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Electron suppressors for negative ion sources 
R. McAdams, R. F. King, and A. F. Newman 
UKAEA Culham Laboratory, Abingdon, Oxfordshire OX14 3DB, England 

(Received 7 February 1990; accepted for publication 20 March 1990) 

Two designs of electron suppressor have been tested in a volume negative ion source operating 
dc with a large extraction aperture diameter (16 mm). Both suppressors employ magnetic 
fields to divert the electrons near the extraction aperture onto collector electrodes. However, 
while one suppressor uses a fixed field produced by permanent magnets, the other employs a 
variable field produced by a solenoidal coil. These suppressors allow low values (3-4: 1) of 
extracted electron to ion currents to be obtained. The results are compared with a diffusion 
model and a hydrodynamic model of the transport of the electrons across the magnetic field. 
They show that the hydrodynamic model gives a good description of the suppression and 
transport of the electrons. 

I. INTRODUCTION 

In any cw application of negative ion beams, the reduc
tion of the flux of electrons leaving the source with the nega
tive ions is of vital importance. Ifnothing is done to suppress 
the electrons in the source itself, the extracted electron cur
rent can be up to 50 times that of the negative ions. While the 
main engineering issue is one of heat removal, the presence 
of these electrons also has an influence on accelerator design, 
power supply ratings, and possibly on the quality of the neg
ative ion beam itself. 

This article reports on tests of an electron suppressor 
with variable electric and magnetic fields operating at the 
source/accelerator interface of a volume negative ion 
source. This type of suppressor has been tested previously I 
and has demonstrated the main desirable feature of suppres
sion of the electrons without significant attenuation of the 
negative ions. However, whereas the experiments of Lea et 
al. 1 utilized small probe accelerator with an extraction aper
ture diameter of 1.5 mm, the experiments reported here have 
used a 16-mm-diam aperture. Finally, the results are com
pared to those obtained from a device which used a fixed
magnetic-field strength and a variable electric field. 2 

Two models3 .4 exist to describe the mechanism of elec
tron suppression by this generic type of device. They have 
many similarities but differ in their prediction of the pressure 
dependence of the electron suppression. Results from both 
types of suppressor will be compared with the theoretical 
models. 

The effect of electron suppression on the ion current is 
addressed to some extent4 in one of the models but the result 
will not be investigated here. 

II. EXPERIMENTAL DETAilS 

A. The source and accelerator 

The source used in this work is a volume negative ion 
source and has been described elsewhere.2 ,s It has dimen
sions of 195 X 140X 85 mm3 and uses a multipole magnetic 
field to confine the plasma. The plasma is sustained by six 
filaments. 

The magnetic field configuration required to produce 
the temperature distribution in the plasma necessary for the 

production of high densities of negative ions, can be in one of 
two forms as shown in Fig. 1. These are the so-called dipole 
field and the tent filter field. The integrated, dipole filter field 
from its peak to the extraction aperture is ~ 200 G cm. The 
tent filter field produces less field at the extraction aperture. 
This may lead to a more uniform plasma, but more impor
tantly to a more easily controllable magnetic geometry. 

In Fig. 2, a schematic diagram of the accelerator2
,5 is 

shown. The electrons and ions extracted from the source are 
accelerated by a voltage Vext that is about one sixth of the 
final beam energy Vheam • Permanent magnets in grid 2 de
flect the electrons in the beam into a trap region giving a 
current Ie. The negative ions are accelerated further to the 
final beam energy (80-100 ke V). Further sets of magnets in 
grids 2 and 3 are used to resteer the beam onto the axis. The 
electron trap is not perfectly efficient and some small frac
tion, /3 ( ~ 1 %-5%), ofthe current Ie is accelerated to full 
energy. A deflector magnet downstream of grid 3 ensures 
that no electrons are measured in the beam transformer 
which then records the negative ion current, I BT> transport
ed a distance of ~O.6 m. The source extraction aperture 
diameter was 16 mm. In all the experiments reported here 
the source was operated in hydrogen gas. 

