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Phase measurement and adjustment of reflector antenna with beam wave-

guide feeds

Shin-ichi Yamamoto': ¥, Hiroto Ado', and Ryuya Seki'

Abstract When reflector antennas with a beam waveguide feeding system
are used in an array configuration, the transmission phase of each reflector
antenna must be known and corrected. In this paper, we propose a method
in which a reflector plate is placed in the center hole of the main reflector,
the reflected phase at the primary radiator horn is measured, and half of the
measured phase is used as the transmission phase of the beam waveguide
feeding system. The proposed method was verified by calculation, mea-
surement using a simple model with the same path length, and measurement
using an actual reflector antenna, and its effectiveness was confirmed.
Keywords: reflector antenna, array configuration, beam waveguide feeds,
transmission phase measurement

Classification: Satellite communications

1. Introduction

The site of the Deep Space Network (DSN) of the National
Aeronautics and Space Administration (NASA) is located
approximately 120 degrees apart on Earth at Goldstone,
California; Madrid, Spain; and Canberra, Australia. Each
of these sites consists of a @70 m antenna, a ®34 m High
Efficiency (HEF) antenna, and a ®34 m Beam Wave Guide
(BWG) antenna. To improve signal processing capability, a
plan called the DSN Aperture Enhancement Project (DAEP)
has been announced [1, 2] to eliminate the ®70 m antenna
and replace it with an array of four ®34 m BWG antennas
by 2025. The ®34m antenna is easy to maintain and can
provide the same or better performance as the ®70 m by ar-
raying four units. Four antennas arrayed for reception and
one antenna with 80 kW for transmission.

A beam waveguide feed system (BWG: Beam Wave-
Guide) [3] is an antenna system in which radio waves
are propagated from the primary radiator horn to the sub-
reflectors with the beam focused by typically four reflectors.
Since the antenna direction can be changed while the trans-
mitter and receiver are fixed on the ground, this type of
antenna is widely used for reflector antennas of medium size
and larger. Strict phase adjustment is being considered by ar-
ray signal processing in the receiving system, but when used
as a transmitting antenna, the pass-through phase should be
approximately adjusted.

In this paper, the authors describe a method for making the
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radiation phase of each antenna identical when configuring
an array of reflector antennas with a beam waveguide feeding
system [4, 5]. A reflector plate (center plate) is placed
in the center hole in the center of the main reflector, and
half of the reflection phase at the primary radiator horn is
estimated as the one-way transmission phase. This estimated
transmission phase is used to calibrate each antenna that
composes the array.

Section 2 describes the method of measuring the transmis-
sion phase by the center plate, Section 3 shows the validation
by calculated values, Section 4 demonstrates the measured
values by the partial model, and Section 5 describes the re-
sults of the measurement using an actual antenna. Finally,
Section 6 summarizes the conclusions.

2. Transmission phase estimation using center plate

In a beam waveguide feeding system (BWGQG), each reflector
mirror is installed with a very long path length relative to
the wavelength. Therefore, the propagation path length of
the entire beam waveguide feeding system varies depend-
ing on the installation accuracy of the reflector mirrors, and
the pass-through phase changes significantly. On the other
hand, the installation accuracy does not affect the ampli-
tude characteristics of the antenna. Since BWG antennas
are generally used alone, there is no need to measure or ad-
just the transmission phase, and the installation accuracy is
not required to be as accurate as adjusting the transmission
phase for each antenna. The installation accuracy is on the
order of millimeters, with a phase error of several tens of
degrees, depending on the frequency band. It is impossible
to improve the mechanical installation accuracy and make
the transmission phase identical.

In this paper, we consider calibration by electrically mea-
suring the transmission phase of each antenna that composes
the array. While the radiation phase due to the installation
accuracy of the main and sub reflectors can be estimated
by external laser position measurement, the BWG is located
inside cylindrical structures, making external position mea-
surement difficult. As shown in Fig. 1, the BWG antenna has
a small hole (center hole) in the center of the main reflector
through which radio waves pass, and a reflector plate (center
plate) is installed here. The reflection phase of radio waves
emitted from the primary radiator horn, reflected by the cen-
ter plate, and returned to the horn is measured. Since the
reflection phase is affected by the round-trip path length, the
one-way transmission phase can be estimated by half of the
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Fig. 1 Reflector antenna with beam waveguide feeds (BWG antenna).

