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MECHANISM FOR PREVENTION OF NEUTRON
RADIATION IN ION IMPLANTER BEAMLINE

Related Application

The following U.S. patent application is incorporate& by reference herein as if it had
been fully set forth: Application Serial Number: 09/703759, filed 1 November 2000, entitled

“Mechanism for Containment of Neutron Radiation in Ton Implanter Beamline”.

Field of the Invention

The present invention relates generally to ion implantation systems and more
particularly to a mechanism for preventing the generation of neutron radiation within the

beamline of such systems, especially high-energy ion implantation systems.
Background of the Invention

Jon implantation has ‘become the technology preferred by industry to dope
semiconductors with impurities in the large-scale manufacture of integrated circuits,. High-
energy ion implanters are used fbr deep implants into a substrate. Such deep implants are
required to create, for example, retrograde wells. Eaton GSD/HE and GSD/VHE ion
implanters are examples of such high-energy implanters. These implanters can provide ion
beams at energy levels up to 5 MeV (million electron volts). U.S. Patent No. 4,667,111,
assigned to the assignee of the present invention, Eaton Corporation, describes such a high-
energy ion implanter.

Ton implanters operate at very high voltage levels. Typically, ions in the beam are
accelerated and decelerated by electrodes and other components in the implanter that reside at
differing voltage levels. For example, positive ions are extracted from an ion source, passed
through a mass analysis magnet, and accelerated by electrodes having increasingly negative
potentials, Tn a high-energy ion implanter, the ion beam accelerates as it passes through a
radio frequency (RF) linear accelerator (linac). The ion beam progresses through the RF linac
by passing through a series of acceleration stages (resonator modules) in which acce;ierating

fields are produced by synchronizing the frequency of the RF voltage to the ion beam
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strike plate is conprised of an isotopically pure carbon-based material .
The isotopically pure carbon-based material, preferably %A rr%)% greater
than 99 % carbon C- 12, prevents neutron radiation when i gt 8
deuterons extracted fromthe ion source (14). The strike plate (48) may
conprise an upper |ayer (56) of isotopically pure carbon C 12 isotope
positioned atop a | ower substrate (54). 21 April 2005 MECHANI SM FOR
PREVENTI ON OF NEUTRON RADI ATION I N I ON | MPLANTER BEAMLI NE Rel at ed
Application The following U S. patent application is incorporated by
reference vadeadyn as if it had been fully set forth: Application Serial

Nunber: 09/7037 000 ent i t.le "Mechani sm f or.

Cont ai nment  of uI{IJ hAsg%élé ﬂ\?élp ﬁmus fel r’rﬁlsgﬁ?eésr g‘ge%\rﬁiq%ﬁeﬂémPQﬁegllﬁ' of the
I nvention serdcquies@nis dopingagdnes) A&ﬁlzr&taﬁ@pk@@gﬁtﬁmbhxyt}tp&aimﬂjebtmhmhﬁbﬁ on
systens and nor,

e articul arl o] chani for revent| n t he enerat i on
of neutron® W&l’%’f‘?@ﬂ“\ﬁ i (@ﬁé’s aﬂia‘ﬁ’%“‘ 34 §ih ISDRSH e

~ hi gh- ener gincings hydRigad (R 408 c&YiSt £F5 - ToBakioH 40 Wnde gﬁse§ kx@mjnnm@md;ﬁaoﬁ On
i npl.antation has become the technol ogg preferred by industry to dope

seni conductiPEergiienpriodynss smalkamqutsioh deuteiuge aniseiPe Hisdpean: @Oébearmt egrat ed
circuitk, thmg&m&@@ﬁ&i <h TR BRE LI Sin@ds QettSIOHs, wchqlee clwf‘héﬂé nto a

substrate. Such deep inplants are required to éreate, exanple
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such high [,Q) These i nplanters can provide ion  beans at
energy | evqu1 upnftng% @a:s(gm I1ion electron volts). U S. Patent No.
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oper at e at \5té°r]§}asﬁ S%FdPatgaﬁte @@%W%%"W t{“? cf Ghasgfrdo-Bass g e
accel er at e gand+daeel, enainath-Ry palsarlohSits nlé aiRe meEREPLAGRE arhae§ he

i npl anter that reside at differing voltage |evels. For exanple, positive
ions are RpIngARCOHCT CRATEUIN-TPYN 196 foe, deplsosaldmpedi tniblrier sidewellsefaby si s

magnet , angd.QCaeh&E HhptedY TRELCHIRARS RAURAD hdE WEASLRAY ¥iaREIBBINS
constructed using graphite, which is a hexagonally crystallized allotrope of carbon (C).

