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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.gq.
23-25 ya §u1 to be obtained. Emittance diagram of the source
and mass spectrum of the ion beam are presented.

AHHOTALIKA

B paGoTe 0600maeTcia ONMWT, NOJyYeHHWA NPM NYyCKe B 3KC-
nayaTtausn HCToOdHHKa HOHOB Tvna Danfysik-911, xynnessuRt » 1971
rony. H3MeHeHHeM CHCTOMH BHTATHBAIHA YOAJOCh MNOAYYHTL TOK, B
nPpa pasa 6tonsle, YeM B OPHUI'HHANBHOR cHCTeMe. /uanpuMep, 23-25
mxka B4!/, Busa CHATaAa AMarpamMma 3MHTTAHUUH HCTOUHHKA, & Takxe
MaCC-CIeKTDP MOJAYYEeHHOTO MOHHOTO AYYKAa.

KIVONAT

1971-ben vasidroltunk egy Danfysik-911 tipusu ionforrést,
Cikkiinkben 8sszefoglaljuk a forris lizembehelyezésénél szerzett
tapasztalatokat. A kiszivd rendszer megvéligztat&s&val sikeriilt
a kezdeti &ram kétszeresét [pl. 23-25 uyA Bll/ elérnlink. Fel-
vettllk & forris emittancia diagramjat, valamint a szolghltatott
ionnyaldb témegspektrumot. : :




In 1971, on surveying our scientific tasks, the development of &
heavy-ion source seemed to be necessary. Barlier, ioh sources of
this kind were not used; various versions of RP ion source
generally being used, In the circumstances the main possibility
thought to be suitable and having two distinct advantages was:

1./ To buy an ion source which could be applied for all possibile
purposes and which could be fitted to each accelerator of our
institute thus enabling time and money to be saved;

2./ With such a source and experience gained from it, we ocould
start to develop our own heavy-ion source,

We took stock of the situation of the ion source market and chose
the Danfysik-91l-type ion source constructed originally by G,
Sidenius, This is a so-called hollow cathode iom source with the
ability to work at high temperatures eand to produce ioms of
practically all the elements of the periodical system. This
equipment is small in cize, with a not too high /about 200 W/
power consuption. The firm uses the source primarily in ion
implanters,

1.

Having the source and power supplies we started to reproduce

. the parameters given by Danfysik. A stand /Pig.1l/ was assemdled
snabdbling the current and mass spectrmum of the source to be checked,
The geometry of the extraction part of ion source was identical
with that offered by the fimm /Fig.2/. To focus the bean we used
a three-elecirode-einzel lens which was - similarly to e snalysing
magnet - originally constructed for other purposes. A dloek diagres
of the eleotrical circuit is shown in Pig.J3.
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Fig. 1.

At the beginning we only wished to reproduce currents which may
found in the catalogues, Such gases were used as in norwal operation
ig, Ar and He, The first resulisare given in Pigs 4 and 5, The
currents were measured at the beam control point situated just after
the firnt pump connection. The values reached were only 25-30%

of the ocurrents given by the fimwm.

Having investigated the reasnns for the small currents we found

two basic problems; .

1.,/ %The housing and inner part of the source holding the discharge
chanber were inscourately fittod in this case; the fitting
swiface not being long enough to ensurs the correct ocoaxial
localisation,

2./ Discharges can take place outside the discharge chasbey formiug
s shunt and as u result only & par: of the total power supplies
the useful discharge,
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The first problem aould be quickly solved by turning and emlarging
the fitting rings on a lathe. The second prodlem was eliminated

by a more accurate assembling of the imnner part, as whers the anode
is coaxial with the wall there is no side discharge, Having solved
the above mentioned problems, it was possibile to investigate why
we were unable to get the lon currents promised by the firm,

II1,

Having pechecked the assembly shown in Pig.2, it seemed that the

shape of the extraction hole and source housing was not sufficiently

well fitted to the dome-shaped extraction electrode, The electrostatio

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 the souroce .
suggested that a 150°-~bevel-angle Pierce geometry be formed /Pig.6/.

Fig.6.
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The measurement was repeated with the new geometry and thereafter
we messured the emittance disgram of the source. At the sane time,
because the source was initially recomrended for ion-ikplantation
with boron and phosphorus, we changed the gas used from He and Ar
to nr, in the hope that the results would be betier.

In the oase of the Pierce geometry it wvas found that our einsel
lens was not sufficiently well fitted {o the source and extraction
system, the cross~over of the bean was not located according to
our calculations and previous measurements, The emittance messurements
were therefore repeated, Diagrams are shown in Pig,7, It can be
seen that the emittance doss not »'rongly depend on the distance
between the exit hole and extraction electrode but the bevel-angle
of the bean is rather large, a fact which must be taken into
account during the construction of the focusing lens, We also
moasured the whole ctrrent which was in accordance with the rates
given in catalogues /Pig.8/.




