METHOD OF FORM NG ULTRA- SHALLOW JUNCTI ONS FOR
SEM CONDUCTOR DEVI CES BACKGROUND [ 0001] The present

wo pwenticen rel ates generally to the field of PCT/US2008/058150
sem conduct or devices such as integrated circuits, and

NGRS GErORMRG LR ATsH L Lot YTREERORS FoR

PMOS-t ype semi ¢ j ' gﬁjctor
substrates are ﬁ@g@ﬁé@‘lﬂ%@ﬁ?mﬁa on ions to
formultra-shallow junctions (e.g., source or drain
junctions for integrated circuit transistors, etc.).
I'n conventional boron HAGRB B¢BSSes, the boron ions
are first inplanted at relatively |ow inplantation
energies, after which the ions are electrically

[0004¢t iThapedeityinydntipnatlatan peridllygotie fidd ol sdmeicpudvctar davices such

.1 0003] One, issue assqci at ith the use.of boron iagns
os I ENEA Frgrso TR Gar T s e M Brpfne SGHEs nEgTod b B for
such dhfcdhddast damdeg | ocations in the sem conduct or

substrate during subsequent annealing steps, which may

be detrinmental to the performance of the sem conductor
[0003&y T BMQS-jpgrearmigoad yapredovices semi@adugipy sigstrates are doped or

S i.on: ' . t . )

I G

for ih@QAMd Draitmahdiadrst ew.)r &domivegtidragberagdoping @raksses, the boron
undesi rahl e orolr;1 di ffusion involves the inplantatjon

ions gfe KisyGRRIARICT Bislaylglow dmplaiatink FRREBICRITHERINIY 1At ops arc
clectREIY ARLARLSY il hiRaliANG [BRY RAMAgeousy act to

stabili1ze t silicon | attice dandge created during

boron ion inplantation, which in turn may reduce the
[0008br émeiigsme disofusidonthuihe nsaoinabin mgs am tralingswch gunctibes is that

formati of shal | ower .juncti.ons in.the substrate., |t
the ipURE PR id BRd T MRS RS wibe RSP SirsB Sigutibe
subse@ibnbenRYERY tbifs, RBichresueestthncsapartié péforhiiRt&ot thed

both carbon and fluorine ions into the sem conduct or

semiggpdickatdsvicp 00asTal i Jadeathercatash damsimmantefonrfifbe peren ions
[or .C [ - Lo r ' shal | ower
may B B R O Bl b B RPiebn e pect s
may adversely affect the efficiency of the
[000d] N Wreahethodfpr peduceghe agniaxiambluadeswhblk doomndiffngiow mablves
junction formation requires_only a single inplantati .
the igpgtationgt %u_afmwné RTIPRiRd fthﬁ%%léggglngﬁt%i tip pefed Huorine
ions HRBL @ EnBEDubIVRLARILHITAGHL Sifc@riditict ABRheS&RAEANEring boron ion
i mpl antation Steps. In the case
implantation, which in turn may reduce the boron ion diffusion upon annealing and allow
for the formation of shallower junctions in the substrate. It has further been suggested that
the diffusion of boron can be even further reduced by separately implanting both carbon and

fluorine 1ons into the semiconductor substrate.

[0005] While the implantation of fluorine and/or carbon ions may allow formation of
shallower junctions, the use of multiple implantation species may adversely affect the
efficiency of the manufacturing process. For example, while conventional junction
formation requires only a single implantation step (e.g., of boron ions), processes in which
other species are implanted require additional separate implantation steps. In the case
where boron, carbon, and fluorine are to be implanted in a substrate, three separate
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where boron, carbon, and fluorine are to be inplanted
in a substrate, three separateinplantations may be

WO e@aiizwell Between i nplants, the magnets and oPEIEDS2008/058150
conponents of the inplanter nmust be re-tuned to

. accaunt for the. different. mgsses, of the species bein
implR GO e DB T HEFIGoN (TRIANBriBS BHEN o A Gl cemponcns of
the (HAMRQIRALY be RGN P RBLA N TRYer&R dsER oF tikH JpbEiEERing
source feed material, which neans that between
impliantetl a Atdditionaltw [vath resopt tonrseuisn seshinelggw.agolemep antaieen ey require
.fol 1l owed i.n which .the. source,i hut do t he, prior.
o i W e g Ehy Wik P PRl P SRy Sine-
consufti©sbdGEcte nAd bé RstlosRUNE Shiich the sdilred 1s8But WMV Yrior feed
[ 0006] An exenpl ary enbodi ment. of the invention
matqrigl gtraenned oyt i prydford materd idngduscdopd dhe syiresns Ferstarted.
sem conduct or substrate that includes performng a
first inplant step in which a carborane cluster
mol ecul e is inplanted i ng@\A18RKF conduct or substrate
to forma doped regi on. [0007] Another exenplary

enbodi ment of the invention relates to an apparatus
[0006br Anoexeinpdprd opdddinent ofthe inveatisrerdaertd aonchod faypradaciemg a

that. i ncl udes a,stage for holding a sem conductor :
doped &P AT & S%{H‘éfoﬂ%%ﬁ% %P% raf%‘gﬁtdﬁfﬁuﬁi‘f FOAPES ré% gnigytgier in
whidhod &ebdrénd ¢ltifert 61861 Lol Pt fshitaidictod shitieao form a

doped region. [0008] Another exenplary enbodi ment of
dopadiegionventi on rel ates to a nmethod for producing a

sem conduct or devi ce having a shallow junction region

At i i . ' c

10007 Aoy A B P e S D 208 R o
formamgldded rsgommnid agamicondhictdesibatrae cen cthetlalpantagd e holding a

met hod al so i ncludes i lanting the first and second
semiggpdHT SPRYBtANGdRTA0S .ﬁ&ﬁe{péarnﬂgg BSRTORTame slys “}fie‘i nto the

semeHﬁddc%_sﬁMa@eetoifﬁnﬂQtdoﬁé%fr%gfé)n.of f between the steps of
I mplanting the first dopant and inplanting the second
dopant.. BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0009]

[0008] GAmBthEr excrapleryreanhpdingerdiod greanyéritiongelatgs tongmethod for producing
co nents of ;a syst for producing, sem,conduct.or
o s BRSO BTG Tl CeRirh S odrtbAPERE P ihgye it o
and Ib&dIRE gds inSa @ntdist dhagik@@hd inkligiks atiksdgosdnepsd $hd sécond gas
nmet hod of formng a shallow junction in

inclugshr senpad dopnts b reshod aseciaelylergmpianging Zb@gsﬁﬁﬁt #ydysccond dopants
into gg@rgfygg@ﬁtm[sg&gt c E.JIT%J 'oﬁuﬁ"ﬁe %n%ggrz?;l ] ocfttﬁrﬁg@b%?ﬁlﬁgygteg the

on Of a semntconductor su e accor

stepaof iepdapingriye @isbdshaneatd infplOitia} thd Sl dopast..a
cross-sectional view of the portion of a sem conduct or
Substrate

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] FIGURE 1 is a schematic diagram illustrating components of a system for

producing semiconductor devices according to an exemplary embodiment.

[0010] FIGURE 2 is a flow diagram illustrating steps in a method of forming a shallow

junction in a semiconductor substrate according to an exemplary embodiment.



shown in FIGURE 3 illustrating a first dopant
inplantation step. [0013] FIGURE 5 is a

wee@sd2wecti onal view of the portion of a sen PORUSIDO58150
substrate shown in FIGURE 4 illustrating a second

p ' antation step..[0014] FI E6.is a
00§ DERGURER] Brisformret s 1o b o wrusmddeRassGe
accoPMBS td At &SP chibofint@ARE S illustrating a third
dopant inplantation step. [0015] FIGURE 7 is a flow
diagramillustrating steps in a method of formng a
[0012h a HIGWREthista aessissciongbricwordue potor gbs sqraicenductor substrate

c ' not-he £ ' t. [0016]
sho B EE % 8 ADRLACE o TR uRIRAE TP hort Ton ot a
sem conduct or substrate according to an exenplary
[0018 b UG RE 5 1s[a02ds8} scEtidBaIRA Y dfsh@patios sf s eahicomAlctor isevstrate
of . th ortion of a sem caonductor suhstrate shown in
shovel s RBURY, filistmtig ﬁ@ecsné 6pRATY IMABPEROR RN st ep.
[0018] FIGURES 10-12 illustrate various conponents of
[0013] FROURELS 58 GORLdBERIVIR Hehd ¥&tioh BE AmiehMRIR: substrate
nol ecul es into a sem conductor substrate. DETAILED
shovDESARGRTR N i [ @020hg Aduskdipagt itplaratoxetapl ar y
enbodi nent, a shall ow doped region is forned in a
' or substrate.{e.q. Q..produce hal | 9
10013 K FBRRUEL B AR AeBhb gl ) SRR SR Mlption
juncéo ik ednmitohdattod oRahtcSRER RS tb BhSthé& cHipbre omboditent.
substrate. According to a first exenplary enbodi nent,
nmul tiple source gases are first m.xed in a container
[0016}, 5 F IEQR@&JW&OS{S&GW%WGM% aiortaqn ofr segpicopduetyr ahsHate
acaﬁﬁm%Hﬁmgggﬁgﬁéy%ﬁ%ohﬁ&%@nted in succession wthout the
need to purde the ion source (according to other
exenpl ary enbodi nents, the ion source may be purged
[0015¢t Wee R eisercrossesectafnat iewi afphaparting ofé epsironductor substrate
Acc ' 0,a,second ex l.ary..embodi nent, each of
shoigit GG b2 BeREEe eSS BB TR s gl & ol ecul e
which is inplanted directly into a sem conduct or
[0018YbFIGERES 107112 NiustratatvhesuseshpdhoRabE ar foaisokabdiduad to
_paraneters are sel ected such that the various species
delivgr intpghsiugier splegulas ieo grsgmésondeiehsubpiéte.ocat i on. [ 0020]
The exenpl ary enbodi nents descri bed bel ow provi de an
advant ageous method for form ng ultra-shall ow
junctions for sem ¢afAUgGiEPY pESYIRGEPIGNat is nore
efficient and | ess | abor-intensive than conventi ona

met hods. According to a Eapticular exemplary '
[0018}h ddicomslintg toanpmempliry enbddmantn g skalloh daped segomisifouned in a

sernicgrrl] Jcito?rrgtcibs%!alteo e.g.,ttg %roicﬂe!c & gh%tllioxgvr}unction for a semiconductor device)
by co-implanting a plurality of dopant species into the semiconductor substrate. According
to a first exemplary embodiment, multiple source gases are first mixed in a container that is
coupled to an ion implanter, after which each of the dopants are implanted in succession
without the need to purge the ion source (according to other exemplary embodiments, the
ion source may be purged between one or more of the implanting steps). According to a
second exemplary embodiment, each of the dopant species are included in a single molecule

which is implanted directly into a semiconductor substrate. In this latter embodiment, the



process to proceed w thout the need to shut down the
i npl antati on equi pnent and purge the ion source of
w@e@silznego | y-i npl anted source gas (accordi ng tRCDUR®OS/058150
exenplary enbodi nents, the ion source may be purged
en one Iantln steps as