Of the known isotopes of carbon, C-11 through C-15, C-12 and C-13, both of which
are stable, are the most abundant. The number 12 in the C-12 (or 12C) designation represents
the sum of the protons (6) and neutrons (6). Slightly less than 99% of the carbon isotopes
found on earth are catbon C—12.. Carbon C-13 (or 13C) has 7 neutrons and 6 protons in its

- nucleus. Approximately 1.1% of all carbon atoms are made of this isotope.

Thé_ graphite used to create mass analysis magnet strike plates generally comprises
both carbon C-12 and smaller amounts of carbon C-13 isotopes. However, if deuterons
impact the strike plaie, a nuclear reaction may occur involving the incident deuteron and the

- nucleus of the C-13 atom within the cofnposite C-12 and C-13 graphite structure. Such

' nuclear reaction may release a neutron with significant energy (up to approximately 5 MeV).
Radiation of these neutrons from the surface of the strike plate is undesirable. Neutron
radiation caused by deuteron collisions with carbon C-13 isotopes in strike plates is
especially problematic in high-energy ion implanters, where high beam energies can increase
the generation of neutron radiation.

It is an object of the present invention, then, to provide an ion implanter beamline that
prevents or minimizes the generation of neutron radiation duﬂng_operation of the implanter.

1t is a further object to provide such a beamline in the form of an improved mass analysis
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potentials. In a high-energy ion inplanter, the ion beam accelerates as it
passes through a radio frequency (RF) |inear accelerator gqlgi_nt(b The ion
beam progresses through the RF Iinac by passing throughzé Br3903 of

accel eration stages (resonator nodules) in which accelerating fields are
produced by synchronizing the frequency of the RF voltage to the ion beam
21 April 2005 velocity. Arsenic (As) and phosphorous (P) are two species
that are often. i Iq ted in. sem conductors as dopi hg agents. Arsenic and
phosphor ougla%}eES%ﬁ%%I ly injected into the ion source ionization as
arsine (AsH3) and phosphine (PH3) gas, respectively, each of which

i ncl udes hydrogen (H) as a caBamerargadthellamemtivhi on of these gases within
the ionization chanber often produces small amounts of deuterium an

i sotope of hydrogen. The ion beam that is extracted fromthe ion source
often includes deuterons, which are nuclei of deuterium atons, each
conprising a proton and a neutron. The deuterons are thus subatomc
particles havilngcdrddfidetwithOsfifst 6pect bbthe tverkidg, e issprovidedaxintss @hatghis r om t he
ion source are transported along with the jon beam to the nmass anal ysis
magnet . ThEFASSERPYIPRUSE BYRS I TPlIgich FRINRIBMBect char ge-t o- mass rati o
(e.g., Ast, Asti)a idgndi®r MisklanRAFfg b 0RWEAMM LEGuISm i8R Y&, Saidregnet and the
particles having incorrect charge-to-nmass ratios (e.g., deuterons) inpact
t he i nt er i BpESE HoXiingandrteripraegian oughayhje the inndwwam passhuged si dewal | s are

often lined wt i I L.cal - i ite,
which is a hexég%%a{e%l%%g?;g%kgﬁlﬁtézglgb%?lfég%&}l%%gﬁﬁ{egg%@%ﬁﬂ?g@e @@1’? e known
i sot opes ofegivar daigt @stlchetshike piite ©nifisedbs@bsiandially is8loplvalhpwt cavioeh are

stable, arg_the abundant . .The nunber 12.in the €12 (or, 12

deo gnat | ot BLRhrEHPRESeRlY of dBhationy SrokgPeally el retiClhg)
Slightly |es®pd, pasveRd efutrbh eadiaiioh ovhensifipaged by Hewterdnoexteatet Hront ¢hecar bon
C-12. Carbon C-13 (or 13C) has 7-neutrons and 6 protons in its nucleus.
Appr oxi mat @ §OH %9 of all carbon atoms are made of this isotope. The
graphite used to create nmass anal ysis nmagnet strike plates generally

