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Design of an Ultra-Wideband 
High-Power-Microwave  
Traveling-Wave Antenna
 
In this article we discuss the design and implementation of high-power-microwave (HPM) traveling-wave antenna. 
The antenna is designed to be driven by a high-power, single-shot signal generator with 1 ns pulse-width at the 
-3 dB power points, and peak voltage of up to 100 kV. Since the signal generator is equipped with an air-filled 
coaxial-waveguide output, a coaxial-waveguide to parallel-plates transition was also designed and fabricated. 
Initial theoretical electrical parameters and characteristics along with physical dimensions of the system were 
solved and derived using MATLAB [1]. Then, the components comprising the antenna were modeled, solved and 
optimized using CST STUDIO SUITE® [2]. Using the CAD export capabilities in CST STUDIO SUITE, fabrication 
models and schematics were produced from the simulation model. The antenna was fabricated and measured 
results agree with simulation results to a great extent.

Lately, there has been a considerable increase of interest among 
both academic institutes and industrial companies around the 
world in transient high-power-microwave (HPM) sources and HPM 
radiating elements for numerous military and civilian applications. 

In HPM systems, the radiating elements play a crucial role in the 
design of the system. The impact of the radiating energy on the 
system itself is a major limitation, as equipment in close proximity 
to the antenna might suffer damage if the radiated energy is not 
directed properly. Furthermore, in order to radiate the high-pow-
er pulse (HPP) effectively and efficiently, several aspects must be 
carefully adhered to:

1. Ultra-wideband (UWB): The HPP signal is UWB by nature due to 
its very short duration. Therefore, the antenna must meet a very 
demanding criterion of ultra-wideband operation bandwidth.

2. Directivity: The antenna should be directional so that energy 
is not directed to any personnel or other equipment in close 
proximity.

3. High efficiency: The radiating element and feed must be tight-
ly matched in order to avoid standing-waves which might 
cause voltage breakdown.

4. Power dissipation: In order to dissipate and withstand non- 
radiating energy while avoiding voltage breakdown, the an-
tennas for HPM applications are fairly massive.

5. Dispersion: In several applications, such as UWB radar, the 
dispersion of the antenna may also be needed to be taken 
into consideration as these systems rely upon correlations 
between the transmitted and received signal. The dispersion 
of the antenna is the spreading effect of the pulse resulting 
from variations in the antenna’s phase-center over the wide 
frequency band. Figure 1  CST antenna model. Perspective view.
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The Antenna

The antenna discussed in this article is formed by two paral-
lel-plates gradually fl aring apart in two opposite directions in an 
exponential-like manner (Figure 1). The antenna is a modifi ed ver-
sion of the valentine antenna where the latter is by itself a modi-
fi ed version of the conventional TEM horn.

Earlier papers have presented antenna designs which fi t the re-
quirement for HPP operation, but which can only be manufactured 
using computer numerical control (CNC) machinery. [3]

The goal of the project was to devise a simple and easier to fabri-
cate transition, which could be manufactured using the equipment 
available to our workshop. The entire antenna was designed with 
fabrication issues in mind. While some other structures might pres-
ent slightly better characteristics, this model was favored for offer-
ing simple fabrication while maintaining very good performance.

Radiation Mechanism

The radiation mechanism of the discussed antenna is that of a 
traveling wave antenna. The electrical fi eld at the antenna input is 
guided by the two parallel plates before it is radiated. As the paral-
lel plates start to fl are apart, the impedance changes and radiation 
begins. The radiation builds up as the pulse propagates in between 
the two fl aring plates and each spectral component radiates as 
it reaches a certain region where the distance between the two 
plates is equal to half of its wavelength. At this region, the imped-
ance equals to that of free-space, that is η=120 πΩ. For that reason, 
the high frequencies radiate fi rst while the low frequencies only 
radiate at the end of the antenna, as shown in Figure 2.

The diameter of the rounded part has been increased in order 
to minimize the current refl ections from the end of the antenna 
and improve the radiation of low frequencies. The entire anten-
na is made of aluminum and so has a fi nite value of resistance. 
Therefore, non-radiated currents are dissipated by the ohmic loss-
es of the metal. Unradiated, undissipated currents return back 
toward the generator and if not terminated properly, a second un-
desired pulse might be radiated.

Radiation of High 
Frequencies

Radiation of Low 
Frequencies

Parallel-Plates 
Input

The currents appear in gray arrows

Figure 2  Currents on the antenna.

Figure 3 shows the distribution of the electrical energy over the ra-
diating element, simulated using the time domain solver (T-solver) 
in CST STUDIO SUITE. The CST software was running on HP work-
station with an Intel Core i7-3820 CPU running at 3.6 GHz, and a 
Tesla C2075 GPU to accelerate the simulations. 

It is evident that in the lower frequency band, the energy spreads 
further upon the structure which implies that low frequencies 
radiate at the end of the element and high frequencies rather at 
the beginning.

In order to avoid mode-dispersion inside the waveguide, it was 
carefully designed to allow only the excitation of the TEM mode 
and higher-order modes are evanescent. 

The polarization of the antenna is vertical for vertical positioning 
of the antenna.

