WO 01/93646 PCT/ GB01/ 02274 1 | NTEGRATED RESONATOR AND AMPLI FI ER SYSTEM
TECHNI CAL FI ELD The present invention relates generally to ion inplantation

systens, @h1/936480r € specifically to an inproved ion inpl ggtracsdiiorear
accel erator energizing apparatus and system BACKGROUND ART In the

manuf acture of sem conductor devices, ion inplantation is used to 10 dope
sem conductors with inpurities. A high engrgy (HE) ion inplanter is
described in U S Patent No. 4,667,111, assigned to the assignee of the
present invention, Eaton Corlﬁorati on, which is herebg i ncor por ated by

reference as if fully set forNFEGRATEY RESQNARORPBNDAMPHFIERS¥STEMr e used

for deep inplants into a substrate in creating, for exanple, retrograde

well's. Inplant energies of 1.5 MeV (m || iT%BHﬁ‘ tLe 15 volts), are typical
r'gy—taérﬁo'e—us d

for the deep inplants. Although |ess ene : ed, the inplanter
still nust be capabl Eheiressatinniomiglalassicasielly taion émpianidtios sitereend 300 keV

and 700 key¥. Eainer sgsiiichlly taadl intprbibiion idplahtaingst8ESeraBferRigide i on beans
at energy | evel Spléat'}soﬁngng- Referring to Fig. 1 a, a typical high energy
I

ion i nplanter 1%7 4%ed, 20 having a terninal 12, a beaniine
assenbly 14, and an end station 16. The termnal 12 includes an ion source
20 powered by a high voltage power supplya@lerdURDiAgF Source 20 produces
an ion beam 24 which is proyvided to the Deanf|ine assenbly 14. The ion beam
24 is then directed lt”d'iﬁa’g%l“”\él\acﬁ’é?@fé?”‘\'fv‘l&?‘@ﬁc’mé@e"l'cﬁs't'%”‘éﬁata HE b 6. The

i on beam 22 i s dapedemicominctotsywithirepdyitiest! A high eres@HEYiod #npldhte s eeAbeises a 25
mass anal ysi s t Ladi_Q.; : j rat or
(nacy 26 Th Y Frpeen B0 71 oBsbAd B Sk dndt b bl PR BERGR 050" 26,
each of which fEFehEPPOrAIReVRIFHE B8TePYREOBRIGISAEY tofrsensa ap i ifully setfeh achi eve
from prior noduhesn. Jivd HEEE dpRinddrO4re NBSHfo LS infpldntiniiakuddtlaye igNer gi zed by

a high RF voltage whi J ypi cal enerated b ance nethod to
keep the requi r%gathgg’efg%ééa%%ﬁﬂfog?aedgﬁﬁ{eibllmé’.[ang%'e l"")eé oﬁé&iﬁe&ﬁgﬂ@pgie@c net 26
passes onlly i on¥!tef arghypicalien the deeptimplgeist Bltherefslesseanietan can be tded, thenac 28. The
linear accel er aimplant@Pstilingst REAPARE ofi garibindinfnts BESHAYids PRiviBRbak&r 10

54 a5 schenat| SHITy Bl GleTavE o SRV B FeeBihe o Pemexampl c.
as described i nat®Bergy BvelPantodtMNG. 4, 667, 111 operate at a frequency in the
range of about 3-30 A&ring WiFid) 18 MPbidABBh Bher@POMimptinieP 1d RAikYated N Or der to-
accel erat EOI Onsha(\)/}cngtaqg'm%%fi{g, 221 %eeErr?line assembly 14, and an end station 16. The terminal
12 includes an ion source 20 powered by a high voltage power supply 22. The ion
source 20 produces an ion beam 24 which is provided to the beamline assembly 14.
The ion beam 24 is then directed toward a garget wafer 30 in the end station 16.
The ion beam 24 is conditioned by the beamline assembly 14 which comprises a
25 mass analysis magnét 26 and a radio frequency (RF) linear accelerator (linac) 28.
The linac 28 includes a series of resonator modules 28a-28n, each of which further
accelerates ions beyond the energies they achieve from prior modules. The
accelerator modules are individually energized by a high RF voltage which is typically
generated by a resonance method to keep the required average power reasonable.
30 The mass analysis magnet 26 passes only ions of appropriate charge-to-mass ration
to the linac 28.
The linear accelerator modules 28a-28n in the high energy ion implanter 10
individually include an RF amplifier 50, a resonator 52, and an electrode 54 as
schematically illustrated in Fig. 1b. The resonators, for example, as described in
35 U.S. Patent No. 4,667,111 operate at a frequency in the range of about 3-30 Mhz,
with a voltage of about 0 to 150 kV, in order to accelerate ions of the beam 24 to

energies over one million electron volts per charge state. A conventional connection

SUBSTITUTE SHEET (RULE 26)



energies over one mllion electron volts per charge state. A conventional
connecti on SUBSTI TUTE SHEET (RULE 26) WO 01/ 93646 PCT/ GB01/ 02274 2 of

power betweendéusRF anplifier 50 and a resonator 52 incl udgsy@sdiionsis
i npedance matching network 56 within the anplifier 50 to match the active

devices 51, which may be solid state or vacuum tube devices, to the
transm ssion |line 58 inpedance, typical I& 50 OHVs. A second mat chi ng
network 60 at the feed into the resonator <52 5 matches the transni ssion
|l ine i npedance to the resonator |oad inpedance. The power |osses due to
t he mat chi ng netipes bggeenan RFDampifenfdland asesohatorzfohaudes adirstimpegaiceal | y

2-5% of the tot @Hatdﬁlﬁth@WéFk 56l Withmdick ém;ﬂlﬂeréé)qéfhmaﬁﬁftﬁé%% Rty kghgRd
transm ssi on I|nes or es are co th of the cable

58 is critical, "HRg S%'W Sgaﬂ)et ?rﬁ’ﬁfuugbtﬂﬁeed%@ﬁﬁﬁﬂ hFE’Fh%?%‘Wl"Hﬁ PUINSEYEE may
i ncl ude sever al typisalyr3 QML OA smbhemalehichnetwonlspD esthe tded i) e s3sataon g2 a
typical high eneifihed BB thAdhiaithdhé Ribedsbe &Mk régbr%%éulﬁﬁp aée'\'\f%%f“ ON The

present invention |s di rect ed to an inte q{étate r esonat or radio 15
frequency (RF) &RpPiFssetdusyinemaliiogsperaient 69 aguel ?%théﬁat?'?)ﬁs are
accel erat or, whitypleallyed-5%ioftaé esal BF power. 1in adfitiovsutiobhatchin@hdt@oms assSoci at ed

with the prior %asm.ésrbnqgsstar%ga@garecséayef:mpmquhgafﬂw Q%%lersg? cRﬁlgal ous

mul tipl e nmatching net uci ng
conpl exity and @8g#n %qtmahcaiblet'@@%twaatﬁ@wmwes EmAYlinFide Wi meters oéyst em

The inventioon f gabih@hicpsupisAbRRbERMN 8 typRalHyh dhgrgdibnRhipidRat@ap! i fier with
a resonator. In R cra)rdance with one aspect of the invention, an integrated

resonator and & (Tlfl er systemis provided wherein an RF out put associ at ed
with the anplifier is substantially directly coupled to the resonator,

thereby elimnating the cost s associ piset ogurE SHRIVENTION € mat chi ng
net wor ks and cabl es SOCIa stens an deV|ces The

BISELOURE OF RVENTION
system may conprise af® Brl’?fﬁ O%Q\ﬂqﬁﬁec{aﬁq aﬁﬁ‘t%ﬁtﬁ%'iesorﬁtorla% RAQj 1 cui t
subst anti alsl y difreel@htw(%b@rpmléef sysiemntaed RFpapaitgyat usefin 4rhien acvelerdtarewhicand an
accel erating el gehihQ88oGRRRRES GiolOphbBEmt aldociiel Gih fhe plidt HOM %rf?dﬁlatro cost

advant ages, the present inpvention reduces the space required
accel erator nod meé”"eﬁ”‘ﬁ’é’ compigesiAe PieMioRHTHitRfe WP'@%U%‘WO”‘%W% %8s or reduces
t he power | ossese@asgkothe@beddudiigthSnitehnddosiadf ed infegtatear kssonaneashii e,

thereby inprovi a&gm% etn %an%gﬁtﬁﬁ;drfﬁbl%?g\)(des-ghﬁethcfdgﬁy& lrgdlaolﬁ#the nunber

of RF corrponents ccor I'nventlon al so van usly inproves
the systemOrel éB‘P'I‘fief‘Q/'th"‘lrr‘?S%{@%rdance wi t h anot her aspect of the invention,
an apparatus is provird®dordance with one aspect of the invention, an integrated resonator and

amplifier system is provided wherein an RF output associated with the amplifier is
substantially directly coupled to the resonator, thereby eliminating the costs
associated with one or more matching networks and cables associated with prior art
25 systems and devices. The system may comprise an amplifier having an RF output, a
tank circuit substantially directly coupled to the RF output of the amplifier, and an
accelerating electrode connected to the tank circuit. In addition to cost advantages,
the present invention reduces the space required for an accelerator module. The
present invention, moreover, eliminates or reduces the power losses associated with
30 the eliminated networks and cable, thereby improving overall system efficiency. The
reduction in the number of RF components according to the invention also
advantageously improves the system reliability.
In accordance with another aspect of the invention, an apparatus is provided
for accelerating ions in an ion implanter. The apparatus may comprise an amplifier
35 having an RF output, a tank circuit having a coil substantially directly coupled to the
RF output of the amplifier, and an electrode connected to the coil for accelerating

ions.
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for accelerating ions in an ion inplanter. The apparatus may conprise an
anplifier 35 having an RF output, a tank circuit having a coil

subst ant i @ild y/odédeect |y coupled to the RF output of the anpdifderozgad an
el ectrode connected to the coil for accelerating ions. SUBSTI TUTE SHEET

