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An ion injector is described which is capable of continuous currents 

of protons or deuterona of 3/4 ampere at 100 kv or pulsed curre!1t8 of 2 amperes 

at a ZOO/o duty cycle. The beam comeo to a focus about 3 inches in diameter 

and diverges at an angle ·of ::t: 5°; It is approximately 9 S'l'fo atomic ion a. 
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A program of' development of bigh-intenoity acceleratoro hao been under 

way at the Univeraity of California Radiation LaboK"atory, and ao part of that 

programo an· ion injector capable of producing cur1:enta in the ampere range 

~'~ 100 kev has been built. 1 Although the pd mary purpose of the device wa.o 

injection into a linear accelerator0 it hac aloo been used separately ao a lowu 

voltage high-intencity accelerator of either protono or deuterons. 

The ion oource io a low-voltage hot.-cathode hydrogen diocharge located 

on the axhl of a solenoidal· magnet. The source iD at positive potential with 

respect to ground. A cylindrical electrode attached axially to the source and 
/ 

another grounded one form the extraction and acceleration system& The ions 

drHt out of the diocharge region through holes in the anode and form a concave 

plasma oheath inside the high-voltage electrode. The grounded electrode is 

surrounded by a magnetic lens. which in combination with the concave shem.th 

produces a crude focus at about 40 inches. In oome cases a gl'id ha.o been 

placed in the grounded electrode, increasing the field gradient at the sheath 

and reaulting in the largest currento. However, the grid may be uaed only 

at reduced du~y cycle, because of heating and oparkingQ 

Figure 1 is a croco-oection diagram of the injector, and Fig. Z is a 

photograph of the entire unit with the top plate of the vacuum tank lifted u.p. 

The mource is supported from the top plate of a oteel vacuum tank by tlH.'ee cy

lindrical porcelain bushingo, which also serve to introduce the power, cooling, 

and gas li12ea for magnet and arc. These iteme a.nd the associated metering 

u.re all ic:~olated at high voltage. The source magnet is a water-cooled aolen.oido 

5 incheo i. dQ and ll inches long~ providing a maximum field of 7000 gauso on 

the a.xio. it ic in a oteel Cl.!.flC 0 which aerves both as a va.cuumtight container 

and a flux-return path. The arc charober11 which b ohown. in Fig. 3, b a water

cooled cylindrkal shell made of copper, with a detachable plate at the anode 

end. Tb.io plate. called ~he arc apertureo io perforated with twelve 1/8-inch

dio.rneter holca in a circular pattern of 3/4-inch radiu~, and is water cooled. 

__.. __ ..,. -----------
1.s. 0. L·::!.Vlr-ence~ 11 High Cm.·rcnt Acceleratorn, 11 Science g~o 1127-1132 0955). 
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It has an insert of tungoten 0. 5 inch in diameter &nd l incheo in the center. 

The tu.ngcten provides a refractory target for secondary electrono, which are 

emitted from the ground structure by proton bon1bardment and accelerated 

toward the source. The arc chamber ie oo located in the solenoid ao to place 

the arc in the strongest ·part of the field. The cathode is a single turn of 3/32-

inch-diameter tungoten rod clamped to water-cooled copper blocks which are 

insUlated from the arc chamber for the arc potential. The cathode, the magnetic 

field, and the arc aperture must be in nc:curate axial alignment because the die

charge is highly collimated by the strong magnetic: field. Gao is admitted to 

the arc chamber through a palladium-tube hydrogen leak, and the pressure io 

measured by a thermocouple gauge. The pumping restriction at the arc aper

ture io ouffic:ient so that a pressure in the range of 10-z mm Hg is maintained 

in the arc chamber whUe the tank pressure is in the range of 10-5 mm Hg. 

The high-voltage electrode conoiata of a heavUy water-cooled cylinder, 

ueually 5 inches i. d. and about 4 inche0 long. The size of this electrode is 

important in determining the ohape of the ion-extracting and -:accelerating 

field, and many variations are possible. depending upon the focal propertieo 

required. The ground electrode and its solenoid form the other half of the 

extracting anc1 acc:eler:ding oyotem. Tbie solenoid can provide a maximum 

field of 1500 gauss. The entire ground-electrode assembly ia mounted on a 

mec:haniom that is movable frorn outaidf¥ the vacuum to permit alignment of the 

electrodeo. An additional magnetic lens, called the focucing magnet, may be 

placed beyond the ground electrode to focus th.e extracted beam. It ia 6 incheo 
' in diam~ter andl' incheo long, and produces a maximum field of 8000 gauss. 

