12APR2004 1 DECABORANE | ON SOURCE Field of the Invention The present
invention relates generally to ion sources for ion inplantation equi pnent
and nore specifically to an ion source for ionizing decaborane. Background
of the .Invention lon inplantation has becone a standard aﬁkgppnggﬁ@ﬁ
technol ogy of industry to dope workpieces such as silicon wafefrs o ass
substrates with inpurities in the |arge scale manufacture of itens such as
integrated circuits and flat panel displays. Conventional ion inplantation
systenms include an ion source that ionizgs a desired dopant el ement which
is then accelerated to forman ion beam of prescribed energy. The ion beam
is directed at the surface of the workpiece to inplant the workpiece with
t he dopant el ement. The energetic ions of the ion beam penetrate the
surface of the workpiece so that they are enbedded into .the crystalline
lattice of the workpiece DNEL&ABORADINONSGQURBCHesired conductivity.
The inplantation process is typically perfornmed in a high vacuum process
chanber which prevents dispersion of the ion beamby collisions with

resi dual gas nol ecul es and which mnimzes the risk of contam nation of the
- wor kpi ece by airborne particulates. |on dose and energy are the two nost

i nportant vari ables used to define an inplant step. lon dose relates to
the concentration of inplanted iRKigkl 6Dth@lgv¥etionem conductor naterial.
Typically, high current inplanters (generally greater than 10 m ! ianps
(md) ion beamcurrent) are used for high dose inplants, while nedium
current inpl ant dihs plegent grvahtion eRicdRER0B40 20rcsmpebs forigm nplatiadion ehuiphebieam
current) are,used for. | ower dose a i cati.onsg. Lon energy is wused to
control j ufed PSR tRepiisa Yntos"é’rfP’&B?iH%Ic) 590%%3%0@. Offfe energy of the ions

which make up the ion beam determ ne the degree of depth of the inplanted
lons. Hgh energy processes Background of the Invention

Ion implantation has become a standard accepted technology of industry to dope
workpieces such as silicon wafers or glass -substrates with impurities in the large scale
manufacture of items such as integrated circuits and flat panel displays. Conventional ion
implantation systems include an ion source that ionizes a desired dopant element which is
then 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 surfacé 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’ 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 vaiiables used to define an implant
step. Ion dose relates to the concentration of implanted ions for a given semiconductor
material. Typically, high current implanters {generally greater than 10 milliamps (mA) ion

beam current) are used for high dose implants, while medium current implanters (generally



such as+*those used to formretrograde wells in sem conductor devices
Tequire inplants of up to a fewmllion electron volts (Nﬁ}j/?, lem

shal |l ow junctions may only denmand energies below | thousand&elacr U{Fol ts
(keV). The continuing trend to smaller a@nd snaller sem conductor devices
requires inplanters with ion sources that serve to deliver high beam

currents at | ow energies. The high beam current provides the necessary
dosage levels, while the | ow energy |evels permt shallow inplants.
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or compound is placed and which is heated by a heater coil 20 to vaporize the solid source

material. Heater coil leads 22 conduct electrical current to the heater coils and thermocouples
24 provide a temperature feedback mechanism. Air cooling conduit 26 and water-cooling
conduit 28 is also provided..

Vaporized source material passes through a nozzle 30, which is secured to the
crucible 18 by a graphite nozzle retainer 32, and through vaporizer inlets 34 to the interior
of the ionization chamber 16. Alternatively, compressed gas may be fed directly into the
jonization chamber by means of a gas inlet 36 via a gas line 38. In either case, the
gaseous/vaporized source material is ionized by an arc chamber filament 40 that is heated to
thermionically emit electrons.

Conventional ion sources utilize an ionizable dopant gas which is obtained either
directly from a source of a compressed gas or indirectly from a solid which has been
vaporized. Typical source elements are boron (B), phosphorous (P), gallium (Ga), indium
(In), antimony (Sb), 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 (BF;).



