12APR2004 1 DECABORANE | ON SOURCE Field of the Invention The present

i nvention 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 aﬁk&pﬁ§ngﬁ@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
I's 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

| nportant variables 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.ong. Jon ener IS
) and more speclﬁcal(l)y to andlon sourgep %or (1:0nt121ng aecaLormle. 9

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



used to+control junction depth in sem conductor devices. The energy of the

ions which nmake up the ion beam determ ne the degree of dgphh t
i npl anted ions. H gh energy processes such as those used ﬁo?f ACFBHR ?ﬁ[}l,.

retrograde wells in sem conductor devices require inplants of up to a few
mllion electron volts (MeV), while shallow junctions may only demand
energies below | thousand electron volts (keV). The continuing trend to
smal l er and smal | er sem conductor devices requires inplanters with ion
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either directly om a source of a conpressed gas or indirectly froma
sol i d whi chinFagurééerThe ion source comprises a pair of vaporizers 12 and 14 and an ionization
chamber 16. Each of the vaporizers is provided with a crucible 18 in which a solid element
or compound ils 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;).



vapori zed. Typical source elenents are boron (B), phosphorous (P), gallium

(&), indium (In), antinony (Sb), and arsenic (As). Mst o h nce
el enents are comonly used in both solid and gfasez)us formie?xdg%? Q@bé‘n,
whi ch is al nost exclusively provided in gaseous form e.g., as boron
trifluoride (BF3). 12 APR 2004 3 In the case of inplanting boron
trifluoride, a plasnma is created which includes singly charged boron (B+)
ions. Creating and inplanting a sufficiently high dose of boron into a
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unsuccessfu generatin
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 individual boron atoms of roughly one-tenth the original beam energy atthe 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



sufficient ion beamcurrent for production applications of boron inplants.
Known hot- cat hode sources are unsuitable for decaborane ionization because
t he heat generated by the cathode and arc in turn heats the walls and
conponents to .greater than 500C, causing dissociation of1§P§ﬁ bor ane
nol ecul e into borane fragnents and el enental boron. Known plasna-based
sources are unsuitable for decaborane ionization because the plasma itself
can cause dissociation of the decaborane nol ecule and fragnentation of the
B1OHX+ desired parent ion. Accordindly, in known decaborane ion sources,
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such asoa@ey,ce are too | ow for production applications. Accordingly, it is
an object of the present invention to provide an ion source for an ion
i npl anter, which can accurately and controllably ionize sufficient

decaborane to produce 12 i e production ion beam
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i on mechanism for lowering the temperature of walls of said ionization chamber during the
ionization 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;



inplanter is provided, the ion source conprising a vaporizer having a
cavity for receiving a source material to be vaporized and for vapori zi ng
the source material; an ionizer, as above, located renptely fromsaid
vaporizer; and a feed tube for connecting said vaporizer b9 gﬁf 04

i oni zati on chanber; wherein a heating nediumfor heating at ﬁ

portion of said vaporizer and said feed tube. In particular, the vaporized
source material nmay be vaporized decaborane. In addition, the el ectron
emtting el enent may be operated at a sﬁfficiently | ow power level to
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cross sectional view of a conventional ion source for an ion inplanter; 12
Apri| 2BBFHPL Figure 2 is a schematic, partially cross sectional view of a
first enbodi ment of an ion source for an ion inplanter constructed
according to_the principles of the present invention; Figure 3 is a cross
sectional viEiguse 3aiscarmress perjionabaiay ofra sbnesatiagi wbe efmbodilteorativef t he
ion sou i s 2 | he Lin -3;,and 12 APR 2004 5 Figure
4 is a %‘gﬁ?‘?lﬁfﬁ%@é 8 ec? §2%9€?’§%e§alé@ﬁF ?}ﬂ%z%s’ tion of the ion
source of Figure 2. Detailed Description of a Preferred Enbodi ment of the
I nvention Referring now to Figures 2-4 of the drawings, and initially to
Figure 2, an ion




source 50 conprising a vaporizer 51 and an ionizer 53 are shomn
‘constructed according to the present invention. The vapo | qg ﬁgggﬂgprlses
a non-reactive, thermally conductive sublimator or crucible 52 ating
medi um reservoir 54, a heating nmedium pbnp 55, a tenperature controller
56, and a mass flow controller 60. lonizer 53 is shown in nore detail in
Figure 3. The crucible 52 is located renotely fromthe ionizer 53 and
connected thereto by a feed tube 62, constructed of quartz or stainless

