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| COSABORANE | MPLANTATI ON Rel at ed Patent and Patent Application The

f ol | owi nvQ0848R2at ent and pat ent appl i cation, commonly as®CAHER1{0847he o

assi gnee of the present invention, d by reference herein as™
I f they had been fully set 5 forth: jm"mmm@m""ﬂm@ 6, 107,634 to Horsky
entitled DECABORANE VAPORI ZER, and U. he I nvention The present
i nvention relates generally to sem conduct’ W?npl antation and nore 1100

Background of the Invention Conventional ion inplantation systens, used for

dopi ng wor kpi eces such as 15 20 patent application ser. no. 09/416, 159
filed October 11. 1999, entitl ed DECABORANE | ON SOURCE. specifically to a

.met hod and system for |WMEITH@DCAND&YSTENBF@RMHG and

sar ant aborane ions int t m clude an ion
source that ionizes a 3@@3@5 @mf\% ArOIi n accelerated to

sforman ion beam of prescribed energy The ion beamis directed at the

The energetic ions of tRelated Patenpand:Patentt Applicatiooe of t
so that they are enbedded into the crystalline lattice of the wor
material to form&lregl on of desired conduyctivity. The inplantati on rocess

is typically péhsllewdrgH. %PﬁtF@W&eGahapmllset&hcmhfﬁsw o Plea@susrics
di spersi oge Qf of o é;s?] lﬂoed?@ag}#axnm ﬂaéh%"y%ewr ee m@%.wiifltg@ﬁm@%%ﬁ h@}?s&nd

which mnimz errs mnatlono the wo alr ne
parti cil afeesh: U. SrPadamNoammEﬁmtgy{ow@ ehmeedeCKBﬂRANEMAMRIZER laadUeSs used

surface of the workpiece to inplant the workpiece with the do w‘ﬂmm

to define an i Iant step a particul ar species. lon dose relates to the
concent r aP3eH aBP liqagigp 867t 'é‘bl O%‘ﬂ§ 159 filegd October W) 399 entgsled DRGARS
SOURCE.

Field of the Invention

The present invention relates generally to semiconductor implantation and more
10  specifically to a method and system for implanting icosaborane, triantaborane, and

sarantaborane ions into semiconductors.
Background of the Invention

Conventional ion implantation systems, used for doping workpieces such as
semiconductors, include an ion source that ionizes a desired dopant element which is then

15  accelerated to form an ion beam of prescribed energy. The ion beam is directed at the surface
of the workpiece to implant the workpiece with the dopant element. The energetic ions of the

ion beam penetrate the surface of the workpiece so that they are embedded into the crystalline
lattice of the workpiece material to form a region of desired conductivity. The implantation
process is typically performed in a high-vacuum process chamber which prevents dispersion

20  of the ion beam by collisions with residual gas molecules and which minimizes the risk of

contamination of the workpiece by airborne particulates.

. Ion dose and energy are the two most important variables used to define an implant

step for a particular species. lon dose relates to the concentration of implanted ions for a
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gi ven sem conductor material. Typically, high current inplanters (generally
greater than 10 mllianps (m) ion beamcurrent) are used for high dose

i mpl ant s, WoeRMI2fredi um current inplanters (generally capa®Cd/eBP198473bout 1
mA beam current) are used for | ower dose applications. 5 lon energy is used
to control junction depth in sem conductor devices. The energy of the ions
that nake up the ion beam determ nes the degree of depth of the inplanted
ions. Hi gh energy processes such as those used to formretrograde wells in
sem conductor devices require inplants of upto a fewmllion

el ectron-y. . ile. |. j unetions . ma nl y _denmpnd ener.qi

el ow 1 1Hotb At Bltial, Tty Hag KA RaoR: s e FRR L0 G0 oy
require emdlighgs(rA) idbeat &ten®l £6 UsNfoY BlghSdos€ MhplahREwWRNA heBHind Burdéfnd to
smal l er and snal | er sem conductor devices requires inplanters with ion

sour ces timplanderat(Benesaliyocapablevig thakpverl mdabeamucngents agt usedvior lewer dgses .
«The hi gher eam current provides the necessary dosage |levels, while the
| ower ene?pé)y‘ Pt s permt shallow inplants. Source/drain junctions in

conpl enent ary RRkAtrp9¥d Hed ibcondl mRebicdepth in SMRRbndeMb R icel ORI of
require such high current, |ow energy applications. Conventional ion
sour ces uthe lignsghatrmakenupy tisl ien Yopanetegames Het degseeodft deiptiedf e implantidrient. | y

Ty cal Gy BrEARE: SRBSGR iyt R St Sl B By
i ndi um (1 RYuir@MpIIRE bt (PR a 149 niiildn 3Ie28BA-Solté\NIe VIVRMileXhall &\ FEnctiBHE fy

el enrents are comonly used in both solid and gaseous form except boron,
whi ch i s clydemamkeleangicy bélpwpl thousked edlertrpaswd $ké o), and altmp-shalewljonaions

triflyoride (BF3), or.as (o30) und in soli powder) form as decaborane
(BroHtl)  euteaet sndbien ol oL Ss kXL ont Lour e of feeq materi al
for boron inpl mm’lé C QFQ.O ; rized
and ionized ca"ﬁ&:)r%gvi de aquEglamtg)l g@u ar 5@%@%%@%@“@@?&@ I%Eecﬁngﬁs.