(RULE 26) WD 01/93646 PCT/ GBOLl/ 02274 3 In accordance with yet another
aspect of the invention, a nethod of coupliing an RF anplifier with a
resonator in an ion accelerator is providéd. The nmethod conprises
connecting an RF output of an anplifier to a coupler, and |ocating the
coupl er near a resondt¥FoEgie W'tPH@raéBSb‘er&ﬁH?ﬂtPh@et"H%"“RF; aguetstof egupfing:
anplifier wth thBFampk&e®alh 8Ffesohdoratlgh ibh acteletdier id ;E’rd\ﬁdﬁdl CTHe ﬁn"eth\zfd des for

capacitive or 'QﬁjnHﬁ I|f|er Wt h
accel erator resoha Ebé’@qFﬁg#ﬂéhpﬂF%pTBFtao?ﬁﬁgmﬁ O?totaﬁzguelerr%nd ?Cﬁ@gotﬁ%i rel at ed
ends, the i nvenfQupler nessppsosaler eofldhgrebit aerialing feer RF wimlttefrm anplifierddthdné bed and

particul arlsy poregbmoromaddmoﬁ h@e m@énﬁéﬁ@ovd&%&orfc@bédﬂwe BEnSlRA ol hg b and the
annexed draw ngs, 10 illustrative enbodi nents

of the inventiof. a?’ﬁre@ 'eé%'b%ﬁ 'ﬂ%ﬂ?cgeéﬁ?%r?s%%f?atl ve, however, of but a few
of the various ways iTathgtacedmplibengnt pirod fofegsing find fetddrends thedmvention  be

enpl oyed. Q her cqyrig6d t$:e reatl ¥ N IR dé@&%led Eﬁ@ﬁéﬂﬁcﬁ@lrlﬂ)ouﬁtg@odt PMﬁ%t hon

will becone app aren Fogmth fol | ow ng detal |l ed description
i nventi on when ﬁ'B‘ﬁs B% QiR desERtiomaRd BHanRexer ?rﬁ@‘”ﬁﬁ%ﬂhfoﬁﬁﬁ‘ detpd] cptginF
DESCRI PTI QN OF M\!mu'edgmentb ahthie Snveathan@hése emnbbdimehts dieaglicivg, | | ustrati ng

a typical high ﬁ(ﬂ/@'ervgryof tﬂ@aféwrm Rbushid H?\gmhé?chl thér?rﬂ\'&ﬁ%g%ﬁhgra%r?gn Oy whi ch

the integrated RF fier esona present
i nvention nmay bee %’HEJPWeG’the}EGbJﬁt@ ad‘ia”E?QP%a’Kj @dh‘é??él{f?%ofbh'%e\r@n@nna@h* am
illustrating a pecodi apparettifiomahe mmgecremn@d desdnslioh 6f th&ingentidSwheén a schematic

di agram il | ust rgcf?isﬁgregmc&ﬂ\ﬁﬁ{}oh%ﬂheldrarm accel erator nmodule; Fig. 1 dis

a schematic bl oc I agram ustrating a ®onventional linear 25
acceleratdP nodule; Fig. 2a is a schematic diagramillustrating an

integrated RF anplifier and resonanqn_fp ggﬁmwmyoﬁgmmpn@gtl ve coupling
according to an aspe emati ¢ bl ock

t |
di agramillustrati ngE'g ﬁ'ﬁ? §Fn§ e%l ?ﬁgd;ef?ﬁr? f”?sé'ia "égn?jtyP'8§§}9 £859%98¢ em
accordi ng t o an&wleater hayiec lingér acheleratovie mthicb the integrated RF amplifier and

resonator system and method of the present invention may be employed;

20 Fig. 1b is a schematic block diagram illustrating a prior art linear accelerator
module;

Fig. 1c is a schematic diagram illustrating a conventional linear accelerator
module;
Fig. 1d is a schematic block diagram illustrating a conventional linear

25 accelerator module;

Fig. 2a is a schematic diagram illustrating an integrated RF amplifier and
resonator system having capacitive coupling according to an aspect of the invention;

Fig. 2b is a schematic block diagram illustrating an integrated RF amplifier
and resonator system according to another aspect of the invention;

30 Fig. 2c is a schematic diagram illustrating an integrated RF amplifier and
resonator system having inductive coupling according to another aspect of the
invention;

Fig. 2d is a schematic diagram illustrating another integrated RF amplifier
and resonator system having inductive coupling according to another aspect of the

35 invention;

Fig. 3 is a sectional plan view illustrating an integrated RF amplifier and
resonator system according to the invention;

SUBSTITUTE SHEET (RULE 26)



30 Fig. 2c is a schematic diagramillustrating an integrated RF anplifier
and resonator system having inductive coupling according to anot her aspect
of the iweaniwes, Fig. 2d is a schematic diagramill ustr gidimgsaneihier
integrated RF anplifier and resonator system having inductive coupling
according to another aspect of the 35 invention; Fig. 3 is a sectional
plan view illustrating an integrated RF anplifier and resonator system
according to the invention; SUBSTI TUTE SHEET (RULE 26) WD 01/ 93646

PCT/ GB01/ 02274 4 Fig. 4 is a side elevation viewin section of an
integrated Rf anpli f%@r“ Bic¢idercieyaiipgvisw 18 pettiempiandaedatad Rf emplifier andvent i on,
ti'ilken al ong | i nesénador@fstérh gecoriingftd g}e ifvehfondtaR@Cdioraniad 44l A RigVi; ew 4
illustrating an inte RE. ifier. . resonat.o stem according to
an aspect of the invgﬁﬁ %%;segloﬁigg)l.lan&ae%g&gg'snggpi'nger%‘?tec%'lqg%me'ﬁ%@vaq | ustrating
anot her i nt egr afesena@r sysen agdording to ARl agresiort dtedrvenjost em accor di ng t o anot her

aspect of she invent Fgnsa iEh8ectiBial bfan diehARkirQNGhndthed thidbr Q¥4 RE hmphieAt | NY
anot her integrat r esonat ortd)z}/st,em according to anot her

Qefg RF ﬁ)ﬁgl %fl er dan(%l G

aspect of the i AVERTIGH SEY 262G 'S oLIeE §3her iWEU t he i ntegrated RF
anpl i fier and resonafigrtb id e segtisnat piaoViewiillpstr@ibg ammicer Fitagratdd RE amplifieow di agr am
ilTustrating a gRfRethalPEysERchithodardSthe® Bettdf fle invBitidAUt 1O a resonator
or tank circuit. MODE(S) FOR CARRYENG QUT. THE I NVENTION 15 The present
invention will now bESJRER T HRRUGR YiRW PEN® intagrated R pRRlifigfranfiresgaatonner ei n

i ke referl®nce systorr &flFy. als;andsed to refer to |ike el enents throughout. The
present invention ing .“Fﬁ%fl@ﬂ.d|aﬁ?aﬂ9im%‘ir§{ﬂn FEMARNRLE B oo @ﬂ @ﬁ#’m{ lifd & system
and apparatus for us€ in-anio accel era?tor, as we 48" 8 ethod for

coupl i ng an RF CHPPIQ # respnajgrontagk ¢idbnat or in an ion accel erator. The

i nvention may be enployed in 20 individual accelerator nodules within a

| i near accelerator in a high e 5 |¥si= l@&HFﬁ' ,i;&'b VSIS Qﬁ% spect of the
i nvention conprises coupling SMﬁéﬁﬁﬁy‘ﬁﬂ&%i fier output
to a resonator circufhe praspsat isyanterawill new by deficriastwibgeferengrgto thefdrawiegsi nvent i on
may f_orrprl ste, fQﬁerﬁiX@lg@He%{enS@ﬂﬂﬁ%rﬁlb \A@.,us}e@gqefu t%vﬂﬁke a8erits t?qﬂz[%mfu{ﬂ‘?fhe
coupling, etc.,_and advant ageously si ifie riof.. art matching

net wor ks and 25pr§f€?r\r‘r{”ﬁ%ﬁ%8%'n?'}ﬁ‘ges§ﬁ 'qugbﬁsg"az%r?@gﬁgta@a“fﬁ'f‘ﬁtegb‘?ﬂpgnti onal
systens, thus i apamusigr usefrfandpreacyleragmeasevelias b imettod dom cogntisg an BRd

reliability. amplifier with a resonator in an ion accelerator. The invention may be employed in

20 individual accelerator modules within a linear accelerator in a high energy
implantation system. One aspect of the invention comprises coupling substantially
directly an RF amplifier output to a resonator circuit. The substantially direct coupling
of the invention may comprise, for example, capacitive, inductive, and transformer
coupling, etc., and advantageously simplifies the prior art matching networks and

25 eliminates the 50 OHM cable associated with conventional systems, thus improving
efficiency, space utilization, cost, and reliability.

