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In one embodiment, during deposition of the Ta layer, the high-frequency signal is

initiated before each pulse of the power supply is applied between the anode and the
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Fi gure 1 | ustrates a hematic view o
mephydriopathigmeses.uct ure 1 of a substrate 2

Figure 1 illustrates a schematic view of a metallization structure 1 of a substrate 2
which in this embodiment is a silicon chip. The metallization structure 1 includes a
Si0, layer 3 positioned on the silicon substrate 2, a TaN layer 4 positioned on the SiO,
layer 3 and an alpha-tantalum layer 5 positioned on the TaN layer 4. A copper layer
may be deposited onto the alpha-tantalum layer 5. The TaN layer 4 has a thickness of
less than 5 nm and may have a thickness as small as 0.2 nm. The tantalum layer may

have a thickness of 600 nm.
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seeddelstayer whi ch was deposited with a rf signal
Eff 24" to the pedestal during its de position by
[108] reaEtXiAMPbEStterl ng. [106] Fig. 11 illustrates a
co SRR i
[109] m?‘ﬁé Tﬁgﬂv ?%E%Jgﬁpléglﬁ gltg%ighlﬁgg@og : élgé%t% %{I_eglﬁvé}gfog al&@re not
| ayléf‘r@ i i e WP%@D@C RIVeBA% Ay MEWeE-0 t he
[110] pedg&gﬁiﬂe 1107] Fig. 12 illustrates a detailed view of
i on of Fi 1 dlcatln the formation of
(11115 ot 7 Beosbetiip bie 858 Pt & G e b 9x10¢ b, RF-
TaBOR2f 50 &akasaipplied héthaugh B3 r&quided fioRke He@sition od gl TaX seed
AU B0 ThORARPASII AR BhaliB LENAREH:L A Hbte I
undér yi ng shar

[112] A specific resistivity of 23 pf2cm was measured by a four point-probe mapping
system for this film. Together with the XRD peak at 2 theta = 38.472° illustrated in
Fig. 13 which can be assigned to the (1 1 0) peak of tantalum, the crystallographic

[105

—_—



peak cones fromthe Si substrate (Si (100 ). The (002)
peak is not observed in the filmgrown on a TaN seed
wo 290812288 ch was deposited w thout applying a REI/E290m51419
to the pedestal. [108] EXAWPLES [109] The foll ow ng
exanpl es are intended to further illustrate the
| NYIeRE boexanille s RBAradtetiRAdL dhd Aphd (Bct) THe scope of
(113] the_i nve tj on in any manner. [110f Exanple 1 [111] The
Ior ob8%8PFi%ted in table 2 was sputtered at a process
[114] pr edsthedolbdwidg @x40pl6 theeaN RieBilayer dficlo@ss/vaasarsdplfiIFHRIMS is
al u T e
b B0 IR R G SO B R ok B @iosiion
su@ﬁ?ﬂiﬁtiozlé@fq wrrtraWédznta[Dhg] A specific resistivity of

[115] 23 p¥EqY W@ﬁn @@3&5”6@ %e%u@er@@ Yss WRh BYO PizOB é@l@ﬁl‘ RBe sputtering
syst emf s film %

h th
t hdig el wq @qygﬁlfe&t% Faaferrs.%%milsa : ﬁaﬁr% fo decrease the
asgiickned tb(l IShﬁl the pulke Okquemak wak hhlasad abng00Ha0 250Hz by leaving

taIIo h|c cterized
R R ARLEET S8 BT TR B8 AT MPHAES nasn orn2
f olnt@the rpgocemhahé)et fre 23 althsemdsel faqlalﬁnttyfwfcﬂOﬁHssFM@Jéy, a thickness
ald : t T be
\r/egfueg)g)am{ufgaﬂ}ﬁ(? %@ﬁu bzl g?ﬁgmf 825 ﬁh!h g?ﬁg %rf 256 iz
[116] condig il d Heushpies sermrasifis é‘d‘lﬁ“ﬁltf 8bp@0mn al[phq @]a lary@rs deppsitpd on
n”&iﬁﬁ%ﬂlt T@N%Eed/\ﬁ SiHick Rk id Bife Mhid7.506h 1320.2 Bh. For TaN seed layer