Such a saumpdtantérs wethpen salrtes thatidoathhwee th deliverdiighdobedrh owraneatdywemngneegiés.
processes use%g create shall ow junctions, because a nol ecul ar decaborane

i on beam Kt E4TR CHREENt PrRedesithfengsaisary dpsass [ps!s: (iriitle the lopsr energy Igkels an o
monat orm Cod@fioRAIRRY PRGN Akl @lin ERBUAE hNRoARRAGNE) Bl S%H.e

br eaks ugpi nto ten N ivi%lual or on altno o} rolughlogﬁone-t%gt t g&girei gi nal
beam I&nergmiaindtdter WOM@PS e devieds, foi\ExBplalr¢Rhre PAhChigh lcurest, 1I6W snergpce,

t he beam cag be transported at ten tines the energy of a dose-equival ent
nonat o APBIFBI™on beam (The individual boron atoms of a singly charged

decabor ane nol g eﬁti&l%l%h“g))ur‘éésf &gl\i/%e‘i'%{“idgﬁ%dbthﬁ%ﬁthﬁ r(ﬁat%%ﬁla%e%tﬁ@ewth a

vol tage V each have an energy o us I on beam can
ext r act edigttli froin assurté of neguipreassedgmray)ipdirethly Srdme at vaperizedesodid! €Bypidaé
nol ecul ar i on beamto %voi d the transm ssion | osses that are typically
brought source elements are boron (B), phosphorous (P), gallium (Ga), indium (In), antimony (Sb),
20  and arsenic (As). Most of these source elements are commonly used in both solid and
gaseous form, except boron, which is almost exclusively provided in gaseous form, e.g., as
boron trifluoride (BF3), or as a compound in solid (powder) form as decaborane (B oH4).
Decaborane (B oH)4) could be an excellent source of feed material for boron implants
because each decaborane molecule (BoH4) when vaporized and ionized can provide a
25  molecular ion comprised of ten boron atoms. Such a source is especially suitable for high
dose/low energy implant processes used to create shallow junctions, because a molecular
decaborane ion beam can implant ten times the boron dose per unit of current as can a

. monatomic boron ion beam. In addition, because the decaborane molecule breaks up into ten

individual boron atoms of roughly one-tenth the original beam energy at the workpiece -
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about by | owenergy ion beamtransport. Recent process and ion source

i nprovenents have enabl ed the generation of ion beamcurrents that m ght
prove i n wae2igsire to be sufficient for production appli ®&TEHS/06¢77
decaborane inplants. Keys to such inprovenents are ion source cooling
mechani snms that 10 prevent dissociation of the decaborane nol ecul e and
fragnentation of the desired parent nol ecular ion (B1OHx+) into borane
fragnents and el enental boron. In addition, in known decaborane ion
sources, such as that shown in U S. Patent No. 6,107,634, a |owdensity
plasma is i ntained to prevent the plas itsel f from causing such .

Gi Ssoci at PHCGbe PRATySAR HEanERortesist b tdhes R ndvey af a Ao SRRVAIFT PRPTGIERIE oy

J unct i onsphdn %&%@z@ﬂ.dgvﬂ@nwmhil Bordie hobris sty ﬁﬁgl?%@fggu THRE AR sheinbRcalEP! ant
energies as low as 250 eV. At such | ow energies; “ion beamcurrent densities
wi || neceiaii’) pf deédemtisal. baosn agmesveerelehmdevidf a vhitagerV edachberaareaeigyplfant

st echnol ogy,,,.sem conduct or, i npl ant throughput will decrease unless . .inpl ant
doses cang%/éai ‘H@rtg‘é?st R %@gﬁélr?@vgqtqﬁfme@ﬁh%@gw égrYS ﬁ"ﬁf Ftion,
¢ i 14 benddRsichaflofchr IMEGASE Aid fE WaAlmREANIGRE! BK; be WSBARTLbEYUR! S

wi t hout incar easl:i ng tﬁe ener gy evelé o? taﬂgn}lgngml uafpl i)or gﬂﬁat rmsr i

i npl ant edabof\c by toh-adryy idnHeeaen @amspodd) ect s of the present invention. Sunmmary
of the Inventign A nethod of inplanting ionized icosaborane (B20

(B20HX) ,
triant abor ane RELEOHRIPCessAnd tonysqiics HBPrakamenimbavs snablsdhe gensratign ekionipgam
provi ded, . GRTR' ks h fe [ =4 L:ani zi or ane
in an i oncsourcgﬁ% %?B‘t @ro?%ggﬁggguﬁ%éﬁ?%ﬁ%l&gx%? cti SBBﬁOa?PQ%éQ%%?
i cosabor adeabérahaimplins.akeys nich anproveahedtane iOn sblreetoolmgymédhagivms tender

boranes”) within the plasma through a source aperture ( 126) to forman ion
beam 1Q i i Prevens sissaraliqn phiper dpsabosang, mglecwierand fragarentation) gfdhe desirgdrarqnt 127)
to permt _Jioni I &0SAk gH§+ ~8 . ~77
one of thgll()%? J#llérﬁ%ﬁi(gﬁ%?x 8{ ero%@%arz]x slrt“gg?)%glgmf ﬁ@ g&ﬁp og‘gﬁdﬁg%q??%‘%

i mpl ant i n@echbsraho vinz@drdes,osrhek ahd@ shBRAHKE).S oPatemeNof 6,1 0F,634, helowhilgRity
order boranes into a workpiece. The step of vaporizing and ionizing the
decabor anBlagBapy mainiaingd ta pseyedpshoplasmp itsgHolfomni Grysias b rdisseciation and

vapor i zerfrégﬁm (ii) ionizing the vaporized decaborane in an ionizer 5
(53). Brie scription of the Drawings Figure 1 is a schematic, partially

crossisect i onals viaedabbved fiituresilire sidldvTendtiods irfdeniothduotorS@ilfl kelprequie
i npl anter constructed according to the principles of the present invention;
10 Fi gur ebgrop émplapis yuigh HeplanioHgrgies sviowras20dhe &t sueh loypeneggienjon beam

gl_ tz;er nat | é’&eﬁ?ﬁ’&ﬂltﬁ? Will?lfecetspﬁilg' QABcr2 R’ iﬁin%feval G4feSof-the taﬁkdaégab%lr%qmtp%tl I nes
technology, semiconductor implant throughput will decrease unless implant doses can be
increased for the same level of ion beam current. In addition, it will be desirable to increase
20  the ion beam energy transport levels without increasing the energy levels of the individual

boron atoms implanted. Accordingly, these are objects of the present invention.
Summary of the Invention