The various aspects of the present invention will be discussed hereinafter, in
reference to specific applications including a linear accelerator module forming a
component in a high energy ion implantation system. However, it will be appreciated

30 that the invention finds utility in other applications. In order to provide context for the
features of the invention, a brief discussion of a conventional interconnection for an
RF amplifier and resonator is now provided.

Referring to Fig. 1c, a conventional resonator circuit 100 is illustrated which
includes an inductor coil L connected in parallel with a resistance R and a

35 capacitance Cs. An accelerating electrode 108 is connected to the inductor L, and

serves to accelerate ions associated with an ion beam 110. The electrode 108 is

mounted between two grounded electrodes 112 and 114, and the accelerating
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The various aspects of the present invention will be discussed hereinafter,
in reference to specific applications including a |inear accel erator

nodul e f ovoongséas conponent in a high energy ion inplantaPCDGBsSYyeEReM
However, it will be appreciated 30 that the invention finds utility in
other applications. In order to provide context for the features of the
invention, a brief discussion of a conventional interconnection for an RF
anplifier and resonator is now provided. Referring to Fig. 1c, a
conventional resonator circuit 100 is |IIustrated whi ch includes an

i nduct or coil LeledRARLEANIthe Panded slectigdes 112 3nddil4 Prafrie ik “papfPdl” 35
capaci t ance Cs.mémeancetadraltithegorebeant 1100 &ha 0&pacitance® Op eptesdnts thet he 1 nduct or

L, and serves {n:acheheds ﬁ%eeopmér@s%ﬁ%a&mfi.g«u&fwge@am g{bngﬁgmelo The

el ectrode 108 is npunte tween two grounde ctrodes and 114, and
the accel er at i nRF°SRIBYENG efrgyrRdesi§BEtne SERROR stas) fovihe elepitrsig4Be FeiEd@ON/ 02274 5
eI ectrode 308 aatded fu@ing capsitede.cTiecicsiodns ﬂl&pr@d@d’tslﬁﬂo&l@@ éé’éo&a!eﬂ with

DS Pt t o e Rkoldh ARAFLANRLR, HAThdu80r PEAThE bagiiafe CFPREGRESE

represents th ance 0 £"°F ncl udi ng
contributions fbeiﬁﬁ* f3racitage €4 @ﬂddh‘i? inguctoreeil k aeselecigd to fhen @l@p’d@ﬁSt high @in f or

the el ectrode, fcbghafiQrkaddircRYo® mﬁa@%ﬂﬁeaEHBédéeraﬁ&theW&%eaﬂ_he resistance
RL represents the Io,Fs?ses ass C|tat drE%’ r[;F ) nt Ci rcwt conpri si ng
the inductor L XSHERESE tfe WS eYN IfrHg \76{?%5’8? dPe 3ame TNVt Ance CS
and the iAfuct or!adleﬁsmuencsdﬁé) smaéﬁtcechetcmdﬁrommneﬁlqaywellndws(1¢wrglat int 1t@&sonant
or "tank" cCirCUidg lél‘éﬁamwa@rc%bﬁeoe@%m@%ﬁir_g%réﬁﬁgfthg'?ﬂ%\ﬁ'aégapf%cﬂtdr@:ear

accel erator systemo e shown in g a resonates at the same
frequency. A 10 rad ef?’f’%‘hﬂ oy 9 ) RNSeeRigIfto] BoqUR AR shawrindhAng R RIE syst em
(not shown) at gaplifier 124 Gith amEFba;tpma!pacortnemedi;otb@tepd)rmbrbmcua1bbg1h=|qubt age end

of the coil L V\h ler aﬂag%h%matcgﬁ:\ Ftﬁg k§r1§4 Q%Rge%ﬂd%g?lﬂ 928 %Iagh IS

accel er at L o s shown TR ier RF
out put 12 onﬁm&éwaﬁeﬁvm@nﬂég&m 6? ?%?iﬁ tThie@'%TZBFtvrgca"zh%s a len@h f i rst
and second mat cdtisagraneisteey, knsords? 4o groplerly 2atantle &p@@dhb@oﬂiﬂ@amwlnbmtp@ 15

LY Peat kY o C O meR M Rk 1m0 b P Bfth o, A e TR BN Fagloba BliE Y 120

a length of sever prop er ence of
the anplifier dﬁﬂﬂalorc'ﬂ?@W%%ﬂd rmahrarﬂclttsipthmupl@sémmf%uan@/gmthqroo The

mat chi ng net wor derdéifs. oW Rb@Sing €aph&ir Ck ﬂmamerspa‘dea ﬁumtthéﬂ&cwa@ourmy i ncl ude

t he coupl LRg ca Clt and at he nts u paci t or
has a pl a:z Q sp aagng ODUSta eﬁ%n}aﬁgw&"@f’e aSF? gfr{e '%’a%?ﬁ&m“@ "ﬁﬁdﬁ&eﬁl eto rratch
t he i npedance o(fyplcﬁbf W@Maﬁbﬁhatpfrtbmﬁf Splrrp%dmwdlegm@an(p!lf}qnﬂa@ltfhw IMOHM) with

t1 gzt of OIt hﬁ RF rﬁiﬂb!’ﬁr%et\&d?l@llmhrflﬂhé B&:&m& éybicﬁry 5@%@4M§ h§lmr|]IQW i ng net wor k
and the Careso%an capa 'I[tg/n%e %a h g/ a plate spaced from tma coal L \)l/hlch may be adjusted
to tune the resonant frequency of the resonator 100 circuit. The coil L is connected

25 to the accelerator electrode 108 through a high voltage bushing 130.

The matching network 124 is typically configured to match the output
impedance of the amplifier 120 with the cable 128. The matching network 126
serves to match the impedance of the cable 128, network 124, and the amplifier 120
30 with that of the load, which in Fig. 1d is the resonator 100. the coupling capacitor C¢
contributes to the impedance of the resonator circuit 100, and is generally fixed. The
matching networks 124 and 126, as well as the cable 128 are expensive, may
require maintenance, and occupy valuable space in the linac 28. Simplification of
these components 124, 126, and elimination of 128 by the present invention
35 therefore improves the system cost, reliability, space utilization, and performance.
Referring now to Figs. 2a and 2b, one aspect of the present invention is

illustrated comprising an integrated resonator and RF amplifier system for use in an
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resonant capacitance CS has a plate spaced fromthe coil L which may be
adjusted to tune the resonant frequency of the resonator 100 circuit. The
coil L isweanmaedsed 25 to the accel erator el ectrode 108 t hcqugkoid2itsgh

vol t age bushing 130. The matching network 124 is typically configured to
mat ch the output inpedance of the anplifier 120 with the cable 128. The
mat chi ng network 126 serves to match the_ i npedance of the cable 128,
network 124, and the anplifier 120 30 vvltﬁ t hat of the load, which in Fig.
1 dis the resonator 100. _the coupling capacitor contrlbutes to t he

i mpedance of t hi®n@esirR{eTor hEi"P%t[ﬁt?d sygiem a‘a‘?ﬂﬂ”ﬁ“%“ﬁér’@’? lops. pultstapiiafly dired

mat chi ng net wor k&uplngdbetin@dn had GF mpnmhizoamatﬂngn @aéﬂoearﬁzﬁcuaneommgma ve, may

requi re maint en%&%ﬁmﬁ%ﬂ%f 918%5?%1 H\%g{?%nqglg’ﬁ;ﬁatfo OltthClll;hp éﬁr@rfolc 128 by the