1mplaléf§rl%aaram @Esoaraﬁﬂact?%wﬂam b BRACKES SESAEHR) ?I&%at the
propRPBGHh BN focatibYEt hod i's prOV|ded in which nultiple
species are inplanted sinultaneously into a

sem conductor substrate. It would be desirable to
[0028} oihg exempheryheyabadiaents dedcripedbelay pseradoan adhiaataggous method for
formdg%ﬁl?rap ;E ]?ot ‘ﬁh cﬁgﬁ/saf%% gqulggf?d cﬁo?‘tdgw%g’s t%?t 1\§Mnlor? Qt%ment and less
O0Se T eview

1abof-@ﬂaﬂslveﬁhﬁﬁﬁvénmcﬁlaanﬁmbemca)rdimggcf apmmbhlus&;re@tpmg a

stem 10 for produ0|ng sem conduct or . devi ce
emba iasnHiampcther fy ferung pughyul fé%‘&?dliowmwtwnﬁ éﬂ@y@, therimpgpntation
e R e L
ion waseofpeevidsly- mmplaiﬁett sair&0gaa rﬁabcardm@lmedth@t&xémplary embodiments,

directin n ion beam 64 at one or. nbre sem conduct or,
the igh seTFeTEE DgPulEsH gﬁevefeene PhOL Plehs RRlattgE i @S may be

desiRUPVAEGAIIRP tfaltBlr paf L BE ck@nBlary EnBIIRRAT a m%%h%g%s provided in
susceptor, etc.) or other structure wi thin a chanber

whl@ﬂndl@plerﬂpemmre swplagted [sO0@Rincqisdy ingna serrpllcemtuetor iyelystiate. It

woufi S sufe <Gprogie TR B b At B P Bl B e or other
advdn@iobis fe@Sres BX A be Sp et U6 thob SN ANIRE heatrscAV@dIahke

from Varian Sem conductor Equi pment Associ at es of
G oucester, Massachusetts; from Axcelis Technol ogies

[002d} ~ BAGERE L isnessherpatipsdingram iHnvirangp pissdcEOdps BIOdUGiRg.
sem@éncﬁ%mrzaegc e?cco% o%él%%np%p)e%ﬁto%tem nﬂ{erkﬁﬁtgf’ﬂsl Oqg%(ludes

IS a contal ner esse
amony bihﬁdﬁ:laturﬁt en Jmplaattr 2Ehadnd argioheduitco 681 Dgd @RA0 for dispensing

del i ver ressure gases or_ other fluids i on
Sour%%"isé%t%‘g %gﬂnaégélm&é iapd ra}m‘fgnﬁ% ng’ ESTUNSERHPR éeam at one or
mor@ GG RGtok QuiRaRY B Rh &Y 2 ®ITORA TBRtates J10 a?@f)‘lto@i(fé@ lon22

I's a conventional high pressure gas cylinder, th an
platfetro3gdc.g., aammxmodygpanmemrhau)mgnhmnmmkmnfwnmdwoéunmer30
duriSE 9S8 sectional area relative to the main body
uriRg BOSESHEt i on of the vessel. The container 52 may

i nclude a val ve head assenbly including a val ve

[002Q)BTHa Ilorplwmmm‘pe anOsuAa510 G BingflaR etk ovaer Kdr@ifter
control elenents j e.g., in a manifold arrangenent).

devetoped doiussiin semsongreior sptytsation fagiics. Brenplgr ef yushunplaiers are

avalgﬂﬁ/ £m Q;atﬂ?lfl SE&%OHHS&OJ ]qu{ @%{ﬂk{ As@&&attepgf &1oRk %\9&[ ]81%%5 husetts;

source I'Oh source
fronAAQ(‘Hltsi I"Il’eghrtcﬂ)o@as @@a’mﬂwMaﬁaﬁﬁﬂem aid AppeedcMatedialzdhc. 2 Santa
i's fluid storage and

Clara, California.

[0023] Within the gas box 50 is a container 52 (e.g., a vessel, gas tank, cylinder, etc.) that
is configured to store and deliver high pressure gases or other fluids to the ion source 60 via
a delivery line 62. For example, according to an exemplary embodiment, the container 52 is
a conventional high pressure gas cylinder, with an elongate main body portion having a
neck of reduced cross-sectional area relative to the main body cross-section of the vessel.

The container 52 may include a valve head assembly including a valve (manual or
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di spensi ng apparatus such as a vacuum act uat ed

cylinder (VAC) simlar to those described in U S
weaa0en2ickd. 6, 101, 816; U. S. Patent No. 6, 343, 40GT/US2908/058150

U S. Patent No. 6, 089, 027 the entire disclosures of

whi.ch are inco orated refer e herein. Accordjng
auto G eSS e WY ST eI nde iy Ty old
Y8 haRBAGALHS2 RS iRcISUS] HRLEHCR él%totr RAd/or other feat
B T
to fagiitate thepsqrhey il delimerynf sowrce gasss gatéle smmoalg@ tnd
di spensi ng vessel) and conmmercially avail able from
[002\'%}1 MAC-C&%(I: %%%bg ¥Ia?1 erhboLgﬁf%)en uﬁl%eCrO{l{al r éé ‘?sdae Hl?irdlgto%é%’ and
e sor velry retai ned”on a

disp atsynsg @@hra&@%@élbm vmdnﬁeak@eddl oyﬁh&erqefssc@)b;adlmﬂ%s tigfse ds’cribed
f or di spensing of active romthe ve

in Ugh Setsat Nenh b S-S P ated Oaét3|4§é7§a| aidd- §oEﬁ‘t%1€ No. 6,089,027, the

s ESRBILTES Py 31 HEGA OIS g cSotlapl

exerififiagy, enehodahentaﬂhel fla:loimmage ahd gelaveni dppblacusfmanbola Mstern such as

that !Cjﬁr::s%ph cgll%lngg grr éta]i%%(b gnegl%rsgégg é{ltg ?tde masp km\@g%}uﬁeea%%% iga?sgstorage
and Qisﬁ@ﬁﬁl%' WShcPfantRBmRc iRy SASIable RPNGIUIR. d8IBLY, @qd USA)

by the regulator set point. Other fluid storage and
undﬂeheWakyw@ygDénwhﬁaylawmﬁghssuwwdvdym@hm@dngal%wﬁca@ﬂanbmn

jly. limted to, t h
o DSETEFGU T B P BT LB, v
embd@imcit, a%atQa%ﬁve ﬁﬁﬁl Sduree cBﬁipﬁ@és News stordgbZan@4spensing vessel of the

Accordlng to ot her exe enbodi nents, the device

typegizmﬁyd aleS. Daiente B YHA2 to Ielmm Yanat ¢tah asdicomplceciglfy available
frorn er : g{ a@%aen?ggr E%Ja ﬁge{rélll {r?&etllnearﬁ Qﬂ{é %eaquglggs ano{nterlorly disposed

regu&it@lrea@ﬁerﬂ sk dspeing bNthe\ueBBefasait a etk ﬂeifeﬂh@ﬂedi lbt;a @‘ld gulator
neat active gas to be diluted for use)

set pofny; Qtlagr ShuidyEorge a%¢¢1v@WSY§§¢§tSém>h%l§o by wﬁnlaﬁl.udmgyblﬁéwt

nece‘%&ﬁlﬁ lifeg go, g %r% sith@RaRg de§cﬂb@({]}ﬁ 4 béﬂ@hﬁw@%‘f%s U.S.
€. g., as a supply structure, naterial or operat on

PateRONo e @2 8, abdh&. adPateneND| il T2, 64 rAceonting tlomﬂ:lheln(éeeraplary

embg&lgtelni Fsbg%sc{eﬁl%lgp %?a%&)tggg tfm b ess?gl %%Ikl glgrat?&hglgtl%htgyfgl? the storage
and @Hm%} mﬁé Sourbd€asCbi MBrcfiby 'dgscm& R&rcld Rgr at ﬁgy HE @ @storage
liquid solution, or be generated by an in-sit

and diepensaigoicssebpr tatgesrdokdiegthement ative gt e dlllu‘@dlfolr s)-
descrlbed in US. Patent Publication No. 2004/0206241

o0 6 PP R0 b SR B AL B

arrafiged Cinl a\ﬁ9 s&itdbl€lmaspicrf &. @mas’ﬂa vigpoy starhlre, Mitesalll bp@ltién. For
sol i d. eneral , any appropriate source or supply of

exarpplg, the @W@q’%m@ peiremap nciisisd sofid Paysiga eflyoreent-based package of

fal 0

the (FEPREHEM in L 3oPb K, 23287 L el AFPUIRER he aggye Muid

may?o,egﬂaﬁra?étﬁfrd)malleﬂudJMﬁ1®9 or H@wefam‘d byHigin-stapeaérhtor, Gade
Storage and Dis

generated %%rn a reactive quul c?escsy bed nran S. Patent Publication No. 2004/0206241
published October, 2004 for "Reactive Liquid Based Gas Storage and Delivery System," or
be obtained from a reactive solid, or from a vaporizable or sublimable solid. In general, any

appropriate source or supply of the active fluid can be used. In a specific embodiment, the



[0026] Liquid precursors and/or solid precursors
di ssol ved in suitable solvents enable the direct

WO pjosaeicen and/or |iquid delivery of precursorBCT/HS2908058150
CvD, ALD or RVD vaporizer unit. The accurate and

ci,se delivery rate. can be obtained t.hr
act R R SRR § a9 QBHTBFe ot BpFORIGH B P EYeTNG: 716:245
issu ne Ab D 990 W@l@@bﬁdl%és%oﬁge and/bRpchl8Yd Seterol i d
precursor delivery via Specially-designed devi ces,
such as ATMFs ProE Vap (ATM, Danbury ~Connecti cut,
[0026FA)Li@nd bresurspisgintipr eglid RIeQUTSOTS ﬂ&ﬁ@ﬁ@i i spitalljsplgents enable the
dlre& 1%{%# %? nﬁ/or%guldca/?vglry éf\lp { fs%?s 18%) %%9%2 ﬁ%@?ﬁﬁ% \Da%orlzer

unit) p TRE it catite afl p‘xéersé eelivereaity &arb e&ﬂa@ﬁﬁ@i&hﬁm@h GoRpeAsd MPtering to
ckages i ncl ude those described in S. PrOV|S|ona

achipg TgRD dpgipilite deiignC N, Add) esBYD rmstatlwsl bylgepjce. Solid

prechsh IR SRR A e idesor LRSS %*OE.%&%@ML

DanlinyREGH{ccand, UHie) stabiadgestdn difticp easipog cdpplat preussors to a CVD
riously described in U S. Patent 5,518,528; U S.
or Ab WAt5, 704, 965; U.S. Patent 5,704,967; U.S. Patent
5,707,424, U. S. Patent 6,101, 816; U.S. Patent

[0025!) %8%11 g bh the Bah &N, ARl Jr ¢ hidoBr U the pleb@Ror, preferred
04/ 0206221; U.S. Patent 6,921,062; U.S. Patent

precpyspt steree and dlep@smgmgka[gpm mcmdatﬂnqsn dnesribed 0B G0 BeRGgPnal

rucf Sevldip bGP o F 5L EFR AR TP AER O he Bvps oo

sleﬂ Bt Dyfor €S €REANVEFORMENBIERY QEDREAG\EE\HESIFROM K8es.ID
S0 The ion source is fed with a source gas that

%E% ELERIOIE] andethe storage Bad fispensingedpitstuy variously described in
n‘f9%<¥?%g§fu%l1?§t%ﬁta§ 04,965 U, 8Pt %%%4@%?"@ SO PRefied707.424;

es 1ons gererdted fromithé cohstituen
U.S tIhmens 6110¢ & 1gaAS.S( Patgnt, 6,889,027 ; U. 8.t angnt arpphcamn@lubhtmonal

200%/@26(&%41 Ugeggtggtf@%f Q,ézhib%grfa,%% ?é;p%ilﬁag}obg rS%é%pﬁguﬁlcatlon No.

