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The paper presents an automated wide-aperture (750×150 mm) plasma cathode electron source 

based on a low-pressure arc with grid stabilization of the plasma emission boundary and beam 
extraction into the atmosphere or high-pressure gases through a foil window. The source provides a 
beam extraction efficiency of ≈ 80–90 % at an accelerating voltage of 200 kV with a pulse duration of 
up to 100 µs and pulse repetition frequency of up to 50 s-1. The beam current in the atmosphere 
reaches 30 A. The electron source ensures stable continuous operation for tens of hours in repetitive 
pulsed mode with a maximum average beam power in the atmosphere of  ≈5 kW. 

Автоматизиран електронен източник с плазмен катод с широка отвор с извеждане 
на лъча в атмосферата (М. С. Воробьов, В. В. Денисов, Н. Н. Ковал, С. А. Сулакешин, В. В. 
Шугуров, В. В. Яковлев). Статията представя автоматизиран електронен източник с 
плазмен катод широка апертура (750 × 150 mm) на базата на дъга с ниско налягане с 
решетково стабилизиране на границата на емитиране на плазмата и извеждането на лъча в 
атмосферата или газове с високо налягане през прозорец от фолио. Източникът осигурява 
ефективност на извличане на лъча приблизително 80-90% при ускоряващо напрежение от 200 
kV с продължителност на импулса до 100 µs и честота на повторение на импулса до 50 s-1. 
Токът на лъча в атмосферата достига 30 A. Електронният източник осигурява стабилна 
непрекъсната работа в продължение на десетки часове в режим на повтарящи се импулсни с 
максимална средна мощност на лъча в атмосферата  ≈5 kW. 

 

Introduction 
Electron sources capable of producing broad 

beams with their extraction into the atmosphere hold 
undeniable promise for research and technological 
applications [1 – 7]. Solving the existing problems and 
those that may arise in the future requires reliable and 
durable electron sources with stable parameters. 
Among the electron sources are sources based on a 
grid plasma cathode [1, 6 – 10]. This type of sources 
offers a series of advantages over those based on 
thermionic cathodes (longer service life, wider range 
of vacuum conditions, higher energy efficiency) and 
over sources based on explosive emission cathodes 
(longer service life, longer pulse duration, higher 
pulse repetition frequency, more uniform current 
density distribution). In view of the above advantages, 
we studied the possibilities of modification and 
automation of an electron source based on a grid 
plasma cathode for increasing its energy efficiency. 

A. Experimental procedure 

A schematic of the electron source used in the 

study is shown in Fig. 1. The source is based on a 
plasma cathode (1) being a hollow stainless steel 
semicylinder with two low-pressure arc units (2, 3) at 
both of its ends [11]. The anode for the arc is an 
emission grid (4) of dimensions 750 × 150 mm 
covered with a stainless steel mask (5) 200 µm thick 
in which 344 round holes of diameter 8 – 12 mm are 
made. The holes are individual plasma emitter units to 
form beamlets whose superposition results in a broad 
electron beam with a grid-stabilized plasma boundary. 
The emission grid (4) is connected to a hollow 
anode (6) via a resistor to assist the discharge ignition, 
switching, and operation in the emission grid region. 
For electron extraction from the plasma produced by 
the emitter units, a dc accelerating voltage of up to 
200 kV is applied to the 120-mm gap between the 
plasma cathode (1) and a support grid with foil 
windows (7, 8). The number of holes in the support 
grid (7), having a total geometric transparency of 
56%, are the same as that in the mask (5) but their 
diameter is larger (15 mm). The holes in the mask (5) 
and in the support grid (7) are aligned, thus providing 
the    acceleration   gap   with   coaxial    plane-parallel  
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Fig. 1. Schematic of the electron source with a wide-aperture plasma cathode: 1 – plasma cathode; 2 – cathode; 3 – igniter;     
4 – metal grid; 5 – mask; 6 – hollow anode; 7 – support grid with output foil windows; 8 – output foil; 9 – discharge power 

supply;10 – source power supply; 11 – high-voltage power supply; 12 – collector or substrate. 

geometry and minimizing the loss of electrons through 
the grid with foil windows. The foil covering the 
support grid (7) is 30 µm thick and is made of AlMg–
2n alloy [10]. 