B. The electron suppressors 

Fig. 3 illustrates the basic principle of electron suppres
sion. A magnetic field close to the extraction aperture traps 
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(i) Dipole Filter (ii) Tent Filter 

FIG. 1. The source filter field configurations. 
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D 

FIG. 2. The source and acceleratoL 

Beam 
Transformer 

electrons which then move along the fidd lines. These field 
lines intersect electrodes that are biased to a low positive 
potentiaL This allows collection of the electrons. The 
suppressor lies within the dashed region of Fig. 2. Not all the 
electrons are collected and there is a transport of electrons 
across the magnetic field leading to their eventual extraction 
and it is via this transport that we have considered the sup
pression physics. The theoretical model.s summarized in the 
next section address this transport and the experiments de
scribed in this article are compared with these models. 

Figure 4 shows the permanent magnet suppressor. A 
pair of 4 X 4 X 37 mm3 samarium cobalt magnets, spaced 
~ 35 mm apart, are arranged in a quadrupole configuration. 
The field from these magnets intercepts the positively biased 
electrode allowing collection of the electrons. When the 
source filter field is in the dipole configuration, the quadru
pole field adds to the filter field. The integrated field due to 
the magnets is ~ 100 G em in the source. The field, which is 
in the first accelerator gap, then adds to the deflection field 
for extracted electrons. Part of the extraction electrode be
comes the electron collection surface, 

electron collection 

B fiele 

electron depleted zone 

FIG. 3. Schematic of the electron suppressor. 
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FIG. 4. The permanent magnet electron suppressor. 

The experiments of Lea et al. 1 have shown the impor
tance of the magnetic B field strength in the suppression of 
electrons. With this in mind, a device was designed with a 
variable B field using a flat solenoidal coil. This device is 
shown in Fig. 5. This device is sometimes known as the elec
tromagnetic suppressor. Current is passed through the coils 
to produce the variable magnetic field with a full width half 
maximum of - 5 mm. Electron collection surfaces, at each 
end of the coil, intercept the field lines and, as in the case of 
the permanent magnet design, this collection surface is bia
sable with respect to the beam forming electrode. The peak 
field produced is of the order of 1 G / A. 

III. THEORETICAL DESCRIPTION 

In order to describe the transport of electrons across the 
suppressor magnet field, Green3 used a model based on clas
sical diffusion of the electrons by electron molecule colli
sions. The conservation and diffusion equations were solved 
and expressions derived which could be compared to experi
mental measurements. 

In this model the extracted electron current Ie is given 
by 

Ie=AJneoaDe exp(-aL), (1) 

where A 1 is the extraction aperture area, neo is the plasma 
electron density, D is the diffusion coefficient, e is the unit of 
charge, L is the suppressor length, and the parameter a is 
given by 

Electron Collection 
Surface 

Cover 
Plate 

._Solenoid 
Coil 

Beam Forming __ _ 
Electrode 

FIG. 5. The variable magnetic field suppressor. 
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a 2 = (uj 4 D k ') exp ( - 1]), (2) 

in which Ve is the electron thermal velocity, k I is the collec
tion area per unit length of the device, and 71 is the reduced 
potential across the sheath. When the collector voltage V;ns 
is varied, it is this reduced potential 1] that changes, i.e., 
1] = e( Vp - V;ns )lkT, where Vp is the plasma potential and 
T is the electron temperature. 

For high magnetic fields the diffusion coefficient D is 
given by 

D=kTlme UJ2 r , (3) 

where kTis the electron energy, rthe time between electron
molecule collisions, and UJ is the cyclotron angular frequen
cy, i.e., (u = eB 1m", me being the electron mass and B the 
magnetic field strength. 

Combining Eqs. (1), (2), and (3) produces an expres
sion for the extracted electron current in terms of the mag
netic field strength 

Ie = (K IB) exp ( - yB), 

where K and yare given by 

K =A n (m eue kTe-
,')1/2 

I eo 4k'7 

and 

( 

UTe" 7} )112 
y= e eL. 