RN P T TR e S,

de@(b g@sm trheretsh;tmkyl efthe tamtdlu2Tayar tifveeped dezhtlyeq idneyer 35 uem

wa t | eavi
v B P g PR

[117] 0. 5hhessyprogspieyihave alsd bepnhlegéloped fongtpwihg alpha & eggthout using RF-
C hﬁ[ﬁ? ?Br cfe%f)su?n? metﬁl\?se@H ha%)%r B egpenty algﬁF%QMC(:elerated ions can

Fi nal @X hitkness of pr oxi mat el l))/
spmStS Y %n%g@rstrzgtuwtaﬁd éaYﬁFSe\alaﬁémtheﬁeeﬁdeyws qing gposited. By
@oplliig HIPIMS a8 of P¥ B RERIFIBigs seRbddd tdideyosdf th®@dmyer. Even

| di.ff t. T
t hﬁqﬁ RS ERS: SBE o B §0GTeran i nERF Vel necaea
seAd chmpeseen i Elgn éé,swsn efiththése rvaryt thindseBd hayerst #lgha Ta is grown.

Ls\gfo‘%lh&:ilﬁg"t e f‘?{fst ltaP&s Bf"fﬂa?:lwéfﬁh&zﬁ%%r Fﬁ%’iapﬁésot}% g@vagtage of

resi st tant al ayer I ncrease
s| #yhding S‘@‘Qﬁtfjat‘j‘s?{ﬂdél@‘élﬁe danpasem f or the | ayer deposited

[118] _?_E i) Meﬁ&ﬁ%dlﬁ}ﬁ% the waé‘r JuBpEME ﬁﬁllﬁle@fto Q}thal%Gl fok & }ifde period
ese ocC e S S€e av e S el o or
al BHIGrehe 6 YRBbE el (opePaEb e p@aﬂf P%ﬂ%ﬁ&%%yer to be

s e&éi)ohm(ﬁlinto B;e sapgtayé weicanctfs Blshﬁld z&mlqﬁémmtcmmage S the
Can &g’t% Iw%ex t %%aISt by }elér @nceBy € r% sa} r%ﬁ ‘T’s a\ll\h ?Eﬁ? q ta}b %e syn-

seed Tayer<i's™ appfyi ng
[ nshremderwltl@‘ﬂD mdseRI-POBleasuppéy aEeidd o the tagplosicordingego one of the

Se@lﬂb&ﬂ%@ﬁtsgfé&f?ﬁﬁh h idc@ndd: 2nm TaN seed | ayer for the

deposition -Ta no RF-Bi as. was_  needed. As can
[119] pe JBisrngthodmgy bwsedet@?@ﬁatvﬁmﬁghﬁé@@n Visp yithrnpspecd gatio of at least

| al/@r $, foRé A 1d adré ﬂﬁrsmm%@@uw dweltageof !héS/‘ia s RYRICEd sig-
wi t hout RF-Bjas

of mg t Sfllzlgslm@} 111§g ASRESHraLay, ?%@aﬂ%\% zl?intlj?lﬁ seeg ?ayer 1%ay enable

the growth of alpha-Ta in the vias using the metallization structure and method
according to one of the embodiments described herein. The method may also be used
to fabricate a diffusion carrier structure for a multi-level rewiring structure of a semi-

conductor chip with integrated circuits



[118] In further enbodinents, the power supply is

applied to the target for a tinme period before the rf
wGe@nak23rs applied to the pedestal. This enabl PGT/BB20H/051419

netallic |ayer to be deposilbed onto the substrate

whi ch acts as a shield and prevents damage to the

substrate when the rf si éf' applied. Once the rf

signal is applied, it ma lb@ﬁ chroni zed with the

[ClainR4] sed powver n\apR] o %Biltlﬁgahfétéli"&ubﬁ%ﬁ*ﬁém@%&ﬁﬂﬁﬁ% to

one of the enbodinments previously described. [119]