12 APR 2004 3 In the case of inplanting boron trifluoride, a plasnma is

:created which includes singly charged boron (B+) ions n
i nplanting a sufficiently high dose of boron into a substrzt?e ggﬁ]?@@llﬂ y

not problematic if the energy |level of the beamis not a factor. In | ow
energy applications, however, the beam of boron ions will suffer froma
condi tion known as "beam bl ow up”, which refers to the tendency for

| i ke-charged ions within the ion beamto nutually repel each other. Such

nmut ual repul sio uses eam t ex er,
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current as mﬁﬁﬂllﬁeﬁ&l%ﬁ&%fh@r Isectomuti@hrepelsion chusesuid iidn tam tbexmnd én diameter
decaborane nol ecul e breaks up into individual boron atons of roughly

one-tenth tmem@rtragsm retselilrmgemxggytﬁag of He hmmbmr@éléplewﬁﬁt@é%m tbﬁbe'@éla}?r can
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beam transport. However, &clborane i on sources to date have been
unsuccessf uboraf ingelmes hdtaausg: caghufiécalidremst mpleculy @3ghl g Lwhernapboizedpnd dundzed gan

applications of boraon inplants. . Kno ot - cathoge sources are sui.t.abl e
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di ssoci ati on e Into borane fragnents and el enental
boron. Knowmolephlasdiabassdion busrnesn mnantrisuiimabthe bbom dbee promitred cieritzat i on

because the plasma itself can_ cause djssoci.ation qof the dec bor '
mol ecul e aneAnfs mgpatemisttios ion besra. B&W%B@qaﬂﬁ‘dhﬁé?@hwm mofecule breaks up

into individual boron atoms of roughly one-tenth the original beam energy at: the workpiece
surface, the beam can be transported at ten times the energy of a dose-equivalent monatomic
boron ion beam. This feature enables the molecular ion beam to avoid the transmission
losses that are typically brought about by low energy ion beam transport.

However, decaborane ion sources fo date have been unsuccessful at generating
sufficient ion beam current for productioh applications of boron implants. Known hot-
cathode sources are unsuitable for decaborane ionization because the heat generated by the
cathode and arc in turn heats the walls and components to greater than 500°C, causing
dissociation of the decaborane molecule into borane fragments and elemental boron. Known
plasma-based sources are unsuitable for decaborane ionization because the plasma itself can

- cause dissociation of the decaborane molecule and fragmentation of the B, H," desired parent
jon. Accordingly, in known decaborane ion sources, the source chamber pressure is kept
sufficiently low to prevent the sustenance of a local plasma. Thus far, ion beam currents
developed from such a source are too Jow for production applications.

Accordingly, it is an object of the present invention to provide an ion source for an

ion implanter, which can accurately and controllably ionize sufficient decaborane to produce



ion. Accordingly, in known decaborane ion sources, the source chanber
pressure is kept sufficiently lowto prevent the sustenance of a | ocal

pl asma. Thus far, ion beamcurrents devel oped fromsuch a source are too
| ow for production applications. Accordingly, it is an objggﬁpﬂfzddxe
present invention to provide an ion source for an ion inplanter; "which can
accurately and controllably ionize sufficient decaborane to produce 12
April 2004 4 acceptable production ion beamcurrent |evels, to overcone
the deficiencies of known ion sourcés. Sunmary of the Invention According
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vapor ispagesource material, said inlet provided with a heating nechanismto

heat the vaporized source material as it passes through said body; an
i oni zation chanber in which the vaporized source material may be ionized

by an el ectron-emtting el t ma;, an exit aperture for
extracting an ion beam con*% sr};ég}gfo(i{tﬁ% %‘%&?ﬂaﬁ and a cooling mechanism
for loweri “%éc%?diiégfﬂ)éﬁ%w Hth¥Btcként Ghvenfibs, th@r!%'i% BidvadbdchaBhek: fwri ng the

ionization of said heated vaporized source material. According to another
aspect asfionHmpianésre aomprisingtai body baving an dulet & reogiviag 4 vaporizaplsamcer i s

oot viyelifl” sl inBe WEiAars Wit 2 pdi e KRROLHET 1o Y PR BuPRR 5ot sour ce
mat er i ghdterddl dsdnpasses trsughabid ®ody;0anicdtkafieiehahierf ihowhishithe vapgizeder ; and

a feed tube for .connecting said vaporizer. to said ionization chanber;
wher ei FOBICRaBAIPRY e Pe iorerd bivan elegtran-eputing chemens o icaratef PSS @8por i zer
and sai f%%gi“% L r i . er i :npy be
vapor i Zegg eca %?ﬁ%ggﬁ?ﬁﬁ{%g% ﬁobr?,a thﬁgfﬁgflg%(% ?’gﬁh%%%&?“ ng e érr‘%h%l y be
oper at evechanismsiof fowdérerg thy téoperpoveof Wellebf said ionizatioh chapbesdmimsthsi t y
within.the i onifza.ti oneghanber tom}grev%ant addi ti onal

1onization of said heated vaporized source material.

