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- | MPLANTER LI NEAR ACCELERATOR Field of the Invention The present invention

rel ates. general | y”mmuﬂﬂmmﬂwmm" gy ion inplantation systems and nore

partd cdlarly to a " cal resonator coil for use in a linear
accelerator in such symtoers. Background of the Invention lon inplantation
has becone the technol ogy preferred byjindustry to dope sem conductors with
inmpurities in the |arge-scale manufacture of integrated circuits.

H ghenergy ion inplanters are used for deep inplants into a substrate. Such
deep inplants are required to create, for exanple, retrograde wells. Eaton
GSD/ HE and GSDY VHE ion_inpl anters are examples of such high-energy

i npl anters. These iﬁﬂ)MPAGTCHrEIpIG@iIdé{ﬁgQIHm&CQ%r gy levels up to 5

MeV (million el eFORTON IMPLANTERIANEAR ACCRELERATOR gned to the
assignee of the present invention, Eaton Corporation, and describing such
an high-energy ion inplanter, is incorporated by reference herein as if

L MRIRR 7 ot o o ener oo L aner 1

1. The inplanier
subsyst ems et €r m nal 12 inclﬁ?lﬁi‘ﬁgfiﬁeﬁﬂﬁeQW%e 14 powered by a
hi gh-vol tage supply 16 to produce an ion beam 17 of desired current and

energy, an € ' Wi ' . L C i.ng. di ' waf er s
Wrobe ol anrcbgtndfidlitd e ALV fishhilay i Blelfafyf QAR

bet ween fbe pLficilady tol2catipact Relicnebshadt @il B usevii £lned aé@ldistonimnarh

anal ysis magnet 24 and a radio frequency (RF) |inear accelerator (linac)
26. A fiwalemsner gy nmagnet (not shown in Figure 1 ) may be positioned
between the linac 26 and the rotating disc. The RF |inac 26 conprises a
series of resonator nodul es,3Qa thro each of 12 June 2003 2 which
functions to further accel E%&gli‘%&lgi‘;g%ghtvﬁéﬁ&%rgi es they achieve from
a previous nodule. Figure 2 shows a known type of resonator nodul e 30,
conprising a R gfplalthich! ¥& S6idmd thaUbiofbey! pfeteridd 6% OfdustBf itb OdbpRnd

bei ng contai ned w Phl n a resonator cavity housing 31 (i. e., a "tank"
ci r cui t) senficomblictors with immpuyiti¢sHi theslargeedcale snamsifentire ol intagrated pirautst dligh-

hi ghvol t d .of the ind I, it Cc. Al | er at.i
ol act 1 odEHeeey 108 IRIASETE pRCUSER rseh SERGIR 15 L BIEARE. SHAP 1R MEPPTIARE: or L.
Each accglyglied itd g;r@dk@,%g %ggmgl%, rétydBPAR! R e FARANGEIPHE flanast ¢ HEc idodes

34 and 36, and separate aps 38 and 40, respectively. Figure 3 shows a
si npl e | implentepaaraaedngpleegfisuch hightenetgydmiplantars. These implhn&rocangeovide ion of
Figure 2, The capacitance C includes, the_ capacitance of the hi |.t age
el ect r odBeaMRs ¥ susEgyevels yp do siMaY GRone Oeavﬁi@-tﬁﬁci’a@m Pf?zeggé?;ﬁl nd

el ect r odgsibRAtY e sdiSRRUFihd SeSnP it Entic) BaloR € drptr&tiod, Bhd\d&etibing 3R@fad ance.
Val ues fosFS§%€and L grlgﬁ%hosenﬁfor t he %:i Fcﬁit tdémarchi eve a staltng of

r esonanc bigheenetgtion implanter, is incorporated by reference herein as if fully set forth.

A block diagram of a typical high-energy ion implanter 10 is shown in Figure 1. The
implanter 10 comprises three sections or subsystems: a terminal 12 including an ion source
14 powered by a high-voltage supply 16 to produce an ion beam 17 of desired current and
energy; an end station 18 which contains a rotating disc 20 carrying wafers W to be implanted
by the ion beam; and a beamline assembly 22, located between the terminal 12 and the end
station 18, which contains a mass analysis magnet 24 and a radio frequency (RF) linear
accelerator (linac) 26. A final energy magnet (not shown in Figure 1) may be positioned
between the linac 26 and the rotating disc.