Thi s net hod HHVmHEgG§Q%U@@ coat through- silicon vias

Wi th an aspedepdsaiign DN aiyef eppiovikling a %rgeft GbrneanfRla.in part

Here the sid mal [

a Vver,a viais
e teced s o TR tanRRin RERSROERIATR B sitHalec: ' Tat i os
so that a vesyplhinp afamtesmgtgab atyraprmng/nmmvgm and inert gas,

growt h of al gB@gL% oﬂbv&t/eli] @uﬁéﬂﬁﬁet%ls% %n Bmergﬁh alchingad | ozpplurality

structure an accor

enbodi nent s @&BElsEsHE RO Hic urmg e faee. whgrehl the pplees are

us Ie ? t |0 f albr lap el witlelh thfsql&n@? 1113@16 rhifde 1DHAR! 1gK)QtHzoind6\mth a duty
mu I -1eve re SUr conauct or

Chi b wi ch i near ar Bvah U0 HebraodBap B e i m it gspsivy of

of depositi npeaveeradl Alczﬁtancbmo sstlctmtdsmrhe targewrpri si ng:
provi di ng a e

providing a ?ﬁ@g}éllg%fﬁa%r%gg %I«S-S a%{ﬂ?t tg%lélu}f?é/ef(j)’f tﬁé/ target,

tantal umto Werigpeicheuise ocﬁlti'te@qw‘ee s@m;@g,trﬁmtléelywptmrmgrtgntalum

a sputteringrQasmeQ Et' &&@&e@hﬁs&ﬁ%‘% f@i@ﬂjaqﬁﬁrstee@
appl ying a power  sup bet ween an _anode and a ca

in a plurali @P%tlw E@ekayert Mo that dbieser! en by H@)Viq%%g : magnetic

target, wher gien zt&@eﬂubmss@faee appkitgdet th a
frequency in ﬁe 10 to 1000 Hz and with a

duty cycle of" %@¥ ETOPHYHE 3996 and produce a
current densiapplyof thepovearsuPply bafvoref aandodland/acraghodn in a

the target, %RR%IY‘[& 9 Pﬁ‘ls%ﬁ%eéa{h%dg ;111% ‘E1 @ih@?ﬁ?%t {Vﬂel%m the pulses

surface of t ring eac
supply, reac @rwwe% mrhtaefrqqﬁgnqyamﬂaﬂ iigngd FOhw iy &0 QaHg e@d with a

onto the SUb%lhfyaéy%letd? bfﬁf’w&h@ OiaNaRESshs la gy %foduce acurrent density of
depositing a Ta Iab [fﬁznto %&5 TaN se d | ayer b

provi di ng a REQYFERDd Micay’ gn aAé%tH%OI% ett*Hféetsurface of
the target, sppplngi anrga@eut mlerdtadwuﬁttte fai sﬁﬁa@&if the target,

appl yi ng the u ween an an

P hoteli n s B A B LS e TR §ping the substrare
i ncl udi ng t héo penegat 3 selfbragifinld dugacput toelse sbetraippinded

with afr equ%ﬂﬁf(%ls&#tﬂﬁ%e 0@%%00]9&%{%&%% d;eg%(?tl%taﬁﬁﬂl from the

with a duty cyc bet ween produce
a current defdRetynst thedialNdayerdo forpy &igptaling laver- A/ cn2 on

[Claivh hp target, amhyd Moﬁh@@r&&frpl fiRldn adj acent to a
S of e A 9R! o9 8 B L SSHEDSK curing e

position of the TaN seed layer.

