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ABSTRACT
In addition to steady state performance, antennas also
have transient responses that need to be characterized.
As antennas become more complex, such as active
phased arrays, the transient responses of the antennas
also become more complex. Transient responses are a
function of internal antenna interactions such as
coupling and VSWR, active circuitry, and components
such as phase shifters and attenuators. This paper will
show techniques for measuring antenna transient
responses.
The
first
measurements
utilize
standard
instrumentation capable of sampling at up to 4 MHz,
giving 250 nS time resolution of the transient effect.
Recognizing that some transient measurements
require finer time resolution, a higher sampling rate
prototype receiver was developed with 1 nS time
resolution. After verification of its performance, the
prototype receiver was used to measure the transient
effects of a 50 nS pulse through a broadband antenna.
The spectrum of the pulse yields information on the
time and frequency domain responses of the antenna.

focus on transmitting a short pulse through a cable, then
through a broadband antenna, and observing the transients
that occur. In addition to transient measurements, it is also
shown that broadband frequency measurements can be
made without frequency switching by using a broadband
measurement Receiver.
2.

Frequency Switching Transient Measurement

This measurement was made synchronous with a source
switching from one frequency to another. A standard MI750 Receiver was configured to use its pulse profile
mode, where upon the receipt of the trigger the receiver
waits a specified time delay and acquires N samples at a
specified rate, in this case 4 MHz. The captured data is
phase coherent and can be processed to obtain amplitude
and phase for each sample. Figure 1 contains a plot of the
amplitude response. The initial high signal level is
followed by a blanking interval as the source switches off
frequency, then back on frequency. Note the transitions
near the end of the 135 microsecond period are typical as
a phase-locked loop achieves lock to the final frequency.

Phased arrays may exhibit transient signals when
switching between beam directions as well as
switching between frequencies. The methods presented
in this paper are applicable to both.
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1.

Introduction

Active phased arrays are becoming common place. The
transition between beams needs to be smooth so as to not
form false beams that generate or receive unintended
signals. Measuring sidelobes in the static condition well
after beam switching has been completed is important to
characterize, but it does not describe what occurs during
the dynamic switching process. It is desirable to be able to
measure the dynamic performance as well.
A complex phased array with active components was not
available for these tests. However, two types of transient
measurements have been performed to demonstrate
concepts and capabilities that could be used with an active
array. The first measurement observes transients that
occur at a fixed frequency as a result of switching the
frequency of a signal source. Subsequent measurements

Figure 1 – 4 MSP Transient Measurement
The ability to measure the phase and amplitude of
transient signals at a high sample rate is very helpful to
determine whether a multi-module antenna is functioning
properly as it is switching. When the data is focused to the
plane of the array, the offending module can be identified
using current antenna analysis tools [1]. It is then possible
to see how the antenna beam is steered in angle and/or

frequency as it arrives at the new beam/frequency
position. While 250 ns resolution is adequate for many
types of antennas, some need better resolution requiring
faster sampling rates.
3.

Prototype Receiver

A proof of concept receiver with a sample rate of up to
1.5 GHz was developed. When operated at baseband, it
can directly measure signals in the range of 100 MHz to 1
GHz without mixers. In this implementation, anti-aliasing
and baseband filtering limit the measurement bandwidth
further to about 500 MHz. Data was collected from the
prototype receiver by measuring short pulses through a
cable and over the air.
To provide a transmit signal, a mixer was used to gate the
source. This provided the very fast rise times required to
generate wide frequency spectrums. Being linear allowed
the rise time to vary the shape of the spectrum. A
combination of hardware and digital signal processing
was used to meet the receiver’s performance criteria.
With such a wide bandwidth, the noise figure of the
receiver needs to be very good. Matched filters were used
to further increase the dynamic range of the receiver by
accepting only energy from the pulse spectrum and
rejecting noise energy and signals not associated with the
spectrum. The matched filter removed noise from
frequencies where no transmit signal was present as well
as aliased components of the spectrum. This increased the
dynamic range of the received signal by 20 dB or more.

Figure 3 - Measured Data
50 ns PRI, 25 ns PW
Using an FFT to convert the time domain data to the
frequency domain produces the spectral plot shown in
Figure 4. As expected, a spectral comb with 20MHz
spacing is observed.

To get an idea of the performance of the Receiver, initial
measurements were made through a 30 foot cable as
shown in Figure 2. A pulse width of 25 nS with a 50 nS
Pulse Repetition Interval (PRI) was used.

