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Summary

& dusplasmabron fon source wiitk sinzellens
extradiion was veed o prepsre focused besms of
19=30 &¥ of 4r fons with Ifntensicdes of I m4. 4o
C enfe=gnslyeis wne pecforssd bo study the gewnersl

behaviour of the ssurce. The zompositicn of the besm

wey lnvestigsted to trzce and reducs contaminatioms
from sxtranevus souros meterizis. The Avr-Iice beam wae
applied te spubter miiligrem-ezounts of chemical alg=
ments and enviched Leotopes of slements havisg high
zeiting polimts, sueh &8 Zr, Ma, Re, Ts, ¥, JIr, ets.
The sputtered swhetances wepe collectsd in fhicknessas
varying frem 0.01=2.0 mgfew® outs thin target bockings
ef ©, T4, Du, or Ph. Self-supported tfargets were
shtsined by disselving backigga chemicslly . 4mong
sthers, tergete of L0y ang 8% #ith thickresses frowm
. A8~0:83 mgien® wers thus prepaved. Sputrering
yiglds wers zessursd for g eevisy of different baFget
watevigle. The resulte érvs discussed io detsil. The
targetd have beem febricabed for warious experimencs
invelwing high incensity heewy ion bombardwents wizh
snargles of up to 15 ¥o¥iu of Sgﬁi, UBpy, and 238y
iome at the £8Y UNILAT ascelerztor.

Y. dnaiyeie of the Avpon Ion Emsm of 2 Dyoplasmztron

- The preperatien of targets by sputtering strooely
depands on ths foa-beam gusiicy. The sputtering
epparatug of tha Slets&nwiygszs gvsilzble from
Beafyeil, Poumsrlk, doss mer silow differential bezm
diagneatics g were the cowposition of the besm end 2
devailad gontrel of the fon curtent. Therefore, che
duoplasuatzen fon seurce with extreciion syeles was
asusted #u an Llep-zourse fzsi benck nomeslly vesd for
FIC spures investigations”.

On this fow—sourcs best bemch the source {ses
Pig. 1} has zo be epevated et high positive porential
26 can be seen 14 sn siectviesl civcuit pchesstics
{Fig. 2}, The fome are secelevated to groend and
tronsportad through 2 megreiic quadrupole doublet zo g
FFE mpslvmer megmet. The bending redius of this

Figure 1. Duoplesmatron {arzow) on an lon-2sukce task
bapab.
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aegnst Is 24 em and the mawicue megnetic fisld
atzepgth is 0.7 tesle: A& big apeviure faradsy cup of
3¢ mm in dismetsr Lz placed im the focel peint 2o the
deflastion pleas for sfm-gpestzs recsevdimgs. The
whols aerangsment fan be seen fros Fig. 3. Foredsy
cup i s uaed for messuvemsnta of the totsl eztrasted
ion eurrent versus ezeracticc vollage. Az perameteTs,
the sre current, cthe ges pressure, end the filamank
cerrent had bean warieds
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Figurs 3. Schesstics of the len-sourcz tawt banch.

i. Tarzl Curremt Mossurements

ca) Yarierlon of sic surrest {(uee pressure
5 5 1672 abar; filament current 34 4). ~ Correspouding
te reisfng e curreats, i.e., Talzing placss
dessitise, the emtracted feow cuwrent svellesble for
sputfering of cavget meterisiy slse Faiszss and higher
extraction voltages sre vevewsery to ressh the plew-
tozus fa Fig. 4a. Thie behavicur i wvelld betwessn 0.5
znd 2.¢ 4 of ave curvent. Buysed thie pofoe the crend
is favevting 22 can be seon from nezsuTements up Ie
30 & im Fig. &b & profile through nhe curvent/
weliage fidgrvems at 20 &Y e given In Pig. § ke
deapastrats thie Beheviocur.

B} Verfation of gec pressure (are current I Aj
Eilement ecurrent $U 43. = The eurrsni~volisge fusciien
was messvred ie dependesce of the argos gee pressure
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Iom cureemt ve. veltsge disgrams for
aurraste of {8} 0.5 te 2.0 & znd (B} 2.0
e 3.0 4.