[Claim 3] Method according to claim 1 or claim 2, wherein
to deposit the Ta layer onto the TaN layer, the power supply is applied
between the anode and cathode before the high-frequency signal first is
applied to the pedestal.

[Claim 4] Method according to one of claims 1 to 3, wherein
the high-frequency signal is synchronized with said pulses of said

power supply.



to generate a self-bias field adjacent to the

substrate, and during each pul se of the power supply,
wale@osa23rsig tantal um fromthe target onto the AEMB2a§051419

to forma tantalum|layer. [T aim 2] Method according

to claim1, wherein the high-frequency signal is not

[Clain@ppl i ed t o t hMethetasbalingdibrdnB®f dRirposkd 8.00he@éint he TaN
seed | ayer. ' to.claim?1l or

Cl.ai m 3]. Met had d .
claim >, winerdine PibuBer e FERat ity §hi, defllp initiared
| ayer, the powre sashpluiseiof theppivee duripdy wepnli¢chieetepadihe anode and
and cat hode ' [ SISt
oo o4 o RE ARy U 80y LSRRl MLt o
one of cl ai msupply & appligthbeteieen theanpdendithe gathegdeyand for a period of

signal is symglrgRk 2ARGbuNetdT pﬁﬁl:bfjsu@?lysﬁwégn B8 hfodRANB fthe cathode
supply.[d ai od a 0 one of clains

m 5] Met cor di ng 1
to 3, wherei t&hﬁ’inﬁﬁgoeé‘&ég? ﬁ]igg—rfre&peqoa(eslgfg }SéVérP?atf“Il] gnly after ex-
hi gh- f r equengjrasogorad parivdiafitineadfed tHegfulveaf @atbr pippBebetween the

of the power _suppl S i.ed between the anode and
t he cat hode, a{l?]cgep%nﬁgt 9?$§§4Sé%ge§méﬁa\$eﬁa| i s maintained

[Claimmh] | e t he powethaligebydingtoamplof g fretederriaime, whodi
and the cat hgge,;gn! i j £t
pul se of power églggﬁeggﬁ‘é?ﬁgg‘ﬁl tggcfge gée a\ﬁlfgslﬁﬁégﬂk%()faboutl
cat hode is t &ML iudboyt 7&NH2-he hi gh-frequency si gnal

[Claivh §] t er ][n nat e@/l&]il)c?/ac%f)ic?ﬂg @onRiof &el ;f?@cegfngfblﬁﬁfs,i ﬁﬂer@fn
tinme after the pul se of. power sup etween the anode
and the. cat notrei R vh RePaes Bty PO R v Hanode
accor di ng t o andéheahthole tpdeposidangast ba¢ afsthe WiaNsrieyar ahdéhe Ta layer
hi gh-frequeng [ ency within a range
“of about 1 M?%be?"g%%{ﬁ%ﬁﬁéfﬁ?o aim7] Method
[Claima8tor di ng t o Matkodbdcepifingioame dif ty rreesidimng claimer ehereinhe

frequency of gh@npilSRS: QficdnNfarBover supplied between
the anode and the cathode to deposit at |east one of

[Claig Hb TaN | ayeMeihf t9cardimg tofpgof the metedierrising. wherging
600 Hz. [ d aitie dpstdré Rthdes eraedt bae Vi@ a@denref sirfiRes of the via are

precedi ng cl ai rei he supstrate is a silicon
harer. 10 ot rOr pARRAGT DN iFeHER: GTaRetor °, he
[Clainpi@lcedi ng cl Metbod adeerdemtotdhemsylygteran e i ncl udes at

| t [ J . Vi ted
wih the TaNTayerCREpRA Ry Rust I8 K 2 507 Ret hod

[ClaingdEbor di ng to Wﬁg%gggdm@éilﬁﬁt%@ chyign Hagvhereimspect
ratio of at lyeash edinds throulfhid BBdL M teduBgghi@ccor di ng

[Claintl ?2]C| aim 9 OE\/I&L(?A ggc%%ingmgecrlzghl% or claim 10, wherein
the via forms a portion of a rewiring structure arranged on a planar
surface of the substrate.