4k' k Tme 

(4) 

The current collected by the suppressor, I ills ' is given by 

(5) 

where A2 is the effective collection area of the suppressor. 
Using this expression and Eq. (1) we obtain 

Ie Al (Vee ""')112 In-=ln-- --- L 
I ins A2 4 D k I ' 

which can be rewritten 

In (le/~ns) = a - b I ins ' 

where a and b are given by 

a = In(A 1IA 2 ) 

and 

(6) 

(7) 

Substituting for the diffusion coefficient D in Eq. (6) 

and taking into account its pressure dependence, i.e., 
r = lIN(7ve> where N is the gas density and (7 the collision 
cross section, we obtain: 

1 (A) ( e~ 'I 1 ) 1/2 In-" = In _I - eB L. 
I ins A2 4k I k Tme N(7 

(8) 

Now if the electron temperature T did not vary with the 
pressure (or gas density), then this equation could be writ
ten in the form 

In (lJlins = a - (cIN1I2), 

where 

c ( e " ~) 112 eB L. 
= \ 4k' kT me (7 

(9) 

Equations (4), (7), and (9) represent experimental 
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tests of the diffusion model for the two types of suppressor. 
Our experiments used only one particular geometry for the 
permanent magnet suppressor and so the test for the func
tional form of the extracted electron current as given in Eg. 
( 4) cannot be applied. 

It is known, however, that in volume sources the elec
tron temperature is dependent on pressure, the electron tem
perature tending to decrease as pressure is increased and so 
the experimental test given by Eq. (9) may not be valid be
cause of the term 

where, even if Tvaried only slowly with pressure, the expo
nential term may dominate, although Green3 has shown 
data that supports this model. 

A second model by Holmes and Haas4 has solved the 
hydrodynamic equations in the suppressor region to de
scribe the transport of the electrons across the suppressor 
field. This model balances the Lorentz force against the fric
tional force and the density gradient force. 

This hydrodynamic model also produces expressions 
which can be tested by the two devices, The extracted elec
tron current has a dependence on the magnetic field given by 

Ie = K' exp ( - r' B), (10) 

where K' and y' are given by 

K'=A 1 nco (ev,j4) e~71 

and 

y' = (ve e ~ "/8T) L, 

where, in the units ofthis model, Tis in electron volts. This is 
a purely exponential form compared to the more complicat
ed behavior for the diffusion model as given in Eq. (4). 

The hydrodynamic model gives a result very similar to 
Eq. (7), i.e., 

In (Iellins ) = a' - b I I ins -1], 

where a' and b ' are given by 

a' = In(v,A]/4 Ve a) 

b ' _ BV"L 
- 16 T R aJep' 

(11 ) 

in which Ve is the electron collision frequency, a is the depth 
of the collection surface, R is the radius of the collection 
surface, L is the length of the collector, and}"p is the satura
tion current drawn by the insert. 

This equation cannot be used to distinguish between the 
hydrodynamic and diffusion models as the equations are 
very similar except perhaps by comparison of the values of 
the gradient and intercept of the line. 

The hydrodynamic model has no explicit pressure de
pendence except through an expression similar to Eq. (8) 
with the electron temperature inserted instead of pressure. 

We go on now to describe our experiments in comparing 
two types of suppressor and to testing the validity of the 
above models. 
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FIG. 6. The suppression of electrons at I ARC = 20 A. 

IV. EXPERIMENTAL RESULTS 

A. The action of the two suppressors 

In this section we will demonstrate the action of both the 
permanent magnet and the variable magnetic field suppres
sors and discuss the relationship of th(! results to another 
experiment using the variable magnetic field suppressor. I 

Figures 6 and 7 show the action of both type of suppres
sor in reducing the current of extracted electrons from the 
source at arc currents in the source of20 and 100 A. In these 
experiments, the source was operated with the filter field in 
the dipole configuration. For the permanent magnet 
suppressor at sufficiently high voltage on the electron collec
tion electrode, the electron flux is highly attenuated. How
ev~r, in the case of the variable magnetic field suppressor, a 
cod current of > 150 A is required to equal the performance 
of the permanent magnet suppressor. The device was not 
operated at currents above 160 A since it was not cooled and 
the pulse length was 2-3 s long. Also, tht: forces of attraction 
and repulsion between the wires led to distortion of the de
vice. 