Figure 4 – Spectrum of Measured Data
50 ns PRI, 25 ns PW
Figure 2 - Pulse through a Cable Test Setup
The results are shown in the time domain in Figure 3,
including both the Reference and Signal channels. As
shown, the two channels have a slight delay between
them.

The reference and signal channel signals were filtered and
time aligned, then plotted in Figure 5. They closely match
as one would expect for a cable, indicating the receiver is
working properly.

Figure 7 - Measured Amplitude Response of Cable
Figure 5 - Time Aligned and Filtered Data
After time aligning the signals, phase and amplitude plots
were created. To make the phase easier to view, the data
was delay adjusted to remove the linear phase component
introduced by time delays. In Figure 6, the resulting phase
is plotted for each of the spectral combs where the SNR
was high enough to make a measurement. Each vertical
line is the measured phase of a spectral comb in the pulse
at that frequency. The bold horizontal line at the top
connects the peaks of the comb, and it indicates a flat
phase response vs. frequency as is expected for an RF
cable (with the delay removed).

Figure 6 – Measured Phase Response of Cable
The amplitude response is shown in Figure 7. Again the
amplitude of each spectral comb is plotted as a vertical
line, and the horizontal line connects the peaks. The slope
of the horizontal line corresponds with the cable
attenuation vs. frequency.

In the fine detail, a small residual modulation can be seen,
corresponding with the VSWR of the cable. As a check of
receiver performance, the measurements were repeated at
several pulse widths and pulse repetition rates. All
measurements yielded the same results.
Setting up the pulse parameters is an important
consideration. The pulse parameters determine the
spectrum the modulator will produce. The center
frequency is set by the source frequency. The pulse
repetition frequency (PRF) sets the spectral sampling
frequency.
A 50 MHz PRF produces a comb spectrum with a spacing
of 50 MHz. A lower pulse rate will produce a finer
sampling in the frequency domain but at the expense of
lower DR, due to the spreading of the transmitter power
into more frequency bins. It is desirable to set the PRF at
a frequency where the aliased portions of the modulated
spectrum do not fall on the true combs in the spectrum.
Figure 8a shows the spectrum for a 4 MHz PRF and a 15
MHz PRF. Red (light in the printed version) is the
transmitted spectrum as measured by the reference
channel. The duty cycle sets the odd vs. even harmonic
levels. A 50% duty cycle is undesirable. It eliminates the
even harmonics. A 30% duty cycle and 70% duty cycle
produce the same spectrum with the 70% producing a
larger carrier component. The rise time of the pulse is
critical also. A slow rise time causes the skirts of the
spectrum to drop off fast. A fast rise time keeps the skirts
high as seen in Figure 8b.

point where the pulse appears to be buried. There are TV
stations, FM stations, and cell towers in the spectrum.

4 MHz

15 MHz

Figure 8A - Effect of PRF

40.4 ns PRI, 20 ns PW, 18 ns rise time

40.4 ns PRI PW, 40 ns PW, 2 NS rise time

Figure 8B - Effects of Rise Time
Having characterized the receiver using a cable with
known properties, we can now make over the air
measurements with confidence.
4.

Over the Air Measurements

For over the air measurements, a TV antenna was used.
The antenna was an old style VHF/UHF antenna covering
the full TV spectrum. The antenna was composed of a
yagi section, a reflector and a log periodic section. It was
large with many element interactions. There was also a
high level of multipath with the antenna mounted in the
lab next to a large metal cabinet. This was a poor
environment for normal antenna measurements, but ideal
for observing many transient effects.

Figure 9 - Measured Antenna Data
120 ns PRI, 50 ns PW
Using an FFT to convert the data to the frequency
domain, the measured spectrum for the antenna is shown
in Figure 10. Red (light) indicates the frequencies that are
known to be part of the desired waveform. These are kept
by the matched filter. Blue (dark) shows the unwanted
portion of the spectrum which is rejected. The unwanted
portion of the spectrum is about 6 dB higher than the
portion that is kept.