Center hole case} caseg case;
Center Plate 100 casel(est.) case2(est.) case3(est.)
(Dia. 40%)
50
5
» '3
2 0
&
Absorber =
-50
Fig. 2 Center plate (CP) installed in the center hole.
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reflection phase. The accuracy of the center plate installa- Normalized Frequency
tion is diref:tly .related to the accuracy of- the reﬂect.ion phase. (a) Calculated reflection phase with time-gate
As shown in Fig. 2, the center plate is sized as a single plate
that can be transported and installed (45% diameter of the 0.1 ——ocasel ——case2 ——case3
hole), and an absorber is installed to remove the influence of
the surrounding support structure. The absorber is assumed 0.05
to be thin, and a reflection coefficient of —12 dB was set for I~
o
the analysis, assuming that the amount of absorption is not z
sufficient. g
m
-0.05
3. Numerical verification
-0.1
Using the Coupling function of TICRA’s Ticra Tools, a sim- 0.995 0.997 0.999 1.001 1.003 1.005
ulation verification was performed. The analytical model Normalized Frequency
anq the coordinate SySte_m l'S shov&./n in Fig. 3. The Chara?_ (b) Calculated reflection phase error with time-gate
teristics of the feeder circuit, which were not included in ] ‘ o .
the analytical model, were added as S-parameters equiva- Fig. 4 Reflection phase characteristics of calculation.
lent to the reflection characteristics of the feed circuit. The
reflection characteristics of the feeder circuit were separated Figure 4 shows the calculated phase difference from the
by applying a time gate in the FFT after calculating with a reference model without the shift of the reflector mirror.
relative bandwidth of 10%. Since the reflector mirror is intentionally shifted, the phase
Three cases with different phase shifts were assumed: difference (amount of change) is known and is shown as
case 1, M2 mirror shifted +0.14 in the x direction (path “est” in Flg 4 (a) with a dotted line. Figure 4 (b) shows the
length decrease, positive phase shift); case 2, M1 mirror difference between the calculated and the assumed values
shifted +0.14 in the x direction (path length increase, neg- as the phase error. The ripple is reduced by the time-gating
ative phase shift); case 3, M1 mirror shifted +0.14 in the process, and it can be confirmed that the phase difference can
y direction (no path length change), phase (no path length be estimated with an error of 0.1 deg or less in the calculated
change, no phase change) was calculated. value.

368




Although detailed results are not presented in this paper,
the following conclusions are obtained from the verification.
The influence of absorbers around the center plate is suffi-
ciently small and almost all power is reflected by the center
plate. The effect of multiple reflections between the reflector
mirrors is sufficiently small, and sufficient reflection phase
measurement is possible if only the effect of reflections from
the feed circuit is removed. The reflections of the feed cir-
cuit and the center plate are sufficiently far apart and can be
sufficiently separated by time-gating. The frequency ratio
bandwidth is set to 10% or more, the characteristics of the
feed circuit can be removed, and the reflection phase (twice
the passband phase) can be estimated with an accuracy of
0.1 deg or less.

4. Verification of measurement by simplified model

The actual measurements were verified on a simplified
model with the same path length as the real antenna. The
measurement system shown in Fig. 5 with facing horn re-
flectors was used. Although the number of reflector mirrors
and their positions cannot be reproduced, a large amount of
phase rotation (3004 X 360 deg) was reproduced by making
the round-trip distance the same as that of the real antenna.
The position of the short end of the waveguide was var-
ied by a known amount, and the phase amount change was
compared between the estimated and measured values.

To achieve the highest possible time resolution (broadband
measurement), measurements were taken over the entire
bandwidth of the standard waveguide (45% relative band-
width); the frequency interval was minimized by setting the
maximum number of frequency points that could be set in
the VNA (Vector Network Analyzer). The distance between
the reflection point (short plate) and waveguide components
with less favorable reflection characteristics (rectangle-to-
circuler mode converter, coaxial waveguide transducers,
etc.) was separated.

The gate width of the time-gating process must be set ap-
propriately because if it is too narrow, necessary information
is lost and the phase error becomes noticeably larger, and
if it is too wide, the error becomes larger due to the influ-
ence of other reflected waves. In order to facilitate time-gate
processing, the measurement system was adjusted so that
the distance between reflection points is as large as possi-
ble. In the actual measurement, the reflection points are
only the feeding circuit and the center plate, and the analy-
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Fig. 5 Measurement system of simplified model.
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sis confirmed that multiple reflections between the reflector
mirrors can be ignored. The reflection points of the center
plate and the feeding circuit are sufficiently far apart to not
be a problem.

Figure 6 (a) shows the results of the phase measurement.
Only the reflections from the waveguide short are extracted
by time-gating. The phase difference from the reference is
shown when the short position is offset from the reference
position. Note that “cal” is the amount of phase change
estimated from the offset of the short position and calculated
from the wavelength in the waveguide. Figure 6(b) also
shows the phase measurement error, and it was confirmed
that a phase error of about 5 deg can be measured.

