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Abstract 

We evaluated a radome housing an ultra-wideband (UWB) signal 
collection system, measuring the transmission loss and phase delay 
through the radome. The radome introduced losses of up to 3 dB 
within the normal operating range of the antennas. Phase differences 
due to the radome appeared to be linear and consistent with the delay 
expected from a uniformly layered material. We observed no unusual 
effects from the specially designed protective radome. 
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1.  Introduction 
An ultra-wideband (UWB) detection system was developed in response 
to a growing need to better evaluate the signatures of a wide variety of 
unintended electromagnetic emanations. The use of this system in the 
field imposes several design constraints, such as light weight, compact- 
ness, and weatherproofing. Moreover, since the vast majority of antennas 
are narrowband, most radomes are also narrowband. Thus, the unique- 
ness of this particular design necessitates study. 

We measured the transmission loss and phase delay of the specially 
designed radome for use with the UWB transportable collection system. 
The radome protects a set of four antennas that cover the frequency range 
of 50 MHz to 40 GHz in this UWB impulse receiving system. The four 
antennas consist of a 50-MHz to 2-GHz resistively loaded horn, a 2- to 
18-GHz ridged waveguide horn, a standard gain 18- to 26-GHz horn, and 
a standard gain 26- to 40-GHz horn. 

The test configuration consisted of a matched pair of each type of an- 
tenna, one mounted standalone and the other mounted inside the collec- 
tion system. Measurements were taken with and without the radome in 
place (see fig. 1). The measurements were made inside a 50 x 25 x 25 ft 
anechoic chamber. (Note: the transverse electromagnetic (TEM) V2 an- 
tenna points in the opposite direction from the rest of the UWB transport- 
able antennas.) 

The phase and magnitude of the system's three lowest frequency 
antennas (45 MHz to 26 GHz) were measured with the Hewlett-Packard 
(HP) 8510C vector network analyzer. 

Figure 1. Sketch of 
UWB transportable 
antennas. 
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2.  Procedure and Results 

2.1 Description of antennas 

The antennas contained in the UWB transportable detection system 
include the (AEL) ridged waveguide horn, the Waveline standard gain 
horn, and the TEM V2 ultra-wideband resistively loaded horn. Their 
operational frequencies are displayed in figure 2. 

2.2 Description of VNA 

We configured the HP8510C vector network analyzer with a two-port, 
N-type test set and a synthesized sweep oscillator with a range from 
10 MHz to 26.5 GHz (see fig. 3). 

2.3.     Magnitude Measurements 

A full two-port calibration was performed to allow storage of all four 
S-parameters. In this setup, Su and S22 represent the frequency content of 
the reflected signals. S21 and S12 are the transmission loss from one 
antenna to another. (See appendix A for data.) 

The TEM V2 ultra-wideband antennas were placed in the setup at an 
angle of 0° (boresight) with respect to one another. The range between the 
antennas was 8.91 m. The connectors were chosen as the range reference 

Figure 2. Frequency 
ranges of UWB 
transportable 
antennas. 
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points for all three antennas. In this configuration, we measured the 
magnitude and phase of the TEM V2 antennas for the frequency range 
0.045 to 10 GHz. This procedure was then repeated at the appropriate 
bands for the AEL and Waveline antennas. 

Figures 4 through 6 display the transmission losses for the antenna pairs 
for both cases, radome on and radome off. Figure 7 illustrates the differ- 
ence in transmission loss due to the addition of the radome. Within the 
given operating ranges of the antennas, the radome introduces no more 
than 3 dB loss. For the TEM V2 antennas, the radome appears to have 
little effect below 3 GHz. Although the losses appear to exceed 3 dB for 
frequencies above 3 GHz, the performance is sufficient for the normal 
operating range of the TEM V2. 

Figure 4. The -40 
transmission loss (S21) 
for the TEM V2 horn is   _so 
shown for both 
configurations, radome    eg [ 
on and off. 
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Figure 6. The 
transmission loss 
(S21) for the 
Waveline 
pyramidal horn is 
shown for both 
configurations, 
radome on and off. 

