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Abstract 
 
 APELC has developed an Impulse Radiating Antenna 
(IRA) that consists of a TEM-horn-fed parabolic reflector 
that is directly driven by a 22-J, 400-kV Marx generator. 
The system is based on standard Marx generator designs 
offered by APELC. The Marx generator output couples 
directly to the TEM horn via a transition from a coaxial 
geometry that approximates a standard coaxial-to-parallel 
plate transition. Primary design considerations that 
facilitate achievement of high instantaneous radiated 
power include appropriate Marx generator rise time, 
transition design, and TEM horn focal point positioning. 
Data collected over the course of the system design is 
presented. 
 

I.  BACKGROUND 
 Impulse Radiating Antennas (IRAs) have been 
extensively tested and reported on in open literature 
[1],[2]. Systems with direct feed schemes similar to that 
proposed herein, however, have not been reported 

extensively. The advantage of the APELC IRA system is 
that the Marx generator driving the IRA is directly 
connected to the RF feed which eliminates the need for a 
low-impedance cable between the Marx and RF feed and 
also reduces the need for a complicated impedance-
matching balun. The disadvantage of the proposed system 
is the aperture blockage caused by the Marx and Marx 
support structure. 

  
II. SYSTEM DESIGN 

 The APELC impulse radiating antenna, shown in 
Figure 1, is comprised of a MG10-3C-940PF Marx 
generator, a 6-ft parabolic reflector, a custom built 
support frame, a transparent TEM horn, and a TEM horn 
feed section. The Marx generator directly drives an inline 
balun in a configuration referred to as an unbalanced feed 
which then flares out to form a TEM horn that terminates 
on the perimeter of the parabolic reflector.  

 

 

(a) 

 



 

(b) 

 
Figure 1. (a) Major components of the APELC 6-ft IRA. (b) Major components comprising the RF transition 

section, the parabolic reflector, and the Marx generator mounting hardware. 

A. Marx Generator 
 The Marx generator used in the system is a slight 
modification of the APELC MG15-3C-940PF, reported in 
[3], the only difference being that five stages were 
removed from the generator resulting in a lower 
impedance, 10-stage, Marx generator capable of a peak 
erected voltage of 400 kV. The electrical specifications of 
the MG10-3C-940PF used as the source for the IRA 
system are listed in Table 1. The stages that were removed 
allowed for the accommodation of a peaking circuit that 
was placed in-line between the Marx generator output and 
the TEM horn feed section. 

Table 1.  Electrical Specifications of the MG10-
3C-940PF. 

Parameter Value units 

Number of stages 10 - 
Peak erected voltage 400 kV 

Maximum charge voltage 40 kV 
Maximum energy per pulse 22 J 

Capacitance per stage 2.82 nF 
Erected capacitance 282 pF 
Series inductance 250 nH 
Source impedance 30 Ohms 

 

 

 

B. RF  Specifications 
 An inline balun is used to gradually transition from the 
coaxial Marx generator geometry to the parallel plate feed 
required for the TEM horn that sources the parabolic 
reflector. The gradual taper is a necessity in order to 
reduce geometric discontinuities that can cause impedance 
mismatches and consequent reflections of propagating 
waves. Abrupt geometric discontinuities ultimately lead to 
an inefficient RF system. 

 A traditional TEM horn could not be used to source the 
parabolic dish along the axis of the parabolic reflector due 
to the large aperture area (and subsequent aperture 
blockage) required to radiate the frequencies of interest. A 
semi-transparent TEM horn was used to source the 
reflector and was constructed using ¼” brass rods to guide 
the propagating wave onto the reflector. 

 The parabolic reflector has a diameter of 180 cm and a 
focal distance of 68.2 cm yielding an F/D ratio of 0.38. 
Due to the amorphous nature of the transition from the 
coaxial Marx generator geometry to the semi-transparent 
TEM horn, a precise definition of the phase center of the 
source was difficult. Consequently, the optimal position 
of the Marx with respect to the parabolic dish was 
determined by experiment and simulation rather than by 
analysis. Experiments with the system demonstrated that 
very small deviations in the position of the Marx with 
respect to the parabolic reflector significantly affected the 
radiated field amplitude and pulse shape. Deviations as 
small as ± 0.200” from the optimal location resulted in a 
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