200576@667@91 304 UTG@atiaph! ?gﬁéanBﬁ Neioratiog nthé Biselobi}es of all of which are
substrate Is determ by a nunber’ of factors,

herebyolcogionged hacmrtormgferafcet inghdiorespectine cityrpeesof i on
species, and the conposition of the substrate. [0029]

[002§Lt ggi%z r?j)l %Bc?e Lf§ lge?diﬁv&lba 51§rrﬁn%lgélfslt Sttlﬁﬁf%{i?n%lﬁsf 3 e%tsI {0 b2 implanted
into 8 8Hh OAEESIBbSHHS t TIR iOn 36G0E &;rﬁg atQasaih @XEAEILAEYons generated
enbodi nent. FI GURES 3-6 are cross-sectional views of a

frompie cpesitusmtseofgbnaeris (L Eiubl%i pargapnlicdstecticehgnergy. The
ions\aé?e;fthgrg ﬁic%gepﬁgﬁ to'vm?éi g &gét (9 g gﬁf ollglgc%) ] s ?a%)qgggdédom the

) sem con e or wa
chanibdr|30s tThatdepth of penetration into the substrate is determined by a number of
factors, including the energy of the ions, the type of ion species, and the composition of the

substrate.

[0029] FIGURE 2 is a flow diagram illustrating steps in a method 100 of forming a
shallow junction in a semiconductor substrate according to an exemplary embodiment.
FIGURES 3-6 are cross-sectional views of a portion of a semiconductor substrate

illustrating various dopant implantation steps.
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in FIGURE 3) is provided into a chanber 30 of an ion

inplanter (e.g., ion inplanter 20 shown in FIGURE 1).
wab@sgeeed r at e 200 may be provided in the fornPOF/US2008/058150

silicon wafer according to an exenplary enbodi nent.

caor di to ot her. exenpl ar nbodi nents, th )
10030, At @i N HHs & SoB ARl N BIE Yok yged e
in FIAURE '3§isspr§H@.9d %0 8 ChdreIRR 30 AR dHAR aRiter@ )y, %n B 1htsm0
arseni de (Ga . Additionally, the substrate may

shovi il KIG&TRHE hi rTlhea%uéstsataa@K) vy hapeiidddsn thenlormaif agilicon wafer

buri ed oxi de ers,and,th Th urc
acoofitht B b B S BRL ST plhST Uik PR, te
substr8teOna c?' (V@ﬂﬁ]gﬁ[sé)otﬁe@ stiebRy RWistedubiidinitctibie s@élﬁdﬁb;ﬂ[con -germainum

according to other exenplary enbodi nents. [0031] In a

(Si-Qe)es gpllmnparsemde (ko dAﬂémonglbsu rﬂteeratg?é% gy énclude other layers
e [ I

and b RAHETIe 818 1B SHLLAR BORRTLAR G ik TADBy squrec may
also @x adpitat tp dlchodunipht subttheess@igt ,G&f@@)SKbSerfr&vmécbwuﬁmdhe chamber

dir ethlg.% into the c nt ai ner Accordi ng to anot her
accopdipg i afhgr FBBATERPOdiMEESor more dopant precursors

may be flowed into a m xing chanber and optionally
[003TPNiLh @5RH 11961 ARIGAERSI ?(50 QBubEbAE aReh RS c8d idtdh Quitdhee

ion source with a bl ending/ metéring system such as
contalhols(@ gigbe rordadern 32 49.s8owPan EKTURE.1) 6 A0®dBiz30 atucgmplary

Patent No. 7,058,519: U, Pat . 7,063,0 nd
embp iR 0 Cinp o ary proyidfd A opionits cpiPes el
anotﬁ@f 63{@ gﬁltrﬁ me@diﬁﬁn@ Bwd Bemdesddpast pro®lradit ﬁiabl%eﬁﬂoﬁxﬁédtiﬁto a
or exanple, according to a particular exenplary

lel@ﬁb‘b@mh@rwd iontiollymasaioss, fog aptssntratipcboforg deingded @mthe ion

S t
sourfd %ué% bli)e dl%llﬂ I&Sg n}{snén? ﬁlgchcgﬁﬁc‘éﬁegigrﬂ@gg f’ {\f P ee
6,909833 U BV Pdﬂemng 203308 191 UaS\dPatdnt Dol m%abmrmnamﬁstmem.
as providing the carbon atons), with the parti al
6’77gr§§sure of BF3 to CH4 between approximately 10:1 and
1:4. O her suitable ratios nay al so be used accordi ng

[003t2P GHR86y8X g&@%k ay HRTDREALIBANA oﬂ%ﬁ’@@&;ﬁr@& 1rﬁglaﬁt'a§ons to be made.
desired 1 nplfantation characteristics.

For suintpdd laecardimigito aphridiculaf emﬁaryrmgboldemm adwamhduoobm garbon, and

o EFR Gedp DR YERENAR G UM ET T AHAt BRQgH be Iiroduced into
the Rt 52 FREh FAUBF] B8 pr@RGInR R BRoWEnd MdraftL8i EHthh@ CH, gas
substrate, fluorocarbon (e.g CxFy where 1 < x <

proviog the&agboa ajapps)avth lﬁmpﬁﬁﬂaé OFESAIA |0iﬁ $Fgtsels b@r@welagppromately
bor.

hI d
10:1 o Q. t Ut er&qaellb% ragltoen}a%r Fmsou A ac?&erdnll onhogﬁer neg)e/mgleary

tat n&t egase
embuélﬁféntsmepéﬂdﬂlgj@n tHéQiesnred implantation characteristics.

[0033] Any suitable combination of gases may be used according to various exemplary
embodiments. According to another particular exemplary embodiment in which boron,
carbon, and fluorine ions are to be implanted into a substrate, fluorocarbon (e.g., C<Fy where
1 <x <6 and 4 <y < 14) and boron-containing gases such as boron trichloride (BClz) may
be mixed in the container. Other potential source gases that may be used to provide the
boron dopant species include boranes (e.g., B{Hy, where 2 <x <18 and 6 <y < 22) and their

derivatives; borohydrofluorides (e.g., B{HyF, where 1 <x <18, 1 <y <22, and 1 <z <26),
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boron dopant species include boranes (e.g., BxH5,
where 2 < x < 18 and 6 <y < 22) and their

W(oieoosmat6rzWes bor ohydr of | uori des (e.g., BxHyFzP@hEsm™08058150
< X < 18, £y £ 22, and 1 < z < 26)

borog oﬁwﬁbﬁh@#g R R CN e U s
z< ﬂﬁrah& ﬁ{ellﬁ/&e%watwsousbrsﬁ Hgsﬂlaie%%na maut J&ivﬁtl@e%f B@t (M%BRBwhere R

F2)3BR where R is selected from
is setB@tedl_fmng EHdeEm aind/dOL dergd bgoe hsdrr@ychaﬂt@@nbe ais@é@ used

scocF TRt A By 5B SR B R PR TER FEp0 GRS &5 <96 andy

< x18eS GeddBed, fﬁﬂéxa@i@é’fﬁh €1.S.iPatddt AppRatt@®ANARPIUE 358 PPubtNRation
11/ 041, 558 é;ubllcatlon No. 20 5/0163693) t he

No. QU0 E36PD. Bre dirslashird of Whiehisgasasperatcd derimbyyeference.

reference. [0034] Qther potential source gases that
y i v
[003ng éﬁ?er?égégﬁtléf;soiﬂ#gl %1%@% thegtg?%?% : g(ril gd’]@[e Qfgde ’tﬁ@%&?m%nd/or fluorine
dopdht species 1ﬂ£@udi:rhildﬂoc=ar‘t}0ns (89) Cathgwhéreilr< = GrIIO\mt1|4V’\<9§3 < 30) and their

deriya ey Qub gD et by CEhd) MR oo bdis ya<d: aid | <2<20

and ’[Héh%Gﬂ@!lt%@ NnRRR% LA sfa@m& (e. g%?‘}, V&VH%% R 1&Hl§rn{‘€h bRInhiRE or
brom ne, or iodine and <y 10), and

iodiNRBd 1l f xéhfb andl] glyso1®e athEr slt @kmilld hlao bs oudetrsog@sh@s source

gaseﬁ Pg\ff‘r n%g GS%Bd gl‘rglglg‘[ﬁ%ég e{lsgd éo pr cge%ﬁ% d%par?t species (e.g.,

arsciBOSHORAHRbISs, irldieth Uiild adfithoAi} dcaBrn t@%@m dk&fplasy GhthRliments.
exenpl ary embodi nents. The partlc% dopants and

The paticeler densats éwdywbrée sejes sradetsglseigd bﬁseérwa By 0£ awaflﬁ:teftogf
l i
factogr% SlIléElnﬁ%i(lgé éh%%]t %12 Istggﬂ gf t‘ﬁg %Eg %?xtltlr%tn? He %1 ain er altlclf fts affect on

¢ontal ner “an
ion mweqﬁrfpﬁﬁzimmﬁml&t@m lifetime. [0035] Any su| tabl e
nunber of source gases may be used according to
various exenpl ary odi nents. For exanple, nore. than
10035)o Adﬁstrlg?@ﬁpu %ﬁ%ﬁb SOBILE GBHEPYIE IBP%?/‘FC(:? ng [P Yamious exemplary
emb& &AL For @)@angple Ao AhROR SRHESR GRFoc %sésl HEY bdFrovided in the
source gas, and a boron or other dopant source gas may
conthiger (vd. . Ld@dbdinmsoutve geameflwome apuree as, Aot @ baiongr btheo tibjgant

sourggb%q?sglggg e;l%(:lélaa(li n tg%ant Sg&%}leﬁ Eﬁ?ﬁ\gé%%qﬂ otheg ?121. n(glg)%nts, all
dopdnRemePBE BRoRIed IR a s gle"b‘éﬁﬁ'e' dadd.at dshsaas box 50 of

the ion Inplanter 3 According to an exenpl ary
enbodi nent, the container 52 may include features

[0036f . dn a sichrl@B.dhe corspneict 2w dnstaled. n)ltOtth%.gaSahOé SO theyign dgplanter
O R R T

threz&i&ﬁtcanﬁhefor@ 2tandlat dre c@hﬂgu\!@f tp couple tiie2confLikk3 3P to the delivery line
cording to ig exenpl ary_ enbodi nent, each of

62 aa@bwrpgldsnaéhv i foBRECIAN PRR SRS ORI éaép%m qe?hvm line 62.

