Sensor and Simulation Notes
Note 442

March 2000

Studies of an Impulse Radiating Antenna and a Pulse Radiating Antenna Element for
SAR and Target Identification Applications

Everett G. Farr and L. H. Bowen
Farr Research, Inc.

Glen R. Salo and John S. Gwynne
Mission Research Corporation

Carl E. Baum, William D. Prather, and Tyrone Tran
Air Force Research Laboratory / Directed Energy Directorate

Abstract

We have designed, built, and tested two 18-inch diameter antennas, a reflector Impulse
Radiating Antenna (IRA), and a Pulse Radiating Antenna Element (PRAE). We provide
extensive measurements of the two antennas, made both in the time domain range of Farr
Research, and at the frequency domain range of Mission Research. We then evaluate these
antennas for possible use as a lightweight component in both a Synthetic Aperture Radar (SAR)
system and in a Remote Target Identification (RTID) system.
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1. Introduction

We explore here the applicability of two 18-inch diameter antennas for possible
application in Synthetic Aperture Radar (SAR) and Remote Target ID (RTID) systems. The two
antennas considered are the Impulse Radiating Antenna (IRA) and the Pulse Radiating Antenna
Element (PRAE). This work extends some of the ideas previously suggested in [1].

This note introduces the PRAE, which is a reflector IRA in which the paraboloidal
reflector has been replaced by a flat plate. This substitution is made in order to broaden the
antenna pattern of the IRA, which is well known to be quite narrow. Some SAR applications
require a broader antenna pattern, so it was thought that the PRAE would be an interesting
alternative to explore. Note, however, that we had previously looked at the beamwidth of the
IRA only in the time domain, and when measured in the frequency domain, the beamwidth of the
IRA does not appear to be so narrow. This is especially true at low frequencies.

We tested the antennas at two different facilities, the time domain outdoor antenna range
of Farr Research, and the frequency domain anechoic chamber of Mission Research Corporation
(MRC) in Dayton. There were three reasons why we tested at two facilities. First, we had never
compared a set of results from each of the two measurement techniques, although we had
developed expressions correlating one to the other in [2]. We can report here a very nice
correlation between the time and frequency domain techniques. Second, we used the two
measurement techniques because MRC was set up to take much more data automatically than the
manual Farr Research antenna range. Finally, we thought that we might observe some features in
the frequency domain measurements that are less obvious in the time domain measurements.
This turns out to be quite true, and we will discuss the differences in the data features
extensively.

We begin with a description of the antennas and the experimental data taken with both
time domain and frequency domain methods. Next, we discuss the similarities and differences in
the data taken two different ways. Finally, we discuss the new applications for which these
antennas may be suitable, and we explore possible design improvements that will enhance their
applicability to these new missions.



I1. Design and Fabrication of the Antennas

We begin with the general design of the IRA, which is shown in Figure 2.1. The design
of the IRA is nearly identical to that of the 18-inch Multifunction IRA (MIRA) with F/D = 0.5,
which was first reported in [3] and refined in [4]. The principal difference is that there is no
mechanism for an adjustable feed location; the feed point is fixed. The reflector is spun
aluminum, the feed arms are copper, the resistors are the high-voltage resistors from HVR, and
the support pieces near the apex are ultra-high molecular weight (UHMW) polyethylene. The
splitter is the same used previously from Prodyne. A 50 € input is split into two 95 Q semi-rigid
0.141 in cables.

Next, we consider the design of the PRAE, shown in Figure 2.2. The design of the PRAE
is quite similar to the IRA, with the exception that the paraboloidal reflector was replaced by a
flat plate. When driven by a step function, the PRAE radiates a step function or pulse on
boresight at early time. On the other hand, the IRA radiates an impulse at early time. So at early
time, the PRAE radiates a replica of the driving voltage, whereas an IRA radiates the derivative
of the driving voltage. The distance from the focus to the plate in the PRAE is precisely the
distance from the focus to the reflector along the center line of the IRA. This results in feed arm
angles that are set at approximately 45 degrees from boresight, so we expect the high-frequency
beamwidths to be near +45 degrees.

Let us consider now why we chose a diameter of 18 inches for the two antennas. We
chose this diameter because such reflectors are easily available, and because they are easily
shipped between the two facilities. Furthermore, there was some concern that the two test ranges
may not be large enough to satisfy far-field conditions with larger antennas. To improve
performance at the low frequencies, we expect that an actual device may be up to twice the
diameter of the models as built. But we can easily scale the results to a larger size as required.