steel. In the n%@eQ%@Q pERiR e bﬂ?ti@é‘iectl&ﬁ}ﬂ’ vfe@weéjf tha!RRiA2 61?101? gf fh&‘f&g%

outer single-cha annul ar ~ sheath 90 al ong substan e entire

| engt h t heredfigurdBe cruci ble 52 provides a contai ner 64 encI05|ng a cavity
66 for containing a source material 68. The container is preferably nmade
of a suitable non-reactive (jner mat eri al such, as stainl ess steel,
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sufficient anobunt of source material such as decaborane (BlOH14) Although
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feed tube 62 and enters mass flow controller 60, ich controls the flow

of vapor, mﬁﬁ@f’sthﬁﬁ%\@j&a fosd Wn@orﬁfl’u@@fb@f quatte o eteintess stael. ImMticch is
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sheath 90 along 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 made of 2 suitable non-reactive (inert)
material such as stainless ste_el; graphite, quartz or boron nitride and which is capable of
holding a sufficient amoun't of 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



6 provided in the formof a capillary tube and sheath 90 is_pxoyided in the
‘formof a coaxial dual-chanber sheath, conprising an i nner1 2 élr :
surrounded by an outer sheath 90B (see Figure 3). The heating nedi um may
be punped into the inner sheath 90A (|l ocgted adjacent the capillary tube
62) and punped out of the outer sheath 90B (located radially outward from
the inner sheath 90A). In this second enbodi nent, the mass flow controller
60 is replaced with a heated shut-off valve (not shown) |ocated at the feed
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and exit Coéﬂﬂaﬂﬁg@aﬁﬁxﬁgw:m insOMirgesheath @mﬁrmﬂmgsth@amhmmr ohiheh wat er
fl ows therethrough to cool the ionizer baody 96. Al though only a fragnented
portion of capellarpaxmmﬂayrebsr@hbmmﬁﬂmﬁam@ﬁn WOPEEHEe 4, the pat hway may
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configuration to
generally cylindrical body 96 and a generally annular 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



effectively cool ed. By cooling the body 96, an ionization chanber 108
‘Wthin the ionizer 53 may be naintained at a tenperature | %&R)Rgﬂ] ess
than 350 C) to prevent dissociation of the ionized decaborane nol ecu$t.
Wthin 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 the ionization chanber reside a hot cathode 110 and an
anti-cathode or repeller 112. The hot 12 APR 2004 7 cathode 110 conprises a
heated filament 114 surrounded by a cylinder 116 and cappe endcap 118.
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chamber 108 that strike the vaporized gas molecules to create ions in the chamber.

A low-density ion plasma is tﬁereby 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



contact- with the |l owdensity plasma and thereby extends \tﬂf Iﬁﬁt' of the
‘filament. The indirectly heated cathode arrangenent sho iA &d@' 4 -may

be repl aced by ot her conventional source devices, for exanple sinple
filaments as used in Freeman-type or Begnas-type ion sources. El ectrons
generated by cathode 110 which do not strike a decaborane nolecule in the
I oni zation chanber to create a decaborane ion nove toward the repeller 112,
which deflects these el ectrons back toward the cathode. The repeller is

referably construct of, | ybdenum and,. |i t t hqde,. | .

gl ectri ca?/ Ia9PIi°ﬁ‘§'t‘,ﬁte§1¥ gg to ﬂ%%n‘ﬁf%ef%ﬁlfé’ime&gakpé@? w‘?‘ﬁseﬁagr gﬁﬁlﬁlﬁll?’g%d'ﬂ%

wat er - cool A L d Ml ﬁagﬁr ' I@tion

i s being cgﬁaélg%m%%/aﬂ[%\é&fr&gggﬁ@?h}%@y%@g%g y c@l?gi"gglbfagujttﬁ%g%%g@ﬁé)z usi ng
an el ectri gid endcsls Ui 82t THe ludgk Rolagghli fitreficeietwepndhie filavtiehiy ) 14 il ths edddd8p of t he

i oni zati on chanber 108 are mai ntained at |ocal electrical ground
potenti al . 1TRémpatsrokigh enaygy tothe algrtmepsamitiediramghe filament torsaifficdenthythegt

tential of ,1 2 APR.2004 8 i mately.50 to.150 volt th
Potent i al Gndtnd 15 Hemopitaip B HaRbR; us e ididmdn iBahferd®8 s’ Vo1 ¢ age
appr oxi mat el y b@il%@dﬂiv@%?ifn?tggd 608 ¥ahbe/RBEIMY bRBINAASE oA inq'f'éguré hearendcap