According to another aspect of the present invention, an ion source for an ion

implanter is provided, the ion source comprising a vaporizer having a cavity for receiving
a source material to be vaporized and for vaporizing the source material; an ionizer, as
above, located remotely from said vaporizer; and a feed tube for connecting said
vaporizer to said ionization chamber; wherein a heating medium for heating at least a
portion of said vaporizer and said feed tube.

In particular, the vaporized source material may be vaporized decaborane. In
addition, the electron emitting element may be operated at a sufficiently low power level
to minimize plasma density within the ionization chamber to prevent additional

dissociation of the vaporized decaborane molecules by the plasma itself.

Brief Description of the Drawings
Figure 1 is a perspective, partially cross sectional view of a conventional ion

source for an ion implanter;



di ssoci ati on of the vaporized decaborane nol ecul es by the plasma itself.
Brief Description of the Drawings Figure 1 is a perspective, partially
cross sectional view of a conventional ion source for an ion inplanter; 12
April 2004 4a Figure 2 is a schematic, partially cross Sei%hﬁnﬁg)%ie“’Of a
first enbodi ment of an ion source for an ion inplanter construct 8
according to the principles of the present invention; Figure 3 is a cross
sectional view of a connecting tube of an alternative enbodinment of the
ion source of Figure 2, taken al ong thetd i nes 3-3; and 12 APR 2004 5 Fi gure

4 is a parti i Vi . tQnj I e ion
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| nvent i on sRerfce fori angion amplaoteFiconatmsted-adcartlinghe thbrmiricipdes ofghelpiesériti al |y to
Figure 2 n ion source 50 conprising a vaporizer 51 and an ionizer 53 are
shown, B¥HUPucted according to the present invention. The vaporizer 51
conprises a non-reactive, thermally conductive sublimator or crucible 52,
a heating nmediumreservoir 54, a heating medium _pu 55, a tenperature
control | er 5Bigusnd & Aeesass pestiopshviaw (odra @onnero@rmlgzgn%eazf am adeonativei n nor e

and cohbehtetihe RSB FRER R M AEHDETPARY Gor iz or

stainless steel. In the disclosed enbodinent, the feed tube 62 is
surrounded by an outer single-chanber annular sheath 90 al ong
substantially the entire length thereof. The crucible 52 provides a
container 64 enclosing a cavity 66 for containing a source material 68.
The container is preferably nade of a suitable non-reactive (inert)



material such as stainless steel, graphite, quartz or boron nitride and
‘which is capable of holding a sufficient amount of sourcia Z‘mAER ?Qggruch as
decaborane (B10H14). Although the invention is described further I"'ow
only in terns of decaborane, it is contefhplated that the principles of the
present invention may be used for other nolecular solid source materials,
such as indiumtrichloride (InC 3), which are characterized as having both
low nelting points (i.e., sublimation tenperatures of between 20 C and 250

Q) and signifi qﬁl?ﬁreﬂﬁ@Hgﬁx%iﬁﬂ?E@%é’:(e_%tiéﬁ?a@@fem%ﬁﬁéib‘ri}?z%r ﬁ(%]nien oPBUYGERHIE 2

Torr and 103 Torr The decaborane is vaporized through a process o

subl i mat i onoflBigkredt i ng the walls of the container 64 with a heating nedi um

70 contained in reservoir 54. Awire mesh 71 prevents non-vapori zed

decaborane fraom escapi ng Lhe,cru&i&#e 52. Conpl etely vaporized decaborane
B

exits the crudPptailespDesgripsian o tepred Emmbpdimgnt of the Iayention er 60,

whi ch controls the flow of vapor, and thus neters the anount of vaporized
decaborane whi | s. provided to the.ionjzer 53, ~as.i.s known in the art.
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sheat h 90A tsuhe prepahe thvbytican Thetveporideeat borfAfies awor-réacgue, ghdmallfhe heati ng
medi um may be punped into the inner sheath 90A (|l ocated adjacent the