conprises both carbon C 12-and snal |l er anounts of carbon: C 13 isotopes.
However, if dedBeiceprdance with a second aspect of the invention, there is provided a

beamline component for use in a balance an ion implanter, said component strikeable
by an ion beam output by an ion source of the implanter;

said component comprised of a substantially isotopically pure carbon-based
material consisting essentially of a substantially isotopically pure carbon C-12 isotope,
for preventing neutron radiation when impacted by deuterons exfracted from the ion

source.
Brief Description of the Drawings

Figure 1 is a schematic block diagram of a high-energy ion implanter into which is
incorporated the present invention for reducing the gencration of neutron radiation during
operation thereof; .

Figure 2 a plan view of the interior of the mass analysis magnet assembly which is
shown in block form in Figure 2; and

Figure 3 is a cross sectional view of the strike plate contained within the mass

analysis magnet assembly of Figure 2, taken along the lines 3-3.




i npact the strike plate, a nuclear reaction nmay occur involving the

i nci dent deuteron and the nucleus of the CG13 atomw thin the conp05|te
C-12 and C 13 graphite structure. Such nuclear reactlonzhﬁ?“| Ogase a
neutron with significant energy (up to approximately 5 MeV). Radiation of
these neutrons fromthe surface of the strike plate is undesirable. Neutron
radi ati on caused by deuteron collisions with carbon G 13 isotopes in strike

plates is especi obl.e n hi r anters, where high
beam energi es ca Xe]ﬂgéggnp Wé"'gcfeh ?@H"@aﬂdﬂé Efperr?i‘ﬂiﬂgﬂnon It is an
obj ect of the present invention, then, to provide anion inplanter beanline
that prevents Wcrﬁésmédﬂ%ﬂﬂﬁlahh&wgma&ﬁgiémyﬁn iRliinte® N0 IsaBovart indFiguie1.i Ng
operation | ant er rther objegt to prOV|de such a
beant i ne i ik b v ﬂoaﬁqe%?ﬁfv §mgﬁ1aplye46@3ﬂ° NPATS AR et
strike plat @senmﬂm%ymgi ~erteRg; ioﬂ"iﬁﬁbldnﬂs’i‘ # Rs aRdeichANGS: e tillveaiibd bl wrspect of
the invention, there i S provided a nmass anal ysis magnet assenbly for use
in an ion |W@mtoewiameh@mnonm@%mmwsmnalﬁ%@a@ﬁ%ﬂssﬂm tep, apd i on
beam out put;, by, ;3R QHﬁ&fﬁmﬁﬁi net providing an interior region
t hr ough mhlch fﬁ@a?on eam passe aagp(ll) at | east one strike plate in
part form ng an Tb@lnmﬁaﬂmdﬂdanpﬁsgf ﬁvdmctums erﬂubsystemsgin@lldﬁct@dﬂdn@tdhimst one
. strike plat; r bst. i al i Ssoto carho based

in 5 © 14Sf§1d r8Il clil 1311% 19/ d amas gpzﬁymg mggl}gg?s(%%?lﬁ/rrfgé

materi al consisting esEen A sUBStHR Ve carbon
C-12 i sot apss apalyeing |ﬂ1e|1mgamuei mdm freqbney (Relindacavcélemmacqiagt) DY inddibgs ons
extracted fromthe 1ion source. In accordance with a second aspect of the
invention, there is provided a beanine conponent for use in a bal ance an
ion inplanter, said conponent strikeable by an ion beam output by an ion
source of the inplanter; said conponent conprised of a substantially
isotopically pure carbon-based material consisting essentlally of a
substantially isotopically pure.carbon C 12 isotope,
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for preventing neutron radiati on when inpacted by deuterons extracted from
the ion source. Brief Description of the Draw ngs Fi gurxfe 2\ i.irs%@ schemati c
bl ock di agram of a hi gh-energy ion inplanter into which 58P por at ed
the present invention for reducing the generation of neutron radiation
during operation thereof; Figure 2 a plan view of the interior of the nmass
anal ysi s magnet assenbly which is shown in block formin Figure 2; and
Figure 3 is a cross sectional view of the strike plate contained within the

