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The object of the pulsed Electron beam designed in this work is to modify the surface layer of 
metals by melting through uniform adiabatic heating in the order of a few microseconds.  With a 
maximum diameter of the beam 70 mm, current densities of as high as 30 A/cm2, and power density on 
the surface of the material being 100 joule/cm2 is sufficient to melt 80 micron deep of steel with an 
area of 50 cm2 .  The energy of the pulse is stored in a capacitor bank of about 100 kV and 5 kJ.  It is 
shown, that if the change of inductance of the circuit is equal to the inductance of the pulse source 
maximum energy can be delivered to the surface.  A load lock is constructed so to cover more surface 
areas than 50 cm2. 

Проектиране, изграждане и предварителните резултати на импулсто 
електроннолъчево съоръжение за повърхностна модификация на материали (М. Нараги, 
С. Веркмайстер, A. Егоров, Н. Девчак). Целта на проектирания в тази работа импулсен 
електронен лъч, е промяна на повърхностния слой на метали чрез топене чрез равномерно 
адиабатно нагряване от порядъка на няколко микросекунди. С максимален диаметър на лъча 
70 mm, плътност на тока по-висока от 30 A/cm2 и плътност на мощността на повърхността 
на материала, който е 100 J/cm2 са достатъчни, за да се стопи стомана на дълбочина 80 
микрона с площ 50 cm2 . Енергията на пулса се съхранява в кондензатор от около 100 кV и 5 kJ. 
Показано е,че ако промяната на индуктивността на веригата е равна на индуктивността на 
импулсния източник може да бъде доставена максимална енергия на повърхността. 
Конструирано е заключване на натоварването така, че да покрие повече от 50 cm2 площ. 

 

Introduction 
The electron beam for the deposition of metals and 

dielectrics is a continuous wave (CW) beam in which 
the high kinetic energy of electrons melts materials at 
the surface, and then evaporates the melted material, 
as previously witnessed in many electron beam 
evaporation systems manufactured by Torr and others.  
The high energy pulsed electron beam, however, melts 
only a few microns of the surface and the time is too 
short for the melted material  to conduct  heat to the 
rest of the material. For PEB the energy loss 
compared to energy input for the layer material is 
negligible and the process can be considered as 
adiabatic. It can be calculated that the energy for a 
PEB to melt 80 micron deep Iron (Fe), with an area of 
50 cm2 is close to 2.9 kJ, for Aluminium about 1 kJ, 
and titanium about 2 kJ. Assuming even 10% 
efficiency of the stored energy for PEB will be 29, 10, 
and 20 kJ for 50 cm2 Fe, Al, and Ti metals 
respectively.  In pulsed e-beam (PEB) the quick loss 
of heat from the melted area to the rest of material has 
been of interest to many workers in the field for 

modifications of the surface, such as hardening and 
crystallization.  
The object of system reported herein is to design and 
construct a system using pulsed electron beam to 
modify the surface layer of metals by melting through 
uniform adiabatic heating in the order of a few 
microsecond, as shown in Fig 1. 

 
Fig.1. High energy electrons impinge on metal surface 
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Melting should be done through one pulse with 
pulsed electron beam with a kinetic energy up to 100 
keV. Given the specific energy of the beam, i.e. 10 to 
80 Joule/cm2, the surface material will melt within a 

depth of about 10 to 50 micrometer. 
The basic characteristics of the system are 

summarized below: 
• Area of the melted surface ~ 50 cm2 (or diameter 

~ 8 cm); 
• Melted area depth 20 - 80 µm depending on 

material; 
• Power density to be applied on the metal surface 

10 - 100 J/cm2 energy; 
• Duration of pulse: 5 to 50 microsecond (3 fixed 

values); 
• Acceleration of voltage, adjustable in the range: 

80-140 kV; 
• Current density on materials: 5 - 30 A/cm2. 
A special Load Lock Assembly with a transfer 

mechanism used to load/unload the sample without 
breaking the vacuum of the process chamber was 
provided. The load lock is separated from the chamber 
by a gate valve. This will improve overall throughput 
and only the load lock chamber needs to be exposed to 
atmosphere regularly. The load lock assembly will 
eliminate water vapour and minimize the main 
chamber contamination free. It also allows parts larger 
than 8 cm to be processed by the beam. 

So far [1,5,6,7] the pulsed electron beam is 
generated in a hollow cathode by producing a spark 
some authors have called a “Pseudospark Discharge”.  
A spark generates plasmas which suffer from 
instability and shot to shot reproducibility is very 

difficult or not even possible.  The work presented 
here confirms this fact and suggests producing the 
pulsed electron beam by newly developed hot cathode 
impregnated tungsten. 

System details 
Fig. 2 shows the general layout of the system and 

the relative position of the components. The chamber 
is made of high conductivity, non magnetic material. 
A hollow cathode, with a centre electrode made of 
refractory material is at a negative polarity on the left, 
and the sample at ground potential on the right. The 
chamber is cylindrical with dimensions of 12 cm OD, 
and about 80 cm long. The sample, at the ground 
potential acts as a target, well grounded.  The load 
lock including the sample is separated from the 
chamber by a gate valve. 

