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ABSTRACT: This paper introduces the new design of a choke loaded horn antenna, at 89.75 GHz for metrology of the large paneled
reflector antenna using the Fresnel field based radio holography technique. The proposed choke loaded horn antenna offers the ¢ cut-
wise extremely stable phase center (< 2 um), which is required to obtain < 5 um surface accuracy during holographic measurement.
The design of choke loaded horn antenna has been presented along with its simulation performance and tolerance analysis. The antenna
has been developed using a simple computer numerical control (CNC) milling process and characterized in the anechoic chamber. The
measured and simulated results are also compared, and a good match has been achieved between the measured and simulated performances

of the horn antenna.

1. INTRODUCTION

adio holography technique is one of the widely popular best

techniques for the panel alignment of the reflector antenna,
especially functioning at high frequency [1-4]. Radio holog-
raphy technique may be implemented by measuring the an-
tenna in any one of the three radiation zones, namely, radiative
nearfield, Fresnel field, and far field zone [5]. The basic flow is
to generate the aperture field distribution and then compute the
reflector surface error profile using the half path length (HPL)
concept [1]. Typically, such a radio holography technique is
used for reflector antenna in prime focal geometry, where a
feed is kept at the focal point of the reflector. Holography tech-
nique can offer < 5 um surface error accuracy. Ideally, the feed
used for such measurement should be designed to yield a stable
phase center and radiation pattern having azimuthal amplitude
and phase symmetry. When Fresnel field based radio hologra-
phy is implemented, the feed is axially displaced from the fo-
cal point to compensate for the nearfield terms [6]. Moreover,
the feed phase is directly added to the surface error. Any error
pattern in the farfield phase of the feed leads to a similar error
pattern on the surface error profile. Usually, the phase center
variation over the ¢ cuts is expected in the feed design, which
subsequently results in the astigmatism error on the surface er-
ror profile. Therefore, it is required to design the feed with a
highly stable phase center over ¢ cuts to achieve micron-order
surface error accuracy.

The design of a feed offering a stable phase center is one of
the most challenging tasks. The widely known type of horn
antenna offering such characteristics is corrugated horn [7-9].
However, the fabrication of such a horn antenna is compli-
cated and requires meticulous mechanical design and compli-
cated fabrication technology including micromachining. The
conventional circular feed horn integrated with a dielectric lens
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may also be designed [10—12]. Its major drawback is that the di-
electric properties usually need to be accurately known at this
band of frequency; otherwise, it results in a de-tuned perfor-
mance. Choke loaded horn antenna is one of the widely used
horns, mainly for reflector feeds and global navigation satellite
system (GNSS) related systems. Adding the choke ring at the
throat section of the horn controls the surface wave propagation
on the aperture surface, which can be used for various types of
pattern synthesis. X-band choke ring horn antenna has been de-
signed, developed, and characterized for NASA’s SWOT mis-
sion by Chahat et al. [13]. Here, the choke ring based horn de-
sign has been selected to achieve low cross polarization level
and multipath interference. In [14], Fallahzadeh et al. presented
adescending stepped choke ring antenna at the X-band for LEO
satellites. The loading of choke rings is used to achieve a wide
radiation pattern to cover the 125° angular range for LEO satel-
lites. The analysed and measured radiation pattern performance
of the antenna in the presence of the mock-up structure of the
satellite has also been discussed. In [15], Taghdidi et al. pre-
sented an interesting structure called a dual-band double folded
substrate integrated choke ring (DFSICR), which can be used
for multipath mitigation over the GNSS frequency bands. Such
a structure offers a low profile, light weight, and easy fab-
rication. Papers are also reported describing the phase cen-
ter stable antennas and their requirements in millimeter wave
band [16, 17]. However, the designs presented in [16, 17] are
not evaluated for the ¢ cut-wise phase center.

In this manuscript, we present the design, development, and
characterization of a choke loaded horn antenna explicitly de-
signed for Fresnel field-based radio holography for surface er-
ror profile extraction of paneled reflector antenna. Here, the
Fresnel field based holography is performed at 89.75 GHz. The
design and development of horn antenna at such high frequency
limit the prospective design variants, and the most convenient
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FIGURE 1. Geometry of choke loaded horn antenna.

