ons i ncHEaR. {likés dsuhdes ewensgbe lifedimg ofithe jomaaticy. r educed when using a

chi |0ri tnaz ed mmllitiﬁlﬁ&o@iﬁg%@ﬁ% twO8I @t@ms@leﬁ%olewl@r &hb l%s@@fbtﬁis| ution OI t he
i mpl antati on gas rea nge, ers can. achi.eve sinilar, beamcurrent as
the undi | ut ed e GRGULRS &b Afe sk iy oh B iBriqwany foe S PR SFFeTHe | on
source. [ 0044%r the karh¢ emotreadgad fioki dlvecased béaen turnemt grogided aa oppasurdtyount  of
dopant atons {(e. g..; Sj[hl)e cgé’%itfn%btlo 1“?eerss Ykt 9as flow. The nethod of this

i nvention extends ‘%?1% i e]ti e Of the I'on source wit hout any loss in cycle
time. For net 08 Thegoparphssyulan diis meantiqresan bervsedivithpwradilugaisgast i ck (1 ow

control devi GaiclPieSSUL S BIBREHPIJnRg device, val ves and el ectronic
interface) is requir for each dilution gas. This invention eljmnm nates the

ed
requi renent d903hyhsdapesits henmegirigg implagigon fpically spnie tuagssane¥) Mequi r ed
to provide addiyih®f@ntigasdehdiks updthchedatiohanthe Pree@rimahiven BNghgi es
indicate that a user can i.onize fhe.alternatiye do an& nmol ecul es of this
i nventi on usicﬂﬁmioéls@at%%roéﬁo%%% PILEPT i ien chan ergia{j. fo3 CoPBBRETs A hal i de
cont ai ni ng ceopsict vothirtheeonizdimn chafmbersr Thatlggbsaonpyaisbicontaire. g. ,
chlori nat ed %?éﬁ?e%?gﬁ&ﬁ@lﬁe& aﬂtga[sgferred dopant due to conplete replacement
of fluorine atomtromthe sourte nol ecul e and | ower dissociation energy. A
preferred dop@o]flde mpskodsmlischsssd imthemrion artirdy @ndétp arasbinigmetoed®r. O her -

fl 1- pr e}‘ erije (M?ﬁﬁi@gg?%%egwmﬁ% 91(% 1H§t)§ﬁlol_r|{ Pagl i ki}@ﬂlﬁy sphufidr ﬂ'hfecl udg,
or exanple, Si . Si and. Si 1. .a preferre

met hod of thidgp%%fgmeéﬁ}ldée%\f%%m& ile sy %64 g%@qrgleguéaﬂ}t@&a% %he ion
source charr})eh%\szﬁ by s hﬁ@gﬂidmhgmb%éﬂ mmité@fﬂducdg@ﬁe G(ﬁﬁebteatﬁ)a(ﬂﬁag@ib in a high
pressure cylifpder or a.subsatnos ric.deliver ackage such as. UpTi ne0

P Lbe at mospher b f ol R AR e st S PR A TR B R B et ar v e
nmode for del iwidrlyragficaldtiengmsfodudli.o its enhanced safety. The flow rate of
DCS can rangﬁﬂéiliﬁojv&@v_gr %SSfmwiH% Shef %{S%Jd?/thgﬁrﬁ@a&faﬁo§§§§gésocommnl y used
ion sources in comrercial ion i anters include Freeman-and Bernas type
sour ces, i ndiphereally dibigsdbe eencaesdios ol implentfian ges inlthemix awlithewéoreThe i on

sour ce oper athd\ehnRaitAh F fmplasd iBA R i fr W Bvenf fldvR BBMplSMhtieiNgasand arc
vol t age, and.the |11 ke, are tuned to achieve. eiS| red Ior‘il zat.i on_of DCS.

