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Application of plasma columns to radiofrequency antennas
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Plasma offers a promising alternative to metal for a wide variety of radiofrequency antenna
applications. In this letter we report measurements of efficiencies up to 50% and radiation patterns
for plasma column antenna elements. It is demonstrated that the current distribution along the
antenna can be controlled by the plasma density. Plasma columns can be used instead of metal
elements in communications antennas. 1@99 American Institute of Physics.
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The proposal to use plasma as the conductor in a radidgion for an infinitely long columr. For a uniform plasma
frequency(rf) antenna is not new. Recently, there has been aensity, the wave vector along the plasma colygcan be
resurgence of interest in plasma antennas stemming maintjetermined from
from the possibility of producing structures of low radar
cross section. In previous experiments, plasma has been
produced by electrodes at opposite ends of the plasma col-
umn such as in a mains-driven fluorescent tube. This tech-
nigue complicates construlctllon and may lead tq a d'St“riNhereTfFBz—erké andT§=,82—k§, a is the plasma col-
bance of the antenna radiating properties, and increase finn radius k, is the free-space wave vecten/c, € =1
radar cross section, and worse noise performance. —w3Jw(w+iv) is the plasma dielectric constant, ands
_Moisan, Shivarova, and Trivelpietand Burykin, Lev-  the ‘electron—neutral collision frequency. The quantit§,
itskiy, and Martynenkd have proposed that a plasma could =ne?/m.e, is the electron plasma frequency whergis
be driven from one end of the column by excitation of the,, plasma density. Th&’s and I's are Bessel functions.
plasma surface wave. The need fqr two electrodes is el"_niFigure 1a) shows a plot of the real and imaginary partsgof
nated and the plasma column projects from the feed pom(,s w/ wpe for 30 MHz, a=0.0125 m, and'=1 GHz (typical
The length of the column depends on the power used to drivgs 5 forescent tube At high densities whereo/wp, is
the surface wave. For a monopole of length 2430 mm an‘%mall, the real part of3 approaches the free-space wave

diameter 38 mm, we achieved adequate illumination Witr\/ectorko and the damping rate given by {8} is low. Here
less than 200 W of rf power; half of which was radiated at 30the surface wave-induced current along the column is very

MHz. Base band noise was low enough to permit clear, longgimijar to that propagating on a metallic dipole antenna. At

range communications from 3 to 15:)0 MHz. Pulsed operatiory, densities, however, the surface wave is heavily damped
has also been demonstrated at 10% duty cyB® us, O, anq has a shorter wavelength than would the current on a
and 1 ms, off which allowed similar density plasmas to be | ie.

produced at one tenth the average power consumption. This  now let us assume that the plasma column is suspended

feature obtains, due to the long-6 ms plasma density, yerically above earth so as to be deployed as an antenna.
decay time versus the reIatngy short electron heating timerom knowledge of the wave vector of the current along the
for plasma tubes at m.odest filling pressures. For receptionyolumn one can determine the current distribution, and
dugl-frequency operation can be employed where the "Hence, that portion of the resistance seen at its base terminals
ceived signal carrier is at one frequency and the plasma drivgich would be dissipated in radio emission, i.e., the antenna
Isata dlffe_rent frquency_ . radiation resistance. For example, for 1/4-wave resonance
The axisymmetric surface wave propagates along cylinyhere the current hag=k,, this portion of the resistance
drical plasma columns for frequencies lower than about th?vould be ~36 (). Figure 1b) plots the antenna radiation
pla_sma freque_ncy. If we neglect the fac_t that the current €NMresistance as a gray-scale plot agaiaét on the vertical
trained by this wave must _also radiate electromagnetic,yig andw/w,e on the horizontal axis. Since collision fre-
waves, then we may determine the wave-vegiofor the uencies from 10 to 1P Hz and densities<10®m 3
surface wave from the plasma surface wave dispersion re"'i‘plasma frequencies: ~ 10 GH2 are typical for modest

power plasma columns, we may conclude that a wide range
dElectronic mail: gerard.borg@anu.edu.au of plasma conditions leads to a significant antenna radiation.