The vacuum syotem conaiote of two ZO-inc:h mercury diffusion yurnp·s 

with liquid nitrogen baffle~:~. which reaulto in a combined net speed of &~out 3000 
. -5 

litera of air per second in the 10 mm preosure range. The oparating pressure 

is normally around 1. 5 x 10-5 mm mercuaoy0 and the ultimate vacuum is 2 to 

3 x 10-6 mm mercury. Oil diffusion pumps were originally ueed but later re

placed with mercury purnpsn This change· resulted in ;n1arked decrease in bake-

:, out time and •Jpa.rk rate. 

A grid made of otrips of graphite arranged in a radial pattern may be 

inoerted into the grot.mded electrode. It reoulta in a greater beam intenBity 

with a oomewhat wor oe focus. Heating of the grid lim ito such operation to 

pulsing on a 20o/o duty cycle. 
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· A block diagram of the electriteal circuitg (with their rating e) io given 

in Fig. 4o The high-voltage power G\Apply and the ion-moux-ce awtiliariea that 

are biaaed by that supply a:re capable of operating on a pulsed or continuous 

duty cyde. Tl\e duty cycle informntion'ic telemetered to the high-voltage power 

euppU.ea by mean& of a radiofrequency trigger pul5e unit. The adjustment of 

"all of the high-voltage variables b accompliohed through iaolation tranefoX"mero 

and induction regulator a, Accurate metering of the circu.ito biased at ·the ac

celerating potential is provided by mounting the neceama.ry meters and oacillo

IJCOper:s in a mhielded high-voltase cage. 

The varf.oua operating parameters have been subject to wide variation 

in working up to "best'~ performance. In Table I are listed typical values of 

the parametero for the lnrgeet beams that can be maintained for ·houre. Beams 

about twoethirdo as great can be maintai1:1ed day after day. Column "A'' refers 

to continuous operation with proton a and without a grid in the grounded electrode. 

Column "B" refers to proton operation in puloes of 25 milliBeconda 7. 5 times 

a oecond, using a grid, but no focusing magnet. The maximum beam of deu

terons ie about lOo/o leas than the proton beam. The accele:rating voltage may 

be varied from 35 k.v to 140 kv. From 35 kv to 100 kv the current is approxi

mately proportional to voltage. Above 100 kv the beam is reduced becauee of 

power-supply limitations. The beam current is meaoured by a sbield.edc water

cooled collector cup. The electrical measurements have been verified by 

calorimetric measurements on the cooling water •. 

The ionic composition of the beam ham been measured with a magnetic 

analyzer. Typically, the beam. is 95o/o protons or cieuterono, the balance being 

molecular iono and singly charged mass-three iona. 

A large number of people have participated in the developmeat: and 

testing of thh injector over a period of about four yeare, starting in Maz>ch 

19504 Substantial contributions were made by Paul Byerly, Bruce Corko Warren 

Chupp. John Fostelro W. fl. Guat9 R. E. HefiStero and John RempeL R. Bo 

Meuser wae the mechanical engineer, and much of the superior electromechanical 

• decign b due to him. 

• 
' 

Tbic work wau done under the a.uepicee of the U. S. Atomic Energy 

Commist:~ion. 
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Table 1 

Parameters for operation of ion injector at largest beam that can be main

tained over periods of hours. Data. for proton operation (maximum deuteron 

beam about 1 Oo/o smaller). 

Beam current 

Beam diameter 

Beam divergence. 
1/2 angle 

Accelerating 
power-supply current 

Arc chamber hydrogen 
pressure 

Arc voltage 

Arc current 

Source magnet 

Ground electrode 
magnet 

Focusing magnet 

Vacuum tank pressure 

A 

Continuous operation. 

No grid. 

3/4 ampere at 100 kv 

< 3 inches11 measured 70" 
from the source. 
<50 

1.1 amperes 

50 iJ. Hg 

35 volts 

80 an•peres 

3200 gauss 

200 gauss 

3000 gauss 
-5 2 x 10 mrn Hg 

B 

Pulsed operation. 

Ground electrode grid used. 

-2.0 amperes at 100 kv. 

<4 inches, measured 20" 
from the source. 

-10° 

-4.0 amperes 

20 ~ Hg 

150 volts 

125 amperes 

6000 gauss 

800 gause 

None 
-5 2 x 10 mn; Hg 

:"'!I -



Fig. 1. 

Fig. Zo 

Fig. 3" 
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FIGURE CAPTIONS 

Schematic croas section of the ion injector. 

Ion injector with top plate of vacuum tank lifted to show a~ource ctructure. 

Arc chamber and cathode as&lembly. 

Block diagram of electrical circuito: 
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Fig. 2 
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Fig. 3 
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