The RF linac 26 comprises a series of resonator modules 30a through 30n, each of



a sinusoidal voltage of |large anplitude nmay be achi eved at E%éu%%%%x%rating
-el ectrode 32. The accelerating electrode 32 and the ground el ectrodes 34
and 36 operate in a known "push-pull"™ nmanner to accelerate the ion beam
passi ng therethrough, which has been "bunched" into "packets". During the
negative half cycle of the RF sinusoidal electrode voltage, a positively
charged ion packet is accelerated (pu2led by the accelerating el ectrode 32)
fromthe first grounded el ectrode 34 across gap 38. At the transition point

in the sipusaqidal cycle, wherein.the electrode 32 js neutral, the packet
aritts CRPGOAMERES 1 EheuEeiaale qnheypad e cogreiss they shiaye fiopn 4 paSulopS oy
const ant ,¥ghiaCkigire PHdvith ERSmRYSE S &Rk incdlfe! 3, mprindH1abdeIHERK 8!

el ectrode voltage, positively charged ion packets are further accel erated
(pushed ¢wil b heviagaeireulat ¢rogp sebtiart anddbei2ontainel withih @ resenatod cayityhodsidg

el ectrode 36 across, gap, 40, This push-pull accel eratjon nechani sm i
r epeat ed3 ]a(‘-es’@béé‘ﬂé icuith o4 madip freguengy 4R Fhsignal gs eanagitivelycopple (08 Pigdes

that als [ Lghg: di g, LEequ88 : f r

accel era ?lﬁa gtﬁh{ei(’j‘qltff)&rlléPl ne‘%?ng%g“cw\é%éﬁ Ey fag%i n)gnea%er ggﬁﬁ%glreeet@ee%les %@Cgﬁase of
successi saipheiae ey ph-vgltajeead oOMe indudtok De Backl idcelerating eledegizBRdnidoynted] ust ed
to insure that each packet of ions arrives at the appropriate gap.at a tine

in the Reetwgen Bvq graundgd qlecirofessfanded, Andrepatatqddiyogaps A8 and FQTEPSEYely - Fi gur e
3, it is convep ! i t he: i f1 W, 12
June 2003 3 RSN Btk Tubfed Bt qlfinaRETENT Ff e ShiiRor ) (Fe
qual ity pesmhery of Riptre/2( tTiee edpaciaaice!C sidhwdes the dapacitincevdfethe high-vel(dge) - ' ~2,
Q=RI (wL)). and Z=c~L=1/ (wC)=(UC)' ~2. Note that w.is the radial, frequency,
equal t oclectrede ith refpectiin grugdy g siray aapackacg ol dRe qatbandsglectrpde sie Withe t he
power regul tal Q1 V. | ol tage, the product of the
quality &§E§C§?0 %%élng’ @rc]igh%}%érrég{heﬁls‘%%’éa?dﬁﬁéédance Z nust be maxi m zed.

Prior art resomiiedifér Guad Lage tHatn diakdcikduiftogdhievea stae cfesiopast soshatg
known design principles for high Qresonators. Such designs utilize a

ci r cul ar asihyseidal eltagarilsaeiamplinds may beachieyef at by agpelarating glpctiodestd adul ar
Cross sect| i [Wa\Ys i » W th
the shor feorufiBUERA 35 A% SRR AERIEESs B0 A Sl ERRNnob ANEIIL AL '
may be rgainhéewd adbeletats thelibn BB tpassihg theethiog ph,owkikh this bewt ‘unthedTHato
shorter conductor dinension parallel to the coil axis allows smaller

wi ndi ng ppacksts”.j During thegsiggative halé gyqle ofhe &F sippsoidakelectade ¥oltags capasitively

| mabct anche PP HREpickPFis ERABAAY GRRUEY e bebiepitdadidll 08 by o

Accor di ngréundadielasipRizt34akrdsh a3 & Skithe traNeidr Suint ia tHeasmiaidal cykcle; whestinat i ng
at a predeterm ned frequency in a |inear accelerator is provided, the

r esonat oftheelagsradsi 3%gs nentyalgtheipaekst G585 throneh Hewrledtipde 83i(alsh asfemegfl to as 2

