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ABSTRACT In this paper, a 94 GHz dual-polarization high-isolation cassegrain antenna feed by a diagonal
horn antenna is designed. The antenna consists of a D= 540 mmmain reflector, sub-reflector, and dual-port
dual-polarization diagonal horn feed antenna. To obtain similar feed horn E-H radiation patterns, gain, high
polarization, and port isolation, a dual-port diagonal horn was designed in the feed. The measured antenna
gains are 50.85 dBi and the side-lobe levels are −24.5 dB at E-H radiation patterns of two ports at 94 GHz,
respectively. The VSWRs of port 1 and port 2 are less than 1.5:1 in the range 93.2–95.3 GHz, which meets
the working requirements of frequency modulated continuous wave and pulse cloud radars. And the isolation
between the two ports is above −50 dB, whereas the polarization isolation of each port is above 40 dB. The
proposed W-band antenna is a suitable candidate for the dual-polarization cloud radars.

INDEX TERMS Cassegrain antenna, diagonal horn antenna, dual-polarization, high isolation, similar beam.

I. INTRODUCTION
Currently, 94 GHz millimeter wave (MMW) weather radars
have been developed in recent years because of their excel-
lent ability to investigate the interior structures of clouds
and detect the size distributions of cloud particles [1], [2].
Because dual polarization and high isolation characteristics
play an important role in the inversion analysis of meteo-
rological targets, the design of dual polarization, high port
and polarization isolation, lower side lobes, and high gain
antenna becomes significant and important for performance
of MMW radars [3]. Generally speaking, as shown in Fig. 1,
in order to obtain better detection and identification ability
of meteorological particles, considering systematic error, the
polarization isolation of weather radar antenna should be
better than −30 dB [4].
As a classical antenna, the reflector antenna has an

important position in engineering applications owing to
its advantages of power, efficiency, and structure [5]–[7].
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FIGURE 1. Application of W-band dual polarization cassegrain antenna in
weather radar.

An innovative way to use a suitable dual polarization tran-
sition and receiver system on a existing C-band horn antenna
to enable a 100-foot casserain antenna to work in the X-band
is introduced in detail in [5]. In [6], a novel high-isolation
35/94-GHz dual-frequency orthogonal cassegrain antenna
was designed and analyzed. A three-dimensional (3D) printed
cassegrain antenna for THz near-field focusing is used in
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back scattered side-channel detection, and the parameters and
performance of 3D printed cassegrain antenna were analyzed
in [7]. To achieve excellent gain, bandwidth, polarization, and
radiation patterns, diagonal horn antennas are widely used
in MMW and THz applications [8]–[10]. Two symmetrical
pyramidal horn antennas are used to enhance electromagnetic
signal collection and radiation in the sub-THz measurement
system [8]. A modification of the traditional diagonal horn
design using a spline-curve ‘‘S’’ shape modulation in the
depth of the ‘‘V’’ groove was introduced in [9]. In [10],
the performance of two smooth-walled spline-profile horns,
conical and diagonal, was analyzed; the diagonal antenna was
found to exhibit very good performance in terms of radiation,
cross-polarization level, and efficiency. In [11] and [12], dual-
polarization cassegrain antenna is applied in W-band cloud
radars. A W-band dual-polarization cassegrain antenna is
designed in [13], but the gains is unbalanced, and the differ-
ence is 2.2 dB. In [12] and [14], two large aperture antennas
are designed and used in space-based W-band MMW cloud
radar systems.

In this paper, a 94 GHz dual-polarization high-isolation
cassegrain antenna feed using a diagonal horn antenna is
designed. The antenna consists of a main reflector, sub-
reflector, and diagonal horn feed. The diagonal feed antenna
is connected to two orthogonal rectangular waveguide ports.
The antenna design and geometry are presented in Section II.
The fabrication process and simulated and measured results
are discussed in Section III, and the conclusions are provided
in Section IV.

