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ABSTRACT 
The experience gained from the installation of a Danfysik-911 
ion source /bought in 1971/ is reported. A modification in the 
extracting system has enabled a doubled starting current /e.g. 
23-25 yA Br1/ to be obtained. Emittance diagram of the source 
and mass spectrum of the ion beam are presented. 

АННОТАЦИЯ 
В работе обобщается опыт, полученный при пуске в экс

плуатацию источника ионов типа Danfysik-911, купленный в 1971 
году. Изменением системы вытягивания удалось получить ток, в 
два раза больше, чем в оригинальной системе./например, 23-25 
мка B^V. Была снята диаграмма эмиттанции источника, а также 
масс-спектр полученного ионного пучка. 

KIVONAT 
1971-ben vásároltunk egy Danfysik-911 tipusu ionforrást. 
Cikkünkben összefoglaljuk a forrás üzembehelyezéeénél szerzett 
tapasztalatokat. A kiszívó rendszer megváltoztatásával sikerült 
a kezdeti áram kétszeresét /pl. 23-25 yA B 1 1 / elérnünk. Fel
vettük Ű forrás emittancia diagramját, valamint a szolgáltatott 
ionnyaláb tömegspektrumot. 



In 1971, on surveying our scientific tasks, the development of a 
heavy-ion source seemed to be necessary. Barlier, ion sources of 
this kind were not used; various versions of RP ion souroe 
generally being used. In the circumstances the main possibility 
thought to be suitable and having two distinct advantages wast 
1./ To buy an ion source which could be applied for all poosibile 

purposes and which could be fitted to each accelerator of our 
institute thus enabling time and money to be savedi 

2.1 With such a source and experience gained from lt ( we oould 
start to develop our own heavy-ion source. 

We took stock of the situation of the ion source markot and chose 
the Danfysik-911-type ion source constructed originally by 0. 
Sidenlus. This is a so-called hollow cathode ion source with the 
ability to work at high temperatures and to produce ion* of 
practically all the elements of the periodical system« this 
equipment is small in r-ize, with a not too high /about 2oo W/ 
power consuptien. The firm uses the source primarily In ion 
implanters. 

I. 

Having the source and power supplies we startod to reproduce 
the parameters given by Danfysik. A stand /Pig.l/ was amsabled 
enabling the current and mass spectrum of the souroe to Ъо cheeked« 
The geometry of the extraction part of ion source was idontioal 
with that offered by the firm /Fig.2/. fo focus the bos* we used 
a three-eleetrode-einzel lens which was - similarly to 1k« analysing 
magnet - originally constructed for other purpose«. A »look alftfasi 
of the eleotrical oiroult is shown is flg«3* 
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At the beginning we only wiahed to reproduce currenta «bleb may 
found in the catalogue«. Such gaeea were uaed as in noraal operation 
i». Ar and He. The flrat reaultoare given in Fig« 4 and 5. Я»е 
currenta »ere aeaaured at tbe Ъеаш control point aituated Just after 
tbe firot pump connection, She valuea reached ware only 25-3©H 
of the ourrente given by the firm. 
Having lnveatigated tbe reasons for the email eurrenta ww found 
two baaie problémai 
1,/ the houalng and Inner part of the aouroe holding the dlsoharg« 

chamber were Inaccurately fittod la thia caaci the fitting 
aurface not being long enough to enaure the eorreet eoaxlal 
localisation, 

2,/ Plecbargee can fiake place outalae the disohargs ehaabar feamtaf 
• ahunt and as * reault only • par» of the total power •appliew 
tbe uaeful discharge. 
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The first problem oould be quickly aolTed by turning and enlarging 
the fitting rings on a lathe. Die second problem was eliminated 
by a more accurate assembling of the inner part, as «here the anode 
is coaxial with the wall there is no side discharge. Having solved 
the above mentioned problems, it was posslbile to investigate «by 
we were unable to get the Ion currents promised by the firs. 

II. 

Having rechecked the assembly shown in Tig. 2, it seemed that tbe 
shape of the extraction hole and source housing was not sufficiently 
well fitted to the dome-shaped extraction electrode. She eleotrostatie 
field in this area is not enough strong to focus the beam into the 
hole of the extracting electrode and it was for this reason that 
the current was rather small. The shape of this part of И м souroe 
suggested that a 15o°-bevel-angle Fierce geometry be fonMd /fig, 6/. 

Пд.в. 
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Rt« •easureaent was repeated with tbe new geometry and thereafter 
«e neaaured tbe omittance diagraa of the eouree. At the eaae tlae, 
because the eouree пае initially reocaeended for ion-lfcplantatlea 
with boron and phoaphorus, «e changed the gee ueed from Be aad Ar 
to HF in the hope that the results would be better. 
In the oaae of the Pierce geometry It *aa found that our elnael 
lena was not sufficiently well fitted io the aouree and extraction 
aye tea, the crosr-over of tbe boas wae not located aocording to 
our calculations and previous measurement«. She ealttanoe maaaurems 
were therefore repeated. Diagrams are shown la Mg,7« It can be 
aeen that the emittwice does not a'rongly depend on the dlatanoe 
between the exit hole and extraction electrode but the bevel-angle 
of the beaa la rather large, a fact which must be taken into 
account during the construction of the focusing lena. te alao 
measured the whole ox rrent which waa in aocordanos with the rates 
given in catalogues /Pig.8/. 
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We should have liked to reproduce the mase-apeeira too. Я ю 
we need for this had the following- parameter«! radius 5oo am, 
«ар 3o am, aagnetle field 45oo Causa aax, atabllity of the t, aagnetle field 45oo Cauea 
fledl better than lo~ . She pole* hare Bogowsky-ahaped pole 
profiles, the new set-up la shown in fig. 9. 
With this amgeaent it saa poaaibile to obtaia » eurreatB of 
•oae 23-25 лА В . the working parameters of souroe met the 
speolfloations. We think the shape of the extraction eleotrode 
used here to be better than the one previously suggested la the 
sketch of Danfysik. 
She following good working parsaetera were obtained: 