| angi t udi Is I il :having a first | owvoltage end and second
hi gh-vol tggg tlggr(léd’?m(;éo?’fagﬁr%a{%‘fl “frequency input coupled to said inductive
coil; (iii) aImafgciieqiositivetalfl @rld ¥f tHeNREGimBoidal placteddecvolisigt,hpasitively

i nductive coil; and (iv) a cylindrical drift tube having a | on%i t udi né';\I
axi s and chaigad1andagkets ace fuxth apeeleratgd (Rushed by thegecaleratingglectrads3d) towar

| ongi t udi ' ' [, f L glel [ . axi : | d
coi - bei e tseDil Bisha@PhPbide o LHEell o " PiE o gl kiRl Bl AR,
anot her aspsedd avlubdequdatt essenitor mvdiles baving heceleeatingadlantrodedthai Assowrillate

plurality of generally, circular coil segments, each of the coil segﬁgts
havi ng a 38highiovpiegergiosirequencyothershy fusther aqeglerating theder besm pagkels By e |
segnent s otther C ti : m of
a rect angelfne a@?{r;egb 'di%n%ll: }r@g{seg& ?%%g%kveé%%%@tm&gt %19&}: élﬁ gﬁmfﬂlarﬁn:@%glg on X
secti on dafiépeaderitlyeadiistdd 16 unduacthat ech pdilast efifons atrives agtiienppropiibie gapiat a
segnents are_ provided with a dual channel construction for providing the

i nt r oducttiregirpthe Riceyslq that widbachiave maximpum acgelerativhe dual channel
construction ¢ ! LRI . Vi ng
o separate | ni oo Fifue 3 £l SEIARORAEVANNAR Bl Ghe RIS GRRMANRS Y. T8
wherein the inlet and outl et passageways are connected and in comrunication
wi th each other at a second end of the coil. 12 June 2003 Bri ef
Description of the Drawings Figure 1 is a schematic bl ock diagram of a
prior art ion inplanter having a |inear accelerator including a resonator
coil assenbly; Figure 2 is shows a prior art resonator coil assenbly used
in an ion inplanter such



as that of Figure 1; Figure 3 is a schematic diagramof the prior art
.resonator coil assenbly of Figure 2; Figure 4 is a cross sectyp Qo 200w of
a prior.art resonator coil assenbly of the type shown in Figure 2; Figure 5
Is a cross sectional plan view of an ion inplanter having a |linear

accel erator including a resonator coil gassenbly constructed according to

t he principles of the present invention; Figure 6 is an enlarged cross

B our o R Bl ¥ BV adrhfielerd Biting ERahH el SRR 2o
nodul es  gthevehatattériztic impexince); adbee: at s(LOYT?, KhRI(6L) SandFizguLe1/6sC)=(laCY' oSS
sectional view of the resonator nodul e _shown in Fi gp(ﬂtlgpal 7 taken a on the

line 8-8; qi?ﬂ'lﬂ‘é”@“?rf@ﬂ@' FAUPNEY, £aLg) tP 24t ipesthecop fsaueReYdtiefZur e s:

Figure 10 is e &mmﬁm&aeﬂe p(dv?éff/r@éunﬁeh% QBlain 8 lth @ldchole 0@1&@6 mbqﬁ@udchef l'ines
10- 10; and Figure 10A is an expanded view 0O zortlon of the cross

sect i onalth Q/lqé'ﬁ}'t)ﬁffa‘itﬂrchénq ther crparaq}glgsﬂmmp%@rgﬁq dngstRe FE?‘\"B?P%fPr!i’r art

Pref er r eGe&dHatsts 88¢H adthat SownH Fifur®d aREESdIGAALSINY KrioWA desiyn pingipRSSor
sectional plan view of a high-energy ion inplanter 60

high Q resonators. Such designs utilize a circular cross section conductor for the coil. By

utilizing a rectangular cross section conductor, as is contemplated by the present

invention, with the short dimension parallel to the coil axis 47, higher impedance coils

may be realized while still maintaining a high quality factor Q. The shorter conductor

dimension parallel to the coil axis allows smaller winding pitch, i.e., a shorter coil, which

has less capacitance with respect to ground (the resonator housing 31). Thus, the ratio of

the coil inductance to the coil capacitance is increased.