Sinplification ese conp one |mna
present inventi 8§tegs. | hélﬂé‘Pfé'Pé mamﬁpemelqudr?éivaymeewﬁh@aﬁﬂear ?@eleé?&f lity, space

utilization, angop@ds i Emac sB@é%ﬁthHGnéﬂ@/‘(HEPloﬁhrﬁ;ﬁant&a atﬁsisyatlam Hage aspect

of the present Lnyen Sl an | rat ed resonat or
ond Re BrerrT ot eiRtC o g st o 2 G R AR B S
01/ 93646 PCT/ GBoifgtid 2007trough 4 oeupdiegeipeasitat tho.coMirested|ié & bigh a@lede slydsqfem

acconpl i shes a P&M%ak&%ﬁcunt%étb%&lkm 'y direct coupl ing between an RF
anplifier 120 and a S g %yesonant circuit 100 through sipplification of

t he mat chi ng networ k |dr‘F?ﬁ§P‘|‘p(li?P PMAIFRS RRHITC GPURIRDSYSP ARV Asy st ens.
The i nventlilon rmegrieb eapaniEnoy &t ackpagibatFodusiy.\2b), nnductwea:oumoo_wh en atlaators

nmodul es form nglo@p {)r’ Jaﬁ?e &té%gslmgos'&l W(ﬂﬂ |lﬁlgﬂt&yln ?Eéc érQﬂie's é‘ §nd The

syst em has an RF out coup su st antially
directly to a r §’§(’J'FPar§UbS*€PtfaH¥JF'feCEWP'ﬂ9r%ﬁ}tfﬁd BerE'BLﬁﬂe? At %‘&ES&“Q’B‘I‘"'PEO
connected to a haghiny adtivagie aschbll adsociaed WitAbAdr sgdtérBs)ibut insieddct or coi |l L.

Substantial |y dl:(§n?e%é)la GUPL; hd?gc&g)ﬁ@r{e%?ﬁ%%&%‘a‘t@&%h %%Wbédag gh as via a

10 series capacl Tive coupllng
via an i nddct or ampliend @UT%M’I'"“ gaesgnatoregyagyt i ng coi | 170 as il I ustrated in

Fig. 2c and descri bethd mm_aarmsamdsonhht@r{ankarcuﬁwbrsﬁaﬁﬁdc@e{dcyoglbvhlem:haszoum i ng,
as used herein nd cabl es

, . d
associat od wi { hoprigi-ctyel ey S euiabertn ol Pk B S Rl oo
net wor k adapt edFige 2aand Bb.needililigratmaickinofietaorks ArS0LHM pdldlesrargeagediut with a

r esonat or cir CUth% pre-EQrQ uﬁz@ht‘on'—Tﬁ@fmﬁE@d%cé %ﬁlﬂé‘ﬁpbn@ﬁfleﬁ' POUKatGhe St 1288 h @
capaci t an

Fr bauency Bt & nESERIE de egiater Kipepaten o Pecatroies oo S ah dhans
addi ti onal mat chdjuripbiee tHoweks, the aBi0st@EM of thb Icagacitanee isarppenalyddang ondehe pr esent
invention. The LURAGANGEHE impdagndror MERLdohAE cirdid0r 0Bl FlitRr Q4L AMENt]22 1S
generally not required since the load of the resonator circuit 100 does not vary
significantly during operation. The efficiency, reliability, and cost of the inventive
25 system are supetior to that of the prior art due to the elimination of impedance
matching components, and the power losses associated therewith.
Referring now to Fig. 2c¢, an integrated resonator and RF amplifier system is
illustrated which provides a substantially direct coupling between an RF amplifier 120
and a high Q resonant circuit 260, without additional matching networks and cable of
30 the prior systems. The system has an amplifier 120 with an RF output 122 coupled
substantially directly to a resonant circuit 260 through a coupling coil 170. The caoill
170 provides inductive coupling of the RF output 122 with the resonator circuit
inductor coil L, which inductive coupling may comprise impedance matching between
the output 122 of the amplifier 120 and the resonant circuit 260. Like the resonant
35 circuit 100 of Fig. 2a, circuit 260 comprises coil L and a capacitance Cs which may
be adjustable for tuning of the resonant frequency of the tank circuit. The inductive

coupling between coupling coil 170 and resonator coil L may be adjustable in order

—~e
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20 matched to the resonator inpedance by the capacitance 150, the val ue of
which is adjustable. However, the adjustnent of the capacitance is
gener al | waongeatice dependi ng on the inpedance of the reBONW&BOI/OXN4 Ccui t
100. Further adjustment is generally not required since the | oad of the
resonator circuit 100 does not vary significantly during operation. The
efficiency, reliability, and cost of the inventive 25 system are superior
to that of the prior art due to the elimration of i npedance nat ching
conponents, and the power |osses associated therewith. Referring now to
Fig. 2c, an intdgmaicttheimpedracaef thendF RPplifiapl20fat the ogipot Wit that dfitsst r at ed
whi ch provi des ae@ptagt@,nt”igéd y direct coupling bet ween an RF anplifier 120
and a high Q resonant it 260 thou dd| chi n net wor ks and
cable of 30 the prior );gﬁ@%atesﬁ%a@ﬁ{% 8”8 fr'}ﬁt'iagﬂ‘%ﬁe"tﬁﬁ U th an RF
out put 122 couplcecbling bétweeman BF hypldier 0hy thedigh Q essomeantircait 260uintwhRB0
through a coupl ijig eﬁd)bfla cJeZQImg-EQﬁ'acﬁé}'dB s Jonpeo%dqy 't néMH&Gcﬁo\fﬁ oFt:,Pl\Epl I ng of

the RF output 122 w t he résonat or rcuit uctor coll
i nductive coupl |°H@I'“tr?§9 a&%f?ﬁer%‘@qOﬁ?)B'G}ﬂ%%” ﬂ’ﬁt"@ﬁ‘? RG SE@%’MHMW‘%O’B& put 122
of the anplifi erpol@(FEANA1 totke ihedtordntAn GFrcholtet 182Gkhy Heiclsendctaa betesemnmat 35

circuit 100 of Khgoo s Ghd: wst.vggg)p@%pﬁt@sﬁce% H;&PHF %tggigr?%ﬁ% gee Cs

whi ch may be a(f ust € resonan requ t ank
circuit. The i nd’tﬁ'ﬂeQ@thEéﬁtﬁIC’f Ay Beehreding JvARsrarrigtedas nomitep a'ﬁtéla“yégtonat or

ch)céiT } Glléorlr% gsfdhp@iaa&a ievel ma@bdecrhtevﬁtulasm fB]EtFEE%c@H%Tor(tMrEer%hféﬁQ)%é 93646
eda t he np

output 122 with Z’ﬁ at? a%mfaﬂew?%'snonﬁﬁa ncqwr(‘:i”?%ﬁ'?? pwsglﬁlséate 'Bpllf'frlsg'g‘f'?gat es yet

anot her appl i catveoriovweuteylysresardeal(¢.g. KFTr@bt Tharourfingcapeeiapfi eg nbet ween an

RF anplifier 12@m§é@ﬁn<§ehﬁan91‘oﬂﬁn@fuﬁ&@ﬁﬁﬁﬁ@ mebratéalatmp%@é?ﬁreéonamﬁta op one end

of a coupling nnect.e bl e i (gtuctor L of the

circuit 260 at Cgrpsfgﬂ%ﬁ‘ﬂ?ﬁgﬁ%“iybcaﬁ?ﬁ\?f‘%etothﬁwﬁﬁé TSRV ARIFHA QY not
shown) froha powdeingBEho@t bydhe ihductontlult wiirbelnoteAmhaRRo edritiopal IRdame be

connect ed bet Wegihidritg, co%@b‘r’iéﬁ% a‘?cf,- re%rea%%e?’-thgﬁ)ﬁt'e rééﬁﬁat%”@rELIYZébqgs&ﬁ%esour ce
+Vs, and an RF gate m}g&tal setddgrow ed to the choosi ng

a
an appropriate t4°Bo; '”91'8@’ bevtl"l’ 1”9?f'ﬁ'ﬁﬁ'sﬁﬁcﬁ*%‘ég‘ﬁﬁ’c@‘slh@()’éﬂ a Pl"d'ﬂﬂebe
achi eved, down t188 mopantawitreresmeat tb e indudier califl. imthkeliedbnsg0. This is

parti cul arI y useful i# gqg;atag@tléoqu \‘/}évE Qramn @*&%ﬂgé %edﬁgodﬁrtﬁql n Symplifiers

having very |ow outp npedances I%F cou capaci tor
CB has no 29 npedased 'QVPaﬁ‘Pé‘f"E)WWP'ha’ *ntsare e SET '?anreyfl%rtsa-aem 00 is
anmpl i fier/resonahewn with Fiegonatd indudttrsbie20h Haamp AGylindadnl eredeingagAeld ance to

bl ock the DC t1 36515Lal KAt 808 BLafl 1ol Bed RATMELAT WIS Bierbli T nduct or

L. It will be no
212 and 214. The accelerating electrode 208 and grounded electrodes 212 and 214

operate in a push-pull fashion to accelerate packets of charge particles in the beam

25 210 as they pass through the system 200. The high voltage end of coil 202 passes
through the outer housing wall 228 via a bushing 230. Coil 202 is bifurcated,
providing for circulation of cooling water 236 into and out of inlet 240 and outlet 242,
respectively. The inlet 240 and outlet 242 are located at a low voltage end of the coil
202, providing an adjustable capacitive coupling of the output 222 to the coil 202, are

30 also included in the system 200, together with an adjustable tuning capacitance 270
which is illustrated in Fig. 4 and described below, but has been omitted from Fig. 3
for simplicity. It will be appreciated that the system 200 is one implementation of the
linac module 28 illustrated in Fig. 2B, where, for example, inductor coil L corresponds
with coil 202, the coupling capacitor 250 corresponds with capacitor 150, etc.