Although detailed results are not presented in this paper,
the following conclusions are obtained from the verification.
Bandwidth should be increased to the extent possible, and
frequency intervals should be fine enough to avoid aliasing.
The accuracy of the offset amount of the path length is di-
rectly related to the phase error, so the accuracy of the center
plate installation should be high. If the distance between re-
flection points is close, it is difficult to separate reflections.
In actual measurements, there are no reflection points other
than the center plate and the feed circuit, and analysis has
confirmed that multiple reflections by the reflector mirrors
have no effect, so it should be possible to separate the re-
flected waves from the center plate and feeder circuit.
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Fig. 6 Calculated reflection characteristics.
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5. Verification of actual measurement

The reflection phase measurement by the center plate has
been verified and validated by calculated values and sim-
plified measurement model. In this section, the first BWG
antenna that comprising the array was manufactured and the
phase measurement by the center plate was performed.

Since only one antenna was used, it was not possible to
verify individual differences in radiation phase with other
antennas, so the reflection phase was measured by changing
the pointing direction of the main reflector using an antenna
drive mechanism. Since the path length does not change with
the pointing direction and the transmission phase does not
depend on it, it was assumed that any change in the reflection
phase at the horn would be limited to an error. However,
as shown in Fig. 7, a large phase change of about 10 deg,pp
actually occurred with AZ rotation, and we investigate the
cause.

It was found that the cause was the coating paint on the
surface of the reflector mirrors. In the case of normal inci-
dence, no change occurs between TE and TM waves, but in
the case of oblique incidence. It is known that the reflection
phase differs between TE and TM waves due to the dielectric
layer on the surface. The incident/outgoing angle to each
reflector mirror is nearly 45 deg, and the effect is found to be
significant. Since the polarization direction of this antenna
is not controlled by rotation of the primary radiator, polar-
ization rotation of the mirror incidence occurs depending on
the antenna pointing direction. Therefore, the TE/TM com-
ponent of the incident wave to each reflector mirror differs
depending on the pointing direction, resulting in a reflection
phase change with AZ rotation.

In the calculation model, each reflector mirror was loaded
with a dielectric layer equivalent to the thickness of the coat-
ing film, and the reflection phase at the horn was calculated,
confirming characteristics that agree with the measured val-
ues. Figure 7 shows the measured and calculated phase
difference with AZ rotation, shown as relative values ref-
erenced to AZ = 270deg. In the calculations, the coating
thickness was measured by the eddy current method. Al-
though the breakdown between the primer and topcoat layers
is not known, the primer layer was set at the nominal value
and the topcoat layer was set to match the total film thickness
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Fig.7 Phase characteristics for AZ rotation.
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of the measured values. Catalog values were used for the
dielectric constant of each material. As shown in Fig. 7,
the agreement between the calculated and measured values
was confirmed at EL = 90deg and EL = 20deg. Sufficient
agreement between the calculated and measured values was
confirmed, indicating that highly accurate measurements are
possible with actual antennas.

6. Conclusion

We proposed a method to measure the transmission phase
of a reflector antenna with a focused beam feeding system
using a reflector plate (center plate) installed in the center
hole. The phase of the reflected wave by the center plate
at the primary radiator horn is measured, and half of it is
estimated as the transmission phase.

The computational verification confirmed that the effects
of absorbers around the center plate and multiple reflections
between focusing reflectors can be neglected and that only
the reflections of the feed circuit need to be separated. Sim-
plified model measurements confirmed that the frequency
bandwidth must be wide, the frequency spacing must be
small, and the accuracy of the center plate installation must
be improved. Furthermore, it was confirmed that the time-
gate width must be appropriately set to separate the reflected
waves by gating. Finally, the method was verified by man-
ufacturing an actual antenna, and it was found that the re-
flection phase changed by about 10 deg,pp with AZ rotation.
The cause of the phase change was confirmed to be the effect
of the coating paint on the surface of the reflector mirror.
The cause is that the ratio of TE/TM polarization compo-
nents incident on each reflector mirror changes in response to
the change in antenna pointing direction. We confirmed that
the measured phase change was reproduced by measuring
the film thickness and calculating the reflection phase. As
a result, it was confirmed that the measurement can be per-
formed with sufficiently high accuracy in the actual model.

The validity of this measurement and calibration method
was confirmed through verification by calculation, actual
measurement using a simplified model, and measurement
using an actual antenna, respectively.
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