capi | lary teppeugve shlimpanereaucble Séf 2 hepting mredpung rrservpir Gb s quaéi@aﬂﬁrdi%di ally
d f i . i i ment
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decreased by directly changing the tenperature of the reservoir 54.
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The crucible 52 provides a container 64 enclosing a cavity 66 for containing a -
source material 68. The container is preferably made of 2 suitable non-reactive (inert)
material such as stainless steel; graphite, quartz or boron nitride and which is capable of
holding a sufficient amoun't c-)f source material such as decaborane (B, H,,). Although the
invention is described further below only in terms of decaborane, it is contemplated that
the principles of the present invention may be used for other molecular sélid source
materials, such as indium trichloride (InCl,), which are characterized as having both low
melting points (i.e., sublimation temperatures of between 20° C and 250° C) and
significant room temperature vapor pressures (i.e. between 10?2 Torr and 10° Torr).
The decaborane is vaporized through a process of sublimation by heating the walls
of the container 64 with a heatirnlg medium 70 contained in reservoir 54. A wire mesh 71
prevents non-vaporized decaborane from escaping the crucible 52. Completely vaporized
decaborane exits the crucible 52 via feed tube 62 and enters mass flow controller 60,
which controls the flow of vapor, and thus meters the amount of vaporized decaborane

which is provided to the ionizer 53, as is known in the art.

Alternatively, in a second embodiment of the invention, the feed tube 62 is



The. ionizer 53 is shown in nore detail in Figure 4. The ioniz LAiﬁQ
conprises a generally cylindrical body 96 and a generally anz ﬁayb4or-
nmounting flange 98, both in the preferred enbodi ment constructed of

al um num Al um num does not pose signifigant contam nation problens. The
body 96 is preferably constructed of a single machined piece of alum num
to facilitate water cooling as described below In addition, alum num

provi des good thermal conductivity. The al um num body 96 is cool ed by neans
of entry cooling passagewgy 100Q, fed inlet 102 and exit cool
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portion of the "pathway is shown in phantomin Figure 4, the p

at hway ma
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di ssociation o E[ e ionl zed decaborane nol ecule. Wthin the confines of the
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annul ar sheath 90, .term nating at ionization chanb
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112. The hot . ﬁﬁ;}n ed fi 114
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cylinder is nmade of nolybdenum The heated filanment 114 is energized via
power f eedt tapdllagn subeoderghy respltinghine mpae yniforpuigeReRidear e el ectrical ly
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insul ating palpllyaylih&HENbasy SERIIN gebraVkiaBhular base or mounting flange 98, both in
the preferred embodiment constructed of aluminum. Aluminum does not pose significant
"contamination problems. The body 96 is preferably constructed of a single machined
piece of aluminum to facilitate water cooling as déscribed below. In addition, aluminum
provides good thermal conductivity.

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 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 4, 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. By cooiing the body 96, an ionization chamber 108 within the ionizer
53 may .be maintained at a temperature low enough (less than 350° C) to prevent
dissociation of the ionized decaborane molecule.

Within the confines of the ionizer body 96 are an extension of the feed tube 62,
surrounded by annular sheath 90, terminating at ionization chamber 108. Within the

ionization chamber reside a hot cathode 110 and an anti-cathode or repeller 112. The hot



physically couples the repeller to the cooled ionization ch er 108 In
-operation, the vaporized material is injected into the |0n| gb

via feed tube 62 at ionizer inlet 119. Wen the tungsten fllanent 14
energi zed electrically by application a potential difference across

f eedt hroughs 120 and 122, the filanment emts electrons that accelerate
toward and i npact endcap 118. \Wen the endcap 118 is sufficiently heated
by el ectron bonbardnment, it in turn emts electrons into the ionization
chanber 108 that strike the vaporized gas nolecules tg create ions in the
chanber . Acatbmd@bmomprisema heageshfilament rswyurtdeé &y eckylipderhl (ané parpsd Pyn
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defl ects these electrons back toward the cathode. The repeller is

preferably constneperedonthe vappsizlneiniialisiinjqctadantorfie mwa@ chanaber via

el ectricall ted fra hod
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an electrical “itnsulator wth high thermal conductivity). WalI's 128 of the
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A low-density ion plasma is thereby created, from which an ion beam is extracted

from the chamber through source aperture 126. The low density of the plasma in chamber
108 is in part provided by the relatively low arc discharge power maintained in the source
(about 5 watts (W) at 50 milliamps (mA)). The endcap 118 shields the filament 114 from
contact with the low-density plasma and thereby extends the lifetime of the filament. The
indirectly heated cathode arrangement shown in Figure 4 may be replaced by other
conventional source devices, for example simple filaments as used in Freeman-type or
Bernas-type ion sources. !