lons, e.g., $PVGr 148 ICSHISANAPNY Q58% R 3vaHeble frdor apladplion. pihyr ovi di ng
negat i ve bi asisérthak ep@xtss acifeés horgssmndatiyt tanchiavessimilkht @n@cht 0§ dowg aa tiagnet i ¢

ot ant ed 1 n POAGRERRERT R hOER AR A SRS TSRt BEILL T Lent fon
relates in paeduccdtan! teoughguf wte. thhencentbt averall porforofanconbthe neroinzplandr get . The
met hod conprigags QNPMIHd0SiRE. TRR ubdBF RALEhIR LB, KN 0B RYICHsL OTPONent

wherein the ion source conmponent conprise€s an jonization chanber and one or
nor e conponenfdesthleug &rigl ehgathadsdhipging paderdhe artiomedheavaphysiselsour ce
react ant gas spiit@indes a source of ion species to be inplanted. The ion
source reactant gas has a conposition sufficient to prevent or reduce the
formati on of fluorine ions/radicals during ionization. The ion source
reactant gas is introduced into the ionization chanber. The ion source
reactant gas is ionized in the ionization chanber to formions to be

i npl ant ed.



The ionization is conducted under conditions sufficient to prevent or
reduce the formati on and/ or accumnul ati on of deposits on the interior of the
i oni zat i oNOchevise®o7and/ or on one or nore conponents conParrsdomioshirn t he

i oni zation chanber. The ions to be inplanted are then extracted fromthe
ioni zation chanber and directed to the target, e.g., workpiece. [0048] The
ion inplanter can be operated by conventponal nethods known in the art. One

skilled in the art of sem' conductor processing will realize that specific
flow control devices (e.g., mass flow controllers éI\/FCs) pressure
transducers, [0042)ds confrast @Hbeﬂelfkfébocﬁnﬂlllmﬁmt@ﬁﬂﬁ@ﬁ {esnadiye dapamby 9t ed f or

speci fic dopaghks t@@uf&qﬁbﬁrﬁslpmnenw@%d wah oMREHGIANe ¢l Bi@Adht i On, tuning
of i npl ant proces paranmeters incl]u |hﬂ@tllament E rent, arc voltage

extraction amdtCUSHriaSIERIQEPEcsgeBants Higt incorporate ngfnkléo § P%adi]ﬁl red to
optim ze the spiiroc esmpokiticig &reaampleufoasl d@paﬁing d'BbentE woitatge dopuie i ncl udes

optim zi ng bearep%ﬁ]ﬁtljrren%lmtg1 ; 019231'10 &eym ndlgros @eﬁﬁ[‘éed dopant dose.

Once the ion B een S n tnst r eam
processes shdliflubrialane (RiHsled.. trlﬁlﬂomsl]lanec(ﬁﬂ}ab iand tloohidi. tAlb e seranplogaley

greatly. Any s P d{:qutc@lilﬂ &d@ﬁ%nﬁ%fz%rpf%&e i BerCQpd bl P@éa\féﬁ%?rba?d%ﬁﬂ cgyed herein

t hat are suf ent to prevent or e fornation eposits fromthe

interior of tﬂveﬂneﬁﬁtaz:éﬁqndhe elvarhss corpencats. fymiketrior a encthodsothe meghasonent s

cont ai ned W toffikis Iﬂﬂ’@nﬂuﬁﬂdde@hb%hﬁ@ﬁﬁbﬁﬁﬂanﬂﬁ@n|g@§‘$t¥6’éhi qmsqﬁeamﬁﬁngoﬂhessur e
referabl fro bout 0.5

can range from abou to about 10 llitorr,

o about 2. 5 ST ABFTOT conEn g s-crh Roamer IBHge FanarEd LBl f r om
about 25C toSa]bput 1000C, preferably from about 400C to about 600C. The
dopant gas fl 2 re
preferably fr[ 341%%?%%%%&?& ggﬁﬁla?l{ngggcglgﬁsegf%l8{§gItgg&%ﬁecupoalgg\ e met hod
of this invenouse, Seitebld ddpani meleotles foe Si gpntsio perfit Sph@ellmiu arpirant er can

be ext ended. elmﬁlerﬁeﬁ@&l%ﬁlaﬁe (ﬁﬁ/eL)C@ichler&snene @EHIGIBI e{&hﬁﬁb&mné ndustry
since it reduces he shut tine quited to repair or

cl ean the toéPiCl {}%Slilfomﬁga?@?%‘éﬁo(sé(?h} Hi%llqrﬁ%}ﬁqe&ﬁlzpb%h@ﬁ%kheélkﬁor use in
a w de range Tkseppletb@lad prodsce Ghas@iupoh WhitdiighaW afch&atisPwee @it ueder The