35 The adjustable capacitor 250 comprises a rod 252 slidably engaging a high
voltage bushing 254 in an inner wall 256 of the system housing' 232 for linear
reciprocation of the rod 252 in relation to the coil 202 in the direction shown by arrow
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mat chi ng conponents are required other than the resonator circuit 260
itself. The inductor L value may be tuned using a field displacenent tuner
186 havi ngooipkswgger 188 novable with respect to the i ndygtiagg@a@b4L in
the direction 190. Fig. 3, is a detailed top viewdrawing illustrating one
enbodi mrent of the 20 present invention in which an integrated resonator
and RF anplifier system 200 is shown with a resonator inductor coil 202
having a cylindrical accelerating el ectrofle 208 for accel erating an ion
beam 210, and nounted between grounded el ectrodes 212 and 214. The

accel erating el e rTbdeo?s8 reaydedradantilemisimend scestrigdlly cannge2d #p theper ate in

§5pgig pullthf aS&Ut&HZE@oﬁﬁ&ﬁ#Qﬁméﬁfi@rkaﬂ&Ea@letd?hgdﬂﬁh&%&f]br%%@ﬁ in t][]e beiam

as ey (0] coOl

202 pasacs b SRR RERE R s T i RN P02 A A ot 580 oot T 202
i's bifurcated, bgtweantte plgtef26p and the odilR02dermahe capatiiongSneiticircapad@iveit o and out
of inlet 240 ana)quéE krPetRﬂélRput 2ézet§%%lr|]§@i theEhﬁstérlﬁblﬁftdxrgégo@d’tﬁ’g Qukd et 242

are located at a | ow vol g . an_ adj ust abl e
capaci tive coup?{ifj26t tOttPFe Y#Ppip thepdiusigble gapacisr|2 Qé@wsei’F"@'”S‘f?”Qf &% i ncl uded
in the system 2€iGhe melgkibdestwovks indoablaslpasstiatet evith piidr sgstarapag Figas)te 270

hi ch s 111 ust bl bt Chfhricfubich fERLARED sBel o aslithoiAs shER BT L o

fromFig. 3 for sinpli reciate esys em 200 is
one i npl enent at i€BRTOGRtING e r°1j Prra@ntirnge 8‘92’@"‘? 269, incthediegtignipf ihegrrow B58.wher e,
for exanplie, i naitholgh the @bjusthbl€ E4PaEIBPLETNS illustiatdd A3daling@&PadjdskdlecRapRb1 NY

capaci tor 250 C8d v';/geﬁptﬂg 9|§te%g Q&qﬁ@g g(? l! Zg)g @ﬁg% a rgmateé thﬁthng%n?‘/%lff%fe{)f’i bl e

capaci tor 250 conprises age bushi ng
254 in an i nnertym qdf agiggakié canaeitossmawhn lﬁ@d@ QVQP'EQ@ FlFo<Pu’fFNt Addte the coil

rﬁCl prgcatl on oégﬁtB sslﬁz_j ér@deEéﬁé’dSH th_IlfyllrmﬁihlﬁftHeCH&?ﬁé)oftt réééhhg?éé%%_ri/ gB B gle 2"2 r7 ict Is on
snown Dy arr ow

258. The rod 252 rrayJ”Bee ré\%ﬁ‘?‘?‘ﬁ%ﬁf%{ J”th‘eéﬁogi}l S PRHNVE CHBiect ed to
the outpdf 222bapfeanibe R zaarphd the emplfti2 Ooutdith 822 affecidiustmef&d teiapdvior

conprises a Cof%uﬁéy%em&}mhﬁa@@%aﬁﬁ@&ﬂbuﬁa&@%ﬁé‘on@r@!é st@ﬂ@or&tﬁl&‘ plate 260
and the gap 261 between 260 and the coil (ﬁt formthe capacitor

t
250 whi ch capac#iuRgnptian &‘8[&5‘%@ WeYgE oyt peprasssiateihalike Y8 ™2, The
substanti al | y dalieectivalphgpdrovidpdofithtatiiged capbtabce2Za® Wit atvhiee saledted0?2 vi a t he

adj ust abl e Capgxgdnl'-r@f mgt'égn€i)ét\9¥\a§1 tﬁé é}rﬂﬂlnﬂé’]’tdu%t 952 dhdthe r@éo&}ﬂ%ﬁm%‘ chi ng

net wor ks and cabl es assocl at ed rior systens
capaci t or 2950 f'WF?@Ce'|WF%%"”§aWﬁCWé@f 26808 [RS’HEB‘I’d 2’6*2”0 r§ﬂ€'ﬁ°%’§”%“?ﬁ)tor or
sol enoid, for aﬂmhpnm@camazrtgphfe@eo@darmd and hence the plate 260, in the

:j: Irﬁg: Ir g:\egf atsh(r:;a\a/llr Lgyagnﬁa drUSt QLF Q@%Qn%fé? og%%#?/\e % h%%p%%t rg%é(z)Sgn:jst he
coil 202, it wiinflugipg %WPQ@?F@F@!‘C? ﬁ@tf"mﬂVOl@P*Pfa@F@ﬁ‘Fm or tunmg of the
resonant frequency of the resonator circuit formed by the capacitor 270 and the
25 inductor coil 202. The capacitor 270 comprises a conductive rod 272 passing though
the housing wall 274 via a bushing 276, and slidingly engaging therewith for linear
reciprocation of the rod 272 in the direction shown by the arrow 278 via a linear
actuator 280. The tuning capacitor 270 further comprises a conductive plate 282
spaced from the inductor coil 202, near a high voltage end thereof. A gap 263 is thus
30 formed between the plate 282 and the coil 202, thereby providing a capacitance to
ground in parallel with the inductor coil 202. The resonant frequency of the tank
circuit may be adjusted automatically or manually via the linear actuator 280 as may
be desired. In the illustrated embodiment of Figs. 3 and 4, the coupling capacitor
250 as well as the tuning capacitor 270 capacitively couple with the inductor coil 202
35 near the high voltage end thereof.
The system 200 of Fig. 3 and 4 illustrates several of the advantages of the
present invention. The substantially direct coupling of the RF output 222 of the
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types of adjustable capacitors may be used to couple the RF output 222 to
the coil 202, and are deened to fall within the scope of the present

i nvent i onwolfi®séd¢near actuator 262 provi des for adjust mentpcafigihi®z2i4
capacitive coupling 15 between the coil 202 and the anplifier output 222.
The adj ustnent of the capacitor 250 may be manual or automatic in

conbi nation with control systens or other instrunmentation (not shown).
However, it will be appreciated that the gystem may alternatively be
provi ded with a fixed capacitance 250 with a value selected for optinmal
mat chi ng bet weeAmelfier 2a9ghiorghethe eapepiter 230timinatestthrengeddardditunatdxpensive 20

i npedance, wher Qiaféhlﬁ@ nbtwamaran@@dbw@trwu.ré’cﬁa phiér s"yQQrWs rekb re%mty%@théec' procation
of the alum numr lustrates a

side el evation VWeEW V%?ysf%'sé'{}?ta ?eﬂ%‘g%ﬁ °§Sﬂéere%1f %reldﬂcrefjﬁg?a”s? {?8'3@('}? 88 a
t uni ng capaci t aREeopFanentsr Thestisteo] ik alod eoramdicti sinpeethe additianainmaichirgf t he

resonant fsequepgyoRe, gs%ua%&@aaﬁmeteelo#eéauétyﬁ.eélrmﬂeBé(sttﬂaeef;%namtor 270 and
t he 25 i nductor cai e capacitor 270 rises a conductive rod 272