A method of implanting ionized icosaborane (ByoHx), triantaborane (B3oHx), and
sarantaborane (B4Hx) into a workpiece is provided, comprising the steps of (i) vaporizing
. 25 and ionizing decaborane in an ion source (50) to create a plasma; (ii) extracting ionized
icosaborane, triantaborane, and sarantaborane (collectively “higher order boranes™) within
the plasma through a source aperture (126) to form an ion beam; (iii) mass analyzing the

ion beam with a mass analysis magnet (127) to permit ionized icosaborane (B2oHx") or
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Figure 3 is a partially cross sectional view of the ionizer portion of the
ion source of Figure 1; and Figures 4 and 5, taken together, are a plot of
current We0®gds@fonm ¢ mass unit for an 15 i on beam obt ai n@ETBHE4He i on
source of Figure 1, showi ng the presence of icosaborane, triantaborane, and
sar ant aborane conponents. Detail ed Description of a Preferred Enbodi nent of
the Invention Referring nowto Figures 1-3 of the drawings, and initially
to Figure 1, an ion source 50 conprising a vaporizer 51 and an ionizer 53
are shown, constructed according 20 to the present invention. The vapori zer

51 conpri ses non-reactive, thermally conductiye suhlimtor, or crucifle
22, o Pen ool WA HEBet 06 orahes 1 phsdbeTAG-THEl: B QYRS RolppEedt ur o
.controlle . I | B i re
Gorai 1| 1 mr mor R BAHIERS: e O BN e o i AR e er 53
and conneof egpotinmgand idniziag tieedchbdrend&ymprisas thewsabsepdf (@uapbdrziag St ai nl ess
steel. In thg di scl osed 25 &q‘og&lg nt, the feed t u‘ﬁ&ﬁ 62 Is surrounded by an
outer si ngFEPRRBRHL? VARARAPLP 14 ARt 1QHZIRE MifgvapaHEtchercaARPIRYe AR IGRIZEY o

| engt h5th@5' of . _Q_ WO 02/~8~2; PCT/GBOL/I1S~77 The crucible 52 provides
a container 64 enclosing a cavity 66 for containing a source material 68.
The container is preferably nmade of a suitable non-reactive (inert)

mat eri al such as stainl eSSBﬁibEDescgflﬁi)diilm,thqllafﬁwiﬂgs boron nitride and
which is capable of holding a sufficient anbunt of source material such as
decaborane (B10H14). The decaborane is vaporized through a process of

subl i mati on byFigae 1 is schemaid,partipllytchess senttoailndew & avirstrerabademeritiof amedi um
70 contained in reservoir F4 Deé:ﬁ?bo%ane ig. tggi(cal L{vﬁ Vai%kj ble in fine
powder f ol ThSREUFAY % 198 SBPABIeL SARFICISH apeopding e tigpr % HB%P%?F‘EH‘e and 19
torr at 1QQREatidg@npl etely vaporized decaborane exits the crucible 52 via

feed tube 62 and enters mass flow controller 60, which controls the flow of
vapor 10 and 10 Figyes Zvistasgrosstsgetiennbuiew offa sompestingdubaiefcanbalteamativehi ch i s

ided to, t i ond 53. Alternati i nbodi t of th
!O:n?\élnt ?on?gt’?fgrenlelg%gjtﬁ%i?é' S@E“‘i"s"f&r’%@@? :ﬁgﬁeﬂk%/q1a]|f’ﬁ%3‘|e§$'r%‘?2%;g cgp: lrr:agr yot ubeeand
sheath 90 is pF%ﬁ}ed?Qdﬁhrﬁz{lg'oér%ane@tﬂorﬁll GR¥ofahe Hadder pOAITREI tfBRkHurce

conprising an inner sheath A surrounded by an outer sheath 90B (see
Fi gure 2) of Higarehleand ng nedi um may be punped into the inner sheath 90A

| ocated 15 adjacent, t illary tube 62) .and punped out. of the outer
Sheat h 908 (| oELEOE] 44 5a AN SRARHRE ¥ A BT D ELtFo P uh aiarTic S5 Urf e
secongs enppdeARYbiaitdiusiBShe ibPW LRV TSN, %diﬁ%f&mr@%% ¥t ikbsaBolapat ed
shut-of f valve (not shown) |ocated at the feed tube/ionizer iInterface, and

mass f | owriagtabnaneasddamntaiesne gemgotpntdi rect | y changi ng the tenperature of
the reservoir 54. 20 The ionizer 53 is shown in nore detail in Figure 3.