successi on. Because all source gases are already
included in the

[0037] According to an exemplary embodiment, each of the dopants are implanted in the
substrate separately in succession. Because all source gases are already included in the
same container 52, there is no need to shut down the ion source, purge the container, and
restart the ion source between implant steps. Instead, ions from the source plasma are

accelerated and enter a magnetic spectrometer which is tuned to a particular magnetic field
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same container 52, there is no need to shut down the
i on source, purge the container, and restart the ion
waosazichet ween i nmpl ant steps. I nstead, ions fPORUS1088/058150
source plasma are accel erated and enter a magnetic
.spectraneter which is tuned to a parti.cul ar net j
whid P By coenidis © SR a0 lpRgT oY HRSF foreay G the
specEBAaSis Rchve RAseCT RAS) KON b MR dth ercSRBGEAONBLE&S thh $irst
selective (e.g., C+ions) will be directed to the

implguiys complste, Grecpetthandtenwill herpiuaed ta sdiflorpk &tld, strehgth such that it
) gﬁd(mmerWIlber%%ﬁd%fﬁdquem field
is SClQCHYR 0 sesoneh PR gF 1onp ieluded i e Riasma, il L% n gt ype of

ions included in the plasma, and so on. [0038] In a

[0038] epn 4 2fp 1LBathE ks Setsoftimplaniabiph pidanictcdNapaclaced srshafisst
selected for the first species to be inplanted into
iy

speciqsdo bepaplaBice It syhyfde s Thnmasiaternd BhgsRBMPRCTSS of the ion
impllafifdr L RB%HE rre-'ﬁﬁﬁéfi al ﬁﬁ]ylg)r% a%ﬁr'eobﬂgt%% @%eé{%fr e dedsired mass and

appropriate to sel ect esired nmass ana energy
ener@y of the ddpmabrinigempbntatpk 2n tledadceleniting vhikagecme lnergatiinfeld of

vol tage and netic field of.the inplanter may be
the gAY SR, DeriqBIN {TBE PTICH ALl RO Pl Blgied may vary

acco;?ﬁh? & £HuiBY T HoRCIHOLHINBIhd GesiredUFRRhtrAfon| MALRAPBNt depth in
i ncludi ng the desired concentration and inplant depth

the substtate teudpsticabeng itplastedcthe soused gay em wnd.eud otlive factors.
squrce gas _bein e nd other factars. Accordi to
Acc%rﬂm&@ |e§?‘§}pléﬁg%u$0rf€‘?ﬁlf’%i R “&}’1‘?1: g 16@?? st YPRECy fo?tget implanted

and 8 P2his68rck @adR ihdMcAh @tk @nehier bl He %Fﬁn&ﬁ&} kfergy may be
included in the container 52, the inplantation energy

selegted toduve @ |valiedgtwasn ian@xanately eand XOiedhtobiin & icageairgtion in
t {. ai atl 21
the R 3ttt Gen pRRRL AT CLRREILT a3y B gt pegween

approRingatel PR 0 ahd 800 eptdmeddrs bet ween approxi mately 10 and
500 nanoneters. [0039] In a step 130 shown in FI GURE

he fir dopant is_inplanted through g top surface
10039, T SteR a3t aBRYR Ht @@&En?a@e ithelidoRtdds Wﬁ%ﬁt?ﬁ%%m top
surficR 292 defler Bbstt AP @GR Bt deR] SR RIRELALRY Iiﬁag}anéﬁon depth
region or area 220 is fornmed’in the substrate 200 that

and torckutge®nt Herogemi aredcadkPas forfred gn thecsabdtiate Apthattisyludes the
W.thin the sem conductor..m crostructure. According to ..

s AAREIT & SorLAD GO N v o PRSP L P TG TP S e Bgrding

to art &ctapthBiRMnerthd NAR 6Bt AaRplineld tbRAQicpint graatshBhd @Wdepth
junction to be produced. According to other exenplar

) . ) Yy
of theribieatblmtlawgunctisa to be prodgeprhndcasding to othen Gsmediry emiodiments,

I T
shallb3bjunéthe toplpasduatd.on paraneters are selected for the
second species to be inplanted into the substrate. The
[004%?9 rI]I(le gzteg ng,ot Q ?lelggtggggl Sa?rgr?let%{rs a%rg (seeliec%]d iforgrt)llleasnetcoergd ser%)c/ies to be
implanted into the substrate. The magnets and other components of the ion implanter may
also be re-tuned as may be appropriate to select for the desired mass and energy of the
dopant being implanted (e.g., the accelerating voltage and magnetic field of the implanter
may be adjusted). Notably, the ion source and the delivery line 62 are not purged between
implantation steps. As described above, the particular implantation parameters selected

may vary according to a number of factors. According to an exemplary embodiment in
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al so be re-tuned as may be appropriate to select for
the desired mass and energy of the dopant being
w0 ppBazteed (e.g., the accelerating voltage andPCEysN$/€58150
field of the inplanter nay be adj usted). Notably, the
sour.ce and the deI| not pu

whidouRBEH it srestrdeneiod Spamrlialte a8 sthS 1o 58 Nepduded in he
contRAbt § %@hﬁlm&ﬁﬁt@ag@%m@g@?&%&o el esiade BRWYRT Y
according to a nunber "of factors. According to an
apprexmmmladyané #0 & Vrte btaimavbdrshntidtionrin tee SubstrateoSleatwaeh
LRl ant ed an ource gas_.i.s
oopr PR EREEA0T 1R AR Bk i g TR B ReS R d9ang 00
nmxﬁﬁymbe selected to have a val ue between approxi mately
1 and 50 keV to obtain a concentration in the

substrate of between alg%OX|nately 10 14 and 10

[00411bn§171 e e dei0 ghepepimtI6iUlble b vibe neconp dorintat Bmmfanted %bﬁwgh a top

E
SR Q0 of B0 08 Ao
and sarrctacaiod0 A r}:fgldnl”(& asaai0rigfem200n (hesubsicikcZiletiataycludes the
desig fOBRY (51 SHOTIRE FGGMO TG SR T G Ty e dhccording
to a@é&&%ﬁﬂﬁ&%n%@gnﬁéﬁ@tthé Qebi@gSpahhR iH9BInfRdo dQRAM cql1Sl- 8 the depth

[ uoriné dopants) wthin the sem conductor
of thm ftrstabpamlcaldmgh Acwmodidg tcgothcr @q@n@k@yrpmbo@an@ntsodne rdepth,of the

cond ant [ a equal to the

scoop pReg men g Bt ORisuRet Maf P58 g 2Bt g < o ot her

exenpl ary enbodi nents, the depth of the second i npl ant
[00472Ry Tshogldeddostc ited tﬁﬁﬁwhlﬂkaéhrb(hﬂzindqﬁudrﬁe hfié Bdenidepdrivdll as being

[0042] It should al so be noted that while carbon and
1mpham§6 »S@W@nh%llyeasab% Frsg é@%icha@ad%@nﬁereﬁ@eqtlwﬁb/a%ﬂceﬂilng to other
c

exetﬁ@%ﬁi&%‘t}o@&r%@?&% %r%gﬁf fﬁlé?%)o Afer 2? gs)gglrt#{éﬁﬂf}g Srere other species are
to bemiydatited it [Hacet dfer o akiditiorly dagbonewmefos Bdoride dintilavBeehb Would be

mhere ot her s eci.es are to be inplanted in f or
perfermed da peqomplish sechy BuedHpde- g |t %W@ete@. %ﬂepfgacf%rttg
imp WRtliGh Hﬁﬁ {py;&g&?(gng Bn &S g%ké t%hbe%%?thn'téml antation

(e.qg., neters sel ected for npl ant ati on
nay vary depending on the species to be inplanted).
[004900413]1 sten 145 sthe mnmgatiomparamnplemﬂrawlmtecbﬁnévnmneipss tarbe
ions to ' anted in t he.
imp g8 G Uon D POk i forb ™o Bbs B Pt B s Kt pngsy may
also bER¢-ac@ s ARY balappropAate @ taleR dorahic FRYs £l RRIyATth@ddhant being
to select for the mass and energy of the dopant being

implapisH 4h 8 e the(ascqferatingysoltage ané muenelly N phthe imptanies grattice
i) S B L N DA 150 4 R g
implagtariee ﬂebMﬁdﬁs&ﬁlbmwb&pﬁe pﬁﬁcﬂ&ﬁ@rtplhﬁﬁmﬁhﬁﬁv&netﬁh 8elected

may%%g allc%gllrd%{g tlo a numrge?tolf actorsa rgcl:rcl:eotr 1512 toS glll eefetngep ary embodiment in
which boron is the third species to be implanted and a BF; source gas is included in the
container 52, the implantation energy may be selected to have a value between
approximately 0.1 and 20 keV to obtain a concentration in the substrate of between
approximately 10'* and 10'° ions/cm? at a depth of between approximately 5 and 200

nanometers.
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may vary according to a nunber of factors. According

to an exenplary enbodi nent in which boron is the third
WG p@siiz2t o be inplanted and a BF3 source gas PGI/US2008/058150

included in the container 52, the inplantation energy

e selected to val ue. bet ween
100401 185 550 SEat W SBRATRE 5 BRHE iote s ONATR PHiER tof surface
202 a%%tsﬁ@s&ﬁteoiook(ﬁ& i@ﬁﬁﬁteanﬁra%mmb % dl&esidd ﬂﬁﬂaﬂ-t@tlé-@de th and

lons/cn2 at a depth bet ween approxi mately 5 and
conasatigtinet terferni @dapdd IIegloa 234 @pd apcshodf0.i AcEirdoREo 6y exernplary

e TouPh o gt B il QbGP I GRorR gl and

sccodl@ dbpas, afpdiaRtaatdraihgde pther afthn sl &yGeitodahdnd) toddpe &f the

doped region 224 and a junction 240. According to an
boroex@@tﬁnawy ORI IORICSS th@@ thyd 6 Hici fgpisangd(os spoppH amplagtst o

I fir

Advglntggé%tuply, t%? %ﬁgtllﬁ S%%@% g‘gﬁfaﬁte écﬁ?is (e.g éigrb%PQné ﬁ%&nﬁle) are
1nter&:rfb’d®(o‘iter$’&ﬁl1h$,ordﬂ’lﬁffdﬁpﬁ dusiig & h@sb@[e@ﬂanrffﬁ)h@‘litep’rws be

greater or less than that of the first and/or second

i_mpl ant s Adv nta ousl the fijrst. and second
l0045ﬂ$ IEhoRl tgibdPiibod dhal e commastion g iy rﬁ%lmlﬁg%b a}dp224 may vary
with! d%gﬁlr(‘é{%d thQ@e hBSHed Bl &)ﬂcgitlfaftlHﬁ bPBor@H hldhgs A the top of region

sequent annéaling step 155. 45] 1t shoul d be

224 thhdet icdotdomithercof end theptisia inay b@ﬁtoms@f rt\eg pon@rmeﬂnd given

reaiiE e ireiinga M ndids Cubi duarind RaS bR PR By hrein.