mass analsg%léfl rax%gnet assenbl§ of Figure 2, taken along the lines 3-3. 21
Apri| 2005PIER{LY;of Fgorsiararqdyies ofie-gen 1ot prcelertipg the pepdesamiie pthigher §n8e8Y) fvent i on
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Figure 1. Although the invention is described herein as being I ncorporated
into a maskeamafeyayes hawsiieckd fonfglmsnlytios podcaniiginniag ef thyiop beaui; sl amendr . it is
under st oo t i [ ] : ' I Int.Q | LRl ant er
component s Geher il UG Akafii aiPre LRRERA S RifhplifiRa bBGH

i npl ant er tepmedt ipalhecontdmaiated Ghttbaetayipg difh 26 map barprredittcosingie wefsr f i ve
~sections oredgsttlaq%ystaesrrs: ;an. i rll%?ct or 12 including an ion source 14 for
produci ng EATBA BEIH YL NP Fass anal ysis magnet assenbly 16 for nass

anal yzi ng t he iPasitibednfterdhe Meks@ndlyspbgnenasdetibly 16 a0@8 entedheeb@ieatnaé 1€ | | nac)
18 includin %}. Apri | ﬁSOS pl‘m_al ity of resonator nodul es 20a-20n for
accel er at i‘ﬁg" WPl A E A P ORIHIRE @R Gy deag creRGasEREiRt)hedigatet  (FEM)
22 for perﬁ:ﬁﬁaalamyédvn@ﬁeaﬂ@éﬁh@@eﬁmB@i_sfafﬁrstthggm&ﬁwiﬁa}ﬁﬁaéuﬂﬂgthbﬁéaﬂl a

resol ver housing 23 for final resolution and conditioning of the ion beam
and an endcFurgRiput efthoperipicd and ntaiha dinae Yotatecony tigFtaraday Sis logated invaf ers W

Lo be | P! EResive Yodsfit o3 0t diBHe tlcloutrine Bt §0ich80LL PRU BiudubRk il TOLALT NG

disc 26 may be rep ngl e watrer pe serial ion
i npl ant er .wafer W.

The ion beam 15 that is extracted from the ion source 14 passes through a source
defining aperture 36 (see also Figure 2) prior to entering the mass analysis magnet assembly
16. The ion beam that passes through the mass analysis magnet assembly 16 is typically
comprised of a single isotope and enters the RF linac 18 which imparts additional energy to
the ion beam passing therethrough. The RF linac produces particle accelerating fields which
vary periodically with time, the phase of which may be adjusted to accommodate different
atomic number particles as well as particles having different speeds. Each of the plurality of
resonator modules 20 in the RF linac 18 functions to further accelerate ions beyond the
energies they achieve from a previous module.

Intermediate each of the resonator modules 20 is an electrostatic quadrupole lens 40, -
The quadrupole Iens 40 refocuses the ion beam passing therethrough, to counter the effect of
net radial defocusing as the ion beam passes through a particular resonator module 20.
Although not shdwn in Figure 1, quadrupole lenses may also be positioned immediately

- before and after the RF linac 18. ‘

Figure 2 shows the mass analysis magnet assembly 16 in more detail. The magnet
assembly 16 includes a magnet 42 enclosed within 2 housing 44. The magnet 42 includes a
yoke {not shown) bounded by field coils (not shown). The current flowing through the coils
controis the strength and orientation of the magnetic field. One side of the interjor of the
‘housing 44 is lined with a strike plate 46, and a portion of the other side is lined with a strike
plate 48.




Positioned after the nmass anal ysis nagnet assenbly 16 at the entrance to
the linac 18 1is a variable aperture 30 for controlling ?ﬁ ﬂ?ﬁﬁ t of beam
current passing into the linac. |nmediately downstream P gerture 30
is a first flag Faraday 31 for neasuring the beam current out of the
aperture 30 and into the linac 18. A second flag Faraday 35 is located in
the resol ver housing 23 for neasuring the current of the ion beamprior to
i nplanting into the wafer W The ion beam 15 that is extracted fromthe
i.on source 14 passes through a source defining aperture 36 (see al so

Fi gure 2) pri orfhe srgroalysingagieeassenily dhEingtitng thpagniterthoRE dndgl 1y onlyghe The i on
beam t hat -; h | S |y 16 pically
conpri sed ‘S Sk tbr o oA e A0F e B Ror R SRSAHY iy e b2

addi t i onal anelysis gnagied is teheirddoreclsea thepias source 14)én edditiaughgendhgng_lens ohac
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accel er at eVI'GHOhERANE R &0 B gk EhedpiRpamdhat pyssesithgnghaninterarstaioodul e.