SUMMARY OF THE INVENTION
According to an aspect of the present invention, a resonator for resonating at a
predetermined frequency in a linear accelerator is provided, the resonator comprising: (i)
a fixed position inductive coil having a longitudinal axis, said coil having a first low-voltage
end and second high-voltage end; (ii) a radio frequency input coupled to said inductive
coil; (iii) a capacitor electrically connected in parallel with said inductive coil; and (iv) a
cylindrical drift tube having a longitudinal axis and being located at the high-voltage end
of the coil, said longitudinal axis of said drift tube and said longitudinal axis of said coil
being oriented substantially parallel to each other.

According to another aspect of the present invention, the resonator comprises a
plurality of generally circular coil segments, each of the coil segments having a polygonal
cross section wherein flat surfaces of adjacent coil segments face each other. The
polygonal cross section may take the form of a rectangle having dimensions of length x
and width y, wherein dimension x section defines the flat surfaces of adjacent coil
segments. The coil segments are provided with a dual channel construction for providing
the introduction of a cooling medium into the coil. The dual channel construction
comprises an inlet passageway and an outlet passageway having a separate inlet and
outlet, respectively, at a first end of the coil, and wherein the inlet and outlet passageways
are connected and in communication with each other at a second end of the coil.



is showmn. The inplanter 60 conprises three sections or subsﬂgﬁgﬂ%?o%
‘termnal 62 including an i on beam generating ion source 64 and a nass
anal ysis magnet 66; a radio frequency (RF) 12 June 2003 5 |inear
accelerator (linac) 68 conprising a plurality of resonator nodules 70, a
final energy magnet (FEM 72; and an end station 74 which typically
contains a rotating disc carrying wdfers to be inplanted by the ion beam
The mass anal ysis magnet 66 functions to pass to the RF [inac 68 only the
ions generated by the ion source 64 having an apptropriate charge-to-nass
ratio. The nmass anal ysi sBmgﬁ&escglntwmiquheﬂée&wyeg& he ion source 64, in
addition to generating ions of appropriate charge-to-mass ratio, also
generates iong. of greater of ]esser charge-t.o-nmss .rati han t hat desired.
Tone. havi ng. 1 s D st pER fiasfal oFF atiSoT ihdn RiAT e A Mg et
i mpl ant a&dc@férét&tﬁ’icfu'&ﬁmgvﬁe?cgnﬁto]:%éiliag&nhﬁ%mthat passes through the mass

e

anal ysi s magnet 66 enters I nac 68 which inparts additional energy
to the ion beligupa2 &5 shgpwshariet hrtaespnatotf heil Biseinbhace iroah tomsimplaritérchieh
accelerating fields which vary periodically with time, the phase of which
may be aaﬁﬁ‘gf%éﬁggea]écomdate different atom c nunber particles as well as
particl es havi g f L i jres of
Fesonat or modt e i E G AL ERERm P P Mol TP RO o e
i ons beydnd the energies they achieve froma previous nodule. Figure 6
shows an enl arged ﬁr.oss secti.on:ill iﬁpI agagvi.ew of the RF. linac 68 s}gom in
Figure 5. As Fegiin it grogtisestignal vinvs o g PTiprALEreganaigf qoif fssenibly of thedBifat or
modul es Z%,.ngl;i lo¢ two of which, 70b and 70c, are fully shown. The ion
beam is accel erafed tThrough the RF linac 68 and exits at the |ocation and
in the direct Figureb ias tes s2tiond) plancdaweilf ah lien fplanterdswivgy ©lingwdul es
70-a-70d are "bupching" resonators 74 and 76 whi.ch bunch the ions into
packet s. 2g5elRirtes ngluding gresorpfer ooilpseerplly capitricied srerrdme;tn dhg principlesefnat or
nodul es Z&a&g& idvanfidlfe RF linac of Figure 6. Each resonator nodule 70
conpri ses nductor cdil 90 of inductance L contained within an

el ectrically @iguradasan erargad orossbettionaimlahvietvdfolic oias acuglédator efittle havi ng
an non-circular (e.d.., poalygonal) cross section (see Figures 10 and 10A).