Figurs §.

| im the sowres. 4 ohwws im Fig. %, egefsz im a profilas

| ef currentivoltsge curvee &t 20 kY, the maniwes bess
imtgmsiey 1z rasehed st about 3 2 1072 wher.

e} ¥Yariavden of filesen: curvent {are current
24 ges pressere % x IO ] wber, dlumeter of Te Filg-
ment 0.8 me). - Out of ssovther set of cwrrear/voltage
fumstions the smtvsctad foo currewt as =2 functien ol
the eource-filament current wae derived (sas upper
guEve i Pige 7). Por thip pertleslier csds the
wrtrected dop cuirew? in sometasnt sbeve &2 Ao Fghur
surresis con be ohtzised belew thiz value, however,
she dischargs hetomes Impieble, probably due to the
rapf¢ly maisiag evs voltsge [se¢ lewer curve in
gige ?}e
4p & veswlt from ths wmesscremenis the follewiang

cptimm eondltiows fax using this len soures im the
prepereilon of sualesy fe¥gefe By Cocused fow beas
spubtsiing were d¢arivad: The exivestion welitsge should
be highes then 12 k¥, a2z ave currest of shout I A i
recozmandad which can be schisved af gn arvgon gas
pressurs of § x L8"Y shber, and & filsmest current of
wore than 42 2 ssing $.8 s dismeter fautalus wives.
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Figwre 5, Ton currest 8s a fumciion of ave ourrent
{left}.

Piguve b, Ilom currest in dependesncs of the 4w prespurs
in the ion esurse {center),

Flgure ¥, Lom curksat {(left scale} and ave veltage

{wight esals} as a fumetion of the filament
cuzrant of a Ta~wire of 0.8 mw in dismeter
{edghtd.

. HMass swplysis

dr smfem=zuslveie by the F7%5 megnet {see Pig. 3)
af the loo beszm delng prodoced vedsy the cstlined con—
dlzion gives ivformation su the cherge wistew of the
gparcergas fone and ou the reletive ssownt &f cou—
teminsbions from eweranscus Source wuierisle.

&} Faristies of are current {gas pressure
5 g 16°2 mhev; filewent cerrent 50 4). — Tha bess
spectre show le #ll czsez the dewinsant 2% paek,
fiivocrated dn Fig. 8 fer thres arc—scurrapt velses.
Log-gcale display for the fom CULVER: PEs BOCEUEELY,
2% bthe mizow componanis in the besm were out ¥ lewr
at low erg corrents. 4o mentionsd sbove {la) the ien
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nwe spectra for ATV beswms &% 2YS CUTEGRIS
af §,3, 2.0, and 4.8 &,

Figure B.

zourze shoeuld be eperated et aboul z & of pre EUETTGERL]
an this ﬁ%&ﬁﬁtﬁ@ﬁ the smount of 4r%* ipas i lees hew
16712 of vhe 4r' eurvent, sud contributisme from

ﬁg aed € ars meglsccable. 4% see ewrranee of

%4 tha &§2¢ gg a6d ¥ somtvibutions reech Lmben-.
efilse of 107 of the &r’ curzeat. Diffevsmtisl deu
currents of the meis composests of the beawm 2Te plotied
verous v cprrent im Plg. %.

Ie the Devs roags beiwsen 30 sed LEY &%ﬁx Suiy

Ze? zap b pemtenively idsutified becsugs hesviar

magses ¢id uat sppest dows bo zhbewd 14738 af the
4se® fececsizy. The seppravsion of izom dlens im the
heew will da investigstad in = separate project whth
roagpeet no 1tz costeibutlom aw conzamiseiion im the
sputtered tavget msrerials.

B} Varfetiss of ges presevrs {sve curramt I &
filomant current ST 4). — &% high gsz prazocve
{>Z§ i &%&%} the fon besk wainly sonsists out of
art snd Are¥. Decrsssing ges praseves vseeite 1o tha

coming wp of impuritize ef E@Q §$§ Sﬁs and BepoeE

ground Fe'. Thie i dus to the lacressimg discharge
power which hesie vp the suode sud the wvischeo
siscivede of the duopluswalros.

e} Terleiiom of the filament cergeat {aze
surrent 2 47 46 presgurs I = 1675 gher; dlawessy of
e filameer $.8 me}. - & einilar tendeasy s& fousd
ander 2% iz shmerved i the mese spacive {mot glvaw
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nifferencial jos curzests of the mals
svmpesente of aa Ax? besm as & fuactien
uf ehe are euprreami. .

Pigure 9.



here) im the ecurse of filpwent cuwrrsnt vaviation.
tlzerron spizpiaon from the cathods 1z etromgly veduced
27 lower £ilemeni currents which iz accompenisd by arc
volbage vaise {Pig. Fl. Ar the consienk gew pressure
the increasing discharpe puwer lzads o higher iom
beswm yield. Howewer, the cowpositicn of the hesm
chenges niss drestfceldly iz the coming-up of fupu-
rivigs, ms found oimilavily slrvesdy under Za.