I nt er medi ajotyr R GUhsPdnalydR naB SR RAbQlsed R Y WsE9ind Apdriurdsh R & dnfith e Ry ,
quadrupol e | ens 40. - The quadrupol e | ens 40 refocuses the 1on beam passing
t-her et hr odi®s 18.0 counter the effect of net radial defocusing as the ion
beam passes th : | . RN & h not shown
in Figure 1, qgggrg%gg? gﬁF é%\‘g]gésgﬂ’%c{??%@g%&g%mpom trf&éozn'g S ér%rr}&c?%g}g gby&l before
and aft er mdre céFectly,nathid e begpath cdvabmdefinhiEbynpesis Haahy 45 simgsate assenbl y

16 in nore,detaipl. The magnet assenbl i ncl.udes a net 42 encl osed
W thin a REEET Rboerr SRENAGrer: Tosultoh g BRugis o oh 8 iboger8bundod by
field coil(gosith@) iofidiaW)bearhh @ pathiiitRid 1 il1estarg the RraRuOR fahforeRidesiraRnt r ol s
the strength and orientation of _the, m_aglnet ic field. One side_of the

i nterior df WRHED MRGRIPTEE oA aiq Haigh fltmerd ¢ the Remit mess ofbe iandate portion
- of the ot ek oBliglk) then ihk BEGreMchdiodtoSthiss Ko PHRIsBed befhg implanted. A path

labeled H illustrates thg trajectory path of an undesirable ion which has a charge-to-mass ratio

which is smaller (i.e., the atormic mass of the ion is too high or heavy) than the desired
charge-to-mass ratio of the species being implanted.

The trajectory of the light ions (path L) is affected more by the magnetic field than the
trajectory of the desired ions aﬁd these light ions impact the strike plate 46. The trajectory of
the heavy ions (path H) is not affected by the magn;efic field as much as the trajectory of the
desired ions and these heavy ions impact the strike plate 48. Included within the light ions
that impact strike plate 46 are deuterons which have been extracted from the jon source.
Some deuterons may also be carried along with the neutralized portion of the ion beam along
path H and impact strike plate 48. The strike plates 46 and 48 in part form an outer bourdary
for the magnet interior region 49.

In the present invention, at least strike plate 48 (and preferably also strike plate 46) is
made of a carbon-based material that will not generate neutron radiation when struck by
deuterons. For example, the strike plates may be made of isotopically pure C-12, with no {or

' greatly reduced) C-13 component. At a minimum, the surface of these strike plates should be
covered with this type of material (see Figure 3). As shown in Figure 3, a substrate 54
comprises a composite material comprised of both carbon C-12 and C-13 isotopes.

Positioned atop the substrate is a thinner layer 56 of isotopically pure (C-13 free) carbon C-
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21 April 2005 The nmass anal ysis magnet assenbly 16 functions to pass to the
RF linac 18 only the ions generated by the ion source 1? ?aviisibg an
appropriate charge-to-mass ratio. The nass analysis nmag 13 Pft gqui red
because the ion source 14, in addition to generating ions of appropriate
charge-to-mass ratio, also generates ions of greater or |esser
charge-to-mass ratio than that desired to be inplanted. |Ions having

i nappropriate charge-to-nmass ratios are not suitable for inplantation into
the wafer. The ion beamthat paSses through an interior region 49 of the
mass anal yidi By isaiprisally mure. didtrseant at the lﬂﬁ%égwwsdyenﬂsuk@mtmmwﬂm
entering i s [k 1 hayi i .
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| abel ed Hgj ] i LAy : i i ich has a
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t 0o hi gh épPnstughpiber edmpenemisinge inndmplanter Foxpyample rpeysue patepeladtrotitsgarsipeci es

bei ng i1 npl r.al f e. light. |0 th L) i.s affected nore
by the ma ﬁgé—‘ﬁgi?%?&%tcﬁ{ésg&%t%& tglrszﬂtl %%r{%r?}he&fl v nﬁén éag@)le?lée blyobﬁs}ls 1§ these