The hous Yy MBlaRtRCel fi8¢ean upper plate 92A, a lower plate 92B, and a duct

(not shown) e’ﬁﬁ@g??ﬂgﬁggﬁ&me kv SPRRS ofatﬂgfdu?}‘\%%n@éfﬁﬁguﬁeg’slf&ﬁinetﬁg the

encl osure. The N a conpact, genera rirca ape havi ng

an el ect dineal deyelgracornd &ipure 65t end 94 that terminates in the 12 June 2003

6 | ower housing plate 92B, and a second end 96 that_ extends outside of the

housi ng 92 andigWe$iipaceess peetignehmiew of thegesomiorimadu]e shoym ipdiigugd téeaet r ode

or drift ?dﬁ%ghgﬁn?é%'ams 98 of the drift tube 97 is parallel to an axis 99
[

of the cfl rical "coil 90. As further explained below with respect to

Fi gures 10 andigird 9 shbesionbuthe osil oDHihle ré&sdnator module of Figure 8;
Figure 10 is a sectional view of the coil of Figure 9 taken along the lines 10-10;
and
Figure 10A is an expanded view of a portion of the cross sectional view of the coil

of Figure 10.
Detailed Description of a Preferred Embodiment of the Invention

Referring to Figure 5, a cross sectional plan view of a high-energy ion implanter 60
is shown. The implanter 60 comprises three sections or subsystems: a terminal 62 including

an ion beam-generating ion source 64 and a mass analysis magnet 66; a radio frequency (RF)



is conprised of copper and provides internal dual channel né%ﬁ@n?gpoa

‘circulating cooling water through its interior. The cooling water is

provi ded through coil inlet 100 and exits the coil through outlet 102.
Internally water cooling the coil hel ps dissipate heat generated by

el ectrical current flow ng therethrough. The resonator nodule 70 of the
present invention provides inproved tugi ng and mat chi ng mechani sns. The
tuni ng mechanismis provided in the formof a tuning capacitor Cs formed by
a copper,, electrically grounded, .arcuate plate 104 and a correspondi ng

portion MR geceleratop Gipe) 6% epmpiting aipfralify,of resopater modules /et Bnalenerey
. . Ny ) . : _
ot 0100 BiE (FHED O ahd an EE sltSh 79 IEGLARIA BbAE S Tonl, A Hafili®

conpr essivaferd tocheCimiplamédbygthietion bedns. 99. As the arcuate plate 104 is noved
toward the coil 90, the total stray capacitance Cs of the resonator (see

Figure 2) dechBadeass anplysis magnpico® AyicHgns Hepass 40 thg REf lirage8regly dhe dons

cor 0, e RV ok i 8 BRI i udel oy TR Y B T

t he resofaphetflis RYURBE Yectusd the isLsRed 64, i Addition tEcherRinge6ns dfQppRipfiagl N a
state of resonance for the resonator 70, the product of L x CSIs

mai nt ai nelRreotesmang rabp, alke eereraiesions of greatenwilgsserclinrgd-tosmiags @tio dxaa thitanges
in L duriing qperatid on. A |inear i rechani.sm 108 .i s. provi ded.for.
ot i v eot VTt Yo R Preb P dls Shiok (BBR B Wi R BIR R R o
90. A tumite@gheseafépnotor (not shown) functions to operate the |inear drive
mechani sm 108. The tuning servonotor is part of a tuning control |oop (not

shown) that r éfbéiiqxbl?eaaht:et_rn;aése_s irgwel) the mens mévsisggmst o enera dhe Riblnac)8
' mion MHESIET ARl bkl bife (6T SRR Aoy bE TFRERY. JT6o BOHRE "

funct i onpidiutéepapti¢le acdldratind BelddWhithh vaePbdritldidaflg RvitBymb NGé PRRe df WhiGar

position encoder to provide feedback for the position of the arcuate plate
104. The maythehadjysted éhapdommedate diféerend sateratconuririgeri partieles, asiwgllias pantéclésor m of

t ching. . J 2003 aci C~ f d b te plat
110 and HuneREEarRgate KR sBspmpHa s SeBrags Mo R Oh T
space t hea@PetwikieR fdsctiond toerthBieacdbleta®s fonk Geyod tﬁifersélggiegtheiy%cﬁieeé 6% a