As has been shown by theoretical and experimental 
studies [10, 12], the use of a multi-aperture two-
electrode system in the source enhances the operation 
stability of the plasma cathode and the electric 
strength of the acceleration gap. Moreover, the system 
allows one to extend the range of electron beam 
parameters – namely, to enhance the beam extraction 
efficiency β, to increase the beam current density, and 
to narrow the beam energy spectrum within a pulse 
(through decreasing the capacitor bank voltage per 
pulse). 
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Fig. 2. Beam extraction efficiency β vs accelerating voltage 

and time during a pulse: 1, 3 – without mask; 2, 4 – with 
mask 

However, in the cited papers [10, 12], the 
dependence of the extraction efficiency β on the 

accelerating voltage takes no account of electron 
reflection from the collector. This dependence but 
with regard to electron reflection from an Al collector 
is shown in Fig. 2 [13].  

It is seen that at an accelerating voltage U0 = 
200 kV, the beam extraction efficiency into the 
atmosphere reaches β ≈ 0.84, which agrees well with 
data reported elsewhere [14]. Fig. 3 shows typical 
current waveforms to confirm the high efficiency of 
beam extraction. 

 

 
Fig. 3. Typical waveforms of the discharge current Id, 
current in the acceleration gap I0, beam current in the 

atmosphere Ib, and beam current in the atmosphere with 
regard to electron reflection from the collector (Ib + 14%) 

at U0 = 200 kV: а – without mask,  b – with mask. 
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The electron current from the plasma is controlled 
by varying the plasma density for which the discharge 
current is varied, as clearly seen from the dependence 
in Fig. 4а. From Fig. 4b it follows that the 
accelerating voltage U0 little affects the current in the 
acceleration gap I0, and this, as noted, is one of the 
advantages of electron sources based a grid plasma 
cathode. 

Reasoning from the previous study [10], we 
modified the wide-aperture plasma cathode electron 
source to increase its efficiency. The modification 
consisted in automating the vacuum pumping system 

and replacing the high-voltage power supply and the 
plasma cathode power supply.  

The automated vacuum pumping system of the 
source is shown schematically in Fig.5а. The system 
is based on a WAGO–750–312 industrial controller 
and is controlled with a personal computer from a 
console room via fiber optics. A photo of the vacuum 
system control board is shown in Fig.5b.  

The high-voltage power supply was replaced by a 
new one built around modern high-frequency 
elements, making it possible to decrease the overall 
dimensions  and  mass  of the high-voltage  source,  to  

ensure a more stable accelerating voltage, which is 
extremely important for operation at high average 
power, and to provide remote control via fiber optics 
with high-voltage galvanic decoupling. 

The high-voltage capacitor bank has a total 
capacitance of 0.26 µF and represents three series 
stages with parallel-connected IK–100/0.4 high-
voltage capacitors (two per stage) and an assembly of 
limiting resistors with a total resistance of 100 Ohm. 
All elements of the high-voltage capacitor bank are 
placed in a sealed vessel of diameter 1200 mm and 
height 1700 mm filled with nitrogen to an excess 
pressure of 5 atm. Thus, the electric strength of the 
gaps in the capacitor bank does not depend on the 
surroundings, allowing their minimization and the use 

of the electron source, for example, at high air 
humidity. 

The modification has made possible an automated 
wide-aperture plasma cathode electron source capable 
of providing the beam parameters presented in 
Table 1. The maximum average power of the plasma 
cathode power supply is no greater than 100 W at a 
maximum average beam power in the atmosphere of 
≈5 kW. A block diagram of the modified electron 
source and its design are shown in Fig. 6. 
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Fig. 4. Current in the acceleration gap I0 vs discharge current Id at U0=150 kV (а) and accelerating voltage U0 at Id=90 А (b) 

Table 1   
Electron energy, keV 100 – 200 

Beam current, А 5 – 30 

Pulse duration, µs 10 – 100  

Pulse frequency, Hz 1 – 50 

Beam dimensions, mm 750 × 150 

Current density nonuniformity, % ±10 

Average beam power, kW 5 
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Fig. 5. Schematic of the automated vacuum pumping system of the wide-aperture plasma cathode electron source (а) and 
photo of its control board (b) 
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Fig.  6. Block diagram of the wide-aperture electron source (а) and its design (b): 1 – high-voltage insulator cap; 2 – high-
voltage cable; 3 –high-voltage polyethylene insulator;4 – hollow anode; 5 – plasma cathode case; 6 – cathode unit; 7 – output 

foil windows; 8 –welded  emission grid mask; 9 – vacuum chamber. 

Conclusion 
The automated plasma cathode electron source 

with its modern power supply system provides remote 
control of the beam parameters and their independent 
adjustment, stability of operation and personnel 
safety. The parameter range, reliability, and service 
life of the source meet the requirements that allow its 
successful use in electron beam technologies and 
small-scale industrial production. 
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