Electrons generated by cathode 110 which do not strike a decaborane molecule in
the ionization chamber fo create a decaborane ion move toward the repeller 112, which
deflects these electrons back toward the cathode. The repeller is preferably constructed of
molybdenum and, like the cathode, is electrically insulated from the ionizer body 96. The
repeller may be water-cooled if it is found that minimal decaborane molecule dissociation
is being caused by the repeller {or physically coupled to the body 96 using an electrical
insulator with high thermal conductivity).

Walls 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



mai.nt ained at a vol tage approxi mately between 200 and 60840| bj%éed ow t he
‘potential of the endcap 118. The large voltage differen Bllhe-
filanment 114 and the endcap 118 inparts a high energy to the el ectrons
emtted fromthe filament to sufficiently heat endcap 118 to
thermonically emt electrons into the ionization chanber 108.
Alternatively, instead of the cathode/repeller conbination shown in Figure
4, an RF exciter (not shown) such as an antenna nay be energized to emt
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reservoir Vi a er nocou outputs a cont rol si gna eatl ng

el ement 80,(n&sshbwh} 41ed didpcsed inihith thbehacmberslos filcats thdnﬂahﬂatandgxﬂmxﬂmmm 70 in
the reservoir is heated to a suitable tenperature. The operatin
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circuits mapebRdBoavh Afchowave dofte to Mbh@ﬁioxﬁhaﬂm& Id&&olz&ﬁtezthé vﬁﬁmz‘Eﬂe
heating medi um-70 conprises mneral oil or other suitable nmedium(e.qg.

wat er) t hatdepabwal‘@esolacwsgh createta plagai ty. The oil is heated to a
tenperature wit hfhe inventive ion source 50 provides a control mechanism for controlling the

operating temperature of the crucible 52, as well as that of the feed tube 62 through which
vaporized decaborane passes on its way to and through the ionizer 53. The heating
medium 70 is heated within the reservoir 54 by a resistive or similar heating element 80
and cooled by a heat exchanger. The temperature control means comprises a temperature
controller 56 which obtains as an input temperature feedback from the reservoir 54 via
thermocouple 92, and outputs a control signal to heating element 80, as further described-
below, so that the heating medium 70 in the reservoir is heated to a suitable temperature.
The operating temperature control mechanism for heating the both the vaporizer 51 and
the feed tube in the ionizer 53 may be provided by a single circuit, as shown in Figures 2
and 4. Alternatively, separate temperature control circuits may be provided for the
vaporizer 51 and the ionizer 53.

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
20° C to 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



20 Cto 250 C range by the heating el enent 80 and circul gted 55
-around the crucible 52 and the feed tube 62 through shegtﬁ AWR%@%UW 55

is provided with an 12 APR 2004 9 inlet and an outlet 82 and 84,
respectively, and the reservoir 54 is sigmlarly provided with an inlet 86
and an outlet 88, respectively. The flow pattern of the heating medi um
about the crucible 52 and the feed tube 62, although shown in a
unidirectional clockw se pattern in Figure 2, may be any pattern that
provi des reasonabl e circul ation of .the i um about .. the.crucihbl.e 52 and
Phe 't eed 1 (53 288 &n Rufes B7iAHE Bhabieorirest-i S msapriat o4 B oriabaTeTAs REeS
pressuri z eﬂg infet 86964 ah Butjdt 38! lebicRliFel PRARE 1% phft@RSF 8le Hehtidd B didROboEET
(sublimte decaborane fromthe crucible 52" to the ionization chanber 108
t hr ough t hthefcewible 6D andthe fés] thibethribsugheshwivh in a vaidiredtionbloclodksviseapasted, t he
rate of material transfer correspondingly increases. .The_ioni zation chanber
oper at es ail Higwezs mpxdgany palkssnthat proyvides Fegsonableguguiation of the gleduun, aout

gradient e ieschfcti nggnd{ﬂg%%i){]gzl ength of the feed tube 62, fromthe
to i

crucible 5 e 1oni zatron chanber 108. The pressure of the crucible is

typically on thReRu@& baek td Fizafd 2, thycrhéiBRicatigy 5G'B peésu@riidatién brller @Ot el y from
the ionization chanber 108, the material within crucible cavity 66 is

thermal |y fasditate epteriahtrarsisr of tovagpnzedd suthisnaied) [dgcaboranb fiomethe crigihle il

ffected by th . t i.n t i Qni,zat i hanber. As- h, .
T enper at uleihg foniruoR R nba dO8 Wpis) s 8 a2 55 PR B Esrnt SRV 88bor ane
subl i mat i Ofy raQREL WhSratd Bl YRREE dotlshdidaRENERMY. e (AS2008 ERInIRG

tenperature of the i1onization chanber 108 to a high degree of accuracy
(Wi thin P Qperdfeset,a fpar maiuninspboutd naillitony taad thuss @pressuet gradientfexistealompor i zed

