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The development of a magnetic ion-source with high
ionisation efficiency

bv P. C. Veenstra and J. M. W. Milatz.
Physical Laboratorv of the State University of Utrecht, Holland.

Introductory.

Thougli the magnetic ion-source offers several advantages com-
pared with other types of sources, itis seldom used since the early
work of A. Th. Finkelstkin1) and M. v. Ardenne2-3). An exeep-
tion is found bv W. Maas4).

The priucipal advantages turn out to be:
1. the powerconsumption is low — power is obtained from storage-

batteries. (lonsequently the source and its complete power supply
can be put at a high potential;

2. gaspressure and hence gasconsumption are low;
3. high eurrents of monokinetic ions are obtained, with up to 50%

atomic ions in 1 he beam:
4. no artificial eooling is required.
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Prelintinary expcriments.

In a magnetic ion-.source the probability for an electron to ionize
the gas is increased bv a magnetic fiele! which forces the electron«
to describo a spiral. For this reason the first Illing one is interested
in is the relation between magnetic fieldstrcngth and ion current.
This means to get some insight into the amount in which the spiral-
izing movement of the elcctrons inereases the length of their orhits.

The result is to he found in fig. 1, showing that an increase in
ion cuiTcnt up to a factor 15 easily can be produced.

S|»iic<'-chiii'(|c cl'l'ecls.

With higher cathode Omission space-charge effects will occur.
Whcn repeating the former measurement a result as shown in Fig. 2

is obtained. In this graph hotli ion-current and Omission liave been
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Fig. 2.

plotted against the magnetic field strength. The decrease of anode
current is caused by a strong negative space charge introduced by
the action of the magnetic field. Obviously the magnetic field nar-
rows t he electrons into a beam, repre.sent.ing a zone of high negative
space charge. Owing to loss of speed the majority of the electrons
in the beam loses for a certain pair of values of anode tension and
the magnetic field strengt!) the power to ionize the gas, so that
the ion-current decreases.
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We assumc tlie electron space-charge density to be proportional
to the inagnctic field H and reciprocallv proportional to the electron
speed wliere VA is the anode tension.

Assuming secondly the maximum ion-current in each case to
occur as soon as a critical negative space-charge is reached, a
straight line is to he expected if in each maximum of ion-current H
is plotted against. the corresponding value of {I'}1'2. Fig. 3 shows
the results of a senes of ineasurements.

In conclusion: the ion-current Output of a magnetic source will
be limited by negative space-charge introduced hy the magnetic
field. Cumpensation of the negative space-charge can readily
be obtained by increasing the anode tension. It turns out to be

Fig. :t.

possible to build an ion-source operating at pressures down to
•vlO 5 mm. Ilydrogen and giving an ion current up to 0-3 mA
at a plate tension of 12 to 3 kV. It is however desirable to build a,

low-tension source and by tlxis demand the source lias to be operated
at higher pressure.

Looking at Fig. 4, where once more the ion-current and the anode
current are plotted against the magnetic field, this time for several

pressures, it is clcar that increase of pressure renders an automatic
compensation of negative space-charge. At higher pressures the
shape of the curves is changed: the ion current decreases less ra-
pidly and finally there is a. tendency to increase. Morcover the
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maxima can be seon to shif't tu higher magnetic field strengt Ii wlien
thc pressure increases. Increasing pressure means growing iunisation
density which implies introduction of positive spaco-charge. The
result is that a st rotiger magnetic field can he used before the eriti-
cal negative space-charge is reached. Bearing in mind that the ion-
velocity is small compared with the electron-velocity, eompletc

space-charge equilibrium niay be obtained when the pressure is

sufficiently increased and in this ease st.rong ion-eurrents niay be

expected.
The oscillution of eleetrons.

The formation of space-charge equilibrium is groatly stinudated
liy the oscillation of secundary eleetrons, i. e. eleetrons generated
by iunisation of the gas. It niay be remarked that the primary
eleetrons, i. e. eleetrons emitted by the cathode, will return into the
cathode after perfonning one oscillation. The secondary eleetrons
are fonned at random in the iunisation spare, hence they have a

good upportunity to oscillate, so that they are far more effective
for iunisation than the primary eleetrons. In a magnetic source the
primarv eleetrons only serve to start Operation. As soon as a critical
gas pressure has been reached the secondary eleetrons become far
more essential as they have a much higher chance to oscillate. It
is thereforo necessary tu stimulate the existence of eleetrons of
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adequate average spoed whilo, with an eye to space-charge balance,
the ion-volocity ruust. bo kept as low as possible. Ion extraction
thereforo nmst be perfomed by diffusion.