t i e 

Hieat heat anode anode ^source U e x t r . ^ 

2ЭА 6,2? 1.95A 427 o,2Torr 2oK7 гг/в* 
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MAGNET 

SUT 

BEAM 
VIEWER 

Fig. 9. 

All the currents were measured »f ter the anftlyslag 
suppreseing field against the •eoondsiy eleetrona. 

applylag ft 
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We measured the mass epectrtut of the beam /Pig.lo/. Shis spectrum 
meets the expectations) the Al line is du« to the alumina insulators 
which we applied Instead of the boron nitride Insulators. /Of 
course, we had some N and 0 too, but In тегу email quantities« see 
Tie.11/. We also investigated the lifetime of the source» l.s» 
how long it operates without the need for changing the cathode or 
cleaning the source inside. It was found that cleanliness play» a 
very important role. A thin layer arises on the walls of the loo 
source - also in the ease of noble gases - which amy saus« sparks 
and short circuits between the anode and cathode. In the е м * of 
corrosive gases such as BV. this factor must strongly be taken Into 
account, however, it is mainly the presence of hmldlty • eve» 1» 
very small quantities - that Is highly corrosive, 
for production of ions of materials having high «eltlag pslatm It i» 
recommended in the literature to use their eblorld**, Ä 1 * 
attempted starting with BC1,, Our rewulte -if they «sal« be sail*« 
results - were negative, the «»per and lower electrode« of th* 

J/' 
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discharge chamber /see tig. 2/ «ere corroded after a few minutes 
work. Ibis could happen la apite of our aetlouloua care In putting 
the system together. She balloon and tubcbetween the balloon and 
ion source was pumped for several hours at a temperature of ожег о loo С. She balloon was filled with BC1, under a vacuum of about 
-5 3 

lo Torr and the control measurements of vacuum did not show 
any leak or presence of water vapour In the system. Blectrodes of 
different materials, such «в I, Mo, Та, SS were tried with no 
success. With no more time at our disposal we had no wl.ih to 
continue the corrosion studies but we have to remark there could 
be very considerable corrosion If chlorides are used. Hot having 
such intensive corrosion as mentioned above, the cathode of the 
source has normally a lifetime of about 4o-5o hours. After that 
time the cathode wire becomes very thin and is no longer adequate. 
After 4o-5o working hours it is necessary to clean the source if 
analyzed currents of about their maxima are required. If the 
source is used under difficalt conditions - for example in a pressurised 
Van de Graaff accelerator - it is suggested to work at reduced 
parameters and powm - first of all with reduced heating voltage 
and current - thereby enabling longer source-lifetime. 
This source is also suggested for ions of solid materials, fa 
wished to check Its functioning in such cases too. As, according 
to the catalogues, it is тегу easy to obtain phosphorus ions, we 
commenced with this. The material holder of the source was flllsd 
with red phosphorus and pumped till we had no adsorbed air and 
humidity. In this version of 911-type ion source there is во need 
to heat the material separately, this can be dons by the discharge 
itself. To find definite temperature one can move the holder from 
outside /see Tig,2/. After a series of experiments we observed that 
in the case of materials easily evaporable the temperature as wall 
as the rate of evaporation Is very sensitive to the position of tbs 
holder. Namely either the evaporation does sot start or it happens 
so sulckly that the material from the tiny chamber /1,9 am «is and 
5 mm long/ can evaporate during lo-2o see. Л bigger chamber has 
been made /2 mm dia and 15 mm long/ but It «as not possible to 
reach a longer working time in the case of phosphorus. 
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According to our well-founded experiences in the смо of HP-, 
PP. was applied and no problem« occurred and aoao 4о-5олЛ eurront 
wae obtained at the eame paramétere ae for boron. The gase« St
and PP_ yrere conducted through the ваше tube, thie explain« the 
boron lines originating adsorbed BP. on several place« of the 
source and the tube. 
Summarising i In our view the Danfyeik 911-Tjrp« ion «ouree appears 
to be suitable for producing lone of gaeeoue material«. It* working. 
tine /without cleaning and maintenance/ 1« long enough for eenvenlest 
use, possibly reaching a few tinea lo hour« «ven la the ens« of 
corrosive gases. If one wiehee to get ion« fron chloride«, ове Ь м 
to work very carefully. Our effort« in that ea*« aohleved no r—Atm, 
Similar car« 1« recommended in the о м е of solid material« *eo, 
because heating the material« dlreotly by the «teetoit» i» • vwljr 
good idea but it is very sensitive to the position a* «to Mtorial 
holder. 
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