Figure 2.1 the 18-inch diameter IRA.



Figure 2.2 The 18-inch diameter PRAE (bottom).



III. Time Domain Measurements

Measurements were made at the Farr Research time domain antenna range at a distance
of 20 meters. The source was the Picosecond Pulse Lab Model 4015C, with risetime of 20 ps and
peak output of 4 V. The oscilloscope was the Tektronix 11801B, with risetime of 17 ps. The
sensor was a Farr Research Model FRI-TEM-01-100 TEM horn sensor, with FWHM = 35 ps.

A. IRA Measurements

A TDR of the IRA is shown in Figure 3.1, and the raw data on boresight is shown in
Figure 3.2. The normalized impulse response is shown in Figure 3.3, in both the time and
frequency domains. A close-up of the time domain impulse response is shown in Figure 3.4,
demonstrating a FWHM of ~75 ps. The integral of the impulse response is shown in Figure 3.5,
from which we obtain 4, ~= 12 cm. This compares to an expected value of 14.9 cm, so we are

measuring 81% of the expected value.

The gain for the IRA on boresight is shown in Figure 3.6. We see that the antenna is
useful up to around 9 GHz. Principle plane antenna gain patterns are shown in Figures 3.7 and
3.8 for eight frequencies. Finally, pattern cuts are presented in Figure 3.9 that are based on the
peak raw received voltage.

B. PRAE Measurements

A TDR of the PRAE is shown in Figure 3.10, and the raw data on boresight is shown in
Figure 3.11. The normalized impulse response is shown in Figure 3.12, in both the time and
frequency domains. A close-up of the time domain impulse response is shown in Figure 3.13,
demonstrating a FWHM of ~315 ps. Note that this is much broader than the ~75 ps measured
with the IRA, since the beam is defocused. The integral of the impulse response is shown in
Figure 3.14, from which we obtain 4, ~= 10.7 cm. This compares to an expected value of 14.9

cm, so we measuring 72% of the expected value.

The gain for the PRAE on boresight is shown in Figure 3.15. We see that the antenna is
useful up to around 2 GHz, which represents considerably less bandwidth than the IRA. Principle
plane antenna gain patterns are shown in Figures 3.16 and 3.17 for eight frequencies. Finally,
pattern cuts are presented in Figure 3.18 that are based on the peak raw received voltage.
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Figure 3.1 TDR of the IRA.

Raw Voltage on Boresight, 18" IRA

20

10

Time (ns)

Figure 3.2 Raw waveform on boresight for the IRA.
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Figure 3.3. Impulse response of the IRA, in the time domain (top) and in the frequency domain
(bottom).
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Figure 3.4. Close-up of the impulse response of the IRA.
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Figure 3.5 Integral of the impulse response of the IRA.
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Figure 3.6. Gain of the IRA on boresight, plotted on two different scales.
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Figure 3.7. Gain of the IRA as a function of angle in the E-plane, at 195, 391, 586, 781, 977,
1953, 3906, and 8008 MHz.
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Figure 3.8. Gain of the IRA as a function of angle in the H-plane, at 195, 391, 586, 781, 977,
1953, 3906, and 8008 MHz.
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Figure 3.9. Antenna pattern in terms of peak raw voltage in the E-plane (top) and H-plane
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Figure 3.11. Raw waveform on boresight for the PRAE.
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Normalized Impulse Response, 18" PRAE
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Figure 3.12. Impulse response of the PRAE, in the time domain (top) and in the frequency
domain (bottom).
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Figure 3.13. Close-up of the impulse response of the PRAE.
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Figure 3.14. Integral of the impulse response of the PRAE.
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Figure 3.15. Gain of the PRAE on boresight, plotted on two different scales.
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Figure 3.16. Gain of the PRAE as a function of angle in the E-plane, at 195, 391, 586, 781, 977,
1953, 3906, and 8008 MHz.
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Figure 3.17. Gain of the PRAE as a function of angle in the H-plane, at 195, 391, 586, 781, 977,
1953, 3906, and 8008 MHz.
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Figure 3.18. Antenna pattern of the PRAE in terms of peak raw voltage in the E-plane (top) and
the H-plane (bottom).
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