Cube 62, miecoHEORRHBCOMEred Hos Rt Bolib AR SO BF [oNERoRSBRBRA0Es. The
e T SuEAALL et APl Se iRt vy o [1e cueLLe 02 ano
for the heati ngBylesdtiugiticasadibleise reflotelnesmuieoiopizeti Gclambse0g, e
tenperatur (rana(t)griaE Dv(iathirnecsrt(laéil\sllgic;vgyo66ai2 (:Elhcrrnally isolated, thereby providing a thermally
stable environment unaffected by the temperature in the ionization chamber. As'such, the
temperature of tﬁc crucible cavity 66, in which the process of decaborane sublimation
occurs, may be controlled independently of the operating temperature of the ionization
chamber 108 to a high degree of accuracy (within 1° C). Also, by maintaining a constant
temperature of the vaporized decaborane during transport to the ionization chamber via
the heated feed tube 62, no condensation or thermal decomposition of the vapor occurs.
The temperature controller 56 controls the temperature of the crucible 52 and the
feed tube 62 by controlling the operation of the heating element 80 for the heating
medium reservoir 70. Thermocouple 92 senses the temperature of the reservoir 70 and
sends temperature feedback signal 93 to the temperature controller 56. The temperature
controller responds to this input feedback signal in a known manner by outputting control
signal 94 to the reservoir heating element 80. In this manner, a uniform temperature is
provided for all surfaces to which the solid phése decaborane and vaporized decaborane
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



sends tenperature feedback signal 93 to the tenperature coggrglpﬁrggalf The
‘tenperature controller responds to this input feedback signal "in nown
manner by outputting control signal 94 to the reservoir heating el enent
80. In this manner, a uniformtenperaturl® is provided for all surfaces to
whi ch the solid phase decaborane and vapori zed decaborane are exposed, up
to the location of the ionization chanber. By controlling the circulation
of the heating mediumin the system (via punp 55) and the tenperature of
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rates out of the crucjble, Be eth | asma density using the inventive
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an ion inplanter, an entire nolecule (ten boron atons) is inplanted into
t he wor kpi elsram Jinentaddiiversddo Breemdrkpiece is only a fraction of the total extracted beam

current.) Aperture sizes of about 5 cm’ are possible in some implanters, which would
yield a B ,H," beam current of about 500 pA at the workpiece. In ultra low energy (ULE)
- implanters, even larger aperture sizes (up to 13 cm?) are possible.

Using either embodiment of the source 50 of Figure 2 in an ion implanter, an
entire molecule (ten boron atoms) is implanted into the workpiece. The molecule breaks
up at the workpiece surface such that the energy of each boron atorh is roughly one-tenth
the energy of the ten-boron cluster (in the case of B;H,,). Thus, the beam can be
transported at ten times the desired boron implantation energy, enabling very shallow
implants without significant beam transmission losses. In addition, at 2 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.

Accordingly, a preferred embodiment of an improved ion source for an ion
implanter has been described. With the foregoing description in mind, however, it is
understood that this description is made only by way of example, that the invention is not
limited to the particular embodiments described herein, and that various rearrangements,

modifications, and substitutions may be implemented with respect to the foregoing



up at t'he workpi ece surface such that the energy of each borqg aton1|s
‘Toughly one-tenth the energy of the ten-boron cluster (in 1d£