118. The | arge voltage rence between the filanment 114 and the endcap
118 i npar t Rizexvitgh(nehshogy) suchtasen eheona way be adargized foranmt ahBF fsignahtbat t o

sufficiently heaf endcap,118 to thermonically emt electrons intq, the
oni zat | on IGHEIRS VARSRZgSCaPERS Waleguics MeFESRrT | P R TEHOA BleeEe The
conbi nati o i: L.aure 4 j t a W_ Y S @RIt
ant enna magJ Og'légpé\gr%g‘lflgﬁege thChe:’r’“nrl tﬁpgﬁgﬁﬁﬁéﬁgﬁg‘f Ol'sdhgéf io\r?Pze'sHt eg%\élté%glr ?rzed
decabor ane (A8l shewhpsiso dispdred elvairbe cHaBbdrd 08 fittaisehaplpdmas rnd eXinsctorpower
associated with such an RF antenna is on the order of 40W50W A magnetic

filter (nclectnden{notshewnylospied eutsidespnige aprstush bifprxiragighe plapma fiont the

plasmma, anqox%)%t{o%cc%%ber as is known in the art. Alternatively still, microwave energy may be

directed from a microwave source to the ionization chamber 108 to ionize the vaporized
decabc')rane molecules to create a plasma.

The 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



el ectrodes (not shown) | ocated outside source aperture 1 %eﬁﬁ@cj&ﬁ he
‘plasma fromthe ionization chanber as is known in the anrt4 trer, lively
still, mcrowave energy may be directed froma m crowave source to the

i oni zation chanber 108 to ionize the vapori zed decaborane nolecules to

create a plasma. The inventive ion source 50 provides a control mechani sm
for controlling the operating tenperature of the crucible 52, as well as
that of the feed tube 62 through which vaporized decaborane passes on its

way to and. t hrough t Lonizer 53. .The heatin nedium 70 j s heated.w t hin
tha raser vistdl 28 Aot s2 3R R el o s PRy e S Slree S dhE il e
by a heat C i ature
cont T ol | er R R L e Rub bR
reservoir i cricible Shandriedega tab®@), abthahighushpwh n a uniditestminalstlgukatise mattaent | ng

el enent 80, as further described below so tB t .the .heafin di ubm 70 in
the reser vBi¥Igms 2, gy bg apy patesy thah Blogides FRyeena rCéTPUIaWFéOéJ‘B% about

tenperaturﬁlgcc%%lgézgﬁg%%&f% é)gz-heati ng the both the vaporizer 51 and

the feed tube 1n e ronrzer nmay -be provided by a single circuit, as

shown i n Fi gur eRefrrigthck to Mgl 2)@ltd otedille o‘aﬁilt’ﬁliﬁisgyrés@u@&ﬂaﬁ urder wont r ol
circuits may be provided for the vaporizer 51 and the ionizer 53. The

heati ng neéicilitat Mmagesinb trarsder ofitheevagprizad (selinegi¢d deeaboraab fwmmibdicoieilesy. |

wat er) tha rovi.des a high t C ci.tv. .The ojl .is heated,to a.
enpet at ur 1 e faron ehamget 08 iroBBREE el b e Bt RPNy 66 anc
ci rcul at ed; {3y PRk BR: GHRMESh! h@ﬁsfeﬁoy&gwnair% RBfadd e The RftiAaHBE clRgnbelr ough
sheath 90. The punp 55 is provided wth an APR 2004 9 inlet and an

outl et 82 apetai8dat amapeaimahloutdmdillithe),ned druspa preSstrd gradiemt dxistd aloqg ovi ded

heat i ng. el EISE of s T IGPe bl T QRaTHaiEe po LI deRgon SARERBIGR: shown
in a unidigge Hcgﬂﬁlé of:ﬂhggh}@ib?@is%i&ﬁf%n the order of 1 torr.
By locating the crucible 52 remotely from the ionization chamber 108, the
material within crucible cavity 66 is thermally isolated, thereby providing a thermally
stable environment unaffected by the temperature in the ionization chamber. As'such, the
temperature of the 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



in.Figure 2, may be any pattern that provi des reasonabl e cf | f the
‘medi um about the crucible 52 and the feed tube 62.. Referﬂ Qcﬁagkgpgq

