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Synopsis 

A description is given of the present acceleration tube and ion-source 
in use with the 800 kV cascade-generator. The ion-source is of the magnetic 
type operating with cold emission ensuring reliability and low power 
consumption. The importance is stressed of good focussing and experiments 
are described to meet this requirement. 

3 1. Introduction. The construction of an acceleration tube and 
ion-source to be used in connection with the Utrecht 800 kV 
cascade-generator l) “) has been started by W. M a a s 3). Since 
then both tube and ion-source have been considerably improved. 

At present the generator is in almost daily use for bombardments 
often taking 8 hours or more. The nature of these investigations 
and some results are to be presented in the two succeeding 
papers “) “). 

Although the present set-up still has some limitations, which 
will be discussed below, a closer description seems to be warranted 
by the great stability obtained. 

In § 2 details are given of the acceleration tube, in 9 3 of the 
vacuum equipment and in 5 4 of the ion-source. Experiments to 
improve the focussing are presented in 3 5. 

3 2. The acceleration tube. The tube has been constructed in five 
units piled up and bolted together, to form the accelerator (see 
Fig. 1). The number of units can be increased at will without 
spoiling the alignment of the tube. The basic idea of the con- 
struction of a unit according to Fig. 2 is to distinguish between the 
requirements of mechanical strength and vacuum tightness. 
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Fig. 1. General view of the adceleration tube aud ion source. 

A unit consists of two flanges strongly pulled to a glass cy- 
linder *) by means of six porcelain insulators. The cylinder fits in 
a groove machined in the flange where a rubber gasket provides 
vacuum tightness. The components of the electrostatic lens are 
screwed into the flanges. Each lens has a gap width of 62 mm and a 
diameter of 100 mm. The gap is screened from the glass wall by 
means of a metal cylinder to avoid electrostatic charging of the wall 
by stray ions. 

To diminish the pumping resistance the part of the flange inside 
the tube has been provided with large holes. 

*) lhnufactured by N.V. Glasfabrieken, Leerdam. 
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The break-down voltage of a unit of this kind, provided with 
corona shields surrounding the flanges, amounts to 170 kV. A unit 
is put together making use of a mould just fitting inside the electro- 
static lens. As a consequence good alignment of the two halves 
composing a lens is obtained. The two end planes of the electrodes 
are parallel within an error of 0.2 degree as the ends of the glass 
cylinders are ground parallel to within this limit. 

Fig. 2. A unit of the acceleration tube. Two steel flanges are pulled to a 
glass cylinder by means of 6 procelain rods. Vacuum tightness is obtained 
by rubber gaskets. The electrodes are screwed to the flanges. A shield hides 
the beam from the glass wall. Break-down voltage is-with corona shields - 

170 kV. 

5 3. The vacuum equipment. At the moment the tube is operating 
with a rather small vacuum set. The pumping speed of 30 L/set. 
at the lower end of the tube is obtained by a one-stage oil diffusion 
pump backed by a three-stage mercury diffusion pump *) and a 
mechanical stage. The operating pressure in the tube should not 
surpass 5 x 10h5 mm Hg when stable operation for hours is wanted. 

As a consequence the tube cannot be operated at an ion-current 
exceeding 20 microamps as the pressure then exceeds this limit 
both by the release of occluded gas by ion bombardment and by the 

*) Comp. Gen. Radiologie Paris, type: CH 35. 
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fact that the gas consumption of the source then must be increased. 
Ready for use however is a new vacuum set able to pump 550 

IJsec of air at a pressure of 10m5 mm Hg. This set will be put into 
operation when the investigations mentioned in 4 1 are terminated. 

$4. The ion-source. The ion-source now in use is of the magnetic 
type operating on the principle of cold’emission. It has been de- 
veloped from the hot cathode magnetic ion-source as described 
earlier “) ‘). Though the hot cathode source operates well and with 
a high ionisation efficiency it had the drawback that the filament 
had to be replaced about every 20 hours, due to frequent burn-out. 
It proved possible to change the source to a cold emission type *) 
by minor alterations of the electrode system (see Fig. 3). 

Fig. 3. Cold emission-ion source. A magnetic field of 1000 Oersted exists 
between the central poleshoe and the ion exit-canal. Electrode 1 as well as 
electrode 3 are at zero-potential, the latter is pierced with a hole of 1.3 mm 
diam. Electrode 2 represents the ionisation space and is at a potential 
varying between 2000 V and 3000 V. The holes in the end plates have 
diameters of 6 mm and 3 mm resp. The insulation is by quartz rings with a 
thickness of 2 mm. The rings are hidden from the discharge to prevent 
electrical leakage. Ion-output over 1 mA at 60 W input (3000 V, 20 mA), 
gaspressure 5 x lOA mm Hg of hydrogen, ion exit-canal 3 mm minimum 

diameter. 
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A magnetic field of 1000 Oersted exists in the axis of the source. 
The electrode system is made of tantalum plates. The first electrode 
acts as cathode and is connected to the envelope of the source. The 
anode is a cylinder terminated by two end plates having central 
holes of 6 mm and 3 mm diameter resp. The ion exit-canal is covered 
by a third pierced electrode which again is at cathode potential. 
The electrodes are separated by quartz rings which are hidden from 
the discharge by small metallic shields to prevent evaporation of 
metal on the quartz. The ion-source has been investigated on a test 
stand before it was put to its present use. Currents of over 1 mh of 
hydrogen ions accelerated to 30 keV have been measured in a 
Faraday-cage 20 cm from the source under the following con- 
ditions: power input 60 Watts (3000 V, 20 mA), gas pressure in the 
source about 5. low3 mm Hg, cone shaped ion exit canal. of 3 mm 
minimum diameter. At 20 Watts power input (2000 V, 10 mA) the 
ion current is still 200 PA. 