B10H14). Thus, the beam can be transported at ten tinmes the deS|red boron
i npl antati on energy, enabling very shallbw inplants w thout significant
beam transm ssion | osses. In addition, at a given beam current, each unit
of current delivers ten tines the dose to the workpi ece. Finally, because
the charge per unit dose is one-tenth that of a nonatom c beam i npl ant,
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Accordingly, a“‘preferred roved 1 on sour or an

i npl ant er hggnﬁggaﬂﬁg&gnhaﬁﬂm_VVth t he fore90|ng description in mnd,
however, it is understood that this description is nmade only by way of
exanple, that the invention is not limted to the particular enbodi nents
descri bed herein, and that various rearrangenents, nodifications, and
substitutions may be inplenented with respect to the foregoing 12 APR 2004
11 description without departing fromthe scope of the invention as defined
by the following clains and their equivalents. 12 APR 2004 12 dains: 1.
An ionizer (53) for an ion inplanter, conprising: a body (96) having an
inlet (119) for receiving a vaporized source material, said inlet provided
with a heating nechanism (70) to heat the vaporized source nmaterial as it
passes through said body; an ionization chanber (108) in which the heated
vaporized source material may be ionized by an electron-emtting el ement
(110) to create a plasma; an exit aperture (126) for extracting an ion beam
conprised of said plasma; and a cooling nmechani sm (100, 104) for |owering
the tenperature of walls (128) of



sai.d ionization chanber (108) during the ionization of,s Lg heat ed

‘vapori zed source material. 2. The ionizer (53) of claﬂﬁ? ,F“%éIEMn said
vaporized nmaterial is vaporized decaborane. 3. The ionizer (53) of claim1l
or 2, wherein said cooling nechanismmaintains said walls (128) of said

i oni zati on chanber (108) bel ow 350C to prevent dissociation of nolecules
of said vaporized material. 4. The ionizer (53) of any one of claiml to 3,
wherein said electron-enitting el emed2 (110) conprises a filanment (114)
that emts a first group of electrons that are accelerated toward an
endcap (ﬂ&BPSthat inturn emts a second group of electrons which strike
t he vaporized material in said ionization chanber (108) to create the

pl asma, and wherein said ionizer further conprises a repeller (112) for

repel I'i ng £q i@tk (33 & arsigh tnpRERALoipALRgOf el ectrons back toward said
el t. 5. Thei

el ectron-emtting ement. 5. e ionizer (53) of claim4, wherein said

repel | er (112)oily (YEttavingoel iatet (WD) APRrepoiginglB varizgth souron imatarial, 53 of
| ai m 4. 5 . 2in th i sch t th d 18 dth
oo m 8 ey BTSSR e AR ) o 310 (1

S watt padstyt hahidadde] ectrical current |evel of about 50 nmillianps (mA).
7. The i1onizer (53) of any one of the preceding clains, wherein said body
(96) is genan ipnization chambec@O8) i whighdhe heated Haparized seutse matertdl Maym 8.
The i oni . f [ ' I 'ﬂﬁﬁ.mherein sai d cooling
nechanigﬁﬁﬁ%%%p ﬁ@@?gﬁﬁg%%ﬁ“ﬁ‘Fkgﬁﬁgggg2§2§§m%fg%, 4) through which a

cool i ng nedi amexiaypdrare (26§ for @k eskting an Threbeapntaeprife8 dY saifl plasynapmel of t he

precedi ng cl ai ns,, wherein saj rture (126). is sized to ovide
focused ion BéaRfiEgeghniss U B8 brgwis ccleBmipeie Af vl {2 8ea,
current g g?’])ﬁhi%ticﬁf cﬁ&nﬁ@rl}(#lb@)”ﬁu&?gr tRAHRAILHER U SR %atémaggﬁied ddhrcelhe

i onizer (5 any one t'he preeceding clainms, wherein sald plasma has a
material.

2. The ionizer (53) of claim 1, wherein said vaporized material is vaporized decaborane.

3. The ionizer (53) of claim 1 or 2, wherein said cooling mechanism maintains said
walls (128) of said ionization chamber (108) below 350°C to prevent dissociation of

molecules of said vaporized material.

4. The ionizer (53) of any one of claim 1 to 3, wherein said electron-emitting element
(110) comprises a filament (114) that emits a first group of electrons that are
accelerated toward an endcap (118) that in turn emits a second group of electrons
which strike the vaporized matenal in said ionization chamber (108) to create the
plasma, and wherein said ionizer further comprises a repeller (112) for repelling a

portion of said second group of electrons back toward said electron-emitting element.