When the ciitical ionisationdensity mentioned before is passet!
the ion-current increases to values up to 5 mA. The same is observetl
when, operating at the critical pressure the magnetic field is in-
ereased. The source operates quite stable in a higly efficient State
whic-h we have ealled "supcrstate". The most important proporty
of tliis state is its irroversability, i. e. when operating in superstate
obtained by increasing the magnetic field, it is possible to decrease
the field without considerable loss of ions — untill the field reaches
a definite value and the ion current drops to about 10% of its
former value. This value corresponds to the normal ion-output of
the source operating out of superstate.

The same can be observcd by varying the pressure.
The larger the primary emission has beeil ehosen the sooner the

superstate will be obsorved and the larger the ion-output of the
source will be. Reeently we 1 mild a magnetic source equipped with
water eooling. At a pressure of 0.5 micron of hydrogen ion currents
up to 20 mA are obtained.

The |icrcciilai|c of atomic ions.

.Magnetic analysis of the beam shows for hydrogen a proton per-
eentage of about 50%, a figure whieh is surprising high for a source
containing metallic surfaces. It however must be remarked tliat the
tantaluni anode system of the source runs rcd-hot during Operation.
Atomic reeombination Oeing a three-bodv phenomenon, recombin-
ation niainly occurs on surfaces covered with adsorbed atoms. A

high temperature will prevent atoms stieking to these surfaces: the
thermal equilibrium Ha 2H is sliifted to the right at high
temperature, this Oeing a reason for the satisfying proton-output of the
source.

Technical dcvclopmcnt, drawing Fig. 5.

The ion source system housed in the lower end of the central
copper tube A, consists of a tungsten cathode and a set of three
anodes. The lower two represent a field-freo space, the first anode
has a slightly different potential for focussing purposes. The ion
exit-canal and so the entire envelope of the source are kept at
cathode potential. The anode system is insulated from the copper
tube Oy means of a pvrex cylinder which also provides central ad-
justment.
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The drawing shows that the dimensions of the ionisation space
are very small and the space charge compensation makes it easy to
get the ions out of the source. Measurement shows tliis to amount
Up to 50%.

The housing of the source consists of the copper tube A, welded
to the iron plate />'. centrally beariug the ion exit canal.

('oncentrieally with .I is the iron tube ('. elosing vi;i the iron
uj)j)erplate /) and the solid iron rod E the magnetie eircuit of a

Fig. ö.

coil housed in the space between A and C. The entire magnetie
field is between the iron rod E and the ion exit-canal.

The plate D is provided with a groove fitting the copper tube.
A rubber ring assures vacuum thightness. Adjustment of the source
is obtained by nieans of vacuum bellows and three screws.

Itesults.

\Vhen at high vacuum the catliode of the source is ailjusterl to
give a primary emission of about 10 mA at a plate tension of 150 I

the current increases to 50 mA at a gas pressure of 0.6 micron hydro-
gen and the source is in "super statu". The ion Output passing an
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exit eanal of 3 mm diain. will amount to I niA. Kummarizing wo
find :

gas pressure 0.6 mienm hydrogen
normal Omission 10 niA
total emission 50 mA
anode tonsion 100— 1100 V
magnetic fiele! 1000 (Jatiss

(>n inereasing the input power the ion enrrent rapidly increasos,
Omission 300 mA
ion current 3 mA

Whon the pressure is inoreased up to 0.8 mienm, the ion current
will incroase to 5 mA.

(lohi emission sourees.

The prineipal drawbaek ol' the magnetic sourco is the presenoo of
a hol cathode having a limited lifotime.

Whon the accoleration equipment posesses suffioient pumping
speed, the cathode mav he omitted and after slight alterations the
sourco will operatc with colli emission as doscrihed hy Pknxixo")
and recently hy R. Kelleu8), showing superstate like the hol
cathode type. The presonce of a field-freo spare in the anodesystom
as doscrihed hefore is strictly roquirod to get stähle Operation.

Operating data are:
gaspressure 10 micron 1I2
plato current 20 mA
plate tonsion 800 \r
magnetic f'ield 1000 Gauss
ion current 2 mA
diam. ion exit canal 3 mm

The prot-ou percentage ha.s not heen measured so far. hut affer
10 lninutes Operation the disoharge in the source heoonies bright red,
so 1 hat we may expect the proton Output is high.
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