The ionizer c rdses.a .geneg al cylipdrical. bod 6,and a generall
annul ar base%‘aﬂﬁnar#?w 'Ppgﬂg‘é{ §é+‘yegﬁ¥'f?‘i]ﬂ:mﬁ%dﬂpgpgﬂ%é!?egdm&&ql%ht Y
constructed of alum num The alum num body 96 is cool ed by neans of entry
coolin assa . f ; i.Ql Pt j . a 104
whi ch gx?ts bggéﬁéﬁg %1@%{&%@&%&?&1%5?%& Wg@@ljmea%é 2%}{8@? or any
ot her 25 sdurdeadtl @niprising dveaporiges Dinduaibnieapsicart ghowheoasiinidfedardoing

cool i ng passageways provide a continuous pathway by which water flows
t her e¢thr ol9dhe Prssedinveptien. Bhe yaporigenyl cunpriges pHORHKEASHVS, thermadly sepdusgive

portion of .t L84S i i i . 3 may
ext end ne%lrbﬁlgﬁépq g%%ﬁ?@%éz‘ou éeq?ngglrepp e%éég?gl Htsﬁ'ég g%agi/n%i "r}éﬂﬁ?p@n V\hV\?y a
confi gur afeiperatste comtslRr 582dndt hagfiow eomedlér 66 BhiwRe 5B Veihowadalngde -5 WO
02/ @B-425 PCT/ GBIl 1/11S~77 _ o
detail in Figure 3. The crucible 52 is located remotely from the ionizer 53 and connected
thereto by a feed tube 62, constructed of quartz or stainless steel. In the disclosed
25 embodiment, the feed tube 62 is surrounded by an outer single-chamber annular sheath 90

along substantially the entire length thereof.
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Cooling the body 96 insures that the ionization chanber 108 resides at
tenperatures that will accomobdat e decaborane pressure within the

i oni zat i oMOoasler that is sufficiently high. It has beenPCEGRIIORET t he
ioni zer 53 should be maintained at a tenperature | ow enough (less than 350
C and preferably between 300 C and 350 C) to 5 prevent dissociation and
fragnmentation of the ionized decaborane nol ecule. Referring back to Figure
3, within the confines of the ionizer body 96 are an extension of the feed
tube 62) surrounded by annul ar sheath 90, term nating at ionization chanber
108. Wthin thg i oni ﬁlt%gn chanber resi gs a hot cat hodg t110 and . an anti
cathode or repeff EMCPISIZ pIYiqes@ ORPHISHET $AHOHBRA CRUELONI0NCORBIIRE B gst en

fi 1 ament - dddtec oSl QLR daifer TPLXRASAY MK of BYGRabld BoRtRicAPRAE Y

tungsten endcap 11 ated filFanent is energlzed via power

f eedt hr ouglaseribP fuchrd sthtiledsisade], (pagphite quarg lor bobnarieide laad whichaik Icypabisof at ed
fromthe al um num baody 96. The repeller 112 is _also electrically insulated
from the Beldinegesutijcigntamaenst phtqucepatatiaisuch astiesaberapa(BryHihsul at i ng

material (such i L ‘{Hp‘}{%h . L he
cool edgi oni zat Fg‘?\ d?[%%%%%‘i%‘?*‘%g& n pgrada{{)él/ecs)%?fjﬂ?gﬁbatggg rb ?g]g%k@ea%‘%r”gne
powder i sof theeohtaiher 64 ovithnehdatng aediven 7€ badvbiaed in @sdreeid St uDecibdrade ik oni zer

inlet 119. Wen the tu_nq_sten filament 114 is energi zed electrically by
appl i cat i BIPIGHY avykbleinitie powdee famdvigpwpor Begiue slghdorrabrogny 122, the

filament enmits..electr t o t I | npaci. 211 When
20 the. entibfstar s 3l 185 L RbgrB WEAIRLS :B0RLe FR RO TREC AR S |
turn em t §jage@&Ciubo B3 ahdtMefshfass FROWZntioNeCotriMREh ddddrolshaé S dfkapbhand
vapori zed gas nol ecules to create ions in the chanber. A lowdensity ion

pl asmi0 i s thuls enetdry theramauad of apomzedhdesabenane whidhdd pravidedyo thecipaigef $m t he

CBaore  Mner BuSHE G Bt iR BT L ESBERRECS e o
X is an i piRERE it helfOrm 3f achpifRtyaliey Afdeshk fAD0GPRRIGEH in YRS 6f aTodlal

integer up to 42) and sarantaborane ions (B40HX+), where X is an integer up
to 56, al Hualfchambertsheath, ¢amprisingad wne¢nsheath YAdrwpiosnded biyran qusenrsheath 90B

" b 1S d.to includ t h B20HX l. | A | ust
of o delaE BT e dnuts mefom iy B pimeey e R igeer B Biadlogef ' ©'
incluge - Gdjacef ReQ3pindrydabd6dY AR(phinpe@ur df thebheBitah 908 actdi@sraangiyor a

cluster of three decaborane nol ecul es. The term "sarantaborane” is intended
to i ncl udeutharhirgaChikinmet geathé)andn diis secondismbedigfent, she mdssdidyy canteoller

mol ecul es, . The extracted ion beam i t&en mass ,anal yzed ss anal ysi s
ragnet | 1290 FgepareY Pt asa BERERREL 1R (L HERaD SRl Tt BRRRRENY " o
pass 5 thgi&gtde hdhnasl fRwW RUGGEREH by dteas&Eb SRR AR IAE BRaDApeaRIrObAS TR
in chanber 108 is in :
the reservoir 54.
20 The ionizer 53 is shown in more detail in Figure 3. The ionizer 53 comprises a
generally cylindrical body 96 and a generally annular base or mounting flange 98, both in
the preferred embodiment constructed of aluminum. The aluminum body 96 is cooled by
means of entry cooling passageway 100 fed by inlet 102 and exit cooling passageway 104
which exits body 96 via outlet 106. The cooling medium may be water or any other
25  suitable fluid having high heat capacity. The entry and exit cooling passageways provide
a continuous pathway by which water flows therethrough to cool the ionizer body 96.
Although only a fragmented portion of the pathway is shown in phantom in Figure 3, the

pathway may extend near and about the outer periphery of the body in any known

configuration to insure that the entire body is effectively cooled.
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part provided by the relatively |low arc di scharge power maintained in the
source (about 5 watts (W at 50 mllianps (m)). The constituency of the