"ndustry o BB ERTBAa AP Y e HPseome stBRyy A & fpfn
sour ce/ dr ai n chagbansgall 4ml i rewnasioptd zieff@cntﬁmatlsmsr haeer tiodofiice abdnoberad t he
sem conduct o c%hﬂ tedttRpyhat ﬁm%&’%éhné{@d QYR undiy fdojiéﬁt sBii%eand

vari ati ons o?l 'S vent I on Vi ous 0 a worker skKi ed in the art
and it is toAdeo, llilmersgmdbbltlph@f theuoplapprionigaastiresns Hemrbevaserseganons are to be

included W t Bt @mMHF ¥éa@eRfent B fhe JRRILLEABIFGHraReks 4048, S RéHiéde and scope of

t he cl ai ns.
extended lifetime of the ion source.
[0044] Dilution leads to higher cycle time due to a less amount of dopant atoms
(e.g., Si) available per unit gas flow. The method of this invention extends the
lifetime of the ion source without any loss in cycle time. For methods that
employ a diluent gas, an additional gas stick (flow control device, pressure
monitoring device, valves and electronic interface) is required for each dilution
gas. This invention eliminates the requirement of any additional gas stick and
saves capital expense required to provide additional gas sticks. Further, bond
dissociation energies indicate that a user can ionize the alternative dopant
molecules of this invention using less energy compared to SiF,. See Fig. 2.
[0045] A halide containing composition other than a fluorinated composition,
e.g., chlorinated composition, is a preferred dopant due to complete replacement
of fluorine atom from the source molecule and lower dissociation energy. A

preferred dopant for use in this invention is dichlorosilane (DCS). Other



- 13 - Cains 1. A nmethod for preventing or reducing the formation and/or
accunul ati on of deposits in an ion source conponent of an ion inplanter,
wher ei n swOR0iI20037@®0GUr ce conponent conpri ses an i oni zati ecTdlsanbesiiand one
or nore conponents contained within said ionization chanber, said method
conpri si ng: I ntroducing into said ionization chanber a dopant gas,
wherei n said dopant gas has a conposition-sufficient to prevent or reduce
the formation of fluorine ions/radicals during ionization; and

i oni zi ng said dopant gas under conditions sufficient to prevent or reduce
the formati omresfﬂ@wbdometweatthaémaafbedégb%m replaghSith énclysicefar skamplesai d

i oni zation chghe Hg@gkquggaﬁggchn nmore conponents contained within
sai d |on|zat|&@“ﬁ5anber %ﬁ %?E od of claim ﬁ%@ﬁie'ﬁh&ge dopant gas
conprises (i) BAOFIRTRORE ng“ﬁnﬁ%‘%ti%?éﬂm 9 (i) a

hydr ocar bon copjlidnd ﬂ@ ibh B@Irbe’laiaﬁd)ecofftheid)ﬁ ingilantftidon thol IDgScachs bon

C o 9 YA G50 SERRIB SR ek B A PR e SRR o
conprising aab Up&nme@ sabrdtraosmbmd dadoriynsyscont Aiswl- a‘@ndsahard:epack&e iThe net hod
O o0 I o IELEh G bbge HARRIL OGP IROURULS B rUAAIER o YA e of

fl uorinated osition select nonof | uor osi | ane
di f1 uorosi | arQCrg@sz@t) fromnld2q sgom, W%merf%m@wfgmté)sccm Conpaonfepsrsd of

]g: aim1l \tNhgr %IDSduIﬂ&SQIIQ@@ﬁﬁleﬂ}?iﬂl : axﬁg@fu?clﬁaeom@frﬁ&bm %%ﬂ&@ﬂype ngd

uori nated co l. on.s rom ai ane an

LT uor oot RAMESS ey Resfeh Gl qde AR PR aar s A TEren SoBsnt gas
conpri ses a hydangpaametoninaiudinggpréygdie] filneatposint iahars ebiageednd them

ronoret by st ane, (LR ALTEHINLSHAAIDES (G528 or 00

trinmethylsil
containing positive ions, are extracted by providing negative bias to the extraction

assembly and are filtered using a magnetic field. The extracted beam is then
accelerated across an electric field and implanted in to the substrate.

