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Abstract—Electrically-short antennas often have a very antennas currently operating in the VLF band (33@) can
narrow bandwidth as a consequence of standard fregncy-  achieve at best 1% bandwidth, as they rely on @smmover
domain impedance matching techniques. Here, we prest atime- 3 narrow range. Furthermore, these systems arécpllys

domal_n technlque_ for improving _|mpedance matching ia massive, often covering several square miles.
reflection suppression. We detail initial results b a low-power

prototype and its efficiency gain compared to a trditional dipole . . .
antenna. Our focus is on the VLF/LF band from 1-50kHz, where Radio waves in the VLF spectrum have a unapief

conventional beacons require top hats that can spahousands of ~ Properties that make them uniquely suitable foidewange
acres, and yet deliver very small bandwidths. of applications inClUding global communicationsvilgation
systems, subterranean imaging, and over-the-horember
Keywords—wideband antennas, electrically short amas, among others. The ability to generate these wavtsav
transmitting antennas, VLF, impedance matching transmitter that is both compact and efficient vaolg:
extremely valuable to these fields and beyond.

I. INTRODUCTION L AN
Fixed-length electric dipole antennas are gale ' EW,APPRO/,ACH . .
operated at frequencies at which the length ofititenna is Our method for controlling the input impedaiteolves
within an order of magnitude of the wavelength.sTibi suppressing reflections at the end of the antermeapid
because for a fixed antenna length well below aelength variation of the conductivity of the antenna inéim
and without employing any matching technique, ttiated Reuvisiting the transmission line model, the openut at
power will decrease by a factor ft as the frequency is the end of a standard dipole antenna has a cugiettion

coefficient of -1. Thus, if the wavelength is muohger
than the propagation path, most of the feed cuméhbe
cancelled out by the nearly equal and oppositectfin
current. If we can stop these reflections fromettvg back
to the feed, we can increase the total currenherahtenna
and thus the radiating power. This time-domain mégtlne is
inherently frequency independent and thereforedivaad
in nature. As shown in Figure 1, the lower the $raitting
frequency, the greater the relative gain of reiftect
suppression compared to a standard whip antenna.

decreased. While on@ factor is an inescapable law of
physics, anothef? factor can be eliminated through careful
engineering. This inefficiency is due to impedamismatch,
as the input impedance increases Byor a given decrease in
frequency. One can view the antenna as a transmilae
stub terminated by an open circuit. As the stubérgyth
decreases relative to the wavelength, its impedemceases.
Applying this framework, if there were a way to reaksuch
that the feed point saw the antenna as an infiniteig
transmission line, its termination type would brelevant, the
input impedance would be matched, and the outpwepo
would decrease by only one factor ff.

Previous frequency-domain impedance matchifogte
have come at the expense of bandwidth. For instdopéat
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Figure 1. FDTD simulations of our antenna compaoea standard whip

The first step is to break the signal of iattinto a series
of pulses, i.e. by switching the input on and 88.each pulse
travels down the length of the antenna, it seeatamed
impedance until it reaches the end, where it iecedd.
However, on its return path, a segment of the avatésn
switched to a high impedance, so that the pulagasn
reflected toward the end, and cannot cancel oubéte
incoming pulse.

This temporal variation in impedance alongah&nna
can be achieved in several ways. One proposed thé&tho
use a plasma as the conducting channel. The plelsamnel
could be ionized and deionized to control impedaiités
method would allow for very high currents in theory
However, in practice, controlling plasmas on nanosd
time-scales is an incredibly challenging enginegtask. A
second method involves replacing a portion of thier@na
with a reflective switch. This method is limited the power
capacity and transition time of the switch. However
provides a reasonable method for demonstratingctrisept
at low powers.

I1l. IMPLEMENTATION

A proof of concept was constructed using glsin
transistor switch for reflection suppression. Tadiating
element took the form of a single-wire transmisdina
similar to that described by Goubau [1]. Using mé&ter
transmitting antenna (extremely short electricaliyhese
frequencies), we were able to measure a >20 dBowvepnent
in magnetic field strength if a 30 kHz signal atr@Bters when
using the reflection suppression method as comparad
conventional antenna, as shown in Figure 2. Asipted, the
relative gain provided by this method increasethas
transmitted frequency decreased.
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Figure 2. Measured field strength at 25 meters si2wdB improvement
using reflection suppression compared to conveatiantenna.
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Figure 3. Measured frequency sweep transmittedjusaguency suppression
highlighting broadband nature of the technique.

Figure 3 shows a spectrogram of the measusegghetic
field a chirp sweeping from 60 kHz to 100 kHz. This
demonstrates the broadband capability of this ntbthis
worth noting that in an unmatched configurationthie near
field, the magnetic field could be expected to bestant with
frequency if the current moment is constant widgtrency.
This matches our observations and indicates thatestinique
for matching is working as intended, albeit at ljpewers for
now. All measurements were taken using the AWESOME
VLF receiver, which is capable of greater than [ktfHz
sensitivity [2]. With this sensitivity and recemyprovements
in our system allowing for greater output power,edieve
that we should be able to detect signals at kmeatiatances.

IV. FUTURE PLANS

We are currently pursuing several methodsdoeiase the
output power of our transistor-based system. Thdkides
optimizing the impedance match of the single-wire
transmission line, improving our timing algorithemd
applying novel switching technologies. We will dethese
improvements and further results in this preseotati
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