than at the bottomthereof) and that there may be

[0048} O cQldvi®zcots Mafee bResidiny amiNtvRDIKEE O PasesisThat the ion
regi on 224 may include carbon, fluorine, and _boron
SOUTEQ A URSPRiUSHSlY apughout ﬂ{e@@a!e]pl@ﬁféloadmac‘r%%g?é@a gaves the time

requE E&“f&rsﬁut%l BBQJYL' Sﬂaﬂgug £ ytreﬁal%fnfﬁ@-?{e]lr i égﬁoufu %eﬁ eﬁlrb?aer to

| On SO rce tan I NUOuUsS
chango-spegidsaant &hengy, qﬁﬂp d&sl&arn'ﬁhe MagaMme Snd high tvblvazerpoaer s@iblics
({or shutti ng E ? % f eed naterlal and
need tg beirey meﬁgwm 1%%,9%% asfes DErcqey thha EPARISES 19p adres donsat

charfgBEFEY bat&pin}( 1€ d1e qm\x}hrﬂ&l T RGH ?fet @at@ﬂcllr@ logﬁed/ b @gﬁrﬁe rotating

power suppl |es need to be re-tuned IS a nuc
discfiastagibe pdwmoumdeea/ecthﬂmhétseon tha dﬁouwlub tbopeantline magnets and

ha F |ant toqls, in.which pultiple .
oG B LS ey BRI AnE S 18 PHRGRT P A5 e itaiiagon. In
this RRNAGVAB tiAGEeYSirddFol 8AY¥EdihH BnIREIBESING thet hifelingsy WdIISinated.

the bean i ne magnet s and power supplres are re-tuned,

and then to i nmmedi ately begi n the next

[0047p- ilihghions betung arstood tlmn@;smﬁlﬁ@rmg fsthodp may absqlicresiplexsd, as
desetBi 30 PG f 65, 22 E e PoslP A REeoRY ARE (PEPERIT KBS

Febrireityhsy 360 Trauyd Hlkeﬁ‘ﬁatﬂﬁab]?mém)ﬁqﬂ),hcﬁfotﬂlﬂs @A DES$2005038102 ﬁled

xanpl e, _i at e Provi si onal l'i.cation No.
Oct@@y ggg'ZOQS,ltge gﬁsp]@@pres ofn which are incorporated Félrem y reference in their

entirety. For example, deposits may be removed from the ion source before they are
transferred in an ion beam to a substrate by using gaseous halide compounds such as XeF»,
XeF4, XeFg, NF3, IFs, IF;, SF¢, C,F¢, Fa, CF4, KrF», Cl,, HCI, CIF3, C10,, NoF4, NoF», N3F,
NFH,, NH,F, compounds of the formula CFy, such as Cs;F¢, C3Fg, C4Fs, and CsFs,
compounds of the formula CiH,F,, such as CHF3, CH,F,, CHsF, C,HFs, C,H,F4, CoHsF3,
C,H4F,, and C,HsF, compounds of the formula C,H,0,, COF,, HF, or organochlorides such
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February 5, 2007 and International Patent Application

No. PCT/ US2005/ 038102 filed Cctober 21, 2005, the
wale@siizer es of which are incorporated herei n BYI/US2008/058150

reference in their entirety. For exanple, deposits nay

as CBRnEREr L b i Sl G s Etctinns B s Jeiopangatty remove
saidlg (Pc:J FheabhdBo&OHABY ffeaaﬁﬁ{bf% F%ﬁgous nigd an&%%@eﬂfﬁts may

F7, SF6, C2F6,
inch(de@.ay sumbdle caq@itons Nﬁ%mmmazrel\mwsum; @mwot@t@dsompomm etc. under

E CAE8 F8
whigt e HtRals g cBURSH AT ooty TR o B S tipmaved.
ExafapRF of (@il cohditiBisdthatGRiBh3empld A cluds dm@?ehﬁﬁmp erature
conpounds of the formula CxHyOz, COF2, HF, or
teMRAYHISIB KK eSH BbaMbigeHERPEREIra Presencs, of lsnB, alrpey of plagm, sub-
f I
atrnor n%/c rfg%:ilae g{e 'g@%@ﬁ& ﬁ%ﬁ%{ﬁ Iroghlgl?gése ?slr ﬁa!h%% é’ént?‘:tmﬁ can be

in a edngt béfrgmsa)ousm@ab iabeutaind0th eTlcbecmm&ictlﬁg Emymml@b lddleveaj?l yf the
SU|tabIe condj ti ons of tenperature, pressure,
gasepy llidg S GITET B, OB NEFhEREM, QIR HMIHET YL eﬁlgﬂr?a clegring

agertt, rtﬁlir)ghﬁtaétlcy ThE § c86d ﬁalWetaQeﬁtl}gr JRLBE facBOYith dtegosj?tg that are at
ved 'es of various conditions that may be
mnbenpwngedmmanQdEtmahd@mnw&empﬁm$mumesof@ﬂmama0mre in

excess of amnbient tenperature, presence of plasma,

N e I R N

adapt@ifo atlivegy 6ERclPoriothe cleanig r&fgeht;, QBhal ekl sdHdGotiRe dehvery
about 10000C. The contacting can involve deliver

systerpanaga byudeseraicd de internationat patent agakication PGT/HS Qe 530 for
“SvSBESLFOR DA AL EpRACR FROR S aRRg Ao kes on s

Proviga@dl P%nmplblldiﬁ@@th 60/66m5 1 skl @IS. afdamﬁdsﬁal PeipeApilitation No.
ted to increase the kinetics of the

60/ 6é%§8@| th# dleleéms@] ofnwlick herahy Aty ipearpyatcd ihgreimiy rafgrence in their
resp &R/B ghﬁ%tlgg oM M}‘; €hd aﬁa['mﬁgs c}sitfb‘tﬂlrﬁ%{ ¥e FOPRLE the

Iver XeF2 or nlng redgent, suc
1nmmﬂmnﬁg$ﬂdndﬂdﬂb@tﬂ@ﬂﬂn@nygsysten1nDre fully descrlbed
in international patent application PCT/US 06/ 08530

l“““%&ﬁl&é SE‘%@% % 't%%@ m?vfr% gﬁﬂ'\” %pfg{?ﬁwﬁ %ﬁ?ﬁ%&i imglanted

into BRemRBASRA B ubSraAN e qerialIFT Q¢b&H Rl anBAkL&templary embodiment,
rtIlcatlon No. 60/662, 396, the disclosures of which
eachrd

kbgopanesricaisd sdmalaaéedhistoghe swtraf@fsgndt@éousaw t fFagjoxample,
accor(?nrlr% Cati i)ar%ﬁl?lg} éxre%éallaS& grn'%lat 4ot nﬁtalﬂ\égllrcﬁ]fe hl’%at%rl‘l aurtlllhrz]gs a molecule

reo

that [ﬂ&@dd&ﬂ &ﬂeasﬂ] twhendekdtvably Sy f @redudidd Specyiiith ®c Eb-@dﬁﬁﬁted into
2-6 illustrate a nethod in which nultiple dopants are

the seppoRdpear subs®ata sem conduct or substrate sequential |y,
according to anot her exenpl ary enbodi nent,

[0050] FIGURE 7 is a flow diagram illustrating steps in a method 300 of forming a
shallow junction in a semiconductor substrate according to an exemplary embodiment.
FIGURES 8-9 are cross-sectional views of a portion of a semiconductor substrate 400

illustrating various dopant implantation steps.

[0051] According to a step 310, a semiconductor substrate or wafer 400 (illustrated, e.g.,
in FIGURE 8) is provided into a chamber of an ion implanter. The substrate 400 may be
-12-



each of the dopant species are inplanted into the
substrate sinmultaneously. For exanple, according to a

w@aoosiizb@r exenpl ary enbodi ment, a source f eeRICT/US2008/058150
mat er i aI utili zes a nol ecul e that includes at |east

two,. efer al.l of the re ds |esto
providiin ST PR Gt fifigod nales nsrohi e b f ey RRdRee o Cording
to otﬁh%!%ﬁapYar%ém@oammsdt@g;ﬁsmalté b b6 b tBEr&RRaBO s@niconducting
formng a shallow junction in a

matesid ssioh dugitiorn-garbwinum Siddoor @alﬁngnt aysedce(arp). afgditionally, the
s RA T S EH e 0L R st Patg et riofLE B gfers

and M@rikeus dopant inplantation steps. [0051] According to
a step 310, a sem conductor substrate or wafer 400
5%lllustrated e.g., in FIGURE 8) is provided into
hargesxeamlagh cmgadimest afangen squge Sty aing inpet %%}er molecules
0 i
is 1119%[9&2% 1'11%2%}{?]56‘“%@&? nég%&til&g c‘:c gl fo tﬁ/@g’% tﬁﬁglgéélq Qlc{'tllcéource
is a €hbsedion® iinssoutdeecosuinstinky evailaplecdonpSemEqoipHec. of Hillakae
conducting materials such a ilicon- ernal um
Masf@gluséét)s GHeCgHRg ORTRG SERMARTY %%%%‘flmeﬂéo‘? theTIHRES Qf 1oy ypyrees or
deliRed 3&%@55%2@3% hiEAH AL QtREMdcRYRER: RBRCRILs MPhE rsh@ltrﬁte For
i ncluding buried oxide (BOX) layers and the Ii
exar{lﬁi@ﬁhﬁ: cwﬂteemtﬁ;@hbs ynagvio outip apted ioto aasubitoate sOug plesrh@ doping

I|ver|n |nta r mol ecul.es is il lustrated..i
techipfiyged 990 R so PG SRR WEERb Raltp bRt DS
Patehh&plblwat@ﬁ)l?ﬁlg&at@n NoChomsy@rs79o(.r) ion source

commercially avail able from SenkEqui p I nc. of

Billerica, Massachusetts. According to other exenplary
[0058 b F¥hreastconvestieasl iy ﬁégmfpr?%e@é%mé §rogy sogeqei myaderjals in which

the Iggﬁ%&ﬁ8$%§ﬁ¥ &{?%éjﬁl‘aﬂe 15@ hi&sQeifteld Ysh 1'01?% agéorﬁ 'ng% %{ Lexemplary

ecu rate. For exanpl’e
embotiheny ltiesiomayuroe forrdeliagringtniant duscrsublstulad © augmbstgate uses an
pl asma dopi ng techni ques and. systens such

alterﬁ%%‘@sle%ww PSSt SO s IR &1 BSAESioN 4 ?ads@’s olssti@ngvithout
dissd¥pRldncat i on Publication No. 2005/0287307. [0053]

VWher eas conventional ion sources produce plasmas from

source materials in which the nol ecul es of the source
[005¢#ht dih aboudi eogsitfiertteof ihe belswr ot ulezere belditogpthen baelectrons.

R ERY i ST BT Bl e & R RLLE Firk ey SRl Bers). the
bindd gt @Edh@b ¥ strdfcd atvia® dud EPGE st crabti &ihw RR BdULSSs inthe Beistrate
i on beans of l|arge nol ecul es w thout dissociation.

and thgganstitqends Ware B theorBtrafqercRaraic attcmés G usinghe case of a O-
carbg}-ﬁlng %leecu?erlﬁvﬁlegl tﬂe g@&%l*}ﬁﬁmﬁx l%l @2% NSthe molecule impacts the

surface of the substrate and immediately separates into 24 separate atoms, each with its own

energy).