The losses increase in direct proportion to frequency for all three anten- 
nas. The exception to this occurs at approximately 20 GHz, which may be 
attributed to a 1/4 resonance of the radome's thickness of 2.5 mm. More- 
over, the S12 of the Waveline antenna is different from its S21, indicating 
that the setup should be verified at these frequencies and the measure- 
ment should be repeated. 
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2.4 Phase Measurements 

Phase was measured concurrently with the magnitude of the S- 
parameters. Figure 8 displays the phase difference between radome on 
versus radome off for all three antennas within their operating ranges. 

The difference between the phase measurements indicates any frequency- 
dependent delay due to the addition of the radome that may contribute to 
dispersion. The phase of all three antennas is continuous, a highly desir- 
able characteristic for reproducing an impulse. Also, the phase differences 
are consistent with the delay expected from a uniformly layered material 
and are fairly linear across antenna operating ranges. 

2.5 Effective Length 

Figures 9 through 11 display the calculated effective length for each of the 
antennas based on the S21 measurements. An antenna's effective length, 
E = Vre(JLeg, relates the electric field incident on the antenna to the volt- 
age measured at the input/output of the antenna (i.e., the voltage that 
would be observed on an oscilloscope connected to the receive antenna.) 
This conversion factor will be applied and included with the total calibra- 
tion factor for the information channel of the UWB transportable collec- 
tion system. Other parameters that will be recorded for the unit's overall 
calibration include channel attenuation/amplification and cable losses. 

Figure 8. The 
measured phase 
difference caused 
by the radome is 
shown. The 
results of all three 
antennas housed 
in the system are 
shown. The three 
antennas are the 
TEMhorn 
(100 MHz-3 GHz), 
AEL horn 
(2-18 GHz), and 
the Waveline horn 
(18-35 GHz). 
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Figure 9. Effective 
length of TEM V2 
antenna. 
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Figure 10. Effective 
length of the AEL 
2-18 GHz ridged 
horn. 
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Figure 11. Effective 
length of the Waveline 
18-26 GHz standard 
gain horn. 
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3.  Conclusions 
This evaluation of the radome shows 3-dB variations from 2 to 3 GHz and 
10-dB variations from 3 to 5 GHz on the TEM V2 antenna. However, the 
observed losses from the radome for the TEM V2 antenna are out of the 
nominal operating range of the antenna in this configuration (above 
2 GHz). Likewise, the radome exhibits losses of about 3 dB or less at 
frequencies from 2 to 24 GHz, which are covered by the AEL and 
Waveline antennas. 

The calculations assume two identical antennas under evaluation, which 
is not strictly true in these experiments. The antennas in LS support 
structure should show coupling effects and losses not found in the singu- 
lar transmitting antennas used in the chamber to complete the pair. (This 
may account for the differences between Sn and S22 for given antenna 
pairs.) Moreover, some future measurements should be performed on an 
outdoor antenna range since the anechoic chamber is practically limited 
to frequencies above 150 MHz. Nonetheless, initial results indicate that 
the radome has sufficiently low insertion loss and delay to make it useful 
for its intended application. 
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Appendix A 

Figure A-l. TEM V2 
raw data with and 
without radome. 
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phase measurement. 
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Appendix A 

Figure A-3. AEL raw 
data with and without 
radome. 
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Figure A-4. AEL 
2-18 GHz two-port 
phase measurement. 
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Appendix A 

Figure A-5. Waveline 
18-26 GHz raw data 
with and without 
radome. 
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Figure A-6. Waveline 
18-26 GHz derivative 
of the two-port phase 
measurement. 
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Appendix B.—Gain Curves 

Figure B-l. Gain curve for TEM V2 horns with radome 17 
Figure B-3. Gain curve for waveline horns with radome 17 
Figure B-2. Gain curve for AEL horns with radome 17 
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The primary reason for calculating the gain curves was to compare the 
standard gain (15 dBi) expected from the Waveline to the measured value. 
Because the receive antenna was located on a metal base (ultra-wideband 
transportable chassis) adjacent to other receive horns, some coupling 
between horns was expected and, consequently, we predicted a gain 
lower than 15 dBi. 
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