| ow- densiw® ophsigfia in ioni zer 53 is shown in the graphs offCE/GRM&E47] and 5,
whi ch taken together show a plot of current versus atomic mass unit 10
(AMJ) for the conponents of an ion beam obtained using the ion source of
Figure 1. As shown in these Figures, individual definable peaks represent
decaborane (B10OHx) and icosaborane (B20Hx) in Figure 4, and B30Hx and B40Hx
in Figure 5. In Figure 4, the decaborane peak is observed at 117 AMJ, and

t he i cosaboran eak i bserved at 236. AMJ.. In Fiqure 5, .the B30Hx peak is
obselrved at angg&%‘&@P@Y ggﬁf‘\gﬂf\ﬁﬂté‘?‘fﬁ%ﬁ’@@“‘i‘%%‘%‘#i@séeif’écseef\?éd at rgughlg/
470 AMU. {dsigehuhi B HRPWEIF Sccothniddatd 8déaBorknd Preddtird @fthintRE aHiSftion@RaMBed I €

decaborane nol ecule (ten boron atons) is inplanted into the workpi ece. The
mol ecul e thataskssffigensly higle hbakipieadeunsithhtabe igundn S8ishoultltbe nenimtaipedaf aeach

sboron atomis roughly one-tenth the ener f the ten-boro f atons
(' the. cHEeEoRIoEaT RS INapr30n Coeer et o P b rt ot 280 CHior | s
the desirgdvardNIodisRb P AR BRI thEiballet RBcabBEde TAGELAY | NPl ant s

without significant beam transm ssion |osses. In addition, at a gi ven beam
current, each Rafetringfbackno €rgureld| wirtlktnshd emfinesreSthe henizkydedy 86 taleannor kpi ece.

Finally, because the_charge jper uni ose is gne-tenth that of. a.npnatomc
beam il SHESIQILPIES fed U SO s PaAEn e TR0 el g AbioRFRcan g ven
dose rat ecpagmbeof) WaGR thelibhikilfod ERTARATANR { RAUtbae AIRARER oftf- L e I 0N

beam that 1s extracte romthe 1on source through source aperture 126, it
i s bel i evexlhddeair ré¢geder t13s dher laneathedb &l hgorhpriiseed hbyted hengsten didara¢éntdri4 of

decaborane with Hor HZ ions within the ionizer 53 of source 50. Under
speci ¥ ¢ Wé@%@hamqlwsvuraéz%#faﬁg apd Gapped RY tngsteg sndear B8- eyl ts in

an adj ace - 9 MU 1. ~8~25
T Bot (SIS B RET O atpetet? M hpBerg a0 M 08 P pos B e
spect r um anbhars elettneallpimsiiagd feoth Klaecdl edlirtulng body04. HEhe repelioun2és dperture 126

i ncludes, in additian tgr t he fragnented decahorane spectrum_ a fragnented
decabor an@eetir 3y insylaed froppthg by b ovip & thsrmally condygive electsically @suladngcul ar

decabor an o r : i i +) .
ot ant anpaiil GRAPRYLAN AIADlsicRPE 5T iRRARAE It AN bhdod
250 eN adhahbepmOfarticle currents as high as 1.6 mllanp (md). Using the

source 50 of Figure 1 in an ion inplanter, an entire i cosaborane ion

(twenty boron HtQpsEtionsthe yaporized dlerahosanepowdst 18pniseied intadhs i9RIZ3HRBKks up at

t he wor kpi yf ] r f : S roughly
one-twentélh(;':a?rﬁ)efﬁl(rf\l f%%ﬁgﬁgrgg?{ 1%?&%@1?«{@2% y-}l])eg)rtgﬁag' (S:)ugrﬁg%}nﬁtg% I%i n the case
of B20Hx)enefdizei eléedigcdiiydiy applichiwntofansptiabdiffatentovadrdss feedaroughe 1 2eaid ed

boron inplantation energy, enabling very shallow inplants w thout
si gni f i cahd? Beditame ssedecsronp s @ccelarate sopmardiagd impact gndgapdd 8p M ur r ent

each it,.of rept I.; ' ; [
Frnaity,  $endHbnTR s ARtLLERTH LMK Y alko FRdrie BB, o LR oS SR PO
monat om Cinbedeiodipdtida tcharhbe ik patastigkectha vapstizep padinelBeulRs €o Sidate ibMSia severe

for a given dose rate. The mass anal ysis nagnet 127 can be adjusted, as is
known i n hpehapber. t o pernit to pass therethrough only particles having a

charge-to-mass,nhat i el [ c [ - g@sc

anal ysi s magne'tA l%ﬁﬂayilgg'ﬁéﬁrﬁgggﬁfﬁ@ c[r)(ga?%]f{roé} ?ﬁ%’ﬁ aﬁg %Bﬁ%ﬁ% ecgegrane
(B10H14) fémitkosaibenitoqddddoice dpertp@siDo! Mae eldimaugdludestdechbdratielibgs , t he
magnet 20 may be adjusted to permt passage therethrough of either of the

ot her2shi ¢(Baethop.chere ria ar intege3 OPo dAdicesabrsane igns{BaHxoh WherawS iEprutegshs

gener at ed, by, £ALNRISHED N B0 Nl ST KR . 126RROLANG B BEMLGQT ONe

of the hiug[her or es’ i I oni zation a 0 create a

decabor angn®(B4HH LS APREra Xeisia@inteptip t0\wal 8ll bhwhicBREd ingilankdble imbiach defl ects
these el ectrons back toward 25 the cathode. The repeller is preferably
sconst r uctwearkpfecerpTibigentnosahbrane” ke int¢nded s inghide both BdoHatmelecul¢sandipsal at ed

fromthe ioni zer baody,96. Wal.ls,128.0f theg ionjzati,on.chapber .108, are
T e e e AebREine MRlP e TR ot S rabS o i eRERT0 1995e€ TS| Lai ng
endcap 118, is maintained at a potential of approximately 50 to 150 volts

bel ow the potential of the walls 128. The filanment 114 is naintained at a
vol tage approximately g