capacitively coupled to the coil via connector 114, sl i dabl e coupling
rod 116, psevaousapedileor C~. The capacitor C~ functions as a transforner to

mat ch t he i npedanc f the source (typically.50S LLh. the i npedance of
Uhe ci roui | RETRES S Barh 8 eoes o8 sebi el BlapifL of ushlblinh B8 SRR L7 0 ol
from t he Rgir6 Y 1AsRAGHNIAFRES, RRIRICEnac B3Enalu84sb8r Rk aforlm&duIsy7dae70apV ed

toward or away fromthe coll 90 to decrease or increase, respectively, the

capaci t avoly o efaphicht B apd 70gyare i hcshomne | Ehedompeam ds adeelerptedsthipugh the t he

coil 90 he l.ocation Q .n Figures 7 and &, th i,sk. of argcin

bet ween TG iRl G Weelfin iVBF e g of spbVor By ad Rour

si gni fi caedohiitof RIGAGRE 70 TOI Re Fo1EldRME” tbiatbRF4GaH 76 WhieH bimchieiods irad
Figure 10 shows a sectional view of the coil taken along the Iines 10-10 of

Fi gure 9.pagkmis.r esonator 70 is designed to resonate at a frequency of 13.56

megahertz ( . or 27. . At res nce, vpltage gn th rder, of
50000 vol {5 (UBoRe TS laF ip sy PRE s Bt BR0pfiEr efuRE 7 b

el ect r odgn e RBEGI¢SST Figher Gt Ea¢h fsofateNmddiledf yothpr@s af ipddtbLsoit batofa

hi gh current that pass through the coil, heat is generated during operation
of the rdndistanee L coptaingd nithimaneglectdedllygsgoundahessenatorslwningmehield etousingsent

i nventi ony.f Qol ing the resonator, cail.. sho iR EFigu 1 t coi
90 has. & de R Te AP R R RONERD 08 PR e gt [ Fartloeyh ABs o
directly HonihEQZ GRilhdes Bh @ppet Ylute9Th alo@et plefe MBS SRTLARY (Hof Shpr) e e ite
directly to the coil outlet 102. At the high-voltage end 96 of the coil 90,
t he i nl etbelwrendhe npner pad lnacps piaies ta egmpleecheerciosyred ThsmeilA0daimes sgorapact,

junction (not.shawn). so.that a continuo flo tter cool | di um
tch e ishgR RAc ARt EieCR VR oo Rl Ghof tnefieFBfhaled R,
the inlet passageway 118 via coil inlet 100 can pass through the junction

and out of the coil via outlet passageway 120 and coil outlet 102. As shown
in Figure 10A, the cross section of the coil as a rectangle of dinmensions

length x and width y. In one preferred enbodinent, x = .5 centineter (cnm;
y = 2.4 cm and the distance z separating the individual coil segments
90a-90n = .5 cm The dinension x of the cross section defines flat surfaces

| 22 of the individual adjacent coil segnments 90a-90n of the coil 90 that
face each other. Thus, the current carned by the coil wll be distributed



12 June 2003 over these flat surfaces 122 instead of being 38&8@%?9%§ed on
the tangential portions of a coil of circular cross section as shown in
Figure 2. As such, the cross section of the coil segnments 90a-90n nay be of
any type of polygon having flat surfaces 122, such as a square. However, by
maki ng the rectangul ar cross section wherein the length x is greater than
the width y, the coils may be nore cl og&ely conpressed, thereby increasing

t he conpl ex i npedance Z(~), w thout decreasing the quality factor Q of the
resonator. Thus, a nore compact coil design is achieved while providing a

r esonat olowst hapsing flata 928 and @rsepond enlPGethpt extendsyoutside af thglopsipg g anf osses

Lhan. Dr e 38 0ot A S e R ALl Y e 67 AN RIS

secti on, Ny € present T nventron permts a snal’ler

pitch (i the@rift tuBOOR iCHirhllet eQaEMtis Y9 ofitie dylindedadesil 80hi gher conduct ance, per
coil unit length. The resulting shorter coil design exhibits

|
capaci t ance t &sdwuihaiexplpined belayawith am@ctw]ﬁighregﬂemédﬂﬁu&wémteqizgﬂ% in a

resonat o avi i r | C: C i I i Iy o
parti cul i;?r‘i%ﬂ‘{r%%%%tf ra&‘r)l‘?&? n{l ggﬂ%%e’%ﬁ%@?ﬁ%&&%&e@% %g%?gﬁf‘ﬂgﬂég &h“.“%ﬁer
f r equenciater tiodh itsinteridr . i dBUﬁn%%te@W@vidwﬂﬁ@igh doilvietet 1005 exAs the
greater and efficiency is lower than with 13.56 MHz inplanters.