By discuesing the dets of the mess spectrs,
opiimus zauzce oparating conditisns were found for the
praduciion of & suitebly pure s27 boss. Thase cone
ditioes svidently zgres with the operating recomssmen-
dations found doring the totsl currend messuvements.

I7. Focused Lowm Sess Sputter Depositisns

Fon bosmz beve been ussd in the invesrigstion of
gputtering sffects wader wvarisus sspecie.
EBxperimentzl ag well s thoorsticsl trestments of the
subiect have Deen given by mauy suthors, zg for
fneeznee’ 5%, The Inmtredueiion of spuiterimg foto
she £ild of nucleay tergsy preparations was done by
G, Slerren end P. Ieudsent: thev showed thet =2
Supplasmatros fom—goubee with slszellans encrzction
can be uzsd bo sputter especially effective smell
swounts of enriched fsotopss and high zelidng-poilnt
cizments co . chin terget backimgm., Enx eddition g
sputier depomitionsg with £ ducplassatvren 23, 7,8,9,10
parger fabrications were 2les peviormsd velng a
peﬁnin§ LommEoureE e or & gaidle=Ffisld ion
SORLCE 3, mesules from sputver depeeitions caing @
dusplasmeivan fon-gource will be prasented heve; they
will, however, not yef inclede the esperiencss geined
fyos the foo-gource imvestigsicions {see I} mads ouly

recentiv.

L. $putber Depomition Unie

im ¢ elighely chenged sputterimg machins of zhe
Sle&t@nmtyyez frow Denfyeik, Ar-ione ave exirzcted
inte high vecuum from & ducplazmeiron loveaoutcs beling
equipped with & specisl ges inlet syetsm muintefning
&% Ar prageuvre of 3°107% mbav. ‘The lon besw, heving
currant densities of up o 1.5 zd DO, is focvead sdeh
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vigure 10, Schemstize of the sputtering vnit,

sn clmpeliens to s diswetey of L mm and scesleveted
with AO BY to the cathode netewiszl; this i sputiiered
to target backings of € or of Ov, the lstter beling
dizsclved afrer the sputtering bo obininm self-
supported suclesr ravgets. Mostly ravgete of 0.1 te
2.8 mg?cmg ere Fabricsted et 2n svss of 13 wm do
digmetar. The expevimental set-up can be séen from
Fig. 1%, The tsrge: backispgs sre mounted on Iremes
weing fimed to z rojebimg targel device which cen Ba
waved iz the E-¥Y-plane. A& view of the rotetivg target
fiwrure is given in Wig. 1i.

Piguve Li. Wiew of the rotating farget finture with
smenial targat frames.

Z. Daposition Spuiteriag Yiside

FTarget beckinge cas be avrasged sround the apub~
terving cathade at varfous geometries {zer Fig. L,
113, In ovder to get & gubvey on the distribuiion of
rarger materisl oesy the cathode, 4z wss collested Bt
conptant spubter retez on plese plaktes mounved at
diffevent dictences bébtwesn spuiibsr alectrode and
tsrgs% pockings. The messured depesition ylelde da2
sgiemt swe glven iz Flg. 12 ec & funciiom of the
distence to the apurrerisg cester. From & comperizom
- gotted lime fuz Pig. 12 ~ 4¢ eand be sszen thet the
disrribution nesely Ffellows e exgeckad Fumeiion of
¥ o 1;:2 gith v belang the sewrde-to-subotrate

distesos.
Furihsr messuremests of spuilar yislde wave wade

zgefs with Ag s spunizring weuierisl. The deposition
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Figura L2, Reposition sputtaring vislds fo¥ A &6 &
functica of the distasce from the cathoda
maverizl to the terge: becking (leftl.

¥igurs 13. Depositios sputizrisg yielde Eor &g &b

differert holights on cylindews of redii of
16, 15, 20, sed 25 s svound the cathods

{edzhil.




gputier visld wes wessured 28 & fucetiem of the helghe
sh cyiinders of vadii of L0, 13, 20, emd 25 wm avound
rhe sputisy electrode {Fig. L3}. 4t low geomerries
{upper curve in Fig. 13} west of the targec asterial
ig collscked with high efficisney a3t o cylinder helght
svound § to L5 mm from the bobtom of the rotating
target Fimburs. A&t levger distences fhe fhickness
distributioe veries not much 2% lovels fvom 5 eo 23 am
target bockings mounted im this ares ave yguite
nompgengsus, bui the ocbitafmed wield per tavget sras fa
evidantly smaller.
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ne: = pmiursl sesurviszg elewent
® . mrermedioze Ou backing (0.0 mm ehigk) im the

preperszion of self-supporced razgels

Compilecion of date from Tapget prepatetiony
By aputtar depesitions with & foguged loa
heam of 10 %% of art at &.3 te 1.3 ®h.