700, 
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FIG. 7. The suppression of electrons at I ARC = 100 A. 
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FIG. 8. The effect of electron suppression on the extracted negative ion 
current at I ARC = 20 A. 

In practical applications, the effect of the suppressor on 
the negative-ion current is as important as it is on the elec
tron current. Figures 8 and 9 show the corresponding de
pendence of the ion current measured at the beam trans
former for the two suppressors. At an arc current of 20 A 
the ion current is almost independent of collector voltage. I~ 
the 100 A data for the permanent magnet suppressor, there is 
a maximum in the ion current as the collection voltage is 
varied. This behavior has been observed previouslv by Bacal 

6 .• 
and co-workers and Leung and co-workers. 7 

The difference between the suppressors is quite appar
ent. Only 50%-60% of the negative-ion current observed 
using the permanent magnet suppressor can be obtained us
ing the variable field suppressor. One possible explanation is 
the geometric coverage of the extraction aperture by the 
wires. A single set of coil wires has a transparency of - 7 5 %. 
So, depending on where the negative ions are to be created 
and how they are transported, then the attenuation may be 
as high as (0.75)2 - 55%. 

30 

20 

I .... (mA) 

Hydrogen 
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.150A 
• Permanent Magnet 

Suppressor 

FIG. 9. The effect of electron suppression on the extracted negative ion 
current at I ARC = 100 A. 
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FIG. 10. The dependence of the extracted negative ion current on the mag
netic field from the electromagnetic suppressor for both the dipole and tent 
source filter configurations. 

The data in Figs. 8 and 9 show that for the variable 
magnetic field suppressor, as the coil current, and hence the 
magnetic field, is increased from 0 to 160 A there is gradual 
decrease of the ion current by about 10%. At first sight this is 
contrary to the result of Lea et al. I using a similar device but 
with a probe accelerator utilizing an extraction aperture of 
only 1.5 mm diameter. However, their source magnetic field 
was in the tent configuration, and they found that at approxi
mately zero magnetic field the extracted ion current density 
was approximately 40% of that of the undisturbed plasma, 
i.e., with no suppressor. As the magnetic field was increased, 
the ion current density increased to approximately 80% of 
that of the undisturbed plasma. In our experiments though, 
even with no field from the coil there are field contributions 
in the suppressor region from the dipole filter field and the 
fields of the accelerator which total approximately 30 G. 

In order to test this hypothesis, we repeated the experi
ment but with source filter field configured in the tent mode. 
The fields due to the source filter and accelerator then to
talled approximately 5 G. Figure 10 shows comparison of 
the effect of the magnetic field on the transported ion current 
for both the dipole and the tent filter configurations. It can 
be seen that in the case of the tent filter, as the B field is 
reduced towards zero, then the ion current reduces as in the 
results of Lea et al. 1 Experimentally, zero magnetic field 
from the coil could not be reached even for the low arc cur
rent used because of the very high flux of electrons (- 1 A) 
as this thermal load could not be handled in our accelerator. 
Notice also that the ion current is much less for the tent filter 
configuration than for the dipole filter. This is almost cer
tainly due to the fact that in the tent configuration the fila
ments penetrate the filter field, thus producing an increase in 
the temperature of the plasma in the extraction region of the 
source, and a decrease in the production of negative ions. 

That this is so can be seen from Fig. 11, where for both 
types of filter field we plot the electron temperature Te as 
determined by a Langmuir probe in the extraction region as 
a function of arc current. It is apparent that the tent filter is 
inefficient in producing a cold plasma hence leading to lower 
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FIG. 11. The dependence of electron temperature on arc current for the 
source filter configurations. 

densities of negative ions and higher densities of electrons. 
For this tent filter, the extracted electron current was ap
proximately ten times that for the dipole filter. 

