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I. Introduction 

In the next generation of neutral beam systems for fusion, beam 
energy and efficiency requirements will go up, and high current D" sources 
will be needed. Surface conversion on cesiated cathodes seems to offer 
the greatest promise, but the systt heretofore used, originated by Dimov, 

2 suffers from low gas efficiency and from difficulty of scaling to currents 
of several hundred amperes. These problems are inherent in the Dimov 
source, where an arc is used to directly bombard the cathode, but may be 
overcome by removing the bombardment source to a distance. This separation 
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is the main feature of the proposed system in which a supersonic jet, 
with separate pumping, provides an imping rig D° beam. The beam energy is 
then not restricted by the arc characteristic, but can be adjusted to give 
optimum conversion to D~. And with no magnetic field required near the 
cathode, D" currents of hundreds of amperes can be produced and accelerated 
directly to the required energy. 

In any surface conversion system, the cathode must be maintained 
near its optimum state. The purpose of this note is to examine this 
problem for the case of the supersonic jet conversion system. 

A crucial factor in conversion efficiency is the degree of cesium coverage, 
which was discussed by Hiskes. He calculated that optimum operation.of the 
Dimov source occurred with Cs (on W) coverage between C.55 and 0.75 of a 
monolayer. In this range the election work function varies between its 
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minimum value, 1.52 eV, and about 1.68 eV. This same coverage range will 
be considered favorable for jet conversion. 

If oxygen is present, Cs-O-W layers could be formed having work 
functions as low as 1 eV, and with improved binding energy. In this more 
complex system, the conditions would need to be carefully controlled. 
Of course, an excess of oxygen or other background gases would raise the work 
function. Therefore, the first experimental goal would be to minimize impuri
ties and study a system consisting primarily of Cs, U, and D, with Cs coverage 
in the "favorable" range defined above. How to maintain this state in practice 
is discussed in the following. W M KIKi a m > > • rf • 
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M > M « n l « l k 2. Initial Experiments 
Although the eventual goal is to produce D~ beams of hundreds of 

amperes and hundreds of keV, with pulse lengths of 30 sec or more, the 
initial experiments will be scaled dovr. to use existing accelerating 
structures, power supplies, and pumping systems. The equipment in Bidg. 442 
at LLL would allow pulse operation at 10-30 msec. Much can be learned 
conveniently at these shorter pulse lengths before proceeding to quasi 
steady-state operation. Old LBL "10 A" 20 keV grid systems exist which 
can be adapted to give D" beams of about 12A. The D arc chamber would 
be replaced by a 7 cm-square tungsten cathode plate on a sliding mount. 

3. Cathode Preparation 
Before beginning a run, the tungsten cathode plate is retracted 

into a small conditioning chamber. First it is heated and cleaned by 
"ion bombardment, then cooled to 250°C and exposed to about in' 6 atoms 
(about 2 micrograms) of Cs from a uniform beam. The cathode will then be 
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slid into place behind the accelerator grids and maintained at 250°C. 
This working temperature will give useful Cs surface mobility and 
perhaps drive off some impurities, but is low enough for long Cs 
evaporation times. 

4. Cesium Evaporation Time from a Tungsten Surface 

With the cathode in operating position, the ambient Cs vapor density 
after surface preparation will be extremely low because of the surrounding 

3 cryopanels. This situation is basically different from the Dimov method 
in which the ambient Cs vapor provides an arriving flux of 10 to 10 cm 
sec - which must eventually be balanced by evaporation. Thus the Dimov 
cathode must be operated at high temperature to maintain proper coverage. 
In the proposed system, on the other hand, the cathode is operated with 
a very small Cs evaporation rate. 

Cesium evaporation from W was calculated by Taylor and Langmuir (TL) 
g 

but not for the case of vanishing arrival rate. However, their data is 
useful for the present problem. 

The Cs layer decays according to 

where e 1s the monolayer fraction, v is the evaporation flux density, and 
CJA is the apparent Cs monolayer surface density. The latter is defined in 
TL, and measured as 4.8 x 10 * cm - The favorable coverage defined above 
is in the range 0.55 < e < 0.75. (The differing results obtained with 
single crystal faces at LN temperatures do not apply to the present problem.) 

Fig. 1 shews the steep dependence of v on the coverage e, calculated 
from the data in TL Table 1. For the limited range considered here, this 
dependence turns out to be very nearly exponential, i.e., 
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Lines of this form shown in Figure 1 give very accurate fits to the 

data. For example, taking v = 9.5 x 10 and C = 33.5 gives errors of 
less than 2% at all data points for 523°K. 

