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Abstract – Using an ion source based on the hollow 

cathode glow discharge with external electron in-

jection, provides ion beam generation in a very 

wide range of operating pressure. Influence of the 

beam plasma on the ion collector current, as well 

as the beam plasma effect on the conditions of ion 

beam transport to an isolated or dielectric target 

were investigated. It was shown that the beam 

plasma generation leads to the following facts. 

First, for correct measurement of the beam cur-

rent, a value obtained as a result of approximation 

of pressure dependence of collector current (for 

positively charged collector), to low pressure range 

down to zero pressure. Second, positive charge, 

introduced by ion beam on the surface of a dielec-

tric target, can be neutralized by electron current 

from the beam plasma if the pressure is higher 

than 0.03 Pa. 

1. Introduction 

It is known [1] that positive space charge of an ion 

beam is neutralized by beam plasma. Beam plasma is 

generated by secondary electrons emitted by a collector. 

The electrons oscillate in the beam potential trap and 
ionize residual gas. The beam plasma density reaches 

the density of accelerated ions, and with the pressure 

higher than 2 · 10–2 Pa exceeds it. The flow of charged 

particles from the beam plasma makes difficult correct 

measuring of accelerated ion current. 

The use of an ion source with a wide range of op-
erating pressure, reached due to external electron in-

jection, allowed exploring the influence of the beam 

plasma on the measured collector current, and to esti-

mate the current of accelerated ions. As well, condi-

tions of ion current passage to a dielectric or isolated 
target were found.  

2 Experimental setup 

The ion source is schematically shown in Fig. 1 [2]. 

The ion beam is extracted from plasma of main glow 

discharge with the hollow cathode 2 and anode 2. 

Emitter glow discharge with the hollow cathode 3  

and the mesh anode in the upper wall of the electrode 

1 serves for electron injection into the main cathode 
cavity. 
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Fig. 1. Schematic of the ion source: 1 – main discharge hol-

low cathode; 2 – main discharge anode; 3 – emitter cathode; 

  4 – igniter; 5 – accelerating system 

About 80% of the electrons emitted by emitter dis-

charge pass through the mesh and accelerate within 
the cathode potential drop of the main discharge. The 

electrons oscillate in the cavity and ionize operating 

gas (argon), fed into the emitter cathode and then into 

the main cathode. The pressure drop on the emitter 

cathode aperture allows operating with low gas feed. 

The pressure inside the main cathode is close to the 
one in the vacuum chamber. Electron injection re-

duces the lower limit of operating pressure in 5 times 

down to 3.5 · 10–3 Pa, and decreases the main dis-

charge voltage down to 50 V. For igniting the emitter, 

the unit 4 serves, based on surface flashover. The 

beam is extracted by regular accel-decel multiaperture 
system 5. The source operates in DC mode. 

Vacuum chamber was pumped by a cryogenic 

pump. The beam plasma potential was measured by an 

emissive probe with known method [3]. The beam 

diameter at the source was 10 cm. The collector with 
diameter of 20 cm was 60 cm away from the source. 
 

3. Results and discussion 

Figure 2 shows the influence of the collector bias on 

the collector current Ic. 
The emissive current of the ion source, measured 

in high voltage circuit, was 2 mA for all curves on the 
Fig. 2, and it did not depend on the collector bias. 
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Fig. 2. The influence of the collector bias on the collector 

current. Accelerating voltage is 25 kV. Accelerating voltage 

circuit current is 2 mA: 1 – p = 3.5 · 10–3; 2 – 8 · 10–3; 3 – 

  1.7 · 10–2; 4 – 4 · 10–2; 5 – 1.6 · 10–1 Pa 

Maximum voltage applied to the collector (100 V) 

is negligible compared to the accelerating voltage 

(25 kV), therefore, the current of accelerated ions Iacc 
on the collector did not depend on the collector bias. 

Nevertheless, changing collector bias led to a great 
change in the collector current. Consequently, collec-

tor current change took place exceptionally due to 

currents of ion Ii and electron Ie components of the 

beam plasma, and secondary electrons emitted by the 

collector Isec: 

 
sec
.= + + +

e acc i e
I I I I I  (1) 

Measured temperature of the beam plasma elec-

trons was 2–4 eV, hence, with the bias of –100 V,  

Ie is missing.  

Measurements have shown that biasing, the beam 

plasma potential leads to the same change of the beam 
plasma potential. Therefore, at highly positive biased 

collector, secondary electron current cannot pass to 

the vacuum chamber walls. Secondary electrons return 

to the collector. The electron current from the beam 

plasma Ie is present in Ic. With high pressure, Ie ex-
ceeds Iacc and Ic becomes negative. At –100 V bias, the 

curves are almost fully saturated, for negative and 

positive bias. Fig. 3 shows the pressure dependence of 

the collector current for biased (+100 V) and grounded 

collector. 

The current of grounded collector decreased with 
pressure. Estimation of accelerated ion mean free path 

indicates that so significant reduction of collector cur-

rent (30% at 0.16 Pa) cannot be explained only by ion 

scattering and charge exchange. Consequently, collec-

tor current reduction with pressure growth is caused 

by changing the current from the beam plasma. There-
fore, the current of a grounded collector is just an es-

timation of the current of accelerated ions. 