5. The ionizer {53) of claim 4, wherein said repeller (112) is water-cooled.



density within said chanber (108) of the order of 1010/cn8 11. An ion

-source*(50) conprising: (i) a vaporizer (51) having a da

receiving a source material (68) to be vaporized gnd q?%p@%@%g t he
source material; (ii) an ionizer (53) according to any one of the preceding
clainms |ocated renptely fromsaid vaporizer (51); and (iii) a feed tube
(62) for connecting said vaporizer (51) to said ionization chanber (108);
wherein said heating mechanism (70) 1% provided for heating at |east a
portion of said vaporizer (51) and said feed tube (62). 12. The ion source
(50) of6.cChe mmizer (53)rctft¢éﬂlmcdo ,|V$heﬁ§}né heayhdisshangg OREYRCE he g}dcalbgﬂﬁgm ling

the te ture e ! he 0, The ion
source?’gdﬁecﬁn ‘Y n‘%‘ ' 4392%? fg;lrzli esdafl}tda éﬁ?ﬁ?&%% gjﬁxrllrég’tg e?rent is a
radi o fwa&wmd(a?ﬁﬁ e%@ﬂcbiﬁfurreﬂxﬁlcvélhﬂ"ab@ﬁ s9aniliansS@A)f any one of clains
11 to 13 rein said electron-emtting elenment is a mcrowave source.

15. The I on source (50) of any one of clains 11 to 14, wherein said body

(h0) 1 279508 Bhinte (53108 GRL of nd PARSARAPLIARRS WS dadl bau D) 4 16

The |o one of wherein said cooling

nEChanlgﬁkmmgm@hm@ﬁ&jﬁnﬁa@fmﬁbﬁﬁmpaSQBQEﬂmyﬁm@ﬁOO 104) through which a

ng ing mediummay be circulated. 12 APR 2004 15 DECABORANE | ON SOURCE
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8. The ionizer (53) of any one of the preceding claims, wherein said cooling mechanism
comprises one or more passageways (100,104) through which a cooling medium may be

circulated.

9. The ionizer (53) of any one of the preceding claims, wherein said aperture (126) is
sized to provide a focused ion beam current of between 100-500 microamps (pA) at a

beam current density of <1 milliamp per square centimeter (mA/cm?).

10. The ionizer (53) of any one of the preceding claims, wherein said plasma has a

density within said chamber (108) of the order of 10'%em?’.

11. An ion source (50) compiising:
)] a vaporizer (51) having a cavity (66) for receiving a source material (68)
to be vaporized and for vaporizing the source material;
(i)  an iomizer (53) according to any one of the preceding claims located
remotely from said vaporizer (51); and
(i) a feed tube (62) for connecting said vaporizer (51) to said ionization
chamber (108);
wherein said heating mechanism (70) is provided for heating at least a portion of said

vaporizer (51) and said feed tube (62).

12. The ijon source (50) of claim 11, further comprising a control mechanism for

controlling the temperature of said heating medium (70).



An .ion source (50) for an ion inplanter is provided, conprising a renotely
| ocat ed vaporizer (51) and an ionizer (53) connected t h jzer by a
feed tube (62). The vaporizer conprises a sublimtor ?S‘Z)meéi ving a
solid source material such as decaborane and sublimating (vaporizing) the
decaborane. A heating nechanismis provided for heating the sublimator,
and the feed tube connecting the sublimator to the ionizer, to maintain a
suitabl e tenperature for the vaporizeg decaborane. The ionizer (53)
conprises a body (96) having an inlet (119) for receiving the vaporized
decabor gnerhedion iseiicg #50)aiT ddiarbiar o 1) &her¢in whidcdedtiva-envigigr élermentde@abor ane
may be ionized by an energy-emtting elenent (110) to create a plasm; and
an exit apedipdicduencydRE} e¥Ci€kt racting an i on beam conprised of the plasm.
A cool i ng nmechani sm (100, 104) is provided for |lowering the tenperature of
wal I's (128) of the ionization chanber (108) (e.g., to below 350" C) during
i oni zat i1 9rTheofontsearceapoy v ey decabolaane 11 do g wdrtein issis crlecitonemiting

vapori zed decaborane nolecules into atomc boron ions. In addition, the
ener gy- eni ¥ 193 BAEANV2YSSOUSer at ed at a sufficiently | ow power |evel to
mnimze plasma density within the ionization chanber (108) to prevent
addi tional dissociation of the vaporized decaborane nol ecul es by the

pl asma i §SBiefion Bowgce G0) of any one of claims 11 to 14, wherein sald body (96) is generally

cylindrical in shapé and constructed of aluminium.

16. The ion source (50) of any one of claims 11 to 15, wherein said cooling mechanism
comprises one or more passageways (100, 104) through which a cooling medium may

be circulated.