Combining Eqs. (1) and (2) and integrating gives 

t ( a ) - ' ^ - ( « c ( - 7 5 " 8 ) - l ) (3) 

For the 5230K case, 

t(e) = 15.08 (e 3 3 ' 5 < 0 - 7 5 " 9> - l) (4) 

For a = 0.55, the lower l imi t of the favorable coverage range, 

t(.55) = 1.22 x 10* sec = 3.4 hours. 

This is the total time over which Cs coverage remains in the favorable 
range at 523°K if there is no condensation at all, i.e., if none of the 
evaporating Cs returns. Some of the Cs will strike the grids and will 
find its Kay back to the cathode at a rate depending on the chosen grid 
temperature. 

Favorable coverage duration at various temperatures, calculated from 
Eq. (2), is plotted in Fig. 2. 

5. Bombardment of the Cs Layer 
The supersonic b° jet energy required for optimum conversion to D" Is 

being calculated by Hiskes and will also be determined empirically in the 
pulsed experiment* The present estimate for optimum energy is a few eV, 
but even at 100 eV the energy transfer to the heavy Cs atoms should be 
insufficient to dislodge them. (According to TL, the binding energy of 
Cs on H at optimum coverage 1s about 1.93 eV.) No erosion of Cs by the 0° 
jet is expected. However, the cathode is also bombarded by a small but 



- 5 -

energetic current of positive ions formed parasitically within the grid 
system. There is not enough information available at present for calculating 
this current or predicting the resulting Cs erosion rate in the pulsed 
experiment. Guessing probabilities of .01 for ionizing the D 2 gas within 
the grids, 0.5 for positive ions striking the active part of the cathode* 

13 -2 -1 
and .002 for sputtering the Cs, one might expect a fiux of 3 x 10 cm sec . 
This would reduce e from .75 to .55 in 3 seconds of back bombardment time, 
i.e., would allow 5 hours of operation with 10 msec pulses at 1 minute 
Intervals (neglecting normal evaporation). 

One of the objectives of the initial experiments will be to study 
the positive ion bombardment problem. If the number of operating pulses 
per Cs charge is seriously affected, there are a number of methods available 
for replacing the Cs, e.g., by recycling or by using surface diffusion. 
And these pulsed measurements will give the information required to 
eventually design quasi steady-state systems. 
6. Purity of the Cs Layer 

Although a small contamination of the Cs-W surface may be beneficial 
to the work function, anything more than a monolayer thick will obviously 
be detrimental. The Initial goal will be to keep contaminants well below 
the monolayer level. Background gas may be controlled by gettered or 
cryogenic surfaces surrounding most of the cathode-grid region. (These 
surfaces also provide fast pumping for the part of the D° jet not converted 
to D~.) Since cryopanel openings are needed for the jet entrance and beam 
exit, the cathode arrival rate far contaminants such as N 2 might be as high 12 - 2 - 1 as 10 cm sec . The sticking fraction on a Cs layer is quite small, 
however. In the case of H 2, for example, the Cs layer on H reduces the 
sticking fraction by a factor of 300 (reference 5). The background gas 
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should take hours to build up to a monolayer even neglecting evaporation. 
2 A much larger flux comes from the supersonic jet. For 0.5 A/cm of 

D" with 25X conversion efficiency, the unused D° flux is 10 9 cm" 2 sec . 
This is, however, 200 times smaller than the flux of 1 eV atoms to the 
Dimov cathode. Because of the lower cathode temperature here, the 
evaporation rate is about 100 times smaller. Kiskes estimates the H 
coverage in the Dimov source to be about 2 x 10 cm" , i.e., about 
on fifth of a hydrogen monolayer, and similar coverage would be expected 
here, using D. 

The supersonic jet will contain impurities in addition to D atoms. 
The jet design incorporates a strong magnetic field which minimizes 
heat transfer.to the electrodes and nozzle, but impurities will arise 
and the extent of contamination will have to be determined experimentally. 
A \% contaminant level in the jet would build up 1/100 of a monolayer during 
a 10 msec pulse, assuming 156 sticking and zero evaporation. With the 
cathode at S23°K, most volatile impurities should evaporate appreciably 
between pulses, permitting several hours.of running time before baking 
the cathode. Electrode metal might present more of a problem, and it 
might be advisable to use tungsten electrodes for the jet arc. 

The pulsed experiments will make it possible to assess the 
contamination problems and find solutions for a future steady-state D~ 
source. 
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Figure Captions 

Fig. 1: Evaporation rate of cesium atoms from a tungsten surface as a 
function of temperature T and monolayer fraction e. The points are 
calculated from Table I, reference 6, and are fitted here by straight 
lines. The top two lines represent the operating range for the Dlroov source 
as discussed by Kiskes, reference 5. The bottom line represents the 
temperature chosen as suitable for the jet conversion experiment. 

Fig. 2: Time for free evaporation of Cs layer from maximum to minimum 
of favorable coverage range. 
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Figure 1. 