As mentioned earlier in connection with Figs. 8 and 9, as 
the value of V;ns for the fixed field device is increased then 
the ion current reaches a maximum value and then decreases 
slowly. No tested explanation has even been put forward to 
explain this result. To show the origin of this effect, in Fig. 12 
we plot the transported ion current as a function of extrac
tion voltage for two different values of V;ns . In both cases, the 
ion current rises and at a particular value of Vext saturates. 
This saturation represents all the current available from the 
source (although it is not corrected for stripping). This satu
ration level is the same for both values of Ji';ns . 

At V;ns = 1.9 V, the additional extracted electron con
tribution to the total space charge means that more voltage is 
required to transport all the ion beam beyond grid 2. At the 
higher value of V;ns' because the electron contribution to the 
total space charge is negligible, then less extraction volts are 
needed to reach saturation. Thus, if the accelerator is operat
ed at a value of Vext lower than that required to extract the 
maximum available space charge then the transported ion 
current will appear to change at low Ji';ns when there are high 
levels of extracted electrons. 

B. Comparison with theory 

Equations (4) and (10) gives the dependence of the 
extracted electron current on the magnetic field in the 
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FIG. 12. Variation of transported ion current with extraction voltage for 
different values of suppressor voltage. 

suppressor predicted by diffusion and hydrodynamic mod
els. In the permanent magnet suppressor case, there is a fixed 
magnetic field strength and so this equation cannot be tested. 
However for the variable field suppressor, we have plotted in 
Fig. 13, the logarithm of the extracted electron current 
against the solenoid coil current (Le., the magnetic field). 

AU the curves show a linear dependence that is in agree
ment with the hydrodynamic model as given in Eq. (0). 
The expected values for the intercept and gradient from the 
constants in Eq. (10) can be compared with those from the 
curves. Taking Al = 2X 10 - 4 m2

, neo = 1017 m - \ 
Ve = 3 X 105 ms - \ and assuming a maximum value of e - 7/ 

equal to unity since TJ is only defined up to the plasma poten
tial and the value of V;ns = 13.5 V is expected to be greater 
than the plasma potential, L = 5 X 10 ~ .. 3 m, and T = 0.5 e V 
forI ARC = 20 A, we obtain a valueofln K' = 5.5 when Ie is 
in milliamperes and a value of r' = 375 r- I . Experimental
ly, we find In K' ~4-5 which isinagreement with the model, 
but y' = 60-70, which is approximately five times lower 
than the value from the hydrodynamic model. 

The data of Lea et al. I seemed to fit a power law depen
dence, i.e., 

Ie a: B-n, 

where the index n changes with increasing collection elec
trode voltage tending towards value of two. However, their 
data when replotted in the semilogarithmic form tend to sup
port Eq, (10). 

The diffusion and hydrodynamic models give the same 
form for the variation ofln(lJ1ins) on the electron current 
collected by the suppressor, I ins , as expressed through Eqs. 
(7) and (11). Figures 14 and 15 show data from the perma
nent magnet suppressor and the variable field suppressor, 
respectively, plotted in order to test the validity of these 
models. The experiment was carried out by varying the col
lector voltage on the suppressor, V;ns. For both devices, the 
curves have a linear portion at larger values of I ins in agree
ment with the models. The non-linear behavior may arise in 
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FIG. 13. The variation of extracted electron current on the magnetic field 
for the electromagnetic suppressor. 

a number of ways. First, it could be because ofthe term 1] in 
Eq. (11) which does not remain fixed as V;ns is changed. 
Second, at values of V;ns lower than the plasma potential, 
ions are also collected by the suppressor and so the current 
collected is not comprised of electrons only. 

