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SPECIAL DEVELOPMENTS PROJECT 
Progress Report II: February 1, 1954 to November 1, 19 54 

Lawrence Ruby 

Radiation Laboratory, Department of Physics 
University of California, Berkeley, California 

Novembe:J;' 4, 1954 

ABSTRACT 

Further work has been done tQwards developing a high-output hydrogen 
7ira~"YYV IaY\.. 

ion source using the principle of the~~ ion source, the release of ions from 

hydrogenated titanium. It is concluded that previous efforts had resulted in the . 
production of large quantities of low-energy ions but had failed in the attempt to 

accelerate a significant fraction of these. A new approach is undertaken that in­

volves an entirely different geometry. Successfully accelerated and focused beams 

are obtained. Performance data and mass -analysis dif?tributions are given. The 

problems of extraction and scaling are discussed. Future subjects of ·investigation 

are outlined .. 
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SPECIAL DEVELOPMENTS PROJECT 
Progress Report H: February 1, 19 54 to November 1, 19 54 

Lawrence Ruby 

Radiation Laboratory, Department of Physics 
University of California, Berkeley, California 

November 4, 1954 

This report covers ~her .work towards developing a high-output hydro-
.,. a,._,tv~ ~f""/ . . 

gen ion source based on the ; ion source, and towards understanding the mech-

anism involvedo An earlier,,rep~rt2. desc'ribed some efforts to incr~ase the out­
-"rrt~~~v -n.-v :Lo~ 

put and improve the durability of the·· .... sourceo It was concluded from experi-
' 

menta in the period covered by the first report that the preJ?equisite for the release' 

of ions from hydrogenated titanium is the existence of a spark originating on .the 

surface of the metal, and therefore that the delicate evaporated structures could 

be eliminated in favor of the massive metaL In practive it was customary to form 

a cluster of such sparks from at least 10 adjacent ·Ti elements in order to average 

out individual variances" The final source assembly described in the first ;report 

consisted of a 3/4-inch length of 00 040-ino quartz rod which s1:1.pported a piece 

of 0" 002 -inch-wall Ti tubing that had been severed completely in 10 places along 

its length" The individual sections of tubing formed butt joints with one another 

and the stack was clamped at each end with stainless steel support rods" It was 

reported that three such units produced 200 amps of ions for 15 f.i.Sec with 700 volts 

on the collector 0 

Further experiments with this type of source revealed that the clamping 

pressure on the stack was an important parameter" If the clamping was too tight, 

good-contact joints were formed and no sparking resulted from the discharge of 

the pulse line through the stack" If, on the other hand, the clamping was too loose, 

the threshold voltage required to break down the gaps became unreasonably high" 

In order to insure the uniformity of the gap spacing, thin mica insulators 

were inserted between each Ti section, and furthermore, since the thickness of 

the Ti seemed immaterial, the tubing sections were replaced by a more substan­

tial washer-type construction" The stack then appeared as shown in Fig" L The 

threshold voltage for breakdown across the surface of the mica was dependent on 
I 
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its thickness,· but extremely thin pieces frequently punctured from sparking thr9ugh 

the body instead of.across the surface. A compromise was reached at 0. 005 inch, 

which led to a threshold voltage in the range 8 to 12 kv. The emission from this 

source was if anything more copious than from the previous modifications. 

A serious question arose concerning the effectiveness of the ·electric field 

in imparting energy to ions that passed through the accel aperture. Because of 

a particular application which required a large beam of several-kilovolt ions with 

large divergences permissible, all attempts were made to accelerate ions from 

a large are~ of the plasma by using a large aperture electrode, i.e. l/2 inch to 

3 inches. The problem of holding this voltage in the presence of the high-density 

plasma was in itself the object of much effort, but even succeeding in this, it was 

finally concluded, would not insure the acceleration of more than a very small 

fraction of the ions passing through the aperture. The reasons for this are treated 

further on. Because even very large quantities of low-voltage ions were of no 

particular interest, further work on this geometry was discontinued. 

A new series of experiments was initiated to apply the methods discovered 

towards the production of a pencil of accelerated ions suitable for an accelerator 

injector. A promising line of approach was suggested, namely.; to confine the dis­

charge to the inside of the washer stack so that the inner diameter would constitute 
' an effective exit aperture for the ions. The initial mode of extraction, acceleration, 

and magnetic analysis of the beam was copied from procedures evolved in the pig 
. 3 
1on- source program. 

