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Presented an experiment to obtain a uniform electron beam from a grid plasma cathode 

(SOLO electron source). 

Topics: justification of work; the design of the electronic source and its parameters; beam 

diagnostics method; initial beam distributions obtained from the plasma cathode; the 

influence of different parameters on the beam profile; beam diameter control, obtaining the 

maximum and minimum beam diameter.
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Solvable problem

Factors determining the profile and diameter of beam, emitted from emission greed.

Two factors of formation of the maximum in the center of the beam:

- 1 operating of single channel gas-discharge system of plasma cathode in magnetic field;

- 2 transporting of intense low energy electron beam in a non-uniform longitudinal magnetic field.
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Beam distribution     and      melting result
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Basic parameters:
I2 ,Ib - up to 500A

 =20-200 µs
U =5-25 kV

P(Ar)= (2-8)∙10-2 Pa
B= 0.01-0.1 T

Design of plasma cathode and 
preliminary experiments

with redistributing electrode:

PROFILE FORMATION OF 
EMISSION CURRENT OF 

GRID PLASMA CATHODE IN 
A LONGITUDINAL 
MAGNETIC FIELD

V N Devyatkov and N N Koval, 

2019 J. Phys.: Conf. Ser. 1393 
012040:

Cathode channel - Ø 10 mm;  anode insert - Ø 100 mm;
max diameter 70 mm of new Redistributing electrode;

Emission greed - Ø 85 mm (0.1х0.1 mm).
Emission plasma generation by arc discharge.

Plasma-filled operating mode of HV diode (anode plasma in 
drift channel generated by electron beam).

Beam transporting area   L= 350 mm

Greed Plasma cathode and electron source diagram
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Plasma cathode parts. Currents I1,I2 , arc voltage Ud

Redistributing electrode - Ø 70 mm

Emission greed - Ø 85 mm
Ø 70 mm

Anode of arc discharge
Ø

 8
5
 m

m
 

60 mm

Ignition anode Mg cathode

Cathode unit

50 us/div 
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Calorimeter sensor

Energy density distribution measuring

56 mm

7 mmØ 3 mm

Cu

Thermistor

• Number of sensors - 9

• Sensor aperture - 3  mm

• Sensor offset - 7 mm

• Resolution - 0.01 J

• Range, J -0.1-100*

• Accuracy of 

measurements - 5-10 %Display in the measuring program

Beam

Method:
Measuring the resistance 

of the thermistor before 

and after the pulse.
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Ib=200 А, U=10 kV, d=15 mm (2,4) and d=25 mm (1,3).

B1=B2=50 mT (1,2), B1=B2=15 mT (4), B1/B2=7/14 mT (3).

Initial distribution j/jmax for different “R-e” electrode

“R-e” electrodes

Ø 15 mm and Ø 25 mm,

L = 6 mm (emission 

greed-calorimeter)

Initial distribution is 

mainly affected by 

solenoid B1.
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B1=B2=20 mT (1), B1=B2=30 mT (2), B1=B2=40 mT (3),

U=10 kV, Ib=150 A, d=70 mm.

Final Distributions J/Jmax at collector (B1,B2 change)

Electrode Ø 70 mm

Magnetic fields B1,B2 

varies in the range

of 20 – 40 mT.



9

Relative distributions J/Jmax at collector (varies B1)

Electrode Ø 70 mm

magnetic field B1

varies in the range

10-70 mT;

B2=50 mT

B1=10 mT (1), B1=30 mT (2), B1=50 mT (3), B1=70 mT (4); 

B2=50 mT, Ib=150 А, U=10 kV, =200 s.



10

Some comment's

The solenoid 11 (B1) had the greatest influence on the shape of the distribution, since its field 

penetrated the discharge system of the plasma cathode. The second solenoid 12 had a strong 

effect on the diameter of the beam on the collector since the beam was re-compressed when it 

entered the region of the growing field of this solenoid. Previous slide shows the distributions 

obtained for different fields B1 and a constant field B2. It demonstrates that the maximum 

occurred in the center of the beam at small B1 and an almost tubular beam was formed with an 

increase in B1.