passi ng though e'm’@t?éﬁ?rﬁ@'eﬁéhq ystom of jhg Paessfeféweﬂ@nzsﬂéoreéﬁelegtlheaw%@ y
engagi ng t her ewthelpotverrlodsesamerlyrassdcjatedadit ingatchiry rietwerrisaold 2atdesidie t he
direction shown by yhe arrow 278 via a linear actuator 280. The tuning
capacitor 270 further conprises a conductive plate 282 spaced fromthe
i nductor coil 202, near a high voltage end thereof. A gap 263 is thus 30
f ormed betl@een the phate&maaawamrdgtmawdmirme&ﬂmerﬁtIaEﬂhebMerﬂbméhldllsﬂ?&ecﬁ

capacitance 0 oGaURY oh RNl kelah L IGelGUEH 960 ok Ly OZnoiffle resonan

frequency of the't au ea 'Wanual | y
via the |inear &%Xhayingouipgly 3gas ¢Fé!3ﬁ22tb@n@ié§€ispéétl0r imgyictoneoili30R wﬁmaat ed

enbodi ment of Fiyghdrical @e@erésorélb@roe@sw Imeh@ama@gte@hd of?e'éﬁ)s@espa\éeésl as the

tuning capacitor 270 .ca ctor.c 202 35
near the high v{g‘ﬁ ugly e gﬁ'g [lué%@e?#hecang %ﬁ?t '"Sgg(fIi jvierey @ﬁd 4
il lustratd$ sevagcalerahg elheirogde 3omoreepiss ind ptshepull fashivemith igrovededietsstrodBse

substantial | y ds{e4 :39WPhdcB8raff iodsh&miflg aCBétaQ'nngz%zth@fexérhﬁary atBoRilhedy TE SHEET
(RULE 26) WO 01/936 g PCT/ GBgl/ 02274 8 er 220 through the capacitor

250 el i m nates fRAFOALEYUFYSO afd?%%?ﬂéﬂd“ﬁw%gﬁ%%% then%ﬁt%???g"fﬁ@f’mfﬁ%o and
cabl es requi r edwitna jowi voltageyemt! ehtbe caillge2.r A4 wittbihk icipactife tduplingiillusteiéd ive syst em

i's increased anﬂlgé Iéeanﬁqstrhe EF\%’Ea@lﬁélly'dﬁecti ﬁ@ﬁt‘%ﬁ&'c&@ﬁ%{ﬁﬁgé DJ%E gQ(lex%né;I §SS

components, The System is al so co si nce tiona f chi ng 5
net wor ks, 2ds vveF'Im'%?éeSstB?/éﬁ’dJIO”?ﬂé‘Taéﬁh‘é’g@Ft“@é{ﬂﬁIaéd F3igsAsFOGiaied Wil Pt , have been
el i ninated. MNor geieats, Thbos p9d ie pretdratiniecapidxdacentriciviniid i 30Bariona rf f i ci ent

because the poyel.qi083%RediBh BRIHW 387 RARLESPHNM D iR L LARIRLL IS and

cabl es are
amplifier output 322 to the coil 302. This also provides for adjustable impedance

matching in the system 300.

25 A tuning capacitor 370 is provided, having a conductive rod 372 with a
conductive end plate 380, and slidingly engaging a bushing 376 through an inner
housing wall 356. Linear reciprocation of the rod 372 in the direction shown by arrow
378 is provided by a linear actuator 380. The rod 372 and the plate 382 are
electrically grounded, and the plate 382 is spaced from a high voltage end of the coil

30 302, forming a gap 373 there between. The value of the capacitor 370 may be
adjusted manually or automatically via the linear actuator 380 in order to tune the
resonant frequency of the tank circuit. The substantially direct coupling of the RF
output 322 with the inductor coil 302, through the inductor loop 390, provides
advantages in cost, reliability, space savings, and efficiency, by the elimination of the

35 additional matching networks and cables required in conventional systems.

In Fig. 6a, another aspect of the invention is illustrated, comprising an
integrated resonator and amplifier system 400 with an RF amplifier 420 having an
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avoi ded. 10 Referring now to Fig. 5, another enbodi ment of the invention is
illustrated, conprising an integrated resonator and anplifier system 300
with an RFoanpdeid i er 320 havi ng outputs 322a and 322b, abPdI/&Boeexanat or

i nductor coil 302 with a cylindrical accelerator electrode 308. The high
vol tage end of coil 302 passes through the end wall 328 of the housing 332
via a bushing 330, whereby the 15 acceleratlng el ectrode 308 operates in a
push-pul | fashion with grounded electrodes 312 and 314 to accelerate ions

formng a beam 3 n i S exe seco nd i nductor coil
or | oop 390 ma‘lﬁ‘i‘i“ﬁ/%l’ {' {?B?’@EOHFWEC%’LFP”%& ‘fé'gga ‘B'Fmdo{'ﬁﬂlaf"f% SHOPRFIOGE th a | ow
vol t age end of @ﬁeTb@ﬁnbh Bliage sl ofcdilORIpessea faaighithecendauapp Bt thd | ustrated in

Figs. 3 and 4, ﬁohﬁngsm@msainwswh@reby iH&%E&Iéré(tﬁ)g%%HtPAde%B\ﬂbé?a Fﬁ]al oop 390
inFig 5 20 ellmnlgt shé‘%’f |t|ona rratC|ng4netV\or s and

associ at ed wi t FPUsFPYY '@ﬁé"“”q‘ﬁjee $YBfesYE and 4t lePerelasrty ‘Q"%E’é'f‘@a a
concent ri ¢S5 wi t thetingt10.0The @Gt azechf rEpliflee 42018 ¢agblddrio & hvey \ditdgecdnd ehthetoiar r ow

391 to thereby Adipstoohlid BHELL s gg%w&g@rguspégﬁﬁen%mhé LinfisP Ut P LI

322 to the coil 'S a row mat chi ng
in the system 34(?9W"‘QBWGAG%OGF&‘PH@”69%)E@Y'E’%SrfOB’meﬁ’%’C?)F@W'd@@lf thevaroplifigr a

co Bduﬁ't [ ve3 r7 gdt&xiﬁt Wit the Resofedt@inéUitinigecanék. Pihaped 380mayaiedosshddnrigd es/otnengagic ng
a bushi ng Q n Jspner ous n C ation o
the rod 372 in z{b%a GRS A erB# “%gcrhr'(s) '”“St?%? 4 !ghanf 'f’gquéagyﬂ}f | i near
actuat or 5¥30. T@F@t@ftfd tmdatﬂﬁomﬂvecpll éﬁ?e'n%@ @ruetedéfi @@tt:h! thedmpegangeminded, and

the plate 382 ife @s&ﬁ&ﬁlc,tcmmtmhela%l.ﬁéehé@gﬁqe%eeoﬂﬁe Fem%atﬁsnbkor%gctép@ad form ng
a gap 373 there adj ust ed

oy o e o el Picy s R HRI<p PRt AR i oat Y sl B, e ¢ he

resonant frequenoyorghtst he tank circuit. The substantially direct coupling

of the RF  output 32azf.émalgblgc%emw;w.sgmvideaﬁ%ngarmasmsts%vmguctOr I oop

390, provjdes advantage el i abi | savi ngs,
ef ficiency’ by WHéBrst WﬁﬂquﬁO'cPP"f"%'”% %\rﬁﬁtiof‘ﬂB?reﬂ"d Hﬁsl‘fﬁlt?@gﬂ?&‘(‘l@r ks and
cables r eqw I e 456 nia@dmsigng 4760 Jhe Snyeat enprochtionfef the pidger dndinagbe i@kt of t he

invention is il i : anplifier
aystem 400 w t ¥ e oEflaioPUEh The &%%%%enmc%%@@%ﬁ#ﬁ%%%%@@% RULE 26)
WO 01/ 93646 Pm@e'momz%maﬂcw V&ﬂhﬁwﬂeanafzuat@rrﬂéow e gHERShe et or coi |
402 with a cyl itrdidnepbf therek arcait Wclﬁh@iﬁ@ the@deourt @Bflux treudhi tadico@abk.age end of

coil 402 ié)(gsses thr g%h 6%\1%6%%?&‘@% Lnd Si%cf@ﬁwe|h\%HtsonW9nelr11°’n2anV' a a bushing

430, whereby the acceléra erates 1n a ush- pul |
fashion with gr'@f@l@f@!@@lfeéP'@ieraO@ié@PWEQSYa‘ﬁm Woan L@e%l@bx&rl@rréﬁgéat«?cbmﬂerorm ng a

stage 490 attached to the outside of the wall 456 of the housing 432, and a field
displacement tuner 186 having a plunger 188 movable with respect to the inductor
coil 402 in the direction 190. The power stage 490 has an RF output for connection

25 with the resonator coil 402 via the connector pad 42, and may comprise an RF
amplifier and other control circuitry associated with the system 400. The location of
the connector pad 424 on coil 402 provides for impedance matching between the
amplifier of the power stage 490 and the coil 402. In addition, the location of the
plunger 188 with respect to the coil 402 provides for tuning of the resonant circuit.