Again, we can estimate the expected values of gradient 
and intercept for the two devices from Eqs. (7) and ( 11 ). In 
the case of the permanent magnet suppressor in the diffusion 
model, the intercept is given by In (A 1/ A2 ), where 
Al = 2 X 10 4 m2 and A z = 3 >< 10 - 4 m2

, i.e., an intercept 
of ~ - 0.4. In order to estimate the gradient, we use 
L_2XlO~2m,ne,,_1017m-3, and D=1.4 m2 s 1 for 
which we have taken kT-O.S eV and Ve , appropriately, 
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200 400 600 800 o ___ -'-----~_---"----~ __ _'_______> _ ______l 

-1.0 f-

-2.0 

~3.0 

-4.0 

-5.0 

I.Ac =20A 
VARC =100V 
Q=0.6Tfs·' 
¢=16mm 

~ . 
FIG. 14. The variation of lnUcl In,,) vs lim for the permanent magnet 
suppressor. 
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FIG. 15. The variation ofln U,J I"" ) vs Ion, forthe electromagnetic suppres
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r-lO 7 S for (T = 10 - 19 m2 and P- 5 mTorr and 
B~50X 10- 4 T, which gives a value of -3600 A -1 for the 
gradient. For the variable field suppressor, we take 
A2 -2X 10- 4 cm2 andL = 5 X 10- 3 m, which gives ~O for 
the intercept and -1370 A-I for the gradient. 

Similarly, we can repeat this for the two suppressors in 
the hydrodynamic model. Estimating a collision frequency 
of v, _107 

S·1 and for the pennanent magnet suppressor 
a~3XlO-·2m,L-2XIO 2 m and R-1.5XlO- 2 m we 
obtain a value of - - 2.9 for the intercept and a value of 
-1.74 A I for the gradient. The variable field suppressor 
has R - 1.5 X 10 - 2 m, L- 5 X 10 - 3 m, and a - 1.5 X 10 - 2 

cm giyingvalues of -~ - 2.2 and -O.9A -1 fortheintercept 
and gradient, respectively. 

The values obtained from the hydrodynamic model, 
even given a large range in the choice of parameters, are 
much more in line with the data from both suppressors. The 
diffusion model drastically overestimates the gradient. 

Only the diffusion model of the transport gives an ex
plicit prediction of the dependence of the suppression on the 
gas pressure as shown in Eq. (9). We have plotted 
In (le/lins ) against Q- 112 for both suppressors in Fig. 16, 
where Q is the gas flow rate to the source which is propor
tional to the filling pressure and hence to the pressure in the 
suppressor region. The data from the permanent magnet 
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suppressor clearly follow that of the variable field suppressor 
at zero applied magnetic field although there is still a residu
al field from the source and accelerator. The results show no 
really clear evidence for the linear form predicted by Eq. (9). 
Of course, one would not necessarily expect diffusion to 
dominate at all pressures and so perhaps at low pressures the 
diffusion may be through electron-ion collisions and as the 
pressure is increased, the diffusion mechanism will change 
until electron molecule collisions dominate and a depen
dence of the form ofEq. (9) would be observed. Perhaps it 
could be argued that there is some support for this in the 
permanent magnet suppressor data_ Again we can estimate 
the intercept and gradient. As before, the intercept is calcu
lated to be - 0.4. The calculation of the gradient as given by 
the parameter c in Eq. (9) must be modified to account for 
the units used. This value of c must be multiplied by 
(C /3.S X 1022

) 112 where C is the conductance in ?Is of the 
source and accelerator which is measured as being - 80 ?/s. 
Taking L-2X 10- 2 m, B = SOX 10- 4 T, kT /e~O.5 eV, 
e- 'I = 1, k' ~ 1.5X 10- 2 m, and (T = 10- 19 m2, we obtain a 
value of the gradient of -100 (Torr ?/s - 1) 112. Again these 
values are not borne out by the data. Green3 observed some 
support for the diffusion model but his data were only in the 
high-pressure range, i.e., Q 112 values of 1.0 to 1.6 
(Torr tis - 1) - 112 and the gradient was still much smaller 
than that predicted. The suppressor used then was of a 
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slightly different design to that used at present. Instead of the 
collection electrode being flat it included a cylindrical up
stand of height -5 mm. This would have increased the col
lection area per unit length but since the gradient only de
pends on the inverse square root of this quantity, the 
predicted slope would not have fallen dramatically, whereas 
his data have a gradient of - 2.5 (Torr //s·· I) 1/2. 