[Claim 13] Method according to one of the preceding claims, wherein
the tantalum layer has a body centered cubic crystal structure.

[Claim 14] Method according to one of the preceding claims, further comprising
cooling the substrate during deposition of at least one of the TaN seed
layer and the tantalum layer.

[Claim 15] Method according to claim 14, wherein
a gas flow is applied to the rear of the substrate to provide cooling of
the substrate.

[Claim 16] Method according to one of the preceding claims, wherein

at least one of the pulse repetition frequency, the duration and de-



the via extends through the body of the substrate.
[Caim12] Method according to claim9 or claim 10,
wob@9ara37gs he via fornms a portion of a rew ri ngpCT/IB2009/051419

structure arranged on a pldmar surface of the
substrate. [Claim 13] Method according to one of the
precedi ng cl bsEon wWherieadjudtbietol@pbst teTTladyleyerds @thickness of
body center egfic bi § crg}stﬁgl St rluctur e. gg?I m 14]
Met hod accor 'SBE{”P BRET 55 (AR 1AM &Y %t B,

[Clainf 07k her conpMehabaconlingiy dneef shelygteeding diaimisnigrther comprising
deposition of : t N seed | ayer and

ngtssuin%at%. g}ém)%t@ 'Ij%g%)ze?

~the tantal um er aiml od accordi n]g to

[Claing 1§ m 14, mM@ff@ﬂ@f QPEsting @Rpiratus gpfabeente @ mewdlizasign sgpcture, the

the substratg ‘%]Egatgg BMhpigsig@ol i ng of the substrate.

[Caim16] l\/b{) gd %cordi ng to one of the preceding

clai ms, wher @iPRIGHA! IUALPPYHBE B UbAHIWE SPEHEEt i on

frequency, thenghuead avemblydodgiookiing ODmaghatie fietd adjacent to a

Pt o0 ' SHRGES ST g o 8 s

[Caim17] Menldle sdobr@i ng to one of the preceding

| ai s, furtlaq{ ‘i)% fis | f %1911 i we? RS gmeﬂgﬁeanodeand
E:I'a | ayer. [C alr% 13%% thdtpﬁg oP gggr i{:{g gﬁ)}érat us to
fabricate a @SeHPHs #a plyrlisy plritliss ethe eafBodgyipgludingdhe target, the
gonr_pr i Si ngé t puRedesisd a fr@(ﬁlie_%blj@ﬁpthé E%[@eqlgfﬂkbtﬁtlﬂﬁp gl_z, a duty cycle
uring sputtering, a net.i SS for providin

magnetic fi e|08*3%r§ﬁ65%85?% adldaz%gg?‘?ngYQd%“fm%aF grlensi ot between
formed at | e&@slt Aicen’pad t10fA/ant vatheadrgen, el be sputtered

onto the subst , [ [

a pouer suppryaubiedst s ARG ERhdq Dl APRdEhAPror
plurality of applymgs highéregeanepdgniliolagdilesdaltsheparting e substrate

the pul ses h%&ké}f}raﬁeEﬁﬁﬂHﬁQﬁ)ﬂdiaﬂja{cQﬁtB@ﬁ%trétg, Hz to
1000 Hz, a duty cycle of between  0.01% and 20% and

Y ) 0. ( )
produci ng a cderahio igbricte (hegpetpllizaficamtigetireathenpelyfigquency
10 Alcn? on &h@altishgeippliddeh Be pECRRU JPOVEIepdAUDE 6f a TaN seed
electrically conneﬁi}re{ edest al

.to.the far | vi .
hi gh- f r equenddy S5 GAITE 5T SeRIeBY SERal peliedi R g ed et during
subst rat e todgemdrmtd agagelun hyanto tled addjead bryer.t he