| ght i ongrevepaeteritiva oftnentken fadiatien A6ng theentire dpaniinerof affion ffiRadkeayy i ons

ath i s,..not. affected b he netic field as ch as the trajectory of
Ehat " s PR Bon s e bl Gy B Faisp) comP ot &f LGPl ok | nol Ldod

b frgiopi

Wit hi n t héikély @hee st@ElSby thé @dn beffl adsing iidrdBrondtat € 46 are deuterons which have
been extracted fromthe ion source. Some deuterons may al so be carried

al ong with t he AROHIPEY yBEioped embedipeni ofc Merhapien fPrpeYRRtionpaf hewtroand i npact
strike pl glaeuidSin ahin iﬁip[dnl%?b&hﬁﬁ@ﬁas%@ex?d}gcn%gd.'Witﬂﬁfetforgﬁﬁﬁgcﬁgbﬂgﬁ&ﬁﬁ boundary
for the magnet interior region 49. In the present Invention, east
stri ke pl &ted, 48vqven i ipmdersioadibyt this descaplidnéempdeanty bg @y pfexample, 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 description without departing from the scope of the invention as defined by the

following claims and their equivélenfs.




made of a carbon-based material that will not generate neutron radiation
when struck by deuterons. For exanple, the strike plat e? ')R%)}{lpfo de of
isotopically pure CG12, with no (or greatly reduced) C ?3 onponent. At a
m nimum the surface of these strikeplates should be covered with this
type of material (see Figure 3). As shown in Figure 3, a substrate 54
conprises a conposite material conprised of both carbon C 12 and C 13

i sot opes. leﬁﬁnisli oned atop the substrate is a thinner |ayer 56 of

i sotopical 'y pure (G 13 free) carbon C 21 April 2005 12. By isotopically
pure, it is nmeant that the |ayer 56 contains by nmass | ess than the
naturally occurring anmount of carbon C 13 (approxinmately 1.19%.
Accordingly, the layer 56 contains b S ref erabl y.l ess than, 1% of
carbon C 13 angf evel %?Seanﬁﬁé?é?a&ﬂfwsxﬁn@%ﬁeﬁgﬁr usgdp axﬂ?e'r'}pé%‘?rqﬂlés a

t hi ckness T of appresmpadigd:y 12 microns (nm). Al though not shown in Figure
3, strike plate 46 y be constructed in a sim/|ar fashion. Al though the

i nventi on has been ggscrairﬁ%%‘eﬁ(ﬁ‘l)tf@f%%&f‘alﬁz‘%ﬁq‘R’éb?ﬂnh@é)?‘ﬁi’u@yﬁﬁ!%

anal ysi s magnet, it is CQM&RTP)alafmbARL prbliBineSAERRIGRdidh @YY Grdugh bON C 12
can be used to construct other conponents in-an ion inplanter: For
exanpl e, aperture pl at eswhigh ghetiproleram passest anduadr upol es may be construct ed

of this material. Thg in i
generation of neutr gﬁ) r a%(f?%%él cglﬁ S%?%ng{%t(% %ﬁ%ﬁogﬁgggﬁﬁ%}%‘? a% ion
implanter by utilizing insobomzenl (HY), pud at lesst borst@kelfatt oompristirofian

conponents of the inplanter that are  likely to be struck by.the ion beam
passi ng t her et hr ough. ACEBtIOBIIC;F\‘ | Rpre §a':BP‘é'F%SF¥@F?%ﬁgc8mlﬁ'é‘ﬁtes??¥uﬂgn%€c%ani sm
for prevention of neutr osubstadilit s&Bpitailyapurt QardofPCANt BbtoPE Sftetentifz has been
described. Wth the foregoing descriptiqQn in i however, it is

I m nd,
under st ood that this desBs¥phirtption whendmpaptss by depisyonsrexaciehliam hat ¢ he
invention is not |inmtedjhQuifeiparti cul ar enbodi ments described herein,

and that various rearrangenents, nodifications, and substitutions may be
i npl enented with respect to the foregoing description w thout departing

I omt gguisgg pe nzgfs t e A% S InARe O lhBEL 8Yor b 1.l alisctlpRfip and
pure carbon C-12 isotope comprises greater than 99% by mass of said at least one

- strike plate.