The antenna was designed for operation in the 50 MHz to
800 MHz band. With the commercial FM radio band at
88-108 MHz, interference from radio stations must be
removed by the matched filter, as previously discussed.
The antenna was measured using a pulsed waveform with
a center frequency of 300 MHz, a 120 ns PRI, and a 50 ns
pulse width. The 8.3 MHz pulse repetition frequency sets
the frequency spacing for the measurement at 8.3 MHz.
The portion of the spectrum used for measuring the
antenna extended from 100 MHz to 500 MHz.
The antenna was rotated to an angle which produced a
peak signal across the band. Looking at the data, this was
not likely the best angle to receive a broadband signal due
to the rapid phase and amplitude changes in the data with
frequency. Raw data is shown in Figure 9 plotted in the
time domain.
The received signal in red (light in printed version) is
clearly corrupted, containing many other signals, to the

Figure 10 - Spectrum of Measured Antenna Data
120 ns PRI, 50 ns PW

Figure 11 shows the filtered data for the reference and the
signal channels back in the time domain. The reference is
the red (light) larger magnitude signal.

Figure 13 - Phase vs. Frequency
120 ns PRI, 50 ns PW

Figure 11 - Filtered Antenna Data
120 ns PRI, 50 ns PW
Figure 12 is a magnification of one of the pulses in Figure
11 and shows some of the major time interactions. The
line highlights the received waveform envelope. Some
components of the waveform interactions appear to be
visible. A low level signal arrives before the main portion
of the signal. Then then pulse breaks up. No attempt is
made to analyze why the antenna behaves this way – it is
simply a demonstration of the measurement technique.

From this example, one can see that being able to make
vector measurements using a 1.5 GHz sampling rate
provides a significant amount of detail about the transient
effects of transmitting a 50 nS pulse through this antenna.
5.

Wideband Receiver

Having constructed a Receiver for the purpose of
measuring rapidly changing transient effects, other types
of measurement results can also be obtained. With a 1.5
GHz sample rate and an analog front end with wide
bandwidth, spectrum analysis can also be performed using
a fast Fourier transform (FFT).
Note that in the previous discussion, a large portion of the
bandwidth of the antenna was measured by transmitting a
50 nS pulse at a single frequency (300 MHz). Results
were obtained for 100 MHz to 500 MHz by using an FFT
to process the time domain data. Vector measurements
were made every 8.3 MHz, but no frequency switching
was required. (See Figure 12.)
Being able to rapidly collect one set of data and determine
both transient effects and spectral data is an exciting
prospect for active antenna arrays as well as for traditional
antenna measurements.
6.

Figure 12 - Measured Interactions
120 ns PRI, 50 ns PW
Figure 13 shows the phase response. The antenna has
rapid amplitude and phase swings, likely accentuated by
the environment in which the antenna was measured.

Potential Applications

The ability to perform over the air transient analysis of
antennas will allow engineers the ability to characterize
and verify wideband active and passive antennas as they
operate in their intended systems. The CW response
typically measured for an antenna is not the only
parameter of concern for rapid beam switched or
frequency hopped antennas. An active antenna can
produce intermodulation distortion (IMD) and may need
to be measured to test for the formation of spurious beams

at frequencies produced by IMD and/or harmonics. A
very high sample rate receiver can speed these
measurements by making measurements at many
frequencies simultaneously, characterizing the out of
channel sidelobes at the same time as the in channel
pattern. The high sample rate receiver can detect where
the IMD causes sidelobes to form at other frequencies
during the same scans that the desired frequencies are
being measured. Active antennas must meet sidelobe
requirements at all frequencies, including unintentional
spurious frequencies.
Given the large bandwidth of some antennas, the use of
this new receiver technology can greatly reduce the test
time of these systems. With the ability to measure many
frequencies simultaneously, a better view of the antenna’s
performance can be made without increasing test time.
The passband of the antenna is characterized with a finer
frequency resolution, detecting more problems before the
antenna is integrated into a system.
This receiver allows for the viewing of transient events
which the antenna must handle such as beam settling time,
frequency settling time, and spurious beam formations.
These measurements can be made with traditional
receivers, but the test time can become excessive. This

receiver has a high probability of detecting problems due
to its inherent capturing of the spectrum.
7.

Summary

Two solutions for transient measurements have been
presented, first using the standard MI-750 Receiver with a
time resolution up to 0.25 us (4 MHz sample rate), and
secondly using the next generation receiver having better
than 1 ns resolution (1500 MHz sample rate).
A wide bandwidth receiver is able to coherently measure
the transient and spectral response of an antenna in a very
short time window. Dense frequency and time
measurements can be made in a single scan, reducing test
time. If a comb generator is used for the transmit source,
IMD patterns can be measured as well. Technology is at
the point where making these measurements is possible
and practical.
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