II. ANTENNA CONFIGURATION AND DESIGNING
A. DESIGN OF THE CASSEGRAIN ANTENNA
CONFIGURATION
Fig. 2 (a) shows the configuration structure of the cassegrain
antenna used in the antenna. This antenna includes a rota-
tionally symmetric parabolic main reflector and a rotation-
ally hyperbolic sub-reflector with F1 as a common focal
point [15], [16]. F2 is the other focus of the hyperbolical
reflector, and coincided with the position of the feed horn’s
phase center. As Fig. 2 (b) shows, the E-Plane of each port of
the designed antenna is 45◦ to the support of the sub-reflector.
In this way, the influence of the support structure on the radi-
ation pattern of the two ports is consistent. After considering
the mechanical structure, antenna gain, and characteristics of
millimeters, the following values are selected:D = 2R1 =
540 mm, r1 = 41.5 mm, f1 = 201.8 mm, f2 = 66.8 mm,
c1 = 24.8 mm, ϕ0 = 20◦ and ϕ1 = 45◦. The value of
ϕ0 = 20◦ is closely related to−11 dBwidths of the E-H plane
of the feed horn’s radiation patterns. The aforementioned
parameters present the design requirements and limits of the
antenna feed system.

B. DESIGN OF THE ANTENNA FEED SYSTEM
In comparison with the cone horn and conical horn antenna,
the diagonal horn antenna needs to be divided in the matching

FIGURE 2. (a) side view and (b) the basic three-dimensional geometry of
the designed cassegrain antenna.

process; the processing of its internal inclined plane is more
complicated. Therefore, they are not commonly used at low
frequencies. However, owing to the excellent performance
of gain, bandwidth, polarization, and equal E-H radiation
patterns, the diagonal horn antenna is a good candidate to
replace the corrugated horn in MMW and THz applications.

Therefore, the diagonal horn is selected as the basis of the
feed source antenna, and the design and optimization between
the antenna and the dual polarization port are realized. Port 1
is located at the straight end of the bottom of the diagonal
horn, as shown in Fig. 3 (a), whereas port 2 is located on the
side of the diagonal horn and connected by a short reduced
height waveguide. Under the condition of bandwidth required
for radar applications, the feed method of port 2 is a typical
narrow-band method, and good port matching is achieved
through a narrow waveguide E-plane step structure [17],
[18]. On the other hand, for the compact feed structure,
the traditional adjust matching method of screws is hard to
apply, and the step structure is benefit to the integration of
the antenna feed system. The connection method used in
port 2 to the diagonal horn has three advantages. Firstly,
it reduces the influence of the opening of port 2 on the
current of port 1 and the influence of port 2 on the radiation
pattern of the diagonal horn. Secondly, it is conducive for the
matching adjustment of port 2. Thirdly, it is conducive for
improving the isolation between port 1 and port 2 [19]. Even
orthomode transducer (OMT) is widely used in the design of
dual-polarization antennas, the traditional OTM methods is
hard have an ideal performance in bandwidth, isolation, same
beam-form and simple structure [16], [17], [20]. The simple
feed method, in out design, is suitable for the design of large
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FIGURE 3. (a) Exploded view of the dual-polarization antenna feed horn.
(b) Modes of the feed structure and (c) current distributions when two
ports are fed respectively.

aperture, small feed size high frequency, high isolation and
dual-polarization antennas.

Fig. 3 (b) shows modes of the feed structure, TE10 is the
fundamental mode of standard waveguide and we view the
diagonal horn antenna as the common port. Modes TE10
and TE01 of common port are two orthogonal modes and
correspond to dual-polarization Ee1 and Ee2. Modes TE10 and
TE01 are fed by the fundamental mode TE10 of rectangular
waveguides of port 1 and port 2, respectively. As shown in
Fig. 3 (a) and 3 (b), the diagonal horn transitions slowly from
the rectangular waveguide to the diagonal horn, when the
lp = 5.04 mm. As the width of diagonal structure increases,
mode TE01 becomes feasible and port 2 is introduced when
l6 = 13 mm. Fig. 3 (c) show the current distribution when
port 1 and port 2 are fed, respectively. It is observed that the

FIGURE 4. (a) Simulated S-parameters and (b) E-H plane radiation
patterns of the feed system when port 2 is fed.

feeding position of port 2 is exactly at the position where
the current of port 1 is low, which can improve the isolation
between two ports and reduce the influence on the current dis-
tribution of port 1. In comparisonwith the scheme structure of
conical horn, the use of a diagonal horn antenna is beneficial
for obtaining higher port isolation.WR10 is used in two ports.
After optimization, the final dimensions (in mm) are a1 = 9,
l1 = 77.6, l2 = 30, l3 = 10, l4 = 10, l5 = 24.365, l6 = 13,
l7 = 4.27, h1 = 0.385, h2 = 0.35, w1 = 1.7, w2 = 1.04, and
w3 = 0.4.
Fig. 4 (a) shows the simulated S-parameters of the

antenna feed system: Port 1 is well matched within the
range 90–100 GHz, S22 is less than −15 dB from −93 to
95.3 GHz, and the isolation S21 between the two ports is
better than −58 dB. Because the two ports have almost
the same simulated radiation pattern, and it is good for the
consistency of two port’s E-H plane radiation pattern of the
designed cassegrain. So, in Fig. 4 (b), only the E-H plane’s
radiation pattern of port 2 is shown. As shown in Fig. 4 (b), the
E-H plane’s radiation pattern has a similar gain curve within
an angle of 20◦, and the cross polarization is better than 50 dB.