WO 112/ ~8~25 PCT/ G B(11 /OS~ 77 between 200 and 600 volts bel ow the
potential of the endcap 118. The | arge voltage difference between the
filament woD¥48#8 t he endcap 118 inparts a high energy to PCHEGREII®E4ons
emtted fromthe filanent to sufficiently heat endcap 1 18 to
thermonically emt electrons into the ionization chanber 108. 5 The ion
source 50 provides a control nechanismfor controlling the operating
tenperature of the crucible 52, as well as that of the feed tube 62 through
whi ch vapori zed decaborane passes on its way to and through the ionizer 53.

The heati ium 70 | s heated, within the reservoir 54 by a resistive or
simlar ng@ﬁgﬂ'g ; Hles%S@ﬁach\é“Eﬁrght i ecﬁ!é%[fm%&‘:?[?é‘[ﬂﬁér ?fhel'ﬁ’émt I(ayrplta\r/at ure
-control ”Eﬁ%tm{e"%E%%te?:dé@mﬁf:ﬁﬁklB@thol@iaf-lg(%dl%lé@n%rw&ﬁr%?&hns as an

i nput tenperature feedback fromthe reservoir via thernocouple 92, and

out put s ademhoraot mpiagnks. The deatiedgorebeame st th&Omasssarfalyzeth by nohes analyséd bel ow,
70 in the reserv is heated to a suitable

50 that the he é|7n nedi u ir
t enper at uF’é’.g“ef‘ﬂ ﬁ‘ga‘ffffﬁbo m%mang@&fpﬁr@ggc?ﬁra@%maa 1augfo Bi¥ier suitable
medi ung (e@reth/WBEIE! The 1301 %&E%bﬂﬁﬁ d@civogéhehe&fab&anégr;;%aﬁ énT ek 108 fmat ed

to a tenperature within the 20 Cto 250 C range eat1 ng el enent
80 and ci paupmiveitdiby thrgbatBblydpeuard dishiearge pewdr maibirmeddn tieesobeed abathes 62

t hrough sheat h, 90._The pu 55 0s provided with an inlet and an outlet 82
and 84, ré@ﬁ%{:\w 9%?%/’?555‘8%%2?)%& voir 54 is sinmlarly provided with an
inlet 86 and a PRA : £, f. i ng
medi um about t hwehggﬁ)hgft%%yggﬂ%ﬂga{ %e\éﬁfl%gl @Ef)gog%epg]‘, ﬁ%%‘&&”ﬁ lgtrtl%evxﬁﬁlgﬁ? a
uni di r ect bbFighres Haal B whichatkeartogétBer shoWwi gploeofZurenyvdrsusaifymigahise funitt hat

provi des reasonabl e circul ati on of the medi um about the crucible 52 and the
feed tQibelAMU) ket e FOMBOMAKOLH 1pn SRR Obtaieddising the innssogsgiof figwe il As
pressuri z I Fes facil.Litat i % | zed

(subi i et o) HASRRE Fidfles, B @ RARMIEDER: B0 SeoBorh O ARRRME TS 106
t hr ough t ieesdbeemte {BRExPih Fifsretd)angd Bgsthuarei BioHRiim Fipave 5.y IbBigdtz 4, $he ai sed,

the rate of material transfer correspondingly increases. The ionization
chanber offsrheraae pgakds ﬁ'éS&F"e\Sia?é&l]JWﬁoﬁﬂd the i§asphareye peak anebseRigd at d3¢r essur e

di ' 2 i - ; h
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t ypi cH | ypeaR i$ bissepredar raafghly 47r AMWBY | ocating the crucible 52 renotely from
the ionization chanber 108, the nmaterial -9 W O 02/ 8-42S PCT/ GB( 1 1/ 05~77
wi thin cruci bl Bsigayhe spuss J0ofiFagured) ip wniienimplaner, ap entsydeszhopansi melegule
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i ndependent|y of the operating tenperature of the ionization chanber 108 to
a hi gh defrtBe tegrboser groxp ¢f aigmsHimthe cage)of BpHp). Bhustieheamsandea const ant

o s AL A5 A RSB B B 22 o0
deconposi impantoivithbé syidfdcan0Bedmi Sransmission losses. In addition, at a given beam

current, each unit of current delivers ten times the dose to the workpiece. Finally, because

the charge per unit dose is one-tenth that of a monatomic beam implant, workpiece

charging problems are much less severe for a given dose rate.

25 With regard to the icosaborane (BagHx) component of the ion beam that is
extracted from the ion source through source aperture 126, it is believed that the
icosaborane is being formed by the irradiation of decaborane with H or H; ions within the

. ionizer 53 of source 50. Under specific source conditions, decaborane vapor in the

ionizer 53 results in an adjacent sub-spectrum from mass 130 AMU to 240 AMU (see
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The tenperature controller 56 controls the tenperature of the crucible 52
and the feed tube 62 by controlling the operation of the heating el enent 80
for the hwatozngi2i0 nedi um reservoir 70. Thernocoupl e 92 sPCIEGBAINE4T7
tenperature of the reservoir 70 and sends tenperature feedback signal 93 to
the tenperature controller 56. The tenperature controller responds to this
i nput feedback signal in a known manner by outputting control signal 94 to
the reservoir heating elenment 80. In this manner, a uniformtenperature is
provided for all surfaces to which the solid phase decaborane and vapori zed
decabor an | ocati on of the jonization chanber. By

d, to th
control | i ﬁ’@“f"n rtﬁ?‘ra&? ?%iefootﬁ @F‘ﬂlf%h‘é? 'ﬁ%g‘?‘i 8raRe APSTHUMN s, dedenshsamyi a punp
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of 20 C tdecabérafie §pectrurh, a Ghgmetited dembbranp ¢dimias’ éalsorefartdd to herd & £dudli cal
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vapor 4| oy, lgﬁtgﬁegyérk&%% ﬁe{?%o% uﬁ 'o?be%%ié?dbs(gy} @Lﬁ%ﬁ%ﬂ%‘ﬁdéﬂ/ Ysing the

i nventive source is he “or to prevent di'ssociation
of the debabapanield amzatsas high ml@ﬁulllanpghm)lcture total extracted ion beam
current will be | ow when us a conventional | y-si zed soqurce aperture. 25