30 The illustrated system of Figs. 6b and 6¢ therefore provides substantially direct
coupling of the RF output with the resonator without the need for additional matching
components or circuitry.

Referring now to Fig. 7, a method 500 is illustrated for coupling an RF

amplifier with a resonator in an ion accelerator. The method 500 comprises

35 substantially directly coupling an RF amplifier output with a resonator or tank circuit.
In step 502, an RF output of an amplifier is connected to a coupler (e.g., a capacitor

or inductor). In step 504, the coupler is located proximate a resonator circuit coil,
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5 beam 410. The out put 422 of anplifier 420 is coupled to a | ow vol tage end
of the coil 402 via a connector pad 424. This gal vanic coupling of RF

power frowmgh®sewp!ifier 420 with the resonator coil 402 priaysdasafor
i npedance matching of the anplifier output with the resonator circuit

i npedance. The pad 424 may be | ocated on the coil 402 at various
positions, another of which is illustrated in phantomin Fig. 6a. The 10

| ocation of the pad 424 on the coil 402 n]B]y be adjusted to match the

i npedance of the resonator circuit with the anplifier 420. The use of the
rel ocat abl e conthetabyeoypling thet RE ottt of e anpbiiar #ils thie igrotaterce tankicirditn ghev t hout

the need for adebwér@raﬁdfermbﬁsd RGte mmamﬁélmpedafnb@}n%ﬁlhéaiuo%%maénttuner
186 is provided _havi g‘e res ect to the

i nduct or coi | 48%‘”‘1'?10 l?anti%"’m eF%‘g‘?‘?"& Wf'eéﬁjéﬁﬁggi ﬂ??gmf’ﬁ' RFPTRIARI 456 via
a bushing 476. 3tep508. fdberwisechepewpling ipvarief intdta J30umgder td Mabromythdpower
facilitated Dbyyg.ddnear actuator 480. The value of the inductor coil 402
may thus be adjusted_ nanual | automatically via the |inear actuator 480

in order to tune the P“e%ddﬁ?ﬁﬂ?”){'"fﬁte@qﬂ@rﬁw bﬁﬁcﬁqq@"str‘&ﬁl{"’cﬁxﬁﬁ‘ﬁ‘etV'Eby changi ng
t he amount of f hdjusthénotigé cdupingaiphcid250 i2 Bigsisgmd 464y tenebuplingiitdudist r at e

anot her aspect 9504%% : ngri%ggdlug{?nef\g@%fo&%'al it uabg{eﬁgéd%ta%g quﬁmg&g%@gattached

anplifier system ower
to the outside BPW&HaNsiRlY aChswed(ﬁndtfhﬁamﬁtB%?WQ ingstep Oénahaswffwéeneyofthe

di Zpl acenst It Up&ter Ir8fsfdrasly ibg t@tqalums?ggoel&ﬁewmbﬁdwhb trreeeﬁrwao hﬁttoft 0 Ege

i nductor coi s ,on t as an

out put for connégglrgﬁn%%%dg?w qﬁld yéhse Nat en((3:0| \fw’ﬁ F?ﬂ%méh%r %(ﬁfmector pad
42, and may confetpraeningivirEher tisdtachianesxcendd aminimplycasprntable thieshald. t The

associ ated w't hmw@teamﬂ%mmes Imn{agé‘s%vb%noém.oﬁahﬁxe@,@amm&rpmera@fereém on
coil 402 provides for rr@gqa g?c? % grrglzénf% of the
power stage 490 %ﬁ‘?ﬁsa{'Wé” F prﬁﬂ?ng f’"ﬁ F%’ﬁ'atc? ?93”?‘6?:’? PSt8e pl unger
188 wit h rldspectwelt s ttihieg theimatchid@ ngimoks tevattinimpedaricagbatfednttbe aegifierant
circuit. 30 Theoutblytldﬁa{h@}égnég&roﬁ:m of Figs. 6b and 6¢c therefore provides
substantially direct co ut wth the resonator wthout

the need for additi oﬁ%ﬂou ﬁ’ﬁ'oni‘ﬁﬁi’ﬁ‘?ﬁém ¥y depFioed ViR eSS 8@ i ng now t o
Fig. 7, a met hoder&(ﬂﬂamtzsdlmlehtsstw:mbedppfreniatmnumlaqmgalemaIRFat:oaerphdf| er with a

resonator in a”rﬁo&ﬁcaﬁ&%%l%c%&% othmeskﬂ&:t H% %ﬂ%oﬁ%&ddﬁ'@%ﬂg5 substantial l'y

directly caupling an rrg frer resonat or tank circuit.
In step 532, an”’NﬂSEﬁE‘FﬁEIPf e sg¢ 'fﬁﬂ&ﬂn@mﬂé}e%ngexeeﬁﬁéfwwntq@ﬂ&u'we@qréﬁo (e.g.,
a capacitor or theiveiittis @ntions Perfin@pd bpte abdve deuipdddoripdndrs @bsehbpgspxi mat e a

resonator circuj vic(ég) 'ckrcu1t§lg§§ynl lch) %HIT:?EESQ ﬁé%g% )aeréch Elolﬁlg%'fseéqu") used

PCT/ GB01/ 02274
to describe such components are intended to correspond, unless otherwise

indicated, to any component which performs the specified function of the described
25 compohent (i.e., that is functionally equivalent), even though not structurally
equivalent to the disclosed structure, which performs the function in the herein
illustrated exemplary embodiments of the invention. In this regard, it will also be
recognized that the invention includes a computer-readable medium having
computer-executable instructions for performing the steps of the various methods of
30 the invention. In addition, while a particular feature of the invention may have been
disclosed with respect to only one of several embodiments, such feature may be
combined with one or more other features of the other embodiments as may be -
desired and advantageous for any given or particular application. Furthermore, to the
extent that the terms “includes”, “including”, “has”, “having”, and variants thereof are
35 used in either the detailed description or the claims, these terms are intended to be

inclusive in a manner similar to the term “comprising”.
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t hereby coupling the RF output of the anplifier with the resonator or tank
circuit. The power transfer is tested in step 506, and if the inpedance
mat chi ng @ld Awseguf ficient power to be transferred from tpgeq/@smloriigser to
the load, the coupling is conpleted in step 508. OQtherw se, the coupling
is varied in step 510 in order to inprove the power 5 transfer. The
adjustnent in step 510 may be acconplishe%, for exanple, via adjustnment of
the coupling capacitor 250 in Figs. 3 and-% 4, or the coupling inductor 390
in Fig. 5. The adjustment proceeds through ste-s 506 and 510 until
acceptabl e power transfer is achi eveliiDiRIRIA L edds in step 508. The
suf fi fl engy Sf the 1ﬁhd34bpeﬂ’atdsI’a&ﬂ%sﬁbbuaﬁéﬂ&hdﬂ@dh&@%@dséd’in$ﬁe€fi@ld5ﬁ|6 1(‘1 o[) .
exanpl e, by div oad by the
power generatedg &%H&Q%EQQQ%ELW%&PpRQWg é£%£§é%ﬂ Pgmﬂﬁ @E@r this fraction
exceeds a nlnlnﬂuﬁvm&@t%ﬁEHble t hreshol d. The |Ilustrated met hod provi des
advant ages sover conventional nethods which heretofore necessarily included
provi di ng and connecting matchi ng networks and cables, as 15 well as tuning
the matching networks to match i npedances between the anplifier output and

t he resonator coil. Al though the invention has been shown and descri bed
Wth respect to a certain enbodinents, it will be appreciated that
equi val ent alterations and nodifications will occur to others skilled in

the art upon the reading and 20 understanding of this specification and the
annexed drl@w ngs. In particular regard to the various functions perforned
by the above described conponents (assenblies, devices, circuits, systens,
etc.), the terns (including a reference to a "nmeans") used to describe
such conponents are intended to correspond, unless otherwise indicated, to
any conponent which perforns the specified function of the described 25
conponent (i.e., that is functionally equivalent), even though not
structurall equi valent to the disclosed structure, which perforns the
function il® the herein illustrated exenplary enbodi ments of the invention.
In this regard, it will also be recognized that the invention includes a
conput er - readabl e nmedi um havi ng conput er-executabl e instructions for
perform ng the steps of the various nethods of 30 the invention. In
addition, while a particular feature of the invention nmay have been

di sclosed with respect to only one of several enbodinents, such feature may
be conbined with one or nore other features of the other enbodi mnents as
may be desSired and advantageous for any given or particular application.
Furthernore, to the extent that the terns "includes”, "including", "has",
"having", and variants thereof are 35 used in either the detail ed
description or the clains, these terns are intended to be inclusive in a
manner simlar to the term"conprising".
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SUBSTI TUTE SHEET (RULE 26) WO 01/93646 PCT/ GB01/ 02274 12 | NDUSTRI AL