The turbo pump with pumping speed 600 l/sec is 
mounted sideways (to avoid particulates falling into 
the pump). The Turbo pump port is in the vicinity of 
the target, in order to maintain lower pressure 10-5 to 
10-6 Torr near the target downstream by adjusting the 
orifice between the hollow cathode and the main 
chamber.  The upstream pressure (pressure inside the 
hollow cathode) designed to be maintained at least 
two orders of magnitude higher than the down-stream 
pressure. This condition will be achieved by 
controlling the gas flow through the MFC and 
adjusting the pumping speed of the turbo pump.  The 
chamber is roughed by a suitable matching 
mechanical rotary pump. The multi speed turbo pump 
is automatically controlled through pre-set set points 
controlled from the vacuum gauge. 

 
Fig. 2. Conceptual schematic of the system showing the general setup 
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The pulse for the energetic e-beam has a fast rise 
time of a few microseconds and a damping time of 
many times larger than the rise time. This pulse is 
generated by discharging a high energy, high voltage 
capacitor bank.  It is calculated with an efficiency of 
50% and a voltage of 100 kV in order to generate 
4000 J. More than sufficient to melt a layer of Fe, of 
about 50 micron deep a capacitor bank of about two 
microfarad is more than necessary, with a very low 
inductance is required. 

In order to generate electrons, a volume of gas is 
admitted inside the hollow cathode by mass flow 
controller. The volume of gas will raise the pressure 
within the cathode to about 10-4 Torr sufficient for 
forming the plasma by applying a high voltage pulse 
to the gas.  Due to the small orifice between the 
cathode and the main chamber, the pressure of the gas 
inside of the hollow cathode will be around 10-4 Torr.  
While inside the chamber and near the sample (down 
stream) the pressure should be around 10-5 or 10-6 

Torr.  At this pressure the mean free path of collision 
of electrons with neutrals are more than a few meters 
long. 

In order to confine the electron beam within a 
radius of 80 mm, an axial magnetic field through a 
solenoid is used. By adjusting the intensity of the axial 
magnetic field the radius of gyration of electrons can 
be altered. The coil or solenoid is fed by a DC current 
power supply; the field required is only a few hundred 
of Gauss.  A radial adjustable Rogowski coil will be 
use to adjust the position of the beam. 

The capacitor bank which was used consists of 
four 100 kV, 1.3 µF High Voltage DC Pulse 
capacitors. The energy stored in each capacitor can be 
calculated, by to be 6.5 kJ, which is more than the 
4000J originally intended to be used, and is more than 
sufficient to melt a layer of Fe, of about 50 micron 
deep. The time required to charge to the voltage 
required is within few minutes. 

The capacitors are charged by a high voltage 
power supply 0 - 100 kV with negative polarity. In 
order to release the energy stored in the capacitors 
high voltage, high current switching using spark gaps 
was deemed necessary. The spark gap switch that was 
used is an extremely versatile and compact 
pressurized spark gap. Designed for operation in the 
20 to 100 kV range, the switch can reliably handle a 
peak current of 100 kA and a charge transfer of 0.15 
Coulomb. Its unique "pancake" design allows 
maximum use of available space in high density 
installations and low inductance. The 670 can be 
operated "maintenance-free" for more than 10 000 
shots at full ratings, making it ideally suited for 

systems requiring a high rate of use with minimum 
down-time. 

Efficiency from circuit theory   
If, L 0, is the inductance of the pulse forming 

network and can be found by a short circuit at the 
input of the gun; the efficiency can be found as 
follows: 
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where 	� ��� is the maximum current when the 
terminals are shorted and 	��� is the total current 
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Using inequality (3) and equation (4) we have: 

(6)  � ≤
!
"∆�&% ,-."

!
"�%&% ,-."  

or 

(7)  � ≤ ∆�
�%

 

Efficiency is shown to be the ratio of change of 
inductance ∆� and the inductance of the circuit at the 
inlet of the gun L0. 

Preliminary results and conclusions 
So far only one of the capacitors and up to 80 kV 

was used, the energy stored was about 100 Joul. Fig. 
3a and Fig. 3b from the scanning microscope show 
only the depth of 12.7 micrometer was affected. The 
beam which was in fact plasma did not possess the 
energy necessary to melt 20 to 50 microns. As far as 
the energy necessary we do have sufficient energy in 
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order to store with more capacity and higher voltage 
provided that the pulsed electron beam is more 
uniform and will cover the larger area of 50 cm2.  

The reproducibility of obtaining data is extremely 
low, and the fact is that the plasma is not uniform and 
does not satisfy the effect on the target as expected. 

We are currently replacing the cold hollow 
cathode, with the hot cathode of the type I used in my 
other paper [2] but much large and in cylindrical form 
as shown in Fig. 4. The electrons are much easier to 
handle then plasmas. If we extrapolate the current 

results, we expect the pulsed electron beam generated 
is more effective than plasmas and will cover 50 cm2 
area in order to melt 50 to 50 micrometer deep. 
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Fig. 3. Test result through scanning electron microscope 

 
Fig. 4. Hot cathode, impregnated Tungsten 
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