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ABSTRACT

A new antenna design, which is particularly suited for balloon telemetry applications,
is presented. In the past, simple monopoles have been utilized as transmit antennas on
balloon payloads. The monopole radiation pattern has an inherent null along its axis.
This causes an undesirable loss of signal when the balloon is directly overhead. To
prevent this occurrence, a microstrip antenna patch was incorporated into the
monopole design. This combination, a “monopatch” antenna, provides sufficient
coverage even when the balloon is directly over the ground station. The monopatch
has been successfully flown on high altitude balloon flights.

INTRODUCTION

Monopole antennas are flown on high-altitude balloon flights to telemeter data from
the payload to a ground station. These monopoles are inexpensive and simple to
construct. They are fabricated by soldering a wire to extend the center conductor of an
N-type connector and are mounted to a ground plane, Figure 1. This low-cost solution
has performed well in most situations. However, the monopole antenna has deep nulls
in the vicinity of the z axis, Figure 2. The nulls near 2 = 0º are more than 40 dB deep.
Therefore, if the balloon ascends directly above the ground station, the transmit
antenna on the payload will not provide adequate coverage in the direction of the
ground station. This can cause the link to degrade significantly. In fact, this has
occurred under operational circumstances, the result is telemetry drop outs.

Under normal operating conditions the balloon does not ascend directly above the
ground station. It achieves float and begins to travel downrange. In this instance, only 



Figure 1. Metal Disk Monopole

Figure 2. Typical Monopole Pattern ( œœNN)



nominal coverage is required directly below the payload as it ascends. Maximum gain
is required toward the horizon when the balloon is at maximum range. Thus, except
for the overhead case, the monopole, which provides good coverage at the horizon,
has a very desirable pattern for this application. The objective of this effort was to
develop a low-cost antenna that produces a pattern similar to that of the monopole, but
also provides nominal coverage toward nadir.

MONOPATCH ANTENNA

OPERATION

The monopatch actually consists of two antennas, a driven monopole and a
parasitically excited microstrip patch, Figure 3. This unique combination maintains
the desirable characteristics of the monopole, while sufficiently filling the pattern null
at nadir. This is due to the fact that the predominant radiation from the microstrip
patch is in the direction along the axis of the monopole.

The amount of filling is dependent upon the level of excitation of the microstrip patch.
This is a function of the ratio of the diameter of the hole through the top of the patch
to the diameter of the monopole. To retain the desired characteristics of the monopole,
only a small portion of the power is delivered to the patch antenna; i.e., the primary
radiator is the monopole. The microstrip patch is excited approximately 13 dB down
from the monopole. Thus, only 5 percent of the input power is delivered to the patch.
The resultant pattern shape and polarization of the composite monopatch antenna is
primarily that of the monopole -- the “doughnut” pattern with vertical, or E ,2
polarization. However, in the vicinity of the axis of the monopole, radiation from the
microstrip antenna dominates. The polarization of the energy propogating downward
along the z axis is determined by the polarization radiated by the microstrip patch. In
fact, it can be controlled by modifying the microstrip patch design.

RADIATION PATTERNS AND VSWR

Radiation patterns for this antenna, tuned for operation between 2215 MHZ and 2297
MHZ, are shown in Figure 4. Principle plane patterns were measured at 2225 MHZ;
i.e., N is fixed as 2 varies. Figures 4a and 4b show the patterns in the N = 0º and N =
90º planes to linear, vertical or E , polarization. Figures 4c and 4d represent the same2

pattern cuts measured using a circularly polarized receive antenna. Thus, the first two,
Figures 4a and 4b, are the patterns that would be “seen” by a linearly polarized ground
station, while the second two, Figures 4c and 4d, are those that would be valid for a
circularly polarized ground station. Figure 4a, indicates that the microstrip patch fills
the null with a co-polarized field in the N = 0º plane.

C. L. Buchheit
Figures 4, 4a, 4b, 4c, and 4d were not in the published proceedings and were thus not available for the CD-ROM.



Figure 3. Monopatch Antenna



Figure 4b shows that in the N = 90º plane, the microstrip patch fills the null with a
field orthogonal to that of the monopole. This indicates that there is coverage, but it is
not of the same linear polarization. A circularly polarized ground station would be
able to receive data from the monopatch payload antenna regardless of orientation,
even when the balloon is directly overhead. Potential problems that might occur when
using a linearly polarized ground station, and how to overcome them, are discussed
under operational considerations below.

These results show that the deep null in the monopole patterns of Figure 2 has been
sufficiently “filled.” The nominal dip is now only 12 dB and the worst case is about 16
dB. This is an improvement of 24 dB over the standard monopole. The gain of the
standard monopole was 4 dB , while that of the monopatch was 3 dB .i         i

The radiation patterns presented here are for a linearly polarized microstrip patch.
Antenna versions that also produce circular polarization have been produced;
however, they are more difficult to fabricate and are not considered a viable solution
at this time. The VSWR over the 2.2 - 2.3 GHz band is shown in Figure 5. The center
frequency for the microstrip disk is set for midband, so that the monopatch antenna is
then tuned by simply trimming the monopole. The VSWR is better than 1.5 over the
100 MHZ bandwidth.

Figure 5. VSWR of the Monopatch



POWER HANDLING CAPABILITY

The monopatch antenna was tested to ensure its ability to operate at altitude with an
input power of 15 W. The input VSWR was monitored during testing in a vacuum
chamber. The pressure in the chamber was controlled to simulate a 45-minute balloon
ascent to an altitude of 125,000 ft. For the monopatch depicted in Figure 3, no
breakdown effects were noted during the course of the simulated flight. The tests were
run at ambient temperature, approximately 25ºC. The lower temperatures encountered
at altitude during the flight could increase the power-handling capability by as much
as 20 percent.

OPERATIONAL USE OF THE MONOPATCH ANTENNA

As indicated in Figure 4, the linearly-polarized monopatch antenna provides coverage
at nadir. However, if the balloon rotates about its axis, the polarization state of the
transmitted wave will be changing at the spin rate of the balloon. This is not a problem
if the ground station is circularly polarized. However, in the event that the ground
station is linearly polarized, it should have the capability to rotate the receive antenna
to maintain polarization match. For example, if an azimuth over elevation mount is
utilized, a linearly polarized receive antenna would have to be rotated at the balloon
spin rate to match the polarization transmitted by the balloon. For large spin rates this
is impractical and the best solution to this problem would be to use the version of the
monopatch antenna that employs a circularly-polarized microstrip patch to fill the
monopole null.

FABRICATION

The monopatch is simple to fabricate. It is constructed by inserting a monopole
antenna through a microstrip patch. The microstrip patch is etched in the center of a
piece of teflon-fiberglass dielectric printed circuit board. A rivet is used to provide an
electrical short at the center of microstrip disk. The monopole consists of an SMA
flange-mount connector with extended center conductor and dielectric. The monopole
is then soldered to the patch ground plane. The center conductor is gradually shortened
until the VSWR is minimized over the operating band. To eliminate RF breakdown, a
tip is soldered to the end of the monopole.



CONCLUSIONS

The monopatch antenna is a relatively simple, low-cost solution to the balloon
telemetry antenna problem. It retains the desirable characteristics of the monopole,
from which it is derived, while simultaneously providing nominal coverage at nadir,
so that the telemetry link can be maintained for ascents directly over the ground
station.