[0055] Various advantages may be obtained using a cluster ion source. For example, the
implantation process utilizes much higher energy than conventional implantation processes
(e.g., the total amount of energy is calculated by totaling the energy required to implant
cach of the individual components of the molecule into the substrate), and increases the
dose rate proportionally to the number of dopant species that are included in the cluster

molecule to be implanted. Additionally, beam deceleration is not required, which reduces
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| medi atel y upon entering the substrate (e.g., within

the first several atomc |ayers), the binding
Web®@stizwes are stripped away due to the interaR€T/o82008/058150

mﬁth the atonms in the substrate and the constituents

avel into the substra arate at ons 0., 1N

or cli{es shety captelgR ANLOSH HTaR BEN AR Y a%Sﬂ&%Q?f@ﬂm
con\feﬁflﬁﬂﬂl npladrafoBpfdcbskes. the nol ecul e inpacts the

surface of the substrate and i nmedi ately separates

into 24 separate atons, each with its own ener

[0056D 035 styaPBas tl@dnqhwhé@s theeslusser bleenlereare privi )%n a suitable
contgilngls {g.e th? Rort) ngcfz ass % WH AL BR{%@RE 1@ tAﬁ%)IJdﬁl ttg exern lary
brocess e Ri'gher “ener an c nven fal

embbmn{ean ttlad ¢1@siem01@aﬂs a&h(d%s gll of thealobaitabedasg 1mblanted (c.g.,
gy is calculated by totaling the energy required
the ql@)ﬁtffrm st sachpraflupreCarhen wolsgale) cOrsBhiBR I oBer ¢xeaplary
I i
o e R B A A oL O R plantcd
(e.gt bthrea;laﬂ)onnﬂllmrd&danmbdrhle acltodbt ernp]lmﬂeé;:tlhb eluster belecule may be a

Carb})]gglﬁaaléeld H\Rﬁﬁ%g t gggl&eeﬁwrg}g rgmdgﬁgf i@t&ﬁgg%}g{e y elaler before or

aftertROERGPAOI LN la*ﬂ%%h%eﬁ rgence issues associ ated
W th conventiona |nplanta i on processes. [0056] In a

step 320 of the nethod 300, the cluster nolecules are
[0055} ovidyeetagepualysalil oathk dopam qutférlnqledezgi in thehdugenrmelicade are

1mpla1r1138§ 81mn1£1%flem{sﬁr ch%li'g t}s)[rrartoe'ro‘glg gllrs ep%%: 81 ?&Slgﬁ{éﬁ% lp?r%%eﬁeters are
seleglopinttthsaegéasolkoulbe ThghpMneendrgy 8f cach e titd 445t € n the molecule
nol ecule is a boro-fluoro-qarbon,nnlecule). Accordi ng

is preporgeRRl o Ex BYpY adythe MEBER Pl loditie Asithe melechish atdicted

o 58oPy MES BT, B ARIADN B SEe G R gpion st

arc ttavchigg atrthé mﬁee@bloctli}e Thussthe prapottenidfehamdyal beergy of the molecule
ecule, wth the flyorine bei

car hor.
assopied yrt ?fcg @gﬁwa{l@rv ugl terap inyibe gralecyfe \é{ﬁ{‘éerprpa%mom% to the

mas$te LEIhdROAS H B nBUAM aF bRANKvEthe dngIQéanlant eperey for cach
Advant ageously, all of the dopant species include

of thelwengitusit etonspimebaghies arag bicrpleatad e\dthshmuﬂ)nraptmﬁmays atippof
substrat .In a ep 330, the inpla tion
wtoniso For Brapieaf it i Syeded g 0 imblaG riPerTRihadth 620 stgps of
apprbﬁi%a@é’l%r 1eneng¥ndfor 880 (OB) ko safAPBrok Mt ? INPkSE, W BoleSule
proportional to its mass and the square of its

suchyas|BJGimay beagilizhé ahmlotad implantensreli ofdry kelVt oward t he
surface of the substrate, the entire nol ecul e, and

0815 0 S RIS TRL pe  FR1S ok o
surfeRel0gyf dfe suberat®d @k ﬁlcﬁm@bb}aftrﬁdww It(]) sedcthatahe thdtituents of
the rlpglg{: Végyeallmp?t orzistolandetsgeed 1rrrnopllaen(‘ielljtgo% (W pth an%ecog{:e%%%‘[ltolll 022 I1llust1rated
in FIGURE 9, three separate regions 422, 424, and 426 are formed in the substrate, each
having a different composition. For example, according to an exemplary embodiment,
region 422 may represent a region in which fluorine ions have been implanted, region 424
may represent a region in which carbon ions have been implanted, and region 426 may
represent a region in which boron ions have been implanted (i.e., the ultra-shallow junction

region). According to an exemplary embodiment, each of the regions 422, 424, and 426 are
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mass ratio of the atons in the nolecule. If one knows

the desired inplant energy for each of the constituent
wW@e@ag216e®| ecul es may be sel ected with the appPOPUBANE058150

mass ratios of atons. For exanple, if it is desired to

b e SR L g e s

forr@al%% Hﬁtdﬁlléf two Le. Fe}é giéh 40l i€ EUp & WwHiE AudsnE6as, rm}ér RBich
utilized at a total inplant energy of 6.8 keV. % 0058]

regigns 424sné |é2@4® fotroedhsiimultFleGuRE by implangngr clusice owlassleanguding

bottRARRE BatalED. AR ERHA!NGS Boraf ofheilBlafisgd Wobdth Species

(e.g S ARG diﬁr&lﬁoo@ﬁ mab@ctB réktdlrebb £ diffilRloantueidg ta@uBscquent anncaling
desi r ed i mplantation depth and concentration. As

stepi3pPustrated in FIGURE 9, three separate regions 422,
424, and 426 are formed in the substrate, each having
di it ) I 0
[005@!( if {h%{lﬁrﬁe ﬁ_@a?g{:rﬂr)g)ﬁtthﬁ ?léegt%:ogﬁ oggg%?lertgg?)gg 2%21 g&& and426 may
varym@; depth (E ahtihete rhaylor @ peaico nenceatvaidned oramdtams etdhe top of

.re 424 repres ion in which carbon ions
rogiffLiAd Beb R Do é@reiﬂ@f@@ﬁ By omgpf Biexmyre ypes in a
glveﬁ @%16’19@ g, r‘é’gio‘ﬁhﬁé RRBRNné10S cABYE TRBERAC, B bBRGEIn] impRanted

he ultra-shall ow junction region). ﬁccordlng to an
ﬂKﬂ@ﬁbnplary enbodi ment, each of the regions 422, 424,
and 426 areforned sinultaneously According to another

e eMmdrmm r 0
1006 £ AR eSS TR e R Rl o 358 e oy Qs Fifbgute i
implhhtd@hinto @ subiSite. alﬁéoﬁfdlm%tcﬁ(hhé@bﬁl@&rﬁ edbadiche6mafcethan one type
formed sinmultaneously by inplanting a cluster nol ecul e

of clupter @gleﬁ epeyHPedEbBYc LRty the sERE gﬁ)@‘p@? to provide a desired dopant
Ly,

proﬂé?%é@?ﬂé?%@“% gl v St ¥ pERORERER o PRAR custcr

mol¢cast araimplanted ntdiafstibsstacn other deoygnasiuies eciyeido tarimpddntadgn
step 350. [,00 It should be understood that the

Sepa&sﬁgtsgﬁ fpia&i[% el%fﬁ Op@YisBrdcs49 she spbstratg gpd/avie sypRicpgRythe
B ¢ { 1 qaeh

dop i Rl By A e P P, SR REMACTUGRL! @brovide

carbbm tlony fdrehesfbstratmednd/oato tupplementthe baban dopingfpravadeddry the

re.t s in agiven region (e.g., region 426 nmay

chm%ﬁgp&aﬁﬁé rbon, fluorine, and boron ions inplanted

therein). [0060] According to one exenplary

[006&11‘0 Uk FeAicula® Bipy 0P BRistey RIS ubist iy PObEE#EbAsEd on any of a
inplanted into a substrate. Accordlng to ot her

varigty effictrsy iegiwdiag penmsTcighyy alabii, sk cespd use, nedleailay
comggglt?&lu aftd Q?e\) a@t'a{‘sectl{la Lorrlgfggu@%ﬁgy Eﬂséa{s@éf‘s fofin (e.g.,

BF,@Hgeli ILSF] -(e)]agifﬂ;;nd\r/ﬂ%ﬁtfﬂgfe?g:wedf thartictudefanctionel grgpes lefving between
1 an?i |4uc?11trbe0E1 atoms (e.g., -CHs) in place of one or more of the hydrogen atoms); liquid
form (e.g., o-carborane (1,2-C,BoH;») derivatives that are liquid at room temperature, such
as those including one or more of the following functional groups: 1-C,Hs, 1-CH(CHz)a,
and —-B-nC;H»); or in solid form (e.g., carborane molecules such as o-carborane 1,2-
C,B1oH1») according to various exemplary embodiments. According to still other

exemplary embodiments, the cluster molecules may be 1,7-C,B¢Hg (either alone or with a
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nol ecul e are inplanted into a substrate, other dopant

species may also be inplanted in separate steps to add
waledoBaewpi dopant species to the substrate andPOF/US2908/058150

supplenent t he dopants provided by the cluster

b Eifons ORI T TP e 478 42 HRLR5E ghriona

grou%%‘i"l@@%gﬁ Fgelﬂa@{f DeRe Slapiing 1 BL@VH; ?ﬁﬁ‘m@ﬁbﬂah% og%)ust er

nol ecul es) 061] The particular type of

nmol ecul es used may be sel ected based on any of a ,
[0062h iAecqrdats aateaemplarnenberlimgnte Brerpbistdr anolespdgs gy ba prpyided as
boro% atcids 0?‘%? sﬁ%{plé’ 81%31&?8&%8 lrilJlo% ugecs%?lgl‘? ng trl%pe%lgﬁ %gra%sf@ﬁ\/l%) (one
exarﬁlﬁlé liﬂf(zvfhldh has Bfe2£ehi3al forfrula BIOECENS. %bh viallécuts tj'zﬂi&[lgfclflclude

that include functiagnal rqﬁPs haV|n between 1 and 4
one bofiop gfpnypeyrraoleauly, and JI@%? O@H@d eCippr SOBE