& Tol 1(Tpa)K0(T0a) + TpKl(TOa) I O(Tpa) =0,
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FIG. 1. (a) Solutions of the dispersion relation of the plasma surface wave at —
30 MHz for a plasma tube of radiws=0.0125 m andv=1 GHz. (b) Con- '?
tour plot of the antenna radiation resistance. E 6 1
For low densities and high collisionality the antenna radia- ~':o 4t .
tion resistance rapidly decreases. -~
Figure 2 shows a typical experimental arrangement. A ": 2t J
copper cylindrical sleeve wrapped around the base of an c Power = 25W ©
electrodeless tube containing a low-pressure noblgtyps 0 . . .
cally, argon at~1 Torr couples an axisymmetric surface ) 50 100 150 200 250

wave to the column. Usually, a fluorescent lamp was used
for this purpose but without the usual mains circuitry. Unless

otherwise stated, a matching network was employed t?:|G 3. (8) Amplitude top) and phasdbottom) axial profiles along the tub
.3 mplitude (top) and phasébottom axial profiles along the tube
match the COUpler to the rf generator. at 35 MHz for high and low powerb) Amplitude and phase axial profiles

Figure 3 shows experimental data for a 2430 mm plasmay the copper antenndc) Axial profiles of the line-integrated density for
tube of 38 mm diam driven at 30 MHz. The wave is coupledhigh and low power for a 2430 mm plasma tube driven at 30 MHz.
capacitively by a sleeve of length 60 mm as shown in Fig. 2.

axial distance (cm)

Measurements of the axial antenna current at 35 Mstz
that the antenna current was just beyond 1/4-wave reso-
nance are shown in Fig. @&). The top frame shows the cur-
rent amplitudes for 250 and 40 W and the bottom frame the
phases of the current along the column. The quoted powers

| Electrodeless glass tube

Current

transformer Receiver

Pi Network <200W

Coupler VSWR Amp | Earth are those into the matching network. Figui@®)3shows the
/ / / / plane same measurements for a copper tube of the same length and
ST T S T diameter. The.cu_rrent distributions in FigaBat 250 W Qnd
Lo — Fig. 3(b) are similar. The phases are also stationary in both
TT B, lp‘ | cases as would be expected for a standing wave current.

From the peak currents in each case, the efficiency of the
plasma antenna is about 25% of the copper antenna. This
result is not definitive because the actual currents and powers
at the input to the coupling sleeve should be used in this
calculation. Figure &) shows the line-averaged density

measured axially along a plasma column driven by the sur-

FIG. 2. Typical experimental arrangement. face wave at 30 MHz for similar powers. At 200 W the
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Frequency (MHZ) FIG. 5. Radiation patterns fgg) plasma andb) copper half-wave dipoles.

FIG. 4. Local radiation measurements as a function of frequency for Ber|y matched but taper Significanﬂy with increasing fre-

plasma antennéfilled circles and copper antenn@ +" symbols), each -
having identical geometry with length 614 mm and diameter 25 rfan. quency as the coupling worsens and the plasma becomes

Ratio of reflected to forward power for each anteni.Ratio of detected ~ MOre tenu_()us-
to transmitted powers for each antenna Radiation patterns were recorded for a plasma and a cop-

per half-wave dipole. The antennas were driven at 140 MHz

plasma extends along the full length of the tube and is cen@nd the received signal was recorded by a roaming 140 MHz,
trally peaked. The peak density ok4L0'” m~3 corresponds half-wave dipole. Figures (& and §b) show the E-plane
to a plasma frequency of 5.7 GHz, much higher than th®atterns for the plasma and copper antennas, respectively.
operating frequency. At 25 W, the plasma decays rapidIyThe radial distance from the origin in Fig. 5 is proportional
away from the sleeve in agreement with the exponential det0 the equatorial electric-field strength measured. As ex-
cay of the current in Fig.(@) at low power. In Fig. &) at 40 pected, these have the characteristic “figure of 8.” The
W, the phase is an increasing function of distance along th&cales are the same and indicate a 25% efficiency for the
tube corresponding to a phase speed of about 0.25 c. Thdasma antenna.
behavior is in qualitative agreement with Figaland shows We conclude that efficiencies are high enough to make
that the current distribution can be controlled by the plasm#!asma antennas feasible for communications. Other proper-
density. ties of plasma antennas more relevant to reception and radar

The efficiency of an antenna is the ratio of radiategsuch as noise, will be presented in more expanded articles.
power to total power required to drive the antenna. The sim-
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tuned receiving monopole. Figurga} shows the ratio of

reflected to forward power into the antenna. The plasma anL-vaerSIty'

tenna results are represented by filled circles and the copper

antenna by the 4” symbols. The results indicate that the *w. L. Kang, M. Rader, and I. Alexeff, 23rd IEEE International Confer-
tuning characteristics of the two antennas are similar. Figure ence on Plasma Science, Boston, MA, 3—5 June 1996, Paper No. 4IP07.
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