Assuming a conyéﬁnalﬁll‘f‘es%‘é‘érﬁo&&r*élﬁﬁ lde a8 jier/implpier, 38 eptifedcasabornane {dhe i oni zer

53 of ¢ heRLRI%Blod AUROIA Mphaiicl3S K GAERRRUTC i ARG Aradeauate ion

beam curr cn) aperture p rm S a beam

current dedsipiete @firfadeauth tHAOtheleaégdP SadhEborsi ldhEis ¢auEhlyBhetwdndiedy th82) at
t he workpiece, and up to (less than or equal to) 1 mA/cn2 of extracted beam

currel}t fensatofdhe branéboromgsoupcefipems e tkeersp ebBeatlo r Thes, 1helle)eam A be
02/ ~8.12s QEA%CFLH&&’B{R lyes(?ﬁé H lrgzgg‘p}o%tlu:iﬂ?an\f\ﬁ %ngC(fla%nsab m% wil Ct ion of

tr
the total "extrac SI Zes

possi bl e insplaamlmamlsagmﬁmx baﬂm erinMeibdion Yosedsd Iﬂa&iaﬂbk"atlaﬁga\l‘ﬂn%ébfrﬁnt of
about 500 uA at the workpiece. In ultra |ow energy (ULE) inplanters, even

| ar ger ap@ltegh&ad) \zrésof{wepbdcmecsmmartgnwég dpsedto the wotkpietenginallya
f |
Fecabor anzscaueethy Blied ber B dBRL RXRE BRI uBR B SR RLNP Bear gL, 0

descrispti warldpn:cabmgmlgwahs aictmdléh sV ere doda Eivah dbdel xatedescr iption is
made only by way of exanple, that the invention is not [imted to the

particul ar enb mm@alyé@cmagméulﬂeqaem adjrsted; rais kvawnomﬁneraéhm H‘ﬁg@h@nt s,
nodi fi catjion bstl | ement ed \gh ect to the

f or egoi ngpaa%gicef:éil |u% R ifes é'ﬁléllg Eﬁrgrqurﬁl?sﬁéa% moafgqeﬁ' Cr wl’ltl on as
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decaborane (B gH,4) or icosaborane (B;gHx) to pass therethrough. Still further, ;h;: magnet
20  may be adjusted to permit passage therethrough of either of the other higher order boranes
(BspHx and B4oHy) in the ion beam.

Electrons generated by cathode 110 which do not strike a decaborane molecule or
one of the higher order boranes in the ionization chamber to create a decaborane or
icosaborane ion move toward the repeller 112, which deflects these electrons back toward

25  the cathode. The repeller is preferably constructed of molybdenum and, like the cathode,
is electrically insulated from the ionizer body 96. Wails 128 of the ionization chamber
108 are maintained at local electrical ground potential. The cathode 110, including
) endcap 118, is maintained at a potential of approximately 50 to 150 volts below the

potential of the walls 128. The filament 114 is maintained at a voltage approximately
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Clainms: PCT/G B0l /OS~77 1. A nethod of inplanting ionized higher order
boranes into a workpiece, conprising the steps of: (i) vaporizing and

i oni zi ng WOewakes2&ne in an ion source (50) to create a pl adE/GBINGSH77
extracting ionized higher order boranes within the plasm through a source
aperture ( 126) to forman ion beam (iii) mass analyzing the ion beamwth
a mass analysis magnet ( 127) to permt a selected ionized higher order
borane to pass therethrough; and 10 (iv) inplanting the selected ionized

hi gher order borane into a morkpiece 2. The method of claiml, wherein

said ste | z] pg. and ng dec rane_in an ion source (50)
conpri segb‘f wge%g@é%g&byoqtsigef %ﬁ“fﬁﬂé‘hﬂéﬁ rldfe Tihg 23%8"?/3';&‘1?)‘5‘1&"'2e_rl_h( 51)
and (i)(b V, - 7 e
ot hodl of eleher Sec s BRRIchA P REAPRAGAR 118 Bt g entraflo 1 701
tri ant aboelacteor(sB{itteg froante sikamentt ab sufficien( PéSitbendapd 18he teirmidnielly ehect ed

4 oni zed hi gher Qrder borane is ionized icosaborane (B20Hx+) 4. The net hod
of cl ai m Yectignsrrioihe nipatiog sbambgsy 98es i ncl ude i cosaborane (B20HX),

11 antgbor ane ¢RARR A 00N AORARFIoLRAR Yor ARROMAEHEL difync! ect e

I oni zed hi gher or oran |on|ze or ane

met hod of ealpetamr2 of\mﬁrr&mbleﬁ ds tweutaerhabor‘ B €ced tabd 62 chrbgglbwhieh aaporiZ8d0HX) |
triantaborane (B30Hx), and sarant aborane ( B40I—I>%:+ and wherein the sel ected
i oni zed hfigsRRPraBE a@ﬁew&wawmﬁmhs@r@m@b ahke bmowneﬂmm 79is wo