Accor di ngdijthroughr eutlet 1023 lateseallynmeater edoliag thawniblyadps disvipate heatesnerated byf or an

ion inmplanter |inac. Ras.been described. Wth the foregoing description in
ni nd, hoa}g\c/t al gwepgﬁa\ﬁglgﬁg?rgtg‘ﬁm{ghat this description is made only by way

of exanple, thak rkddBaiod WRIAuieOT) bS tHtOprekdniiidvetib® ptd\eddidihiprévddauniigldi ment s
descri bed herein, and that various rearrangenents, nodifications, and

subst i t utiatshdngmgchapismsp Thermingimeshanismeis peavidedonitheformrad gdnmpg eapaeitorpt i on

wi t hout arti fromthe scgpe of e_invent] as .defined by the.

Fol 1 owt nsdr st irPPe Ffe B ARCarPbaded, b TSPl Tba 3y s g hiitnfibe biftiog
resonat onoé oF tHeSsoppért dofib R iwith 43 ROBE 8paticBtebdtReeiPadting 3 tRe Hielkefic. The
accel erator, conpri sing: (l fixed position inductive coil having a

a
| ongi t uditunang mechanissupravided %y tha arqugtepldte 164 proyides biningyd thavgsenatpr sethowd
hi gh-vol t age, end; (ii) a radio.frequenc ) input coupled to said
i nduct i yé{%%ﬁ“in,g O_H’éli‘l?)e_ﬁs%%gjﬁcc’lop&ﬁo%a’%ﬁ éé(?'lt:_ri cal Iy connected in parallel
W th said i ndycd thy¥ arcufielplat@ Do {siidved towaid e c6i00 thi tdtall 34§ chgh¢itiittedCs

| ongi tudinal axis and being |ocated at the high voltage end of the coil,
sai d | ongff thedicsetiater s Kigurs ) decheades, thetsby inereasimigdhe tasgnant diequgncaof sheof

said coil_ bein riented substanti all a ‘j'alel to, each.other. 2..The
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capacitively coupled to the inductive coil throu a second capacitor (C~).
resonator 70. In this manner, to maintain a state of resonance for the resonator 70, the
product of L x Cs is maintained constant by altering Cs to accommodate drifts in Cs and
changes in L during operation.
A linear drive mechanism 108 is provided for bidirectionally moving the arcuate plate
104 toward and away from the coil 90. A tuning servomotor (not shown) functions to operate
the linear drive mechanism 108. The tuning servomotor is part of a tuning control loop (not
shown) that receives an error signal from the resonator phase control circuit to correct for
drift in the resonance frequency of the resonator, in much the same manner as the coil
stretching/compressing servcinotor-functioned in the prior art. The tuning control loop may

include a linear position encoder to provide feedback for the position of the arcuate plate 104.

The matching mechanism for the resonator 70 is provided in the form of a matching



4. The resonator of claim11, wherein said predeterm ned frea%g%eyzqog at

‘| east 27 negahertz (MHz). 5. The resonator of claiml1l, wherein said coil is
conprised of copper. 6. A resonator for resonating at a predeterm ned
frequency in a linear accelerator, conprising: (i) an inductive coil having
a longitudinal axis, said coil having A first lowvoltage end and a second
hi gh- vol t age end; (| 1) a radio frequency (RF) input coupled to said
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Figure 9 shows only the coil 90 of Figure 8, and Figure 10 shows a sectional view of
the coil taken along the lines 10-10 of Figure 9. The resonator 70 is designed to resonate at
a frequency of 13.56 megahertz (MHz) or 27.12 MHz. Atresonance, a voltage on the order
of 80,000 volts (80 KV) is generated by the resonator at the accelerator electrode 97. Because
generation of such a high voltage requires that a high current that pass through the coil, heat
is generated during operation of the resonator. As such, water cooling means are provided
in the present invention for cooling the resonator coil.