[0047] As indicated above, this invention relates in part to a method for the
implantation of ions into a target. The method comprises providing an ion
implanter having an ion source component, wherein the ion source component
comprises an ionization chamber and one or more components contained within
the ionization chamber. An ion source reactant gas provides a source of ion
species to be implanted. The ion source reactant gas has a composition sufficient
to prevent or reduce the formation of fluorine ions/radicals during ionization. The
ion source reactant gas is introduced into the ionization chamber. The ion source
reactant gas 1s ionized in the ionization chamber to form ions to be implanted.
The ionization is conducted under conditions sufficient to prevent or reduce the
formation and/or accumulation of deposits on the interior of the ionization
chamber and/or on one or more components contained within the ionization
chamber. The ions to be implanted are then extracted from the ionization
chamber and directed to the target, ¢.g., workpiece.

[0048] The ion implanter can be operated by conventional methods known in the
art. One skilled in the art of semiconductor processing will realize that specific
flow control devices (e.g., mass flow controllers (MFCs), pressure transducers,
valves, and the like) and monitoring system calibrated for specific dopants are
required for practical operation. In addition, tuning of implant process parameters

including filament current, arc voltage, extraction and suppression voltages, and



- 14 - 6. The nethod of claim 1l wherein the dopant gas conprises a halide
contai ni ng conposition other than a fluorinated conposition, said halide
cont ai ni nyocor330ri on sel ected from nonochl orosi | ane ( BCH3G2)1,1/051172

di chl orosil ane (Si H2C12), trichlorosilane (SiCl3H), silicon tetrachloride
(Si Cl4), dichlorodisilane (Si2Cl2H4), chl oronet hane (CH3C1),

di chl oronet hane (CH2C12), trichl oronethane (CHC1l3), and carbon
tetrachloride (CCl4). 7. The nethod of claim 1l wherein the dopant gas
conprises a halide containing conposition conpr|3|n9 a fluorine and a
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substrate. 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 dopant gas flow rate can range from about 0.1 to about 20 sccm, more
preferably from about 0.5 to about 3 sccm.
[0050] By employing the method of this invention, the lifetime of the ion
source of the ion implanter can be extended. This represents an advance in the
ion implantation industry since it reduces the shutdown time that would be
required to repair or clean the tool.
[0051] The method of this invention is suitable for use in a wide range of
applications, wherein ion implantation is required. The method of this invention
is very applicable for use in the semiconductor industry to provide a
semiconductor wafer, chip or substrate with source/drain regions, to pre-
amorphize or for surface modification of the semiconductor wafer of substrate.
[0052] 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.



13. The method according to claim 12 wherein the substrate is a
sem conductor wafer. - 15 - 14. A nethod for the inplantation of ions into
a target,weant/asgionod conpri si ng: a) providi ng anPCcomS2emploanver
havi ng an i on source conponent, wherein said ion source conponent conprises
an ionization chanber and one or nore conponents contained within said
I oni zati on chanber; b) providing-ah-i on source reactant gas for
provi ding a source of ion species to be inplanted, wherein said ion source
reactant gas has a conposition sufficient to prevent or reduce the
formation of fluorine ions/radicals during ionization; c) i1 ntroducing
the ion source reactant gas into the i©@gigati on chanber; d) ionizing
the ion source reactant gas in the ionization chanber under conditions
sufficient to prevent or reduce the formation and/or accunul ati on of
deposits on tihe i nt ekihod fof prsaénﬂin'g on 'reziabiing nhefoambesn anidérekccanulatien 6f nor e
component s c ntalned W thin said ioni t|on .C ?np to formions to be
| rT'pl ant e d OS1tS TN an 1on SOllI‘CG COl’IlpOIleIlt 0 an 10n 1rnp anter, wherein said 10n Source

COl’IlpOIleIlt COl’IlpI‘lSGS an ionization chamber and one or more cornponents

contained within said ionization chamber, said method comprising;:

introducing into said ionization chamber a dopant gas, wherein said
dopant gas has a composition sufficient to prevent or reduce the formation of
fluorine ions/radicals during ionization; and
ionizing said dopant gas under conditions sufficient to prevent or reduce
the formation and/or accumulation of deposits on the interior of said ionization
chamber and/or on said one or more components contained within said ionization

chamber.