BT M e o

suchtreofpeuled mag notsmo{mdaadetqma&:éao'rmmm&m (1) amhe:ve thawabasaedf

the.foll.ow n tional . gr s: . 1- , 1-CH CHB :
charggigristigs i@f@@p@tfa-ulaﬂﬁowrﬂu%fq%d %F'%Fme@@%uc RAFBIPSHENd BFCH,
CBOWL. 6kl @BGEgh as o-carborane 1,2- C2B1OH12) according

to various exenplary enbodlnents According to stil

ot her exenplarﬁ enbodi ments, the cluster nol ecul es may

[0063¢E ;Acmm%ﬂel@tl oithdn exeralbl@ryeermod\imcrns,émrm lTkigly clusters may be

n B7H iLth al. one or,
used L BRP AR il PR 12 B s e, o
cxardplona (0K, Mitéh pq)phcﬁrc(n%)la /G40 1558i(Patsl cafbOMR) 20(15@(%8]593), the
According to an exenplary enbodi ment, the cluster
dlscmmré@éwéﬂgc%wce@%%t%h@é@ bysrefssensai@ CaBidsor as

sinpl e organo boron nol ecul es such as trinethyl

[Oﬂéagr %c%ér -Q(\%)a leggﬁﬁa%ﬁ%(ﬁdlﬁﬁfe?t\’mivﬁhcl{]@ﬁ‘irﬁagyl%?ﬁé luster

ecules typically 1n
molfmulf 1bm btnlrmlmtequto aslliecu bubstratdthe mopladetiGy Bhagyl of}h@cBlster
ded eci es OoNe nDIe ul es are readil aval e . .
mol G RgY B S torfaVE e rale BEEET ABUgR T drod, g0 REVS This
clusépﬁhplﬁﬁtw&ﬂ§ resfi %harﬂ'@dlﬁ%l&ﬁ%aﬂ%ﬁ iRplanPERYd T REPGMAt €
boron content to achieve the desired characteristics

apprbwimagely Q1 1t16 &e¥ald| 10\§ kayhend em eqExa el besoroimmgdant lsnergy of between

| ecyl es, i F2CRs, (CBOPHS . and Q2H8. [ 0063
o RRaal R OF B O e My p P ST Re A Goroelop g would
be 3hnsksi gtlent & thist @E smpRNteBostsethossicitoads. t hose having a

formul a BxHy where 5 < x < 96 and y < x+8 as

descri bed, for exanple, i S. Patent Application No.
[0065] / Gporsg @%@W@%@%W%Wé@@n@ﬁe%@gw mojggules may be

provgd Gh %ufro?r? ok c%bt%?g%_@aﬁr;ﬂkct% @Qﬂe?élqgrrﬁﬁﬁ @ B P?)’ Such molecules are

e rence
relatlvely stable and readlly available, and include relatively low carbon content in each

molecule. Examples of such molecules include o-carboranes and its derivatives, which are
commercially available from Sigma-Aldrich of St. Louis, Missouri and from Strem
Chemicals, Inc. of Newburyport, Massachusetts. Other examples include p and m-
carboranes and their derivatives, which are commercially available from Katchem S.R.O. of

the Czech Republic.
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[0064] According to an exenpl ary enbodi nent in which a
trinmethyl borate type cluster nolecule is to be
WO peBamteed i nto a silicon substrate, the inpl aPCEHUB2908/058150
energy of the cluster nolecule may be selected to have
val ue between a 100 keV. Thi
10068 L eI ARG BB Tentin Qe S F b oG bgine th
genérmtﬁﬂma @rzecg—ywquz ibet waeﬁ{plﬁﬁ&rl% Jrﬁh&ws&st;até ﬁhgﬁﬁ{%@ﬂ%on
V, and an equi val ent boron inplant ener
ener@ﬁmmén salpptle@m haeel \yahez Be08eduep peaxdmaelyel MEMOQ/W ‘@i abtain an

offegiVE sl ARGES im R B et AL B PR A g 2 key and an
effe ARG VoL het &) 1armet idktrax 6Fpeteyn SFpReLIRIN 0.0V henel Ysie®n
nol ecul es may rovided in the form of carboranes

Whemthﬁgmpmtegéwé? al baren piems veOUBY b 5 tigigs IRreagr dlean the irgplanted
t-abl Wi e
dose & o RGBT A o in BYALLBRUIC AR, LR ShbE
hnpﬁﬂaﬁpmﬁﬁodinwb@humnlecules i ncl ude o-carboranes and
its derivatives, which are comrercially available from
Al drich of St Louis, M ssou and fromStre
l““@erﬁce%déng toypther afiefwékﬂ)afmwmemwég slihge P lSuISpp e
provededNR tiRStol Aok UaBoRna Qe VIRRED QAL %@ﬂjerﬁlﬁeéﬂaractenzed as having
derivatives, which are com®rcial |y avail"abl e from
low¢mm@hmgmdm$MKM1@mwmhmnam@dhnﬂgpuShdcnpﬁmﬁb}nmbmbmdnmg

carb R Rt Rt P P 45 Y B e otied 35 E 2B ) Sind also
one bf@bﬁ’fﬂh@ﬁlthﬂéﬂ %rcﬂlp‘é latthaped uﬁﬁl hed éﬂ{}@rogeﬁﬁtdﬂi@de@ttﬁé H&ivative
ave a val ue between

ener e sel ected
maywmfgmrwawéldyrliatwdn M@h@% ey bbtubistitutad fef erecarimere of the
hydSREPAGRERFLR o a0l DA Lo ISER opory i g sl

mol&sas) gPthar pbfeﬁtlsmasitftaﬁe& gfupb éicheiefluapideoiE ahe ICKHE D,
and 7.5 keV, wherein the inplanted dose of boron atons
C:BybluaFao prfluprinpied slegrativies pf @hﬁhptcﬁ@of%ﬁf’ antSardiRste Jparticular

exerg_]?%l - ‘tﬁ)td‘i)rﬂgnt d. E‘ﬁb&ﬁg{ 9&%&7@ﬁé\}fﬂ?gm'générgﬁ%ﬁﬂhﬁ%uéa?borane 1-

es out upon antation i strate
m-CEIa{6w]th Accdtind pant Cnf a&ppfw[maxl@'rﬁﬁl depeee (fbhxdisnmﬁ lse, ustthe As those

e G SR ) ey Ot 98 8 A L s of

comBRRAGRAE haRrbl BRI NG Ja%ﬁg { R SRl hid BABE which are
conventi ohal carboranes. Such nol ecul es incl ude a nmain

intergigd o bamethat tha stape @f dicmirbsent discloswae. descri bed above
(e.g., o-carborane 1, 2-C2B1CH 12) and also one or nore
L ons.

[006?Eb§%cco ng tgg)rﬂ?e\lljrgs at taﬁéehn%%odlme uol?slte%; eS%P%PIa Q/rgwded n
the fofin WAkl €drBoraays C@% ﬂub@szmst, ed- C£B4PQﬂE2QI'2BHH§, anfl, X0BsH ).
According to an exemplary embodiment in which a cluster molecule having the general
formula 1,5-C,B;Hs is to be implanted into a silicon substrate, the implantation energy may
be selected to have a value between approximately 1 and 100 keV to obtain an effective
carbon energy in the substrate of between approximately 0.19 and 19 keV and an effective
boron energy in the substrate of between approximately 0.18 and 18 keV, wherein the
implanted dose of boron atoms would be 1.5 times greater than the implanted dose of

carbon atoms.
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hydrogen atons so that carbon, boron, and fluorine

atons are each present in the cluster nolecule). Oher
w@oisneicad substituted groups include fluori deBCT/US20P8/058150

and C HF (e.g., C2B1OH12F10 or fluorinated

Y f ran rdjn e
oodEy bt it et Bl e SRR ef §F sth@ftabCoPudtizing
clusfé%iov@mey% RRVIoRL drf&ﬁ aﬂw&imﬁla{tme@c&ecw Ao @Mfe intplant. By

H - CeHAF with a nelting point of approximtely
elimffeging épla@nl ¢nsspnedyctyéty usd d@fficiency myeerigprensidag compared to
prgg%pt dls%g ure will readily appreciate, a
sequeRt OB%£§H? ?%e nunber of conbinati ons are possible
according to various exenplary enbodi nents, all of

[0070hi G addigon, MicesfRave inplentdntiyroficheh seoieeisatdidae by the ratio of
present dlsclosure [ 0068] Accordlng t o .ot her
the spgEfpHIARC @%BH‘]O&E%@@“@H lﬂglteé‘iﬂafrfﬁFlé fu s mggnsghat very low

orrefh YRR e 08 \ BRI By EREEMANTRq ! Sy be

achidxdaut dighgr ds)@raamoream:lt@)} ﬁ)lryheanb]@dmlﬁéﬁte hlgheml&mrimtmn energy is
nol .ec havi n e genera
bendfily %Orts)é?t%%g R EHGOR Tt ekl &95‘3}&/%@% Tipve
produbllignt ati on energy may be sel ected to have a value
bet ween approximately 1 and 100 keV to obtain an
effective carbon energy in the substrate of between
[007dpp ermsamv@wng)thlsgdlmul@wubapmmtathaéﬂfeémthw d@@crrdwd

in_t.he subs rate be{meen appr o
accof ML R i O AP B kB0 iR E S LR B es Pecrs
conviBtibishl baphnfatibh AREods.eBéedx atopd) tHehBetho dREeitddessdn plovide
carbon atons. [ 0069] Those review ng this disclosure

mOf‘?\FITﬁCW&bﬁ?del@ﬁsalﬁ@ftlﬁ Sig zc_malamaﬁ@rag@n@hlpm limnl%tfﬁgm species, since
the 1§% _Q(I%rg{ nd@LBEHE SRt iSwh h%}acéaqgﬁe aftd r étll].’té)({ ?en 1§1)}Jlantatlon steps.

ants are achreved I'n a’si ng
The Sahplrahuaabm ofthi wphiaust do@hﬁ[:spec@sr Mmﬂield\hete}m aragi pebfideefbentiye ways

be i nprove as C t.0o sequentia
t0 1R PaB ¥BYosITADIS e @%w%gl 3e$1$>éféi‘tW?§ “ﬁ‘ﬂa‘fqlalﬁts implanted
(and@RERRMoBS afRGRCRPS ﬁ@écﬁ%ed §er5ﬁqﬂ§}ﬁgs@ﬁn& H@lltﬁl% tQuehglohe

species atomc weight to the cluster's nolecul ar
elimieitighundcFhralgle wE athsr inEanted dypanospeefeh ewdhi asephbsyhloamnts).
energies, which are inportant in formng shallow
ons, eve hi.gher,_extracti
0072 S s S e R e S B S ARSI SR G RS ity i
is toleR@lEGloal tHa®int@RE@h hi@bes Ghe bne¥thtegied obReiF ening values in
current, thereby further |nprOV|Ig%product|V|t

that ptgtyyl TANEPHES BNGOBHRESEA Mfreini Eorewe herepg ra{ng@péeaéb%méﬂbers
is prB%Ed Pg%mqﬁta%g&mg%ﬁ SF 'a %gges%%ﬁ(? h cﬂ&mc ﬁrlé MRorstood that
exenpl ary enbodi nts e various a ges over
cach intervening carbon number and any other stated or 1nterven1ng carbon number value in
that stated range, is encompassed within the scope of the disclosure, e.g., C1-C6 alkyl is
understood as including methyl (C1), ethyl (C2), propyl (C3), butyl (C4), pentyl (C5) and
hexyl (C6), and the chemical moiety may be of any conformation, ¢.g., straight-chain or
branched, it being further understood that sub-ranges of carbon numbers within specified

carbon number ranges may independently be included in smaller carbon number ranges,

within the scope of the invention, and that ranges of carbon numbers specifically excluding
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conventional inplantation nmethods. For exanple, the
nmet hods descri bed herein provide nore efficient and