Tak. 1.

3, Spucter Depseition of Aecaleratoy Tevgels

The faocused lom-besm sputiering provess wag weed
in the preperetion of mamy accelerstor daygets. Ie
wae of lnterest iz zll cesss whers enly smsll smeunte
of targzer meterisla, especially of emviched egable
izstopes, were eveilshle. the procedure wos 2lso very
afficient iz che preparaticn of target fofle frem high
melring-peine clemente. For the Fullowing slements
and for sowe oxidse emperismce in the preparstion of
nuclear targels wae geiwed owver the lest yoers: &g,
41, Au, Or, Fe, Ge, WF, HiGp, Ho, Ir, Mm, Mo, Hb, HL,
Qa, Bd, Pz, Es, Bh, Bu, 9n, Scd, ¥a, Wi, W, and %y
4 zompilation of datz from showr 50 diffsrent target
seegaracions £z given fin Tab. R. The zlesents or
anziched Isstopse heing used 28 sputtfering setevisls
are iisted in the first columm of the able svrasmged
zfrer fincrsseing stoeele numbersz., The avmilabl? EESEDE
af# ezthode msterial wvariasd: it wes 7.8 uy fov 8%

50 to 200 myg for mext of the meterisls listed, snd

= mt erodow ~ L34F g for Ir. The smount of cathode
matzriel bolng sputtered 2£f the ecsthode wes depandieg
om the nesds for the E&rgeg thickness in guestion and
i€ vavied hatwesn Lok mg (TOTL} end 78 mg (2%%r).
The target haockings most often needed wers folle of
carpon of sboewr .03 mgfcom®; among othavs eopper foils
of shovt 0.01 me were bekem s backioge belng
disoolvad mfter the sputter depositioms iz erder g0
chtein self-pupsorced cargets {ses Tab. 1, zcl. &}.
The cathodoe-to=bavking distance was 28 o 36 wm,
depgading on the sesunt of tzrgels o be wade im soe
rur gnd on the desfirved thickonees of rhe zarge: layer.
The parger vizld fz velzted to the awmount of spuktered
gaterials snd to the chickoess of the target; LT de
given in peroan® pe¥ souere centimeter. This figure
stroogly depende on the geometricel set=-up in the
gputtar apparscus: of greel {nfluesse sre also the
gputtericg vields {mumber of spucicred %toms pew
incident ion, mostly havisg wvelues betwsen L aad 38
snd the fars of sryscallographic strusturss sf the
surfeosy aof the apucier cathods. The knowledge of
thess flgersag in 2 spureer systes s of lmporiance for
further terge:r prepaTatioms. The lest coloen of

Tab. 1 cowiaine the tevget thickunssass which were
ohtainsd iu the preparseioms; thay avss desaicles of
rhe sroduged lmyers vary berweesn .07 mg!ﬁmz (P} zad
2.8 xgic&z §1§3EK}e & plcture of five targets is
zives in Fig. L&,

cteved moclesr targets of 0%, 8o,
4%u, smd To oo carvbon backings aod
palf-supperced 0% foil {lefr te wight}.

Figure i, §

4. dpplicmiiocns of the Spulzered Tavrpete

Tha tergste which were prepared wiing an ¥ besm
im & focused lom—besw eputtering spperatus were wead
in hegvy-icR sccalsvaior expeviments at the 3% UNILAC
ty Dermetadk. Hoeelesv phyefse, atomic physlcs, and
wuciear chenletry vesstion stwdles were pevformed



vaing &ee&2s§a&§§ Ea&&s of h%%% energies of up te
15 Xe¥/u of By, “C8py, or 298y wirh intensitiss of
wp te FOLg Z perticles per ascond.

I¥k. GCeoscluding Bemsihs

The spaiveie of the besm of a duoplammetron lon-
FOUECE OB 8% AeR-EsuErss ezt beach plves impovisnt
inforsation which cam be uaad to sptimizs the
intemzity and the guslity of an sxtrvacted besz to ha
eppiied in sputter depesitions in barget preparations.

wizh the spparetus being epplisd to focumed fon-
hopm sputier depesitions, wEsy LRCgers c&h a2 propared
of mmall suouste of evriched izotopss zmd of high
melting-polnt slements which could mot or ouly very
diffienlt be prepsred by other farget grepareticn
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