As the power consumption is low no elaborate power supply is 
necessary. The d.c. voltage of a storage battery (12 V, 150 Ah) 
is changed into 220 V a.c. by means of a vibrator (Philips GM 
4226/12) transformed to 3000 V and rectified with metal rectifiers. 
Power regulation is easily obtained at the input of the vibrator. 
The maximum power input to the unit amounts to 30 Watts, the 
corresponding output is 20 Watts (2000 V, 10 mA). 

With the present small pumping set however it is not possible to 
operate the source on the full power available. 

At the moment current operating, conditions are: 1 Watt power 
input, gas pressure in the source about 1 x lo-’ mm Hg, cone 
shaped exit canal of 1.3 mm minimum diameter. 

Ions are accelerated and then deflected over 30” by an analyzing 
magnet. The deuteron current then amounts to 1 ,uA as measured in 
a Faraday cage behind an entrance slit of 1.5 mm width. For present 
experiments this current is ample because the total duration of an 
experiment is not determined primarily by the bombardment but 
by the microscopic reading of the nuclear plates (see the succeeding 
papers). The magnetic analyzer gives an opportunity to investigate 
the mass spectrum of the beam. This spectrum for hydrogen is 
shown in Fig. 4, the proton output of the source at the unfavourable 
conditions described above amounts to’20°h. 

Remarkable is the total absence of a peak corresponding to the 
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mass 3, indicating the fact that the protons are mainly formed by a 
primary process. Moreover the temperature in the source is low as a 
consequence of the low power input, a high temperature probably 
being required to prevent recombination of ions. 

. 
‘I 

Fig. 4. Mass spectrum of hydrogen. The spectrum has been measured 
with an input power to the ion-source of 1 Watt and a gaspressure of 
about 10m2 mm Hg. The proton output amounts to 20%, a peak corres- 
ponding to mass 3 being completely absent. The half width of the proton 
peak amounts to 14 kV. Ions have been accelerated to 300 kV. 

The peak marked Hzf-l corresponds to protons originating from H: 
molecular ions broken up after acceleration and before magnetic deflection. 

Attention should be drawn to the extreme sharpness of the peaks. 
The halfwidth amounts about to 14 kV. 

$5. Focwsing of the beam. The focussing of the beam on the target 
is important as the stability of the tube greatly depends on it. Bad 
focussing causes a heavy bombardment of the lenses and a rapid 
increase of pressure. Moreover it is impossible to obtain a clean 
mass spectrum after magnetic deflection as ions are formed by 
secondary electrons in the tube. They arrive in the analyzer with 
energies corresponding to the potential of the gap where they have 
been generated. As the ions entering the first accelerating gap have 
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a low energy the first lens is by far the most powerful one. 
Some experiments have been performed on a test stand to deter- 

mine the influence of the voltage on the first gap on focussing for a 
given anode voltage of the ion source. The beam leaving the source 
has been photographed for different voltages on the first gap. 
In Figs 5 and 6 it is shown that there exists a voltage for which 
a beautifully parallel beam can be obtained. From these experiments 

Fig. 5. Ion source and first lens. Wrong ratio between anode voltage of 
the source and voltage on the first gap. The beam is divergent. (Lens is 

made of metal wires.) 

it follows that the voltage on the first gap has to be separately 
adjustable. For this reason the high voltage is now divided over the 
five units of the tube by means of spray points, the points on the 
first one being adjustable by means of insulating wires from the 
control room. Apart from this the anode tension of the source is 
also remote controlled, so that there is a complete control on the 
focussing of the beam. This resulted in an improvement of about 
a factor 3 in the average ion output of the tube and a diameter 
of the beam down to 4 mm. 
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Unfortunately the tension over the first gap giving optimal 
conditions is not very high, it averages 50 kV. The consequence is 
that the high tension of the generator is divided practically over 
four instead of over five units. As each separate unit has a break- 
down voltage of 170 kV, one may expect in the case of equal 
distribution of tension over 4 units that the tube will flash over 
at about 700 kV. As a matter of fact the tube has been operating 
up to 650 kV. 

Fig. 6. Ion source and first lens. Right ratio between anode voltage of tllc 
source and voltage on the first gap. The beam is parallel. 

9 6. Codtrrion. The acceleration tube and ion-source at present 
in use with the 800 E;I’ cascade-generator have shown great relia- 

Physica XVIII 25 
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bility for a period of over a year. Improvement of both ion-output 
and maximum voltage are to be expected when the new high- 
speed pumps and two more units to the acceleration tube will have 
been put into use. 
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