APPLI CABI LI TY The apparatus and associ ated nethod nay be used in the field
of sem owddugisa¢ nanufacturing to provide an accel erati oRCDIGBODOR74 N an
ion inplantation system 5 10 15 20 25 30 35 SUBSTITUTE SHEET ( RULE
26) WD 01/93646 PCT/ GB01/02274 13 CLAIMS: 1. An integrated resonator and
RF anplifier systemfor use in an ion aggelerator, conprising: 5 an
anplifier (120) having an RF output (122); a tank circuit (100)
substantially directly coupled to the RF output (122) of the anplifier
(120); and an AN at | ng el ectrode (108) connected to the tank circuit
(100). 10 2. The systemof claim1l, wherein the tank circuit (100) includes

a coil (L) and a capaci t@r{‘iﬁt%gEﬁ@resoﬁatg{%&ﬁa%p%mr%gﬁ%%r%‘g@%_aﬁh@rei n the

capaci tance (Cs) of the tank ~circul is vari e system
of claim2, whei9aloh&oRRrisigt put (122) of the anplifier (120) is
capaci tiveby coupl edan(akipfifiert 120y hvirRQinlRF Sutpul f@2)syst em of claim 4, wherein

t he capacitive coupling i.nc. S 2 I nu | at 260 ced (262)
fromthe coil (202 antgarc"gu'wgﬁ 37 %?rg'ﬁgycgrﬁgtwéﬁou{pﬁgto%egﬁ ?88 él%%ﬂ%fﬁ'éq n the
al um num pl at e 8ty (129);@neéctrical |y connected (222) to the RF output of
the anplifier (220),antded6bihgc2a6dd (198 cynfeeidBtd thethk 8irdsk (4. put of the

anplifier (220) with the coil (202).
10 2. The system of claim 1, wherein the tank circuit (100) includes a coil
(L) and a capacitance (Cs).

3. The system of claim 2, wherein the capacitance (Cs) of the tank
circuit (100) is variable.
15
4. The system of claim 2, wherein the RF output (122) of the amplifier
(120) is capacitively coupled (150) to the coil.

5. The system of claim 4, wherein the capacitive coupling includes an
20 aluminum plate (260) spaced (262) from the coil (202) near a high voltage end of the
coil, and wherein the aluminum plate (260) is electrically connected (222) to the RF
output of the amplifier (220), thereby capacitively coupling the RF output of the
amplifier (220} with the coil (202).

25 6. The system of claim 2, wherein the RF output (122) of the amplifier
(120) is inductively coupled (170) to the coil (L).

7. The system of claim 6, wherein the inductive coupling includes an
inductor (390) spaced (373) from the coil (302) near a low voltage end of the coil
30 (802), and wherein the inductor (390) is electrically connected (322a,322b) to the RF
output of the amplifier (320), thereby inductively coupling the RF output of the
amplifier (320) to the coil (302).

35 8. An apparatus for accelerating ions in an ion implanter, comprising:
an amplifier (120) having an RF output (122);
a tank circuit (100) having a coil (L) substantially directly coupled to the RF

SUBSTITUTE SHEET (RULE 26)



25 6. The systemof claim2, wherein the RF output (122) of the anplifier
(120) is inductively coupled (170) to the coil (L). 7. The systemof claim
6, wher eiwoObheseitrducti ve coupling includes an inductor (BODGBspexed (373)
fromthe coil (302) near a | ow voltage end of the coil 30 (302), and
wherein the inductor (390) is electrically connected (322a,322b) to the RF
out put of the anplifier (320), thereby |qquct| vely coupling the RF out put
of the anplifier (320) to the coil (302). 35 8. An apparatus for

accelerating ions in conprising: an anplifier (120)
havi ng an RF oul “6%)’“’9 %{“FETE‘?{ 12tc°$|aegut (100) having a coil (L)

subst anti aI |y directényelexgpé €@8) epntdptedRi-the SUBEY ot bideleBiigBng. RULE 26) WO
01/ 93646 PCT/ GB01/ 02274 14 out put (122) of the anplifier (120); and an

el ectrode (108) connect ed_to the coil é?(f) for accelerating ions. 9. The
apparatus of claim 8% furPMeIPPRGHSf Saifdg futhey CORPFRIRG 39 aliminym pleiso) * spaced
fromthe c6il (@26Q)spard fiohahatain2on) andithatlem(n2eiatd Gentheirguomescted (£2222) to

t he RF out put I t the RF
output of 't he Btk AL %5%8 prpliep ey, AEIBP Yo SRAR lPihe S BBl "0
claim9, wher eltheﬁ'ﬁé"f'ﬁT@ »mthﬂpﬁ%wlé%@)zao) is 10 spaced (261) fromthe coil
(202) near a high voltage end of the coil (202). 11. The apparatus of claim

, f h d I
Che i nduct or (300) berng EOAHEeCs L 495 IBRR N AT RBRBRE I O0r the

anpl i fi er 10320)spacetP@hyromribieieaili(Reg) 9ea§@tmmhuvnk§,agpi¢ed RRhocide®2)of the 15
anplifier (320) to the coil (302) 12. The appar at us of claim1l, wherein

t he i nduct 390 3) | t
end of the cott (309} boteerebRER R [aReSipaia Aun e Bk T he |0
i nductor (390) spaced(B€3) cﬁm)ml the ¢@({202), dinesinduoive €390) haing chdnecieud329a@actais of

cl aim 8, whereige h?%u{pﬁm"f ﬂ%' dripitidr (észg)eréw%ddg%ly%ouaﬁﬁ% ﬁ@%—{‘ouﬁﬁp&%é or

(370). 25.15. A ne coupl I ng an anplifier a resonator in an
ion accelldrat o‘?‘mp"ff“dﬁ‘fﬁq)éqtﬁﬁc°" 3%oviding an anplifier (120) with an RF
out put (122); providing a resonator (100) having a coil (L) with an

el ectrode (108) for 12. The apparatus of ¢claim 11, wherein the inductor (390) is spaced

(3873) from the coil (302) near a low voltage end of the coil (302).

20 13. The apparatus of claim 11, wherein the inductor (390) and the coil
{302) are concentric.

14. The apparatus of claim 8, wherein the tank circuit (100) includes a
variable capacitor (370).
25 '
15. A method for coupling an RF amplifier with a resonator in an ion
accelerator, comprising:
providing an amplifier (120) with an RF output (122);
providing a resonator (100) having a coil (L) with an electrode (108) for
30 accelerating ions, and a capacitance (Cg);
connecting (502) the RF output (122) of the amplifier (120) to a coupler; and
- locating (504) the coupler proximate the coil (L), thereby coupling the RF
output (122) of the amplifier (120) to the resonator coil (L).

35 16. The method of claim 15, wherein the coupler comprises a plate (260)

and further comprising locating the plate (260) near (261) a high voltage end of the
coil (202) and spaced therefrom, thereby capacitively coupling the RF output of the
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30 accelerating ions, and a capacitance (Cs); connecting (502) the RF

out put (122) of the anplifier (120) to a coupler; and |ocating (504) the
coupl er pwexiimate the coil (L), thereby coupling the RF quiragikoior24d) of
the amplifier (120) to the resonator coil (L). 35 16. The method of claim
15, wherein the coupler conprises a plate (260) and further conprising

| ocating the plate (260) near (261) a high voltage end of the <coil (202)
and spaced therefrom thereby capacitivelly coupling the RF output of the
SUBSTI TUTE SHEET (RULE 26) WO 01/93646 PCT/ GB01/02274 15 anplifier (220)
to the coil (202)plifier(22PHethewph@8)of cl ai m 15, wherein the coupl er includes
an i nductor (390) and further conprising locating the inductor (390) near

(373) a Iom1vo|tage d h 2) .and concentric t rewith,

t hereby inductively cgupl i'ng"t h@g?é?aérﬂt qu‘e}eé'?gFﬁ%”pw{”f‘? @2@5 to the
coil (302). 18. (3PRanddurtietcatiprieinglonating thefinductoe (3961oTepr (328) rvgowmllyagcﬂgwq 510)
the positison ofs thé‘é’ollqmlaﬁé conkEficaite A, H@Féb?ﬁdﬁ&ﬁel?@é{ﬂlrr\gﬂ% RE otip@ RF

out put of the t he re onator coil according to t e power
transfer there %‘39%%?1"“9' @%0)2?)‘“92 - 35 SUBSTI TUTE SHEET (RULE 26)

18. The method of claim 15, further comprising varying (510) the
position of the coupler, thereby adjusting the coupling of the RF output of the
10 amplifier to the resonator coil according to the power transfer there between.

15
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