We should have liked to reproduce the mass-specira too. The magmet
» we ussd for this had the following parsmeters: radius 500 mm,

gap 30 mm, magnetic field 45co Causs max, stability of the magnetie

fiedl better than 1o %, The poles have Rogowsky-shaped pols

profiles. The new set-up is shownp imn ﬁ¢.9.

With this arregement it was possibile to obtain a cwrrent™ of

some 23-25% ,uA Bn. The working parameters of source met the

specifications, We think the shape of the extraction electrode

used here to bs better than the one previously suggested in the

sketch of Danfysik.

The following good working par=neters were obtained: ’

2

23A 6,2V 1,954 429 0,2%0rr 20KV 23 ,nL
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All the currents were measured after the anslysing megnet applying s
suppressing field against the secondary electirons.
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We moasured the mags spectrus of the beam /Pig.lo/. This spectrus :
meets the expoctations; the Al line is due to the alumina insulators ‘;
which we applied instoad of the boren nitride insulators, /02 ’
course, we had some K and 0 too, but in very small quantities, see

Pig.11/. We also investigated the 1lifetime of the source, i.¢,

how long it operates without the need for changing the cathode or

cleaning the source inside, It was found that cleanliness plays a

very important role, A thin layer arises on the wlls of the ion ‘

source - also in the case of noble gases - shich may sause sparks

and short circuits between the anode and cathods, In the oase of =
corrosive gases such as BF, this factor must strengly be taken into
account, however, it is mainly the presence of Inmidity « sven n
very smll quantities ~ that is highly oorzosive, -
Por production of ions of materials having huh aslting m M u
recommended in the literature to use their chlorides, This wes .
attempted starting with m, Our results - 1 M sould b m
results - were negative, The upper and w -mm d’ ﬂn :




discharge chamber /see Pig.2/ were corroded after a few minutes
work. This could happen in spite of our metioulous care in putting
the systen together. The balloon and tube ‘between the balloon and
ion source was pumped for several hours at a temperature of over
100°C. The balloon was filled with BC1, under a vacuum of about
10-5'rorr and the control measurements of vacuum did not show

any leak or presence of water vapour in the system., Blectrodes of
different materials, such as W, Mo, Ta, 8S were tried with no
success, With no more time at our disposal we had no wish to
continue the corrosion studies but we have to remark there could

be very considerable corrosion if chlorides are used, Not having
such intensive corrosion as mentioned above, the cathode of the
sourceé has normally a lifetime of about 40-50 hours. After that
time the cathode wire becomes very thin and ie no longer adegquate,
After 40-50 working hours it is necessary to clesn the source if
analyzed currents of about their maxims are requirsd, If the

source is used under difficalt conditions - for example in a pressuricged
Van de Graaff accelerator - it is suggested to work at reduced
parameters and pownr - first of all with reduced heating voltage
and current - thereby emabling longer source-lifetime,

This source is also suggested for ions of solid materiale, We
wished to check ite funciioning in such cases too, As, according

to the catalogues, it is very easy to obtain phosphorus ions, we
commenced with this, The materiel holder of the source was filled
with red phosphorus and pumped till we had no adsorbed air snd
humidity. In this version of 91l-type ion source thgro is no need
to heat the material geparately, this can be done by the discharge
itself, To find definite temperature one can move the holder from
outside /see Pig.2/, After a series of experiments we observed that
in the case of materials easily svaporable the temperatuxe as well
as the rate of evaporation is very sensitive to the position of the
holder, Namely either the evaporation dces not start or it happens
g0 quickly that the material from the tiny chamber /1,5 mm 4is and
5 mm long/ can evaporate during lo-20 seo, A bigger chamber has
been mads /2 mm 4ia and 15 mm long/ but it wes not possidle %o
reach a longer working time in the case of phosphorus,
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According to ocur well-founded experiences in the case of nr,.

PP5 was applied and no problems occurred and some 40-50 ,u ourrent
was obtained at the same parameters as for boron, The gases BP,
and P75 pers conducted through the same tube, This explains the
boron l1lines originating sdsorbed 373 on several places of the
source and the tube,

Sumarizings In our view the Danfysik 911-Type iom source appears
to be suitable for producing ions of gaseous materials, Its working

time /without cleaning and maintenance/ is long enough for convenient |

use, possibly reaching a few times lo hours even in the ease of
corrosive gases, If one wishes to get ions from chlorides, ons has
to work very carefully, Our efforts in that case achieved no resulss,
Similar care is recommended in the case of #0lid materials toe, ,
becauss heating the materials 4irectly by the diseharge is s very
€ood 1dea but it 19 very sensitive to the position ef the material
holder,
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