Figure 3  Electrical energy distribution over the radiating element.
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Simulation Results

Figure 4 shows the fi nal S1,1 parameter of the radiating element ob-
tained for excitation of a TEM fi eld between the parallel plates. The 
simulation was carried out over the frequency band of 0.2–5 GHz. 
In the upper band, approximately above 2.5 GHz, pure TEM mode 
cannot be assumed as higher-order modes are also excited. For this 
reason, another simulation was performed. 
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Figure 4  S1,1 of the radiating element.

This time, the excited fi eld was a linear superposition of the fi rst, 
second and third modes excited simultaneously. The refl ection 
coeffi cient for this case is called the active S-parameter and is 
shown in Figure 5. The simulated farfi eld patterns are provided in 
Figures 6–8. 
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Figure 5  Active S parameter of the radiating element.
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Figure 7  Radiation pattern – E-plane cut.
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Figure 6  Radiation pattern – H-plane cut.
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The E-Plane corresponds to θ = π/2 and φ = [0,2π] and the H-plane
corresponds to φ=π/2 and θ= [0,2π].

Figure 9 shows the directivity [dBi] as function of the frequency. 
As expected, as the directivity increases with the frequency [GHz]. 

0.5 1 1.5 2 2.5 3 3.5 4 4.5 5
5

10

15

20

25

Frequency / GHz

Di
re

ct
iv

ity
 / 

dB
i

Figure 9  Directivity vs. Frequency.

The Coaxial to Parallel Plates Transition

The transition is formed by truncating the coaxial waveguide 
along its outer conductor while the center conductor expands lin-
early (Figure 10). 

The desirable operating fi eld mode for radiation is the differential 
mode since it sets up a potential difference between the plates of 
the TEM horn, whereas the common mode radiates in the wrong 
direction and is essentially lost energy. Thus, we wish to minimize 
the energy in the common mode as much as possible and the trun-
cating angle must be optimized in order to avoid the excitation of 
the common mode. Figure 11 (a) and (b) show the differential and 
common mode charges distribution respectively.

Figure 10  Coaxial to parallel-plates transition – perspective view.

Design and Simulation Results

Unlike the transitions previous designs, [3][4][5][6], the transition 
suggested here is much simpler to fabricate and there is no need 
for expensive CNC machinery. 

In order to evaluate the energy matching as function of truncat-
ing angle, the transition was solved for different combinations of 
truncating angle in the range of 15°–25° using a parameter sweep 
in CST STUDIO SUITE. The best result was obtained for an angle 
of 21°. Above this angle, the common mode might be excited and 
below that range, the refl ection coeffi cient deteriorates. 

Figure 8  Radiation pattern – 3D.
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After setting the truncating angle to 21°, the next parameter to 
be investigated is the inner conductor end-radius. As the outer 
shell becomes less of a circle and more of a flattened conductor, 
the center conductor thickens (Figure 12). By doing so, the capac-
itance at a specific region is increased slightly, compensating for 
the capacitance decrease if the center conductor would not have 
been thickened. 

Figure 13 shows that as the end radius of the center conductor en-
larges, the matching improves. A slight increase of 2 mm from 3.5 
to 5.5 mm results in a noticeable improvement, particularly in the 
upper frequency band. 

Ē

Figure 11  (a) Differential mode.

Ē

Ē
Figure 11  (b) Common mode.
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Figure 12  Coaxial inner conductor end-radius variations.
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Figure 13  S1,1 as a function of end radius variations.

The Complete Assembly 
 
Electrical connection

The electrical and mechanical connection of the coaxial-wave-
guide-to-parallel-plates-transition to the flaring plates is illustrated 
in Figure 14, and completes the antenna. The coaxial inner conical 
connector connects to the parallel plate by means of a small sock-
et. This small socket is screwed to the upper plate by two screws. 
Notice that the parallel plate at this interface point is narrow and 
adiabatically thickens to a width obtained using simulation. 

Figure 14  The interface between the coaxial waveguide and the parallel plates, with 

the plexiglas spacers highlighted in purple.

(b)

2 GHz
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In order to achieve proper support and proper separation of the 
plates, four plexiglas spacers were located at the region where 
the line impedance is fi xed. Small screws are used to connect the 
plates and spacers on either side. 

The refl ection coeffi cient of the whole assembly is provided in 
Figure 15. Good matching is achieved in the center frequency of fc=1 
GHz that corresponds to 1 ns pulse width. 
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Figure 15  Complete assembly S1,1.

Though it is suffi cient to have the antenna well-matched in the 
frequency band of 0.3–3 GHz, it is evident that the coaxial to 
parallel plate transition performs well at higher frequencies too. 
However, it should be noted that above this band, higher-order 
mode will be excited not only in the parallel plate waveguide but 
also in the coaxial waveguide. These modes are the TE11 and the 
degenerated-TE11. Their cutoff frequency is fcutoff, TE10=2.25 GHz which 
is well above the needs of the application.

Antenna Case

For the completeness of the design, a case for the antenna was 
also designed (Figure 16). The case is made of Plexiglas and allows 
proper support for the antenna. The antenna was simulated with 
case in order to evaluate any discrepancies in the radiation pattern. 
 