. trate, ' 3 [ e allization
[Clamz?r cture, m&ﬁd&h&?{é %L}c%@h&%%eﬁ% noltzaplpl ied to
t he pedest al tdenony thtebolayer e B TaNTiayers @edirstzppajer supply is

and the hi ghuppieauRBgsensh@B@deiafid *RRbHELESR th1Bigh-frequency
pedestal duri ngg 0si tion a tantalum | ayer onto

de of
t he TaN seed®} ?/]eflllgtlféplél?erﬁl\t?él}em?ﬂ@d according to

[ClaingeR@J m 18, whéMehdd according to claim 18 or claim 19, wherein
the high-frequency signal is synchronized with the pulses of the first
power supply.

[Claim 21] Method according to one of claims 18 to 20, wherein
during deposition of the Ta layer, the high-frequency signal is initiated
before each pulse of the first power supply is applied between the
anode and the cathode, the high-frequency signal is maintained while
the first power supply is applied between the anode and the cathode and
for a period of time after the pulse of first power supply between the
anode and the cathode is terminated, and the high-frequency signal is
terminated only after expiration of a period of time after the pulse of

the first power supply between the anode and the cathode is terminated.



to deposit the Ta layer onto the TaN | ayer, the first
power supply is applied between the anode and cat hode
whedoonz3rhe hi gh-frequency signal first is appPCEB2®/051419
the pedestal. [Cl aim 20] M#thod according to claim18
or claim 19, wherein the high-frequency signal is
[Clain$ P Ih ro ni[ é ed _M‘étlédjti zidl\&/grcﬁrtgdﬁﬁﬁle@ff g;anﬁs 18 tos21, mrfeﬁﬁrll .
su : ai,m t hod accor di to one of clai
T8 F0 20, wndiB E-ERIIGY SRBOGTE PO IE A o fafhT about 1
t he hi gh-fredidnoyat®ugh@MHzs i nitiated before each
: e of theyfl (I ' en the
Cling e and 1 nd CaRRals SRR of cliimEREl 25 WREIPET
mai nt ai ned withe Rulsen of therfyst pooves surnip pave 4 lsequspey @ghe range 200
bet ween the apadeoenrd. t he cathode and for a period of

i after th ul se of first power p et ween t he
[Clalr%%ﬁe and thﬁf‘éEQJn%f&erqfll%g ioanﬁiOEa{a@aﬁ f'ﬁf?di%ya W@erem
hi gh- f r equenay aphgnaltalum lhgsrid defositedosity tHRf TN seed layer.
.expiration o riod.of time.after ul,se.of the
(Clairg PBL 2L o0 O AnREE BB o' i Bh BT 18 RO MIRE
i s term nat ethd Gbstrate BRjooldtduodg depmrtinnyg at lvagmwae of the TaN seed

claims 18 tojgl. W@k GRafe hi gh-frequency signal has
a_frequency wrthin a range of about 1 Mz to about 70

[Claip@6] [ A ai m MqthadbrgserdingeOsmgiohglaims bhe HF Whekihs 18
to 22, wher eit fiR€pdirsasplPhs 4 DE Jowes bufvaid SMRRINF a DC voltage
24 Mot hod aGBo FLPHS GG opon Hi ee SRy ZE; e
[Claim@2) ei N an alApparat’ifoadpuetiay, eomipsisidgposi ted onto the
TaN seed | ayer, ' . C [ . qne of
Crai e e o gt B R B L IR AERRI Pl |
during deposiat ieati op¢ teaaget|femd abhrasioh peridronaflestsieally conductive

| ayer and Fh%la-{éiahﬁygf,rspuitgeﬁiom@tﬁla siRthed according to
one of claims 18 to 24, wherein the first power supplt%/
ntto a

is a DC power 8gHpiigassprablyfprsrevising? mezesiciichbadipee
appl i ed bet wegiadeh® tidaget,and t he cathode. [C ai m 27]
Appar atus for utterin