The current of the collector at high positive poten-

tial (+100 V), also changes with pressure, because of 

reduction of the beam plasma density with pressure 

decrease. The discharge system with electron injection 

allowed generating the ion beam at the pressure as low 

as 3.5 · 10–3 Pa, which is much lower than characteris-
tic scale of the lower curve (Fig. 3), and a correct ap-

proximation of the curve to zero pressure can be 

made. It was assumed that the intersection of the curve 

approximating the data for +100 V biased collector 

with collector current axis gives the value close to the 

real current of accelerated ions, because with the pres-
sure tent to zero, the beam plasma density also must 

tent to zero. 
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Fig. 3. Pressure dependence of the collector current 

According to argumentation above, the current of 

accelerated ions is 1.25 mA. The difference from the 
current measured in the high voltage circuit (2 mA) 

can be explained by loosing some ions on the acceler-

ating and grounded electrodes of extracting system, as 

well as by secondary electron emission from accelerat-

ing (middle) electrode caused by ion bombardment. 

  Beam plasma generation can be used for neutraliz-
ing a positive surface charge brought in the dielectric 

target by an ion beam. A research on this matter was 

devoted to determination of a minimal pressure, at 

which such neutralization is possible.  

Surface space charge accumulation on the dielec-
tric target leads to reduction or almost complete dis-

appearance of the ion flow onto the target. Moreover, 

electrical breakdown damaging target is possible. 

Electric potential of the target surface is approaching 

the value of accelerating voltage. In addition, positive 

charge of the surface limits the secondary electron 
emission of the target, and, since the beam plasma is 

generated by these secondary electrons, impedes gen-

eration of the beam plasma. 

For modeling the process of ion bombardment of 

the dielectric target, аn isolated copper collector was 

installed on the way of the beam. Collector potential 
was measured by high-resistance voltmeter. For reduc-

tion of influence of the ion beam generation condi-

tions, the operating gas flow was constant, and the 

pressure in the chamber was adjusted by position of 

the gate valve. 

The dependencies of the isolated collector poten-
tial on the pressure for different accelerating voltages 
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are shown on the Fig. 4. With the pressure lower than 

3 · 10–2 Pa the collector potential is in the order of the 
accelerating voltage. In these conditions, the beam 

expansion and its reflection from the collector were 

visually observed. 
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Fig. 4. The dependencies of the isolated collector potential 

on the pressure. Ion current is 2 mA. Source-to-collector 

distance is 60 cm: 1 – accelerating voltage is 5; 2 – 10;  

  3 – 25 kV 

The maximum ratio of the collector potential to the 

accelerating voltage observed was 0.74. With the pres-
sure higher than 3 · 10–2 Pa the collector potential is 

negligible compared to the accelerating voltage. For 

example, at 5 · 10–2 Pa the collector potential is about 

15 V for 5–15 kV accelerating voltage range. It is ob-

vious that the collector charge cannot considerably 

influence on the ion trajectories. This fact was con-
firmed by visual observation of the beam plasma glow. 

  In the case of isolated collector, it is obvious, that 

the space charge of the ion beam is not neutralized, 

because the positively charged collector prevents the 

emission of secondary electrons. On the contrary, neu-
tralization of the beam and collector charge at the cer-

tain pressure requires explanation, which is following. 

  At relatively low pressure, ions deflected by the 

high positive collector potential, bombard chamber 

walls. Electrons, emitted by the chamber walls as a 

result of secondary ion-electron emission, move to the 
collector and partially neutralize its charge. That is 

why even at the lowest pressure the collector potential 

does not reach the accelerating voltage level. With 

sufficiently high pressure, electrons emitted by the 

walls ionize the gas and create plasma with density 

comparable to the density of accelerated ions in the 
transport region. The collector potential reduces,  
 

creating the conditions for secondary electron oscilla-

tions. In that way, there exists a positive feedback: 
collector current reduction leads to conditions for elec-

tron oscillation, which leads to further collector poten-

tial reduction and so on. This explains abrupt, non-

exponential (that can be expected), reduction of the 

collector potential with the pressure growth.  

It is known [4] that with a grounded collector, ef-
fective neutralization of an ion beam can be reached at 

the pressure as low as 10–4 Pa. The neutralization is 

provided by conditions for secondary electron multi-

ple oscillation in the beam potential between an ion 

source and collector. In case of isolated target these 

conditions are absent, which leads to an increase of 
minimal pressure required for the beam charge neu-

tralization (3 · 10–2 Pa), at that, the relationship be-

tween these two values of pressure corresponds to that 

of the mean trajectory lengths of electrons ith electron 

oscillation and without it.  

Experimentally determined minimal pressure pro-
viding practically full ion beam space charge neutrali-

zation as well as neutralization of target surface 

charge brought in by the ion beam (3 · 10–2 Pa), in 

general case will depend on a system configuration 

and size, kind of ions, and on many other factors. 

4. Conclusion 

1. Measured current of a grounded collector is not 

equal to the ion beam current.  

2. For correct estimation of the ion beam current, 

the value, obtained as a result of approximation of the 

pressure dependence of the positively biased collector 
current down to zero pressure, can be used. 

3. Positive charge brought in by an ion beam on 

the surface if a dielectric or isolated target, can be 

neutralized by beam plasma electrons at the pressure 

higher than 3 · 10–2 A. 
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