The arrangement consisted of clamping a washer stack, minus the quartz 

insulator, between two electrodes, one of which was solid and the other of which 

contained a hole, initially of the diameter of the inside of the washers, and which 

flared out at 45° to form one element of a Pierce gun. The extractor consisted 

of a one-inch-diameter cylinder with a tapered nose which formed the other Pierce 

electrode. Tapers of 60° and 45° were tried and the latter was found preferable 

for maximum extraction. The minimum opening in the extractor was about 0. 010 

inch larger than the inner diameter of the washers, and the us';lal spacing between 

the source exit aperture and the extractor was about 1/8 inch. An additional cy­

lindrical electrode was used to accelerate the ions to energies up to 60 kev with 

consequent constrictiort of the beam profile. 

One problem that arose immediately was how to confine the discharge 

to the inside of the washer stack. Making the outer diameter of the insulators 

larger than that of the washers did not eliminate the tende_ncy of. the discharge to 

1 • 
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frequently prefer the outside of the stack" The additional feature that was found 

necessary was to trigger the discharge in the region of interesL To do this an 

insulated wire was inserted through the solid electrode so that the tip was concen­

tric with the first washer" A l-f.Lsec 30-kv pulse was discharged through these 

elements, This produced ionization which both initiated the discharge of the pulse 

line and insured the proper path. In addition it was, possible to operate at lower 

pulse-line voltage than in the former scheme, The polarity of the source pulse­

line and the relative polarity of the source and trigger pulses have been found to 

be of no consequence as far as performance is concerned, The completed source 

assembly is shown in Figs, 2 and 3" 

In addition, various other modes of extraction from axial sources have 

been discussed in the literature, 4 and several have b.een tried here, For two of 

these, data are shown in Figs, 4 and 5 for beam collected in an unshielded cup 

as a function of extractor voltage, An attempt is now being made to ascertain the 

correction necessary for secondary electrons emitted from the collector, 

Mass analysis has been performed at several energies for sources loaded 

with hydrogen or deuterium, The general arrangement of the electronics is shown 

in Fig, 3, In this diagram the ball gap marked "B'' is necessary only in the event 

the mica insulators are replaced by materials of low dielectric strength, which 

would otherwise continuously drain the pulse line, The mass distribution curves 

are shown in Figs, 6 and 7, It is seen that the ratio of H+ to H
2 

+ is high in c~m­
parison with other types of sources. In the case of the deuterium curve, a pos­

sible contribution to the H+ peak may result from the reloading of the deuterium 

source when it is fired in an oil pumping system, The peaks identified as half­

mass ions can be interpreted as half-energy ions that were accelerated· as molec­

ular ions and subsequently disassociated in the magnet region, The data on mass 

analysis presented in the earlier report
2 

are crude in comparison and should be 

disregarded" 

I 
A study was made of the effect of scaling up the source, The diameter 

of all elements was approximately doubled, The resulting collected currents under 

comparable conditions increased by roughly two, The dependence upon diameter 

rath.er than area is to be expected from the fact that only t);le periphery of the ex­

tractor aperture is effective, 
4 

.Inside the aperture the et~ctric field is weakened 

by the geometry and by the space charge" To counteract<f;his, the extractor volt-

age can be increased as the aperture is enlarged, In any·: case for a given geometry 

a minimum voltage is required' to contain the plasma surface and prevent penetr'ation 
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Fig. 2 Cross section of "inside" washer source. 
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• of the aperture by electrons and low-voltage ions. This penetration of the plasma 

accounts for the ineffectiveness of the large-area apertures discusse~ in connection 

with the "outside11 washer sources and explains the high collection currents ,that 

can be obtained
2 

when the distance from plasma boundary to collector becomes 

very smalL 

A program is under way to further improve the magnetic measurements. 

In particular it will be possible to investigate the emission of oxygen, nitrogen, 

and alkali metal ions, for which there is some evidence. 
5 

An attempt will be made 

to measur'e the depletion of the gas supply, perhaps by monitoring neutron pro­

duction with a deuterated source. An intensive study of the fundamental mechanism 

is still contemplated. Such things as the influence of the spark on the degree of 

ionization are still unknown. In this connection there is a controversy in the lit­

erature on whether it is possible to get a sustained emission of protons from hy­

drogenated palladium by heating alone. Several experimenters have reported suc­

cessful proton ion sources made in this manner, while several others have failed 

to observe the effect. The situation is reviewed by R. G. Stansfield. 
5 

An inves­

tigation
6 

currently under way at Syracuse University should help resolve this ques­

tion. 

The work described has b~en performed with the able assistance of Richard 

B. Crawford, Wing G. Pon, and Tony Vuletich3 and has been under the direction 

of James D. Gow. 

This work was done under the auspices of the U. S. Atomic ~nergy Com-

mission . 

Information Division 
ll-10-54 bl 
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