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The effects of adding ~Jltipole magnetic-cusp con­
finement to the duoPIGatron plasma generator in high 
current ion sources is heing studied. Axial cusps with 
multiplicity varying from four to sixteen are heing 
sturlied, as are ring cusps with mult-ipl icity ranging 
from two to five. For the axial cusps, plasma gener­
ator efficiency improves as the multiplicity increases; 
however even at high multiplicity it is not as good as 
without cusps. The uniformity also -improves with the 
number of cusps, hecoming equal to that of the simple 
duoPIGatron with a multipl icity of ten. This paper 
presents the results of measurements on the various 
configurations. 

Introduction 

This study was undertaken to determine the effect 
on ion species ratio and arc efficiency of adding vari­
ous magnetic multipole configurations to a duoPIGatron 
plasma generator. Also of interest was the effect on 
plasma uniformity at the extraction plane. It was 
expected that multipole geometries, because of their 
improved confinement of electrons, would provide higher 
efficiency and hetter uniformity. 
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Plasma generator arrangement. 

The ion source used was a modified version of the 
high current dc duoPIGatron source under development at 
Chalk Riverl. Figure 1 shows the plasma generator 
arrangement. The second anode ring and two large 
ceramic r-ings generally used in the reflex (PIG) region 
of the plasma generator were replaced by two thin insu­
lating rings and a long thin-walled water cooled 
stainless steel tuhe of 7.32 cm outside diameter and 

6.35 cm insirle diameter. The inside diameter and 
length of the PIG region were unchanged from normal 
operating values. The extraction array consisted of 
three in-line 5 fTJT1 diameter apertures with a centre to 
centre spacing of 7.6 mm and with the centre hole of 
the array on axis. The rest of the plasma generator 
and the extraction column were unchanged from their 
n()rmal configuration. The multipole arrays were 
attached to the plasma generator with non-magnetic 
clamps - no return yoke was used. For the ring-cusp 
measurements, mild steel rings were used as pole-pieces 
as shown in Fig. 2. 
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Fi g. 2 "-ing cusp arrangement. 

180 

160 

140 

120 

;= 
.s 
~ 100 
t; 
:::> 
c 
~ 

80 
u 

t;; 
Z 

'" .. 
60 :>: 

~ .. 
15 .. 
'" 40 1 em 

20 

0 

TUdE ~UBE 
OUTER INNER 
WALL WALL 

I 
RING ~ 

APERTURE 

Fig. 1 Radial magnetic induction profiles for 4, 6 
and 8 pole axial cusps. 
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Plasma uniformity was judged by visual inspection 
of the heam 40 cm downstream from the extraction column 
where the beamlets are still well separated. The 
extraction voltage was varied to give beamlets with the 
best defined edges. From past experience, current 
variations, beamlet to beamlet, of less than 10% can be 
rletected hy comparing the edge definition. Ion species 
rat'io measurements were made on axis by magnetically 
analyzing a small fraction of the beam passi~g through 
a slit in the heam stop. 
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Radial magnetic induction profiles for differ­
ent 10-pol~ cusp arrangement, and for a 
15-pol" cusp. 
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Fi g. 5 Rarlial magnet'ic inrluction profile for 3-pole 
ring cusp. 

Measurements and Discussion 

t~agnetic field maps were made on semi-cylindrical 
sections of the arrays and on the lines of maximum 
field for the axial cusp arrays (see Fig. 3 and 4). 
Magnets were selected to have field variations, magnet­
to-magnet, of less than 5%. The field dropoff 'is much 
Il10re rapid with the higher multiplicity, as expected. 
However, for all cases, the induction at the apertur" 
is small « 2 mT) and ahout equal to the induct i on from 
the compressor coil in normal operation. Figure 5 
shows similar measurements for a three-pole ring-cusp. 
In this case, the magnetic induction at the extraction 
array was less than 1.5 mT. 

Figure 6 shows the beam current as a function of 
arc current for various axial multipole configurations 
compared to the current when no magnets were used. To 
achieve reasonable beam current and beam qual ity with 
the multipoles higher than normal coil current was 
required. For a given arc current, the beam current 
increases as the coil current is increased. However, 
the emittance of the heam (at fixed heam current) is 
usually higher if a high coil setting is used. Not 
on1'y is the arc efficiency much worse with the multi­
poles, hut also the heam quality was very poor. With 
no magnets, all three beam1ets were uniform and very 
well defined. With the low multiplicity cusps, clear 
definition of all three beamlets could not be 
achieved. ~ven with the 10-pole array, clear defi-
nition could only be achieved at high current, and only 
by adjusting the angular orientation of the magnets 
with respect to the extraction array to give minimum 
field at the apertures. IJnfortunate1y, no measurements 
could he made with the 16-pole array because of inter­
ference between the magnets and the water inlet and 
outlet pipes. There was negligible damage to the tube 
wall in the regions of the cusp except for the four­
pole cusp where there were shallow tTlelted areas along 
two of the cusps. 

Figure 7 shows the "ffect on arc efficiency of 
increasing the CIJSp fielrl. The low field arrangetTlent 
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multiplicities ranging from 4 to 1n compared 
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corresponcis to the induction shown 'in Fig. 4(a), the 
high fielci arrangement in 4(~\. Comparing curves a) 
anc! c) in Fig. 7, the ilrc efficiency with the lower 
fielcl 'is ahout tl./ice as h'igh as with the high fielrl. 
Even operation at higher coil current (curve h) does 
not match the efficiency of the lower field. 

Figure R shows the arc efficiency of a three-pole 
ring cusp. A high coil current and high gas flow were 
requi reel to ach'ieve stahle operation. As with the 
other multi poles, the efficiency was quite low. This 
geometry should provicie a smooth transition between the 
axially symmetric field of the intermediate electrode 
and the cusp and thus reduce loss areas where field 
lines intersect the anocles. The source would not oper­
ate in this configuration unless the polarity of the 
coil field was opposite to that of the top cusp. 

Tahle 1 shows some of the measureci ion species 
rati os for vari ous confi qurati nns. Gi ven that small 
change in gas flow can leael to variations in the 
measurerl fraction of up to 51, no significant effect on 
the species ratio with the cusp fielrl was found, where­
as the hiqh arc currents neecieci for the multipoles were 
expected to give an increase in the proton fraction. 

The above results wer'2 quite surprising as they 
contradict some experiments. A possible explanation 
is that the plasma generator geometry has heen opti­
mized to run without cusps. 
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Fig. Beam cu rrent as a funct i on of arc current for 
different IO-pole configurations. 
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Fi g. 8 Beam current as a function of arc current for 
a three-pole ring cusp. 

Tabl. 1 

Ion S~ec;es Ratios 

Confi gurat i on Arc Coil Beam H, • Hz· H • 

~ -.l& ~ ill ill Ii) 

No magnets 13 1.0 180 24 45 30 
4 pole 20 1.4 23 54 11 35 
6 pol. 20 1.4 A8 33 38 29 
A pol. 20 1.3 91 37.5 37.5 25 

10 001. 12 1.35 150 32 34 34 
10 pol. 25 1.1 183 24 40 36 
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