It is shown in [1] (V.N. Devyatkov, N.N. Koval, Electron beam formation in a grid plasma cathode electron 

source based on a low-pressure constricted arc in an inhomogeneous magnetic field, Izv. Vyssh. Uchebn. Zaved., Fiz., 

vol.59, No.9/2 49, 2016.) that the distribution in a single-channel constricted discharge system can 

depend on a pulse duration associated with a long (up to 100 μs) redistribution of a discharge 

current in a magnetic field over the emission grid cross section. Next page demonstrates the 

distributions for two pulse durations obtained in the system under study. It should be noted 

that a significantly weaker dependence of the distribution shape on the pulse duration was 

observed in the investigated discharge system of the plasma cathode than described in [1]. 

This was probably associated with the geometry of the electrodes of the discharge system 

where the discharge current closed to a large area of the emission grid while flowing around 

the redistributing electrode. 
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Distributions of J/Jmax at collector (pulse duration)

=50 s (1,3) and =200 s (2,4) 

B1/B2=20/20 mT (1,2), B1/B2=97/70 mT (3,4); Ib=150 А

Electrode Ø 70 mm

Pulse duration changes: 

= 50 s and = 200 s
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Relative distributions of J/Jmax at collector (voltage U)

U= 18 kV (1), U= 15 kV (2), U= 12 kV (3), U= 10 kV (4),

Ib=150 А, B1=B2=20 mT, = 200 s

Electrode Ø 70 mm

Initial electron energy 

changes from 18 to 10 keV

The final profile of the 
electron beam was also 
affected by the accelerating 
voltage.
When the accelerating voltage 

increased from 10 to 18 kV, the 
distribution improved and the 
beam diameter increased, as 
recorded in the experiment. 
This fact should be taken into 
account when choosing an 
accelerating voltage source. It 
is advisable to use a source 
that provides the minimal slump 
of the accelerating voltage 
during the beam current pulse.
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Examples of final relative distributions of J/Jmax

1.  Ib=500 А, U=18 kV, B1/B2=38/20 mT

2.  Ib=150 А, U=10 kV, B1/B2=12/50 mT

3.  Ib=150 А, U=10 kV, B1/B2=97/70 mT

Electrode Ø 70 mm

Regimes for obtain 

different beam diameter.

=200 s

This study has investigated the possibility to 
control the current density distribution over 

the beam cross section when using a plasma 
cathode. A magnetic field was used to 

change the discharge in the plasma cathode 
with an additional electrode Ø 70 mm that 
redistributed the emission plasma in the 

electrode system. 

The obtained results should be taken into 
account when optimizing the design of 

electrode systems in electron sources with a 
grid plasma emitter, as well as in experiments 
on the irradiation of materials and products 

with electron beams generated by such 
electron sources.
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• The plasma-cathode gas discharge system based on a single-channel low-pressure arc

with redistributing electrode in an inhomogeneous magnetic field of up to 30 mT provides

the generation of a pulsed (20-200 (450 max) us) electron beam with a current amplitude

of up to 300 (500 max) A, at an accelerating voltage of 5–25 kV. The initial beam diameter

(emitted from cathode) is up to  85 mm.

• The discharge system, which is equipped with an additional redistributing electrode of

relatively large diameter (D = 70 mm), allows one to control the cross-sectional energy

density distribution of the electron beam emitted from the plasma cathode by varying the

magnetic field which penetrates in the plasma cathode.

• After transporting a dense low-energy beam to a distance of 350 mm, it is possible to

obtain a beam Ø 20-55 mm with the inhomogeneity of energy distribution over the beam

cross-section of no more than ± (5-10) % under the control by a magnetic field.

• A further increase in the beam size (and, accordingly, the current) may, in addition to an

increase in the instability of the beam current, also require more powerful power sources.

Conclusion
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