Figure 16  The case viewed from the side.

The radiation patterns of the full assembled antenna are shown 
in Figures 17-19. These show that the common mode is negligibly 
excited in the lower frequency band. The common mode waves 
have hardly any effect over the desired radiation pattern especially 
in the center frequency and nearby. The radiation is mainly of the 
fundamental TEM mode of the fl aring parallel plates.

The case itself does not introduce any energy refl ection and no sur-
face waves are generated, as expected. 
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Figure 17  Complete assembly radiation pattern – H-plane cut.
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Measurements and Results

The measurements of the antenna were carried in the Laboratory 
of High Pulsed Power in the Physics Department at Technion (Figure 
20). In order to transmit such high power signals, careful attention 
should be paid to energy absorbing aspects so not to damage any 
equipment in close proximity. Any antenna measurement should 
be done in electromagnetic secluded and shielded environment 
so the antenna pattern is not affected from refl ections of energy 
from objects, especially metal objects, in the surroundings.

The antenna was tested by two means – capacitive voltage divider 
(CVD) and D-Dot sensor.

In order to evaluate the transmitted signal, a CVD was added to 
the antenna and placed at the region where the coaxial waveguide 
transition ends and the parallel plates begin. The CVD is formed by 
a thin dielectric layer with a copper patch etched on the one side 
which is attached to the bottom plate of the antenna at the other 
side. This forms a plate capacitor and the voltage is probed with a 
coaxial probe where the latter connects directly to the oscilloscope. Figure 20  Assembled antenna in perspective front view.

Figure 19  Complete assembly radiation pattern – 3D.
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Figure 18  Complete Assembly Radiation Pattern – E-Plane Cut.
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In Figure 21, the measured CVD waveform is provided. The pulse 
rise time is about 1.2 ns. This measurement is performed at a point 
located just after the coaxial waveguide to parallel-plates transi-
tion. The signal is not distorted and the transition performs well.
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Figure 21  CVD measured waveform.

In order to probe the electric field at different distances, the  
antenna was positioned inside the bordered anechoic cham-
ber and a D-Dot sensor [7] was positioned in front of it. The two 
were located 270 cm apart – the intensity of the E-field at this 
distance is 156.87 kV⁄m2 , and the received power was found to 
be proportional to 1/r4 by fitting it with a 4th degree polynomial. 
The measurements show that the designed antenna met all of 
the requirements and expectations.

Conclusion

This article has demonstrated the design of a UWB antenna for 
high power pulse applications. Simulation with CST STUDIO SUITE 
was used to analyze its broadband behavior and to improve the 
design of the radiating elements and the transition from coaxial to 
parallel plates. The designed antenna was then constructed in the 
lab, and was found to behave as expected.
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[3]   Cadilhon, B.; Pécastaing, L.; Reess, T.; Silvestre de Ferron, A.; Pignolet, P.; Vauchamp, S.; Andrieu, 

J.; Lalande, M.; , “High Pulsed Power Sources for Broadband Radiation,” Plasma Science, IEEE 

Transactions on , vol.38, no.10, pp.2593-2603, Oct. 2010.
[4]   Carl E. Baum.; “Radiation of Impulse-Like Transient Fields”, Sensor and Simulation Notes,  

Note 321, Nov. 1989.
[5]   Farr, E. G.; Sower, G. D.; Buchenaur, C. J.; “Design Considerations for Ultra-Wideband, High-Voltage 

Baluns”, Sensor and Simulation Notes, Note 371, Oct. 1994.
[6]  Cadilhon, B.; Pecastaing, L.; Vauchamp, S.; Andrieu, J.; Bertrand, V.; Lalande, M.; , “Improvement of 

an ultra-wideband antenna for high-power transient applications,” Microwaves, Antennas & 

Propagation, IET , vol.3, no.7, pp.1102-1109, October 2009.
[7]   EG&G, Division of URS Corporation. ADC D-Dot (Free Field).

Author
Erez Ben-Ari, Technion – Israel Institute of Technology
The work was undertaken under the supervision of Prof. Jacob Krasik,  
Physics Department, Technion. 

CST AG
Bad Nauheimer Str. 19
64289 Darmstadt
Germany

info@cst.com
http://www.cst.com

Trademarks 
CST, CST STUDIO SUITE, CST MICROWAVE STUDIO, CST EM STUDIO, CST PARTICLE STUDIO, CST CABLE STUDIO, CST PCB STUDIO, CST MPHYSICS STUDIO,  

CST MICROSTRIPES, CST DESIGN STUDIO, CST BOARDCHECK, PERFECT BOUNDARY APPROXIMATION (PBA), and the CST logo are trademarks or registered  

trademarks of CST in North America, the European Union, and other countries. Other brands and their products are trademarks or registered trademarks of their 

respective holders and should be noted as such.

https://www.cst.com/?utm_source=epraxis&utm_medium=web&utm_content=travelingwave&utm_campaign=article
https://www.cst.com/?utm_source=epraxis&utm_medium=web&utm_content=travelingwave&utm_campaign=article