S onprising: a pedestal for
clpporting atdundera sttty fRaPLhiiereho fhg Saty paee” gpanode and
target forned catholeast pluralipact puflseonthe cabodd inaluling the target, the

conducti ve ial. - t
substrate, g%h%%énetvlnjicgoaa %g%%@’ynfe%g gaﬁl%g\}ueﬁ%g 1 gOO Hz,‘ a duty cycle
magneti c fi elofibedieat 84 % and208 prchpredefing peuirel gesitypf between

first power gupRIc2faQd 186RPEME BPHR tRQ¥Er supply between
an anode and a cathode in a al ur,alf &') of ‘_%Jtloses,

I B pedeltal £
cat hode i ncl ddPSRYIPRYeE syt cleqiigally connected to the pedestal for
applying a high-frequency signal to a pedestal supporting the substrate

to generate a self bias field adjacent the substrate, and
means for synchronizing the pulses of the first power supply with the
high-frequency signal applied to the pedestal.
[Claim 28] Apparatus according to claim 27, wherein
the magnet assembly comprises a plurality of magnets.
[Claim 29] Apparatus according to claim 28, wherein
the magnets of the magnet assembly are rotatable.
[Claim 30] Apparatus according to one of claims 27 to 29, wherein
the first power supply is a DC power supply.
[Claim 31] Apparatus according to one of claims 27 to 30, wherein

the pulse repetition frequency of the first power supply is adjustable.



pul ses having a frequency in the range 10 Hz to 1000
Hz, a duty cycle of between 0.01% and 20% and
w@e@daezidmgy a current density of between 0.1 A/ PORIB2GH/051419

10 Alcn2 on the target, a geécond power source

electrically connected to the pedestal for applying a
[Claink B%h -frequen %}ppﬁfagﬂ@bcdhﬂin@l tf@ egest @llfaun&WFl@Bﬂl ﬁgthbh@)mpnsmg

substrate to _gene el f as fie

substrate,  antiRoinsTis B hanb St hy e ek b pedestal
[Claint B2] first povapasuppicyordingtio bheofilgimsfY7/eqidnedersingnal

applied to t

accor di ng to%%¥§§%%§§%h réﬁ%a%ﬁ§&”ﬁﬁﬁg?gg§§gﬁ%quuawyS%nﬂ

conprises a PEiraedchypulse Oﬁﬁgrferﬁtspowe@swmy zsgapplt\%b?ta@%the

accordi ng toagbdd dRI3Re cé’éﬁkﬁfeefn@mttaﬁﬁmgmtﬁ f&ﬁu&f& signal while the

magnet asse are rotatabie G arm
accordi ng £ o Mesieoner cipalie spmisdpeageenifio iR ﬂ@ierqaiﬂglde and for

power suppl y aipgriad aﬁlme\aﬁa thel pplsy of f1£§t power3iipply between the anode
Appar at us accgQ n e of clai

the pulse r epe‘?ﬂ} |C%F1h0 ?les‘ q Gene ?/te%’fan e matmlg?{gé lﬁléﬂefrequency
supply is adp@yﬂ&bﬂﬁamﬂﬂammﬁﬁﬁmOEQH@mDéDGSHQQ@crdwmgmt@fﬂw

one of cl ai . .
tuni ng the E?%ﬁz?reqﬁiﬁeh%gkgﬁgrggﬁﬂ{ g to the i Rfminated.

pedestal. [C aim 33] Apparatus according to one of
claims 27 to 32, wherein the apparatus conprises neans
for initiating the high-frequency signal before each
pul se of the first power supply is applied between the
anode and the cat hode, maintaining the high-frequency
signal while the first power supply is applied between
t he anode and the cathode and for a period of tine
after the pulse of first power supply between the
anode and the cathode is term nated, and term nati ng

t he hi gh-frequency signal only after expiration of a
period of tinme after the pulse of the first power
supply between the anode and the cathode is
term nat ed.