Figure 2, the crucible cavity 661s pressurized in order to facilitate
material transfer of the vaporized (subllitmat ed) decaborane fromthe
crucible 52 to the ionization chanber 108 through the feed tube 62. As the
pressure within cavity 66 1is raised, the rate of material transfer
correspondi ngly increases. The ionization chanber operates at a near

vacuum (ab 1| v ' ' | ong the
entire | en;&tldh béfs gﬂtlthdéfebg%%a ?%‘%%ﬂbgtztg&ﬁ ?%%r%)ﬂg&@%gr%F gfi%(grt% éoeﬁoztcisgﬂi fzbrajtt I on
chanber 10&), PHassdre@pérdfuge edntio & rordetibit4 at SiebyiRitlia)|d yopparelieo tiedad odf |
torr. By locating the crucible 52 renotely fromthe ionization chanber 108,

the nat er itht fosi tuliemearesichgionization changer,ite contenl fg prossusemfdhecrucibliandby

provi di ng t her mal | st abl e, enyi ronpent unaffected by the tenperature in
t he i oni zaffb‘&%t%SP{Mﬁ’PWf -S?BEH{%FHI&M “Yenperature of the crucible cavity

66, in which. ”Eecgﬁéaqséﬁag&a Q&fsﬁ?%iﬁ?ﬁl&ﬁ@én&i@@%&ﬁ& isQEFMBS (o e dP8er
controll ed i ndependently of the operating tenperature of the ionization

chanber 10810%ma’) ko prlevete gisseciatfonad the decybdramictholaciie, Qotalégacteld yomlpdant ai ni ng
a const ant tegge_rature of the vaporized decaborane during transport to the
i oni zat i on FEERLWH RS 19w Whre ysig: o eEipnalieiZebsours apEHEEn SSEYBRESr ¢ her nal

deconposi ti st r; : tcontrol s

t he tenper a‘%&l %I'ac}))w%‘?e cruc %%’gftg’fh%%%ﬂﬁlﬁegﬁ% flgrgylts a%g{‘%a’z@g{;@ rc?%?‘rol ling the
oper ati on GhvédtenhembioBrel @oegh todfsdrosn ddequite &in tgm drEntioNtpEs & Want  70.
Ther nocoupl e 92 senses the tenperature of the reservoir 70 and sends

t enper at ur &(- 3% Bab .k caY) gprifure pemuyistarheamenpentdensity ofwowiol A0apicagmpyper
tenperature__controller respan to this i.npyt feedback  si ' own
manner by oiﬁlPB'i&tWWBC%BW%‘B% agﬁ&n%?r}(@ﬁcet@e‘%é‘ Al’)e%rédlr) otl()r(?eﬁ%@@f Hgg%ﬁ%le& nt
80. In this| ARG of irdéted BEd LEHRR FRHLE sbiice PeQViHAY (TOE agfubl uiskaces to

whi ch the solid phase decaborane and vapori zed decaborane are exposed, up
t o t he | ocabdaoncufent ddivieredite Htei workpiseaisenly 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



By controlling the circulation of the heating nmediumin the,system (via
‘punp 55) and the tenperature of the heating nmedium (via heﬁtﬁln@PeR

80), the ion source 50 1 2 APR 2004 10 can be controlled to an operating
tenperature of on the order of 20 Cto 260 C (+/- 1 C). Precise
tenperature control is nore critical at the crucible, as conpared to the
end of the feed tube nearest the ionization chanber, to control the
pressure of the crucible and thus the vapor flow rates out of the

cruci bl e. : j j ' i j ept | ow
Con-t he- or airtifnoffeh SpaRRI0ah e MODOH b RyeMUEdRRTPU B8 (LioiER

ol ecul e, t@iigls a8 tHeCdq@tlalepts. beam current will be | ow when using a
conventional | y-si zed source aperture. Assuming a conparable beam current
density, the aperture 126 in the ionizer 53 of the present invention is
made | arge enough to insure an adequate ion beamcurrent output. A 1 cnR
(.22 cm X 4.5 cm aperture permts a beamcurrent density of about 100