Dimension (mm) | Tolerance (1m)
11 1.1 +5
T1 3.64 +30
T2 4.78 +30
T3 6.13 +30
T4 7.8 +50
D1 3.87 +30
D2 1.67 +30
D3 2.78 +50

TABLE 1. Feed horn dimensions and tolerances.

of them is the choke ring loading on the throat of a conventional
multimode horn antenna, as compared to the other complicated
variants, including corrugated horn antenna. Here, specific at-
tention has been given to the design of the choke ring structure
to modify the aperture surface currents, such that it offers ¢ cut
stable phase center. To the best of the authors’ knowledge, such
a phase center stable choke horn design is not available in the
open literature. In Section 2 of the manuscript, the design and
modelling geometry of the feed are discussed. Section 3 con-
tains the simulated and measured results of the developed feed.
Section 4 concludes the manuscript.

2. GEOMETRY AND DESIGN OF CHOKE LOADED
HORN

Figure 1 shows the proposed choke loaded horn antenna with
dimensional details. A two-step internal cavity has been used to
excite «TE{; + STM7; modes, which can form the fundamen-
tal HE1; hybrid mode, by adjusting the o and 8 mode contents.
The « and 3 parameters are usually optimized such that the TE
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FIGURE 2. Step wise approach for the proposed horn antenna.

and TM modes travel with the same phase velocity, coinciding
with the phase centers in the E' and H planes [18]. Here, the
optimized values for the mode content are (v = 0.327 dB) and
(8 = —12.17 dB). Moreover, the mode purity of HE; is signif-
icantly affected by edge currents, which alters the phase center
in the different o planes. Therefore, the annular ring type choke
is introduced at the horn aperture, which suppresses the outer
wall currents created by the surface waves and maintains the
o cut-wise phase center. In addition, the choke structure also
reduces the back lobe in the radiation pattern. Fig. 2 shows the
stepwise approach for the design, and the design steps are as
follows in brief. The length and width of the choke rings have
been optimized using the global optimization algorithm avail-
able in TICRA CHAMP [19] with the goal to achieve the stable
 cut-wise phase center over the 64° annular range.

Step-1: Selection of diameter of input waveguide such that
it supports only dominant TE;; mode and is compatible
with back waveguide routing
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FIGURE 3. Plot of variation of (¢ cut-wise phase center with 50 pum variation in D1, D2, D3, 71,72, T3 and T4 dimensions.
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FIGURE 4. Simulated far field radiation pattern of choke loaded horn antenna at 89.75 GHz.
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FIGURE 5. Far field phase plot at 89.75 GHz of horn antenna (a) without choke loading and (b) with choke loading.

TABLE 2. Variation of phase center (in microns) with frequency for horn antenna without choke loading.

Frequency (in GHz) | ¢ = 0° Cut | ¢ = 45° Cut | ¢ = 90° Cut | Variation over ¢ cuts
89.55 —175.4 —140.3 —104.1 71.3
89.65 —163.9 —134.1 —103.3 60.6
89.75 —152.5 —127.9 —102.4 50.1
89.85 —141.1 —121.7 —101.6 39.5
89.95 —129.5 —115.5 —100.7 28.8
47

WWwWw.jpier.org



PlER Letters

Tyagi et al.

20

15

10

() |

-27 L L L
89.55 89.65 89.75 89.85 89.95
Frequency in GHz

FIGURE 8. Simulated (in blue) and measured (in red) reflection coefficient.
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FIGURE 9. (a) Measured radiation pattern at 89.75 GHz and (b) comparison of simulated and measured radiation pattern at 89.75 GHz.

Step-2: Flare the circular section to improve the reflection

property of the dominant TE;; mode
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TABLE 3. Variation of phase center (in microns) with frequency for horn antenna with choke loading.

Frequency (in GHz) | ¢ = 0° Cut | ¢ = 45° Cut | o = 90° Cut | Variation over ¢ cuts
89.55 —140.8 —129.9 —118.6 22.2
89.65 —129.7 —124.0 —118.1 11.6
89.75 —118.8 —118.1 —117.1 1.7
89.85 —-107.5 —112.3 —117.5 9.5
89.95 —96.4 —106.4 —116.4 20.0

Step-3: Azimuthal symmetry step to generate a combina-
tion of TE{; and TM1; modes in « : 3 ratio to achieve

e Pattern symmetry

e Reduce the cross-polarized field

Step-4: Add the choke rings to suppress the surface cur-
rent, which disturbs the ¢ cut-wise phase center variation

Here, a standard rectangular port of WR-10 to circular
waveguide transition has also been designed to feed the horn.
The integrated performance of the horn with transition has
been simulated using Ansys Electronics desktop 2022 R1 [20].