WO e@s/12@mRor - i nt ensi ve i npl antation of nul ti pl ePCT/US2008/058150
inplantation speci es, since the ion source need not be

cuat ed, start.ed bet ween . .
o b I DER gL A i DS O 0 e Pejuding cither
or b&IARARLHER BEIBS: 1%§§5ﬂ e iberRisBs JRY1B ﬁ&é{hdi% igffe@téRn.
ways to reduce or elimnate undesirable boron
diffusion in a substrate into which it |s I mpl ant ed
[0076hn dt is lso pmp Y tanete élpééhee\gmees @anné@rywmb@dmlqmydeaprsbﬁd

here eﬁg nﬁgﬂdeFtté/ l;)é glu {%Qﬁl .ogltﬁ$u rﬂ?y 5 By g (ihlregtkglh,? {)een
ot her" Tipl ahted ‘dopant $Heci es & phosphorous
deschiB6d 2] deWieinahi disaR@ercpfhovedkilbsl iartke gt Oz‘hb d@»de\h eliie di3cliobure will

descriptions of chem_.cal noiety, it is to be
readi|y gapre¢igtsdhatmagnyiedicaiions @rem@ﬁwlm@&t maierighy departing from
the et t%gch‘?r{ S O?HH %H\\/&@é{g%g '9}’ f?llelﬁ eétr}n&t{%\ﬂ/ﬁecﬁ%&qfﬁe cﬁ%? #horder or

enconpas her el or ex ere a range o
sequeatdadfirang ypindeesssor rﬁethodnsztepbetda%bas eariediar rasdpsna:adp{ccmﬂmgfto other

a correspondi ng em.cal noiety,_ it. is understood.that
cxergpliy SRS nBQ'}?é RSO AR SROficrtiahy Bies a8 Sisyogs may
be nladk &f ¥ Hefign, Cc?%ﬁ‘ﬁﬁ Q%ﬁénsvﬁh%%ahgbrﬁé?ﬁbf fHeahB6ud AREHlary

I S enconpasse |n the scope of the disclosure,
embedignentsGLitlait dépayting omribeswpo otithaprésaut] indintignsret ehgplressed in the

et hyl (C2), propyl (C3), butyl (C4), pentyl (C5)

2mpé#%ﬁﬁ%§?1 (C6), and the chem cal noiety may be of any

conformation, e.g., straight-chain or branched, it

bei ng further understood that sub-ranges of carbon

nunbers wi thin specified carbon nunber ranges may

i ndependently be included in smaller carbon nunber

ranges, within the scope of the invention, and that

ranges of carbon nunbers specifically excludinga

carbon nunber or nunbers are included in the

I nvention, and sub-ranges excluding either or both of

carbon nunber limts of specified ranges are al so

included in the invention. [0073] It is also inportant

to note that the various exenplary enbodi ments

descri bed herein are intended to be illustrative only.
Al t hough only a few enbodi nents have been described in
detail in this disclosure, those skilled in the art

who review this disclosure will readily appreciate
that many nodifications are possible w thout
materially departing fromthe novel teachings and
advant ages of the subject matter recited in the
claims. The order or sequence of any process or nmethod
steps may be varied or re-sequenced according to other
exenpl ary enbodi nents. O her substitutions,

nodi fi cati ons, changes and om ssions nmay be nade in
the design, operating conditions and arrangenent of

t he various exenplary enbodi nents w t hout departing
fromthe scope of the present inventions as expressed
in the
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appended clainms. WHAT IS CLAIMED IS: 1. A nethod for
produci ng a doped region in a sem conductor substrate
w@owpneseng performng a first inplant step i nP@NUSIV0&058150
carborane cluster nolecule is inplanted into a
sem conductor substrate to forma doped region. 2. The
f iLm 1, wherein the carborane cluster
WH@ EggF%IP@Q Ig]i:ar borane nol ecul e havi ng the general
formula 1,2-C B1OH1 . 3. The nethod of claim]1,
wher ei n Al MetheafhrqiréRing 4862t régbeiid &nhiSorRke bsktrate
fromthe group consisting of 1,5-C2B3H5; 1, 2-C2B4H6;
comprigingpesEmmingp first ipplepEden v whigh 2 W@oweﬁ kbetes modgcalerip
[ r eis a
R G ek S SN

wherei n the o-carborane der|vat|ve conprlses a
fl @or i ndhe chetlardndicdai® 1derhickedri ihe @arbérantlvdustee ndebudd is a o-

claiml], t her_ conprisin rfqrmng a second
carb P%Fmﬂjfeﬁel gbavmg Hp g rﬁ%%ﬁﬁﬁﬂsﬁéﬂﬁe i s inplant ed
into the senm conductor substrate. 7. The nethod of

cl 3i m 6 ThWRRKIRIAHFcBmMA0 RAREIIS IR Th@Drine cNBter VIO sclected
carbon. 8. The net hod of claim6, wherein the dopant

fromsthe gray coosiphingselsl, T Bdhs: 18- Cahblsnb2KoBsidf; aod diZCBsHio.
wher ei n the dopant speci es conprises boron. 10. The
meyhod g cla\'i\(’ﬂelr Whgre§thﬁle%§fogpa S cm ?%otlictu%)ls ao-
conprlses |np a’clus to e
carbstis tedtagive hat |s dlfferent fromthe carborane cl uster
nmol ecul e inplanted in the first inplant st ep. 11 The
nmet_ hod im furth r co si ng anneal |
acPi vat Sﬁ*s qa@ﬁ]f S i e ros?aﬂa%%@eraﬁm gRRprises a
fluoRRAS N chrBRAN erivhfive AN appar atus for form ng doped
regions in a sem conductor substrate conprising a
stage for hol ding a sem conductor substrate and means
f ob. i nplTaamethpdapteiaimol, éln“élec ICQmpemngrmré@m@ & pecond fraplant step
in which a' aﬁ{cst iesid ti’r?’lt ]rf {e((?i Q en)i onc(jiogt s !clt%n 13. The
ﬁparé? Br'@ 3" LD m%g ?%n}h Carbdrand el ust er
nol ecul e is a ocarborane nol ecul e havi ng the genera
f or7mul aThe ZrethddldPdlaim 6] dheiBiethapippidispsci@fis ab@eborvi dr; carbon.
wher ei n the carborane cluster nol ecul e selected from

th rou SIStI B3H5;, 1, 2- C2B4HG;
g g céal@ég@&]fﬁ:lnc%e dopant species comprises carbon.
9. The method of claim 6, wherein the dopant species comprises boron.
10. The method of claim 6, wherein the second implant step comprises

implanting a cluster molecule into the substrate that is different from the carborane cluster

molecule implanted in the first implant step.

11. The method of claim 1, further comprising annealing to activate at least one

of the first dopant and the second dopant.

12.  An apparatus for forming doped regions in a semiconductor substrate
comprising a stage for holding a semiconductor substrate and means for implanting a

carborane cluster molecule into the semiconductor substrate to form a doped region.
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15. The apparatus of claim 12, wherein the carborane

cluster nolecule is a ocarborane derivative. 16. A
worgdoRazliickor produci ng a sem conduct or devi ce hBWI/H§2088/058150

shal  ow junction region, the nethod conprising:

providing a first gas and a second gas in a container,

the,fir as co i.sing,a. first dopant and.t he .second

Gad3conpie SRS BB QI e tar SRS O Hang Fyd 1 e 0-
carb8RR8 Moldddicthairmait cOndMTb@fuls URstIRL/,,usi ng an ion

source; and inplanting the second dopant into the

sem conduct or substrate using the ion source; wherein
t hé4i on Te apragatpsohdein 12, yeprain thararkosens alwecrgpelpenlgselected

| ARl [ - i ant j [
fronl BE A G850 LTI PR T e g Bl sh O EHEFHL.
one of the first gas and the second gas is CH . 18.
Thésnet Hbd apfarathaofeldif) 1 ntvareedin thet caklmaste dusteraholtdide is a o-
first, gas. and the second gas is BF3. 19. The nethod of
CMbBV@?ﬂ?%%?“?urther conprising inplanting a third dopant
into the sem conductor substrate after inplanting the
seggnd dopaiibd s predicie; 4 @MisHHue®r dWNEE Bdvind NEhalloW junction
source is not turned off between the step of
regiomheanethag cemprisiegond dopant and inplanting the third
dopant. goqfidir-{ hg IS t Qé) a(ljn a{ e%log . rTE]lSlilgl a C\MI:} arneeir n[hé Flestt al?sl gogn risin
dopant s inc$u§% Eh Y €38t S6ne %o &0f 'y st éas prising
a firanidpahiens eeoRtorghgas cdhpridifg avetdnddiophntc! ai m 19,
wherein the first dopant i s carbon, the second dopant
i s fl uotplanting e firg dopant dntg 3pamicondudier whstpae usipg an ion
sourPEtygd of claim19, wherein the third dopant is
Iiplanted to a | esser depth than at |east one of the
first dapplantigntiec sérend dopad icto plandemi@didudibesutstrito dsiaf; the ion
claim 16, further conprising providing a third gas in
SOUlbhe container with the first gas and the second gas.
24.  The WiRtotheGbn Sdubd s 28t tubaIGRF PetlyB& fhb s&bs OBnpisntfhg the
carbon source gas, the
first dopant and implanting the second dopant.

17. The method of claim 16, wherein at least one of the first gas and the second
gas is CHs.

18. The method of claim 16, wherein at least one of the first gas and the second
gas is BFs.

19. The method of claim 16, further comprising implanting a third dopant into
the semiconductor substrate after implanting the second dopant using the ion source,
wherein the ion source is not turned off between the step of implanting the second dopant

and implanting the third dopant.

20. The method of claim 19, wherein the third dopant is included in at least one

of the first gas and the second gas.

21. The method of claim 19, wherein the first dopant is carbon, the second

dopant is fluorine, and the third dopant is boron.
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second gas is a fluorine source gas, and the third gas

is a boron source gas. 25. The nethod of clai m 23,
wob@satw2@t | east one of the first gas, the sepOnNUSHaE)58150

and the third gas acts as a source for a dopant

speci es selected fromthe group consisting of

h d
P Eapa aB Bei e o B SO LI B Parcl I dspser
deptamntda @eamﬂﬁtlﬁeoﬂ@ﬂ&opaﬁt LRI A secdhd damt met hod of
claim 16, wherein the first dopant is fluorine and the

second dopant is boron. 28. The nethod of claim 16,
whédei n Tha@egiodiafelaimelé; fathsaeampritng provisiingon thid@sa it the

con‘chl‘?‘lmlc \L/gﬁyeq?rs@g aﬁ%ﬂﬁrse%rﬁfg&%‘ first dopant and the

oron The net hod of cl aim 16,
furt her conprising annealing to activate at | east one
of 28he flhe stetldolpetaimrid, hercgetho fidst gapart carlwnf sonroeaas, the

shal | ow j uncti on, where east ne of the first
secopdh San A4Hering SOWER Bl a%‘%%‘ﬁﬁ*ﬂ“‘g%als 1g 6 PELSPHICH 8B%r on

di f fusi on.
25. The method of claim 23, wherein at least one of the first gas, the second gas,

and the third gas acts as a source for a dopant species selected from the group consisting of

phosphorous, arsenic, indium, and antimony.

26. The method of claim 16, wherein the first dopant is carbon and the second

dopant is boron.

27. The method of claim 16, wherein the first dopant is fluorine and the second

dopant is boron.

28. The method of claim 16, wherein one of the first dopant and the second

dopant is fluorine and other of the first dopant and the second dopant is boron.

29. The method of claim 16, further comprising annealing to activate at least one
of the first dopant and the second dopant to form a shallow junction, wherein at least one of

the first dopant and the second dopant act to restrain boron diffusion.
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