m croanps per square centinmeter (A/cnR) at the workpiece (i.e., 1 A, and
up to (less than or equal to) 1 mA/cnR of extracted beam current fromthe
source (i.e., 1 md). (The actual focused beamcurrent delivered to the
wor kpi ece is only a fraction of the total extracted beam current.)
Aperture sizes of about 5 cnR are possible in sonme inplanters, which would
yi el d a B10HX+ beam current of about 500 A at the workpiece. In ultra | ow
energy (ULE) . inplanters, even larger aperture sizes (up to 13 cnR) are
possi bl e. Using either enbodi mnent of the source 50 of Figure 2 in an ion
inplanter, an entire nolecule (ten boron atons) is inplanted into the
wor kpi ece. The nol ecul e breaks wup at the workpi ece surface such that the
energy of each boron atomis roughly one-tenth the energy of the ten-boron
cluster (in the case of B10H14). Thus, the beam can be transported at ten
times the desired boron inplantation energy, enabling very shall ow



i npl ants wi thout significant beam transm ssion | osses d|t|on at a
-gi ven beam current, each unit of current delivers ten1ﬂ?m§§ se to

t he workpi ece. Finally, because the charge per unit dose is one- tenth t hat
of a nonatom ¢ beam i npl ant, workpiece charging problens are much | ess
severe for a given dose rate. Accordingly, a preferred enbodi nent of an

i nproved ion source for an ion inplanter has been described. Wth the

f oregoi ng description in mnd, howevé?, it is understood that this
description is nmade only by way of exanple, that the invention is not

li m tedGI8iM8e particul ar enbodi nents described herein, and that various
rearrangenments, nodifications, and substitutions may be inplenented with
respect to the foregoing 12 APR 2004 11 description w thout departing from

the scope &fm;n%rgg\;qmdnqenﬁﬁ ﬁﬁtﬁﬂ- Qgglpggmghe following clains and their
equi val ents. 12 APR 2004 12 C? An“ionizer (53) for an ion

i npl anter, cetpdy {P0davinghaudiplet 951)9) rfamenqvm 3 vporized soyreé oratariabekidi ng a

vapor i ze sour. er4 al. sal | nl I‘OVI ed with,a heati ani sm
(70" t o Vet bline BRGPwur i P B8 ptbd e 3l TR NG boay:
an ioni Qgsbpﬂﬁr(ﬁjgﬂrgbﬂrboﬁ 08) in which the heated vapor| zed source nateri al

may be ioni zed by an el ectron- emttlng el ement (110) to create a plasmm;
an exit aperﬂ%#@ﬂ%aI@B)Chﬁ@befe@pgthhﬁh he bepted ¥apArEstpPIse amiad May pl asma;

and a ¢ denperature of walls
(128) oggksal |0#L?eg%tﬁgl&%ﬁgﬁmﬁ%epeﬁe(ngg@)0 g)%étgg %’ﬁ} oni zation of said
heat ed vapor az exit agartuee(126) for extracting an ion beam compnsed of said plasma; and
a cooling mechanism (100, 104) for lowering the temperature of walls (128) of
said ionization chamber (108) during the ionization of said heated vaporized source

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.



material. 2. The ionizer (53) of claim1l, wherein said vaporized materi al

‘1s vapori zed decaborane. 3. The ionizer (53) of claim 3] gréme%l n said
cool ing nechanismmaintains said walls (128) of said 5i'ofizat' anber

(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-emtting elenment (110) conprises a filament (114) that emts a
first group of electrons that are atcelerated toward an endcap (118) that

inturn emts a second group of electrons which strike the vgggriied
mat eri d. The smizeri(@hiofaldiof emansreip tsgrcdaschigs Petvasa the,endepr (1185 ¢

wher ei n id.ionizer further Jq ' - anel |
et otoB o oL DS P BB BAERORE, s el 51 o
el ectr apatl Arfdcht @h el¥etiical dureihlevél@Tiabeut S0aRlliafpsalred)n 4, wherein said

repeller (112) is water-cooled. A2 APR 2004 13 6. The ionizer (53) of
claim4 or 5, wherein the are discharge between the endcap (118) and the

i oni zatJ o, chanber I [ aljai Feih %Rl p&t rgxi mately
5 vvatt*s‘ (\l}\f lgﬂlée%fgﬁgnéfe%é% %‘? ggltgéggﬁ%ﬁi?gl e@&sp%ﬁa%out 50 % Fglmigarrps (ma) .
7. The jgmpiallgtcylib®icabin shaye amiconftridial of abarttiimg. cl ai ms, wherein said body
(96) is generally cylindrical in shape and constructed of alum nium 8.