2. The method of claim 1 wherein the dopant gas comprises (i) a hydrogen
containing fluorinated composition, (ii) a hydrocarbon containing fluorinated
composition, (ii1) a hydrocarbon containing hydride composition, (iv) a halide
containing composition other than a fluorinated composition, or (v) a halide
containing composition comprising a fluorine and a non-fluorine containing
halide.

3. The method of claim 1 wherein the dopant gas comprises a hydrogen
containing fluorinated composition selected from monofluorosilane (SiH;F),
difluorosilane (SiH,F,), and trifluorosilane (SiHF3).

4. The method of claim 1 wherein the dopant gas comprises a hydrocarbon
containing fluorinated composition selected from difluoromethane (CH,F,), and
trifluoromethane (CHF5).

5. The method of claim 1 wherein the dopant gas comprises a hydrocarbon
containing hydride composition selected from monomethylsilane (Si(CH;)Hs),
dimethylsilane (Si(CHz),H,), and trimethylsilane (Si(CH;);H).



e) extracting the ions to be inplanted fromsaid ionization chanber and
directing themto said target. 15.The nethod of claim 14 wherein the ion
sour ce resotaro3cwnpri ses (i) a hydrogen containi ng fl uecrnsted/ 051172
conposition, (ii) a hydrocarbon containing fluorinated conposition, (iii) a
hydr ocar bon cont ai ni ng hydride conposition, (iv) a halide containing
conposition other than a fluorinated composition, or (v) a halide
cont ai ni ng conposition conprising a fluorine and a non-fl uorine contai ni ng
hal i de. 16. The nmet hod of claim 14 wherein the dopant gas conprises a

hydr ogen con@ainiH@wﬁm%@M1W%ﬂ@ﬂlbbﬁﬁ@gﬂ@ﬁdﬂp%@g@%ﬂémﬂﬁﬁﬁﬁhﬂgﬁbfIuorosiIane

(Si H3F), diflcuptafsid @epdsrlonaitor thandiflidridalddQorobiabs, sard hdrids- 17. The
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and trifl uor g8l banarickibfod)jlane (S1GRH), silicon tetrachloride (SiCly), dichlorodisilane
(Si,C1,H,), chloromethane (CH;Cl), dichloromethane (CH,Cl,), trichloromethane
(CHCl;), and carbon tetrachloride (CCly).

7. The method of claim 1 wherein the dopant gas comprises a halide
containing composition comprising a fluorine and a non-fluorine containing
halide, said halide containing composition selected from chlorotrifluoromethane
(CCIF;), dichlorodifluoromethane (CCLF,) , trichlorofluoromethane (CCI;F),

bromotrifluoromethane (CBrF;), and dibromodifluoromethane (CBr,F,).

8. The method of claim 1 wherein said deposits comprise tungsten from said
ionization chamber and/or from said one or more components contained within

said ionization chamber.

9. The method of claim 1 wherein said method is carried out in the absence
of a diluent gas.

10. The method of claim 1 wherein said method is carried out without

reducing the concentration of ions to be implanted.

11.  The method according to claim 1 wherein said ion source chamber

includes walls made of tungsten-containing material.

12. The method of claim 1 further comprising extracting an ion beam from

said ionization chamber for implantation into a substrate.

13.  The method according to claim 12 wherein the substrate is a

semiconductor wafer.



18. The nmethod of claim 14 wherein the dopant gas conprises a hydrocarbon
cont ai ni ng hydri de conposition selected from nononet hyl silane (Si (CH3) H3),
di met hyl swbane/3810¢ CH3) 2H2) , and tri net hyl sil ane (Si ( CHRLC3M)S201109117The

met hod of claim 14 wherein the dopant gas conprises a halide containing
conposition other than a fluorinated conposition, said halide containing
conposition selected from nonochl orosil ahe (Si H3Cl), dichlorosilane
(SiH2C12), trichlorosilane (SiCl3H), silicon tetrachloride (SiCl4),

di chl orodi sil ane (Si 2C12H4), chl oromet hane (CH3Cl), dichl oronet hane
(CH2C12), trilénhl oromsthedder themaniantatiomdf as bna tasgetatad sethgd (CC14).  20.
The met hod ofcompaikiApl4 wWherein the dopant gas conprises a halide containing
conposition conpri fluori.ne and a non-fl uorine containigg@halide,