(53) 15 prowsn e edloft sa Wy BT ordimibtells R EIIMREICA £07 e
step of ahdat medmnmomhegempérhmm(coh&&) mﬁnssaincbnsem mﬁpe@mumﬂbene&él%)

during the ste% ioni zing the vapori zed decaborane. 7. The net hod of

cl ai , Fﬁ"ssaﬂsdmgf‘@lﬁ tempeIaire Ff»‘gd%a&kdrq%mezra%qrwréﬁam&mmpu@le( 128)
mai nt ai nsyA tu el ow reve |, $59¢ tion
of vapori zééhg %B%r aénogltr?r)o gﬂﬁcég@& % eenr%e8 hoa‘.'(:':rti'l eﬁfrhl?e’?l) “é?r58 (’%sal d

t enper at uthe heatirgahediwal 16initBe reservoir is heated to a suitable temperature.
The heating medium 70 comprises mineral oil or other suitable medium (e.g.,
water) that provides a high heat capacity. The oil is heated to a temperature within the
15 20° Cto 250° C range by the heating element 80 and circulated by pump 55 around the
crucible 52 and the feed tube 62 through sheath 90. The pump 55 is provided with an
inlet and an outlet 82 and 84, respectively, and the reservoir 54 is similarly provided with
an inlet 86 and an outlet 88, respectively. The flow pattern of the heating medium about
the crucible 52 and the feed tube 62, although shown in a unidirectional clockwise pattern
20  in Figure 2, may be any pattern that provides reasonable circulation of the medium about
the crucible 52 and the feed tube 62.
Referring back to Figure 1, the crucible cavity 66-is pressurized in order to
facilitate material transfer of the vaporized (sublimated) decaborane from the crucible 52
to the ionization chamber 108 through the feed tube 62. As the pressure within cavity 66
25  israised, the rate of material transfer correspondingly increases. The ionization chamber
operates at a near vacuum (about | millitorr), and thus, a pressure gradient exists along
the entire length of tﬁe feed tube 62, from the crucible 52 to the ionization chamber 108.
. The pressure of the crucible is typically on the order of 1 torr.

By locating the crucible 52 remotely from the ionization chamber 108, the material
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mai nt ai ned between 300 C and 350 C. 9. The nethod of claim?2) wherein said
source aperture ( 126) is sized to provide a focused ion beam current of
bet ween MO-03082f1 cr oanps (UuA) at a beam current density ®CTAGBOIRMTI anp
per square centineter (mdcnR). 10. The nethod of claim9, wherein said

pl asma has a density within said ionization chanber ( 108) on the order of
1010/ cnB. **x**x*xx . 13
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15  are exposed, up to the location of the ionization chamber.

By controlling the circulation of the heating medium in the system (via pump 55)
and the temperature of the heating medium (via heating element 80), the ion source 50 can
be controlled to an operating temperature of on the order of 20° C to 250° C (+/- 1° C).
Precise temperature control is more critical at the crucible, as compared to the end of the

20  feed tube nearest the ionization chamber, to control the pressure of the crucible and thus
the vapor flow rates out of the crucible.

Because the plasma density using the inventive source is kept low (on the order
10’°/cm3) to prevent dissociation of the decaborane/icosaborane molecular structure, total
extracted ion beam current will be low when using a conventionally-sized source aperture.

25  Assuming a comparable beam current density, the aperture 126 in the ionizer 53 of the
present invention is made large enough to insure an adequate ion beam current output. A
lem® (.22 cm X 4.5 cm) aperture permits a beam current density of about 100 microamps
per square centimeter (p A/cm?) at the workpiece, and up to (less than or equal to) 1

mA/cm’ of extracted beam current from the source. (The actual focused beam current
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various rearrangements, modifications, and substitutions may be implemented with
10 respect to the foregoing description without departing from the scope of the invention as

defined by the following claims and their equivalents.
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2.

CIYNp !asma;

(i)  extracting ionized higher order boranes within the plasma through a
source aperture (126) to form an ion beam,;

(iii)  mass analyzing the ion beam with a mass analysis magnet (127) to
permit a selected ionized higher order borane to pass therethrough;
and

(iv)  implanting the selected ionized higher order borane into a

workpiece.

The method of claim 1, wherein said step of vaporizing and ionizing

decaborane in an ion source (50) comprises the substeps of (i)(a) vaporizing decaborane

in a vaporizer (51) and (i)(b) ionizing the vaporized decaborane in an ionizer (53).

- 3.

(BaoHx),

The method of claim 2, wherein said higher boranes include icosaborane

triantaborane (B3pHy), and sarantaborane (B4Hx) and wherein the selected

ionized higher order borane is ionized icosaborane (BygHx ™).

4.

(BaoHx),

The method of claim 2, wherein said higher boranes include icosaborane

triantaborane (B;oHx), and sarantaborane (B4oHyx), and wherein the selected

ionized higher order borane is ionized triantaborane (B3gHx").

5.

The method of claim 2, wherein said higher boranes include icosaborane

(BagHy), triantaborane (BygHx), and sarantaborane (B4oHx), and wherein the selected

ionized higher order borane is ionized sarantaborane (BsHx").
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7. The method of claim 6, Wherein said step of cooling said ionization
chamber walls (128) maintains a temperature of said walls below 350° C to prevent

dissociation of vaporized decaborane molecules.

8. The method of claim 7, wherein said temperature of said walls is

maintained between 300° C and 350° C.
9. The method of claim 2, wherein said source aperture (126) is sized to
provide a focused ion beam current of between 100-500 microamps (1 A) at a beam

current density of < | milliamp per square centimeter (mA/cm?).

10.  The method of claim 9, wherein said plasma has a density within said

ionization chamber (108) on the order of 10"%cm’.

* ok ok kKoK
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