As shown in Figure 10A, the coil 90 has a dual channel construction with an inlet
passageway 118 connected directly to the coil inlet 100 and an outlet passageway 120
connected directly to the coil outlet 102. At the high-voltage end 96 of the coil 90, the inlet
and outlet passageways 118, 120 meet and communicate at a junction (not shown) so that a
continuous flow pattern of a cooling medium, such as water, may be established. In this
manner, water introduced into the inlet passageway 118 via coil inlet 100 can pass through
the junction and out of the coil via outlet passageway 120 and coil outlet 102.

As shown in Figure 10A, the cross section of the coil is a rectangle of dimensions
length x and width y. In one preferred embodiment, x = .5 centimeter (cm); y = 2.4 cm; and
the distance z separating the individual coil segments 90a-90n = .5 cm. The dimension x of
the cross section defines flat surfaces 122 of the individual adjacent coil segments 90a-90n

of the coil 90 that face each other. Thus, the current carried by the coil will be distributed



13. The resonator of claim1l, wherein -said coil segnents gtrzé'uﬁ?g%)%ed

‘Wi th a dual channel construction for providing the introduction of a coil
cooling nedium conprising an inlet passageway and an outlet passageway
having a separate inlet and outlet, respectively, at said | owvoltage end
of said coil, and wherein said inlet and outl et passageways are connected
and in comunication with each other a8 said high-voltage end of said coil.
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compared to a coil having a circular cross section, the design of the present invention permits
a smaller winding pitch (i.e., more coil segments), and therefore a higher conductance, per
coil unit length. The resulting shorter coil design exhibits less capacitance to ground. Less
capacitance and higher conductance result in a resonator having a higher impedance. Such
a high impedance design is particularly important in the case of HE implanters operating at
higher frequencies, e.g., ® = 27.12 MHz and above, wherein power losses are greater and
efficiency is lower than with 13.56 MHz implanters.

Accordingly, a preferred embodiment of an improved compact resonator for an ion
implanter linac has been described. With the foregoing description in mind, howeyver, 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 respcc;t to the foregoing
description without departing from the scope of the invention as defined by the following

claims and their equivalents.
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low-voltage end and second hlgh-voltage end

(i) a radio frequency (RF) input coupled to said inductive coil;
(iii) a capacitor (C;) electrically connected in parallel with said inductive coil; and
(iv) a cylindrical drift tube having a longitudinal axis and being located at the high-

voltage end of the coil, said longitudinal axis of said drift tube and said longitudinal axis of

said coil being oriented substantially parallef to each other.

2.

3.

The resonator of claim 1, wherein said low voltage end is electrically grounded.

The resonator of claim 1, wherein said RF input is capacitively coupled to the

inductive coil through a second capacitor (C;).

4.

The resonator of claim 1, wherein said predetermined frequency is at least 27

megahertz (MHz).

6.

The resonator of claim 1, wherein said coil is comprised of copper.

A resonator for resonating at a predetermined frequency in a linear accelerator,

comprising:

(i) an inductive coil having a longitudinal axis, said coil having a first low-voltage

end and a second high-voltage end;

(i) a radio frequency (RF) input coupled to said inductive coil;
(iii) a capacitor (Cs) electrically connected in parallel with said inductive coil; and
(iv) a drift tube having a longitudinal axis and being located at the high-voltage

end of the coil, said longitudinal axis of said drift tube and said longitudinal axis of said

coil being oriented substantiaily parallel to each other.

7.

The resonator of claim 6, wherein said low voltage end is electrically grounded.
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circular coil segments, each of said coil segments having a polygonal cross section
wherein flat surfaces of adjacent coil segments face each other.

12. The resonator of claim 11, wherein said polygonal cross section is generally
rectangular, having dimensions of length x and width y, wherein dimension x defines said
flat surfaces of adjacent coil segments.

13. The resonator of claim 11, wherein-said coil segments are provided with a dual
channel construction for providing the introduction of a coil cooling medium, comprising
an inlet passageway and an outlet passageway having a separate inlet and outlet,
respectively, at said low-voltage end of said coil, and wherein said inlet and outlet
passageways are connected and in communication with each other at said high-voltage
end of said coil.