I ng.
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(CC1F3), di cRhidriewlsdureoeomminbat@n{ptsdLdnibnizatién cahtieobihdiotcasrahdrane ( CC13F),
bronDtrifIuorgnetg%gecg&ﬁﬁﬁﬁaﬁm%ngiqin&ﬁpq%ghgogonethane (CBr2F2). 21
The nethod of *EPaIM™L erel'h s§|g‘g%pospts C ﬁprise tungsten from said
i oni zati on chanberb) andiding fin om waicd reavéand gasfor provohpoaentrse elonhai ned wit hin
said ionizati : . : 2 I ! d method is
carried out Fg&?ﬁgaggggﬁggégfwagg}qﬁgﬂgggg%?gh%%gh%%gwﬁg%Eggp%%hc aim 14
wher ei n sai d SHEICHSE 1 Rrevt of eduetithedprrign of SyaErhigns/ Fslicabr@eWer at i on of
ions to be ingligafond. 24. The nethod according to claim14 wherein said
i on source chanber includes walls made of tungsten-containing.material.

25. The nethod ac&SMEOFYCIS 191 AOUFES TRetRs gs 24P dhs igpgation dhammbsEni conduct or

waf er . d) ionizing the ion source reactant gas in the ionization chamber under
conditions sufficient to prevent or reduce the formation and/or accumulation of
deposits on the interior of said ionization chamber and/or on one or more
components contained within said ionization chamber, to form ions to be
implanted; and
¢) extracting the ions to be implanted from said ionization chamber and

directing them to said target.

15. The method of claim 14 wherein the ion source reactant comprises (i) a
hydrogen containing fluorinated composition, (ii) a hydrocarbon containing
fluorinated composition, (iii) a hydrocarbon containing hydride composition, (iv)
a halide containing composition other than a fluorinated composition, or (v) a
halide containing composition comprising a fluorine and a non-fluorine

containing halide.

16. The method of claim 14 wherein the dopant gas comprises a hydrogen
containing fluorinated composition selected from monofluorosilane (SiH;F),
difluorosilane (SiH,F,), and trifluorosilane (SiHF3).

17. The method of claim 14 wherein the dopant gas comprises a hydrocarbon
containing fluorinated composition selected from difluoromethane (CH,F,), and
trifluoromethane (CHF5).
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18. The method of claim 14 wherein the dopant gas comprises a hydrocarbon
containing hydride composition selected from monomethylsilane (Si(CH;)Hs),
dimethylsilane (Si(CHz),H,), and trimethylsilane (Si(CH;);H).

19. The method of claim 14 wherein the dopant gas comprises a halide
containing composition other than a fluorinated composition, said halide
containing composition selected from monochlorosilane (SiH;Cl), dichlorosilane
(SiH,Cl,), trichlorosilane (SiCl3H), silicon tetrachloride (SiCly), dichlorodisilane
(Si,C1,H,), chloromethane (CH;Cl), dichloromethane (CH,Cl,), trichloromethane
(CHCl;), and carbon tetrachloride (CCly).

20.  The method of claim 14 wherein the dopant gas comprises a halide
containing composition comprising a fluorine and a non-fluorine containing
halide, said halide containing composition selected from chlorotrifluoromethane
(CCIF;), dichlorodifluoromethane (CCLF,) , trichlorofluoromethane (CCI;F),

bromotrifluoromethane (CBrF;), and dibromodifluoromethane (CBr,F,).

21. The method of claim 14 wherein said deposits comprise tungsten from
said ionization chamber and/or from said one or more components contained

within said ionization chamber.

22. The method of claim 14 wherein said method is carried out in the absence

of a diluent gas.

23, The method of claim 14 wherein said method 1s carried out without

reducing the concentration of ions to be implanted.

24.  The method according to claim 14 wherein said ion source chamber

includes walls made of tungsten-containing material.

25.  The method according to claim 14 wherein said target is a semiconductor

wafer.