The tolerance analysis, being one of the most crucial steps
before loading the RF design for mechanical fabrication, is pre-
sented in Fig. 3. Here, the plots showing the impact of variation
in the sensitive dimensions of the horn on the ¢ cut-wise phase
center variation are shown. From Fig. 3, it can be observed
that 30 um variation in the ‘D1’ and ‘71’ dimensions results
in 9 um and 8 um variation in the phase center, respectively.
Hence, ‘D1’ and “T'1’ are sensitive variables and need special
attention during manufacturing.

3. SIMULATION AND MEASURED RESULTS

The simulated reflection coefficient Si; (dB) < —22dB
has been achieved over the 89.5GHz to 90.5 GHz band.
As depicted in Fig. 4, the simulated radiation pattern at
89.75 GHz shows a very good beam symmetry and very low
cross-polarization performance. The proposed choke loaded
horn offers a highly stable phase center over ¢. Fig. 5 shows
the far-field phase plot at 89.75 GHz for ¢ = 0°, 45° & 90°
cuts of the horn antenna with and without choke. The phase
center of the feed horn is computed considering § = 64°
angular range over the frequency band. The phase centers
for o = 0°, 45° & 90° cuts are listed in Tables 2 & 3 for the
horn antenna without choke loading and with choke loading,
respectively. From Tables 2 and 3, it can be observed that
the choke loaded horn shows < 2 um variation in the phase
center at 89.75 GHz, which is significantly less than the 50 um
variation in the phase center of the horn without choke loading.
Here, Fig. 6 shows the current distribution on the horn antenna
in the cases with and without choke loading. By comparing the
current densities, it can be concluded that the choke loading
has significantly altered the current density at the aperture
plane.

The fabrication of choke loaded horn at 89.75 GHz calls for
tight tolerances on the dimensions. An extensive sensitivity
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analysis has been carried out, and the required tolerances are
derived and presented in Table 1 along with the design dimen-
sions. The fabrication of the choke loaded horn antenna has
been carried out using the computer numerical control (CNC)
milling process, and Fig. 7(a) shows the image of the devel-
oped choke loaded feed horn antenna. The reflection coeffi-
cient measurement of the horn antenna has been carried out us-
ing Agilent E8363B microwave network analyser, and the mea-
sured result is compared with simulated ones in Fig. 8. Here
measured reflection coefficient is < —18 dB. A minor discrep-
ancy between simulated and experimental results can be ob-
served, attributed to the dimensional deviation of the step above
the given tolerance range for WR-10 to circular waveguide tran-
sition. The radiation pattern measurement of the antenna has
been carried out in an anechoic chamber. The mounting con-
dition of the antenna is shown in Fig. 7(b). Fig. 9(a) shows
the measured radiation pattern of the developed feed horn at
89.75 GHz, and Fig. 9(b) compares the simulated and mea-
sured radiation patterns at 89.75 GHz. From Fig. 9(b), a good
match between simulation and measurement has been achieved.
Moreover, measured cross-polarization is < —32dB, and ex-
cellent pattern symmetry has also been achieved.

4. CONCLUSION

In this manuscript, the design of a choke loaded horn antenna
has been presented. The proposed antenna is designed to offer
azimuth cut-wise extremely stable phase center at 89.75 GHz
frequency over 64° angular conical range. It has been shown
that the horn antenna without choke offers 50 wm variation in
the ¢ cut-wise phase center. However, the phase center is stabi-
lized to 2 um by introducing and optimizing the choke around
the horn throat. A rigorous sensitivity analysis has also been
carried out to define the required fabrication tolerances on the
dimensions and included in the manuscript. The proposed horn
antenna has been fabricated using a simple milling process,
making it best suitable for general designs at millimeter wave
band. The developed horn antenna has been characterized in
an anechoic chamber, and the measured results are presented
with simulated ones. The comparison plots of the simulated
and measured results show a good correlation.

The developed choke horn antenna will be used for the
metrology of the large reflector antenna being developed at
SAC, ISRO, Ahmedabad for the THz telescope.
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