V. DISCUSSION 

We have tested two electron suppressors. Although dif
ferent in design, they have the same basic operating princi
ple: The electron flow is diverted by a magnetic field close to 
the extraction aperture and the electrons are collected on a 
biased electrode threaded by the magnetic field. In one de
sign, the magnetic field strength is fixe:d by using permanent 
magnets whereas in the other design an attempt is made to 
optimize the field by using a flattened solenoid to produce a 
variable field. 

In terms of the ability to suppress electrons, the data 
showed that in order to achieve the levels of extracted elec
tron current obtained with the permanent magnet suppres
sor the variable field device needed currents in the coil of 
> 150 A. These coil currents represented peak fields of 
> 150 G with an integrated strength of - 150 G cm. The 
permanent magnet device had an integrated field strength of 
-100 G em although this had a rang~~ of 2-4 times that of 
the coil field. Thus, one can conclude that the permanent 
magnet device appears to be more effici,ent at the suppression 
of electrons, but there does exist the possibility that there 
may be some feature of the detailed mechanical design that 
brings this about. 

For the case ofthe dipole filter in the source, if the vari
able field device is used, the magnetic field strength can al
ways be increased (although what limits this is not known at 
present) to reduce the desired extracted electron current to a 
required load, However, the price that has to be paid for this 
(neglecting issues of thermal control) is a smaller extracted 
ion current compared to the permanent magnet device. The 
measurements showed a reduction of up to 50%. This was of 
the order of the transparency of the coil wires. The situation 
is more complicated in that the results of Lea et al. I showed 
that in the absence of a source filter, negative ions were still 
produced because the suppressor magnetic field acted as the 
filter field. Thus, negative ions are created between the 
suppressor and the extraction aperture and so the transpar
ency is much higher. It could be that the structure itself has a 
greater loss area for plasma. 

Our results, when using the tent filter, confirmed those 
of Lea et at. 1 and Bacal,R showing that the magnetic field 
strength at the extraction aperture will influence the produc
tion of negative ions. As the field strength is increased from 
zero, the negative-ion yield increases to a maximum value. 
However, it must be pointed out that in our experiments the 
efficiency of the tent filter was greatly reduced due to the 
penetration of the filaments. Thus the extracted negative lon 
current was lower and the extracted electron current higher 
than what could be achieved. 

It could be that the negative ion yield will be greater for 
the tent configuration. However, if the variable field 
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suppressor is used then the transparency problem may still 
have to be overcome if the enhancement effect is not suffi
ciently great for the negative ion current to exceed that ob
tained when using the permanent magnet suppressor. 

The apparent enhancement that we observed of negative 
ion current as V;ns is increased was shown to be due to the 
reduction of the electron contribution to the space charge in 
the accelerator. It seems reasonable that part of the enhance
ment with increasing magnetic field of the suppressor is due 
to the same effect although this cannot be the full story, since 
in the case of the experiments of Lea et al. 1, this enhance
ment was observed even without a source filter. 

In terms of a theoretical understanding of the suppres
sor action on the electrons, it must be concluded that the 
hydrodynamic model gives a better description of the data 
compared to the diffusion model. The former correctly gave 
the B-field dependence of the suppression. Although both 
models gave similar equations for the dependence of 
In(IJlins ) on [ins> the hydrodynamic model gave better 
quantitative agreement. Finally, there was no clear evidence 
from this design of permanent magnet suppressor to support 
the diffusion model pressure scaling although as pointed out 
this may depend on detailed design to some extent. This is 
not to say that the hydrodynamic model is ideal. Certainly 
its qualitative description appears to be good but quantita
tive agreement is not always good. 

An understanding of the physics of the effect of the mag
netic field is important not only to the understanding of the 
suppressor action but it could be applied to the source filter 
field itself thus leading to a quantitative optimization route 
for those aspects of the volume ion source. 
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