C. SIMULATION OF THE COMPLETE ANTENNA SYSTEM
To evaluate the performance of the entire antenna system,
HFSS was used in the simulation. In the simulation works,
copper was selected as the material for the feed horn system
and sub-reflector, whereas aluminum was selected as the
material for the main reflector. To save the computational
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FIGURE 5. (a) Current distribution of the main-reflector and (b) efficiency
of the offset of sub-reflector on the radiation pattern.

resources required for the simulation of the complete antenna,
the support of the sub-reflector was not considered during
the simulation. As shown in Fig. 5 (a) the current distribu-
tion of the main reflector was symmetrical, and it’s useful
for obtaining symmetric radiation pattern of the cassegrain
antenna. This proves the design of antenna feed system based
on diagonal horn antenna is reasonable and suitable.

Because the position of the sub-reflector has an important
effect on the performance of the antenna, it plays an important
role in the debugging and use of the antenna [21]. As shown
in Fig. 5 (b), because the antenna operates at 94 GHz, even
a small position offset of the sub-reflector has a significant
influence on the antenna gain and side lobes. When the
sub-reflector moves toward to the feed horn (−1.5mm), the
side-lobe level is mainly affected, and when the sub-reflector
moves far away (1.5mm), the antenna gain is mainly affected.
If there is no position offset, the antenna gains are 51.45 dBi,
the side lobes are −24 dB.

Due to the high operating frequency of designed antenna,
the position and structure of the sub-reflector support will
affect the radiation pattern of the antenna. The influence
is greatest when the direction of the support structure is
parallel to the E-Plane of the radiation pattern. Since the
designed antenna is operated in dual-polarization, in order
to take into account the performance of the antenna radia-
tion pattern under two polarization, the support structure is
selected at 45 degrees (ϕ1 = 45◦) with two polarization
directions.

FIGURE 6. (a) Photograph of the antenna feed system and (b) assembled
on deep of the main reflector. (c) Photograph of the antenna system
tested in a microwave anechoic chamber.

FIGURE 7. Simulated and measured results of (a) VSWR, (b) isolation and
(c) radiation pattern of the feed system when port 2 is fed.

III. MEASUREMENT RESULTS
As shown in Fig. 6, An antenna was fabricated and tested.
Vacuum brazing technology is used in the processing of
the feed antenna and CNC for the sub and main reflectors.
Vacuum brazing technology can reduce the influence of the
splitting gap on the S parameter and radiation pattern of the
feed system.

The radiation pattern was tested by a microwave com-
pact field system in microwave anechoic chamber, and the

VOLUME 10, 2022 22483



J. Wang et al.: Design of 94GHz Dual-Polarization Antenna Fed by Diagonal Horn for Cloud Radars

FIGURE 8. Measured results of E-H radiation patterns of the feed system
when port 2 is fed.

VSWR was tested using an Agilent vector network analyzer.
As shown in Fig. 7 (a), the VSWR of port 2 is less than 1.5:1
in the range 93.2–95.3 GHz, and port 1 is well matched in the
entire band of 90–100 GHz. And the isolation between the
two ports is greater than 50 dB in the range 93.2–95.3 GHz,
as shown in Fig. 7 (b). In general, the measurement results
are consistent with the simulations. Fig. 8 shows the measure-
ment result of the E-H plane radiation patterns of port 2. Com-
paring with the simulation result, as shown in Fig. 4 (b), the
−11 dB width is about 35◦, witch 5◦ less than the simulation
result, and the cross-polarization is above 10 dB higher than
the simulation result. The difference between simulation and
measurement results affects the aperture efficiency and the
polarization characteristics of the designed antenna, which
will be proved in the test results of the radiation pattern in
Fig. 9.

Fig. 9 shows the measurement and simulation results of
the E-H planes radiation patterns when two ports are fed,
respectively. On the whole, as shown in Fig. 9 (a) and 9 (b),