The ionizer (53) of any one of the preceding clains, wherein said cooling
mechani gm LS89 Gy Ghe BPHR PASARGEARIE, #AAQin AN cddingugohutibeh a
cool i ng§'rrg5ﬁ%86n;m%réar§gg)e c?(r cﬁl at e&ﬁ 9. e ionizer (53) of g_ny one of the
pr ecedi agnmises 0B¢ onherepassageivdyn (@010 e thrawat) whish agiopling medpinbiiaydea
focused ion b[iaam current of between 100-500 nmicroanps (A at a beam
current “H3AEYy of <1 nillianp per square centineter (mVcnR).

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).



10., The ionizer (53) of any one of the preceding clains, wherein said

pl asma, has a density within said chanber (108) of the o‘gd&rp fZ’ﬁ@éOICmB
11. An ion source (50) conprising: (i) a vaporizer (51) ha rg vity
(66) for receiving a source material (68) to be vaporized and for
vaporizing the source material; (ii) an ionizer (53) according to any one
of the preceding clains |located renotely fromsaid vaporizer (51); and
(iii) a feed tube (62) for connectinggsaid vaporizer (51) to said

ioni zation chanber (108); wherein said heating mechanism (70) is provided
f or heal3 nohedbn lse@st (80)psirdldion df orsH, dvhevén anidzetectionlgmisting dementfiead t ube
(62). 12. The ion source (50) of claim21l1l, further conprising a control
nmechani smradip freduenrcydRE} péFiiehe t enperature of said heating nedium (70). 12
APR 2004 14 13. The ion source (50) of clainms 11 or 12, wherein said "
electron-emtting element is a radio frequency (RF) exciter. 14. The ion
sour ce (50Dheoionasourcen8006f ahabons of tlaims 13, to Vitie méiereis adid eédtmhrenmittang tti ng
el enent is_a m¢rowave source. 15. The ion source (50) of any one of clains
11 to 14, SMFRFRITA BUFTEVBERPHS6) is generally cylindrical in shape and
constructed of alum nium 16. The ion source (50) of any one of clains 11
to 15, wherein said cooling nmechanism conprises one or nbre passageways
(100, 108%)Theonsgircaiiol bf anycas dfietpimedi torl 4eyherdip saidbody 26 ds garrallFR 2004

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.



15 . DECABORANE | ON SOURCE Abstract An ion source (50) f n |on | npl ant er
‘s provided, conprising a renotely |ocated vapori zer if UU ni zer
(53) connected to the vaporizer by a feed tube (62). The vapori zZer
conprises a sublimator (52) for receiving a solid source material such as
decaborane and sublimating (vapori zi ng) t e decaborane. A heati ng

mechani smis provided for heating the sublimtor, and the feed tube
connecting the sublimator to the ionizer, to mRintain a suitable
tenperature for the vaporized RECARPBANE IPASOYRCEer (53) conprises a
body (96) having an inlet (119) for receiving the vaporized decaborane; an
i oni zation chanmber (108) in which the aaRphéged decaborane nmay be ionized
by an energy-emtting elenent (110) to create a plasna; and an exit
aperture (126) for extracting an ion beam conprised of the plasma. A

cool i ng nmechani sm AAGEh sdrdp (BS) for @i ﬂﬁdmfal@htelrw\@rdvit@dt banpﬂsmnaaﬂeume[pf

oni zation oPCHAG VGRIAT Al AIERONERCE bTEREHio dik B aR e e (966" "
vapori zed decggr Ine vamlzer:uérﬁﬁnSe@taoSm:mmoc (3B forreteiniag alsmnadohute mateﬂdne
O Thn ok s OB Al WG Bt Y e  ©
addi ti onal di meeRaridrh o peividel foMasEing ﬂ@subﬂmahoamﬁlerféé@mblee&nbyctmbahe
plasma itsel fsublm%tor to the ionizer, to maintain a suitable temperature for the vaporized
decaborane. The ionizer (53) comprises a body (96) having an inlet (119) for
receiving the vaporized decaborane; an ionization chamber (108) in which the
vaporized decaborane may be ionized by an energy-emitting element (110) to create
a plasma; and an exit aperture (126) for extracting an ion beam comprised of the
plasma. A cooling mechanism (100, 104) is provided for lowering the temperature of
walls (128) of the ionization chamber (108) {(e.g., to below 350° C) during ionization
of the vaporized decaborane to prevent dissociation of vaporized decaborane
molecules into atomic boron jons. In addition, the energy-emitting element is
operated at a sufficiently low power level to minimize plasma density within the
ionization chamber (108) to prevent additional dissociation of the vaporized

decaborane molecules by the plasma itself.

Fig. 2