3 The mass analysis magnet assembly (16) of claim 2, wherein said isotopically
pure carbon C-12 isotope comprises greater than 99.5% by mass of said at least one

strike plate.

4, The mass analysis magnet assembly (16) of claim 2, wherein said at least one

strike plate comprises two strike plates (46,48).




21 April 2005 Cains: 1. A nmass anal ysis magnet assenbly (16) for use in an
ion inplanter (10), conprising: (i) a magnet (44) for ?«@%&0 zing an

i on beam (15) output by an ion source (14), said magnet f) g an
interior region (49) through which the ion beam passes; and (ii) at |east
one strike plate (48) in part formng an outer boundary of the interior
region (49), said at |east one strike plate conprised of an isotopically
pur e carbon-bas mat SRR m; et @R

i sotopically puﬁgej car’%{gh@‘% 12 |1§%1?%%te£ pr evdelﬁ)ltdlf)rélla%%ee‘}tvj}%ron radlteggt’%lb%n when

i mpact ed by deutstikeridate X48) aeompeisds rammynpier laypo (563 @l rigtopicaly puR. cattios. Gass

anal ysi s magnet ein said isotopically pure
carbon C 12 |sot1%§£0%cpg|]r%srl§lén%§a%%aq ‘%rgﬁ]?mt% Yo by mass of said at | east one
strike plate. 3. The nass anal ysis magnet assembly (16) of claim2, wherein

sai d isotopicall e carb nC—12|sot ris reater thn99 5% by
mass of sald at G east e apisgaefsarambly (o oL Misiem e avhet ey
assenbly (16) of(5¢)mas Mhdckn¥dad ardFia %gﬁhﬁte 12 Aidfns QE). Strike p! ate conprises
two strike plates (46,48). 7 21 ril 2005 5. The nmass anal ysis magnet
assenbly (16) of claim2, wherein said at |east one strike plate (48)
~conprises an upper | ayg %mgsnenﬁfa}egylﬁalbk%mw(ﬁ)fzazsbma&on%% latef ope
positioned atop a | ower substrate mass anal ysi s nmagnet

~ assenbly (16) of(1®)} sdidncompaerient s:rlheablalhy up frar bdapny €5) output by an ion source

(14) of the implanter; said component comprised of an isotopically pure

carbon-based material consisting essentially of a substantially isotopically pure
carbon C-12 isotope, for preventing neutron radiation when impacted by deuterons

extracted from the ion source (14).

8. The beamline component of claim 7, wherein said isotopically pure carbon
C-12 isotope comprises greater than 99% by mass of said beamline

component.

9. The beamline component of claim 8, wherein said isotopically pure carbon
C-12 isotope compfises greater than 99.5% by mass of said beamline

component.

10. The beamline component (16) of claim 8, wherein said beamline component
comprises an upper layer (56) of isotopically pure carbon C-12 isotopé

positioned atop a lower substrate (54).




(56) has a thickness T of approximately 12 microns (pn). 7. A beamline
conponent for use in a beanline (20, 22,23,30) an ion i rrp]lzl‘?ga 10), sai d
conponent strikeable by an ion beam (15) output by an io U!r?(p@ (14) of
the inplanter; said conponent conprised of an isotopically pure
carbon-based material consisting essentially of a substantially
isotopically pure carbon C 12 isotope, for preventing neutron radiation
when inpacted by deuterons extracted fromthe ion source (14). 8. The
beanl i ne conponellt oTheheamline comphrent(l6) of albich 105 whaih ed ppeiluyee (Sephdan C 12
i sotope conprises, greater than 99% by mass of said beamine conponent. 9.
The beanline corf%‘{i]%@?ﬂ @PPEP%W“?F?glzﬁ]‘Fé‘?"é(HP‘)sal d isotopically pure carbon
C- 12 isotope conprises greater than 99.5% by nmass of said beamine
conponent. 10. The beam i ne conponent (16) of claim8, wherein said

beam.i ne conponent conprises an upper |ayer (56) of isotopically pure
carbon C-12 isotope positioned atop a | ower substrate (54). 8 21 April
2005 11. The beamnm i ne component (16) of claim 10, wherein said upper |ayer
(56) has a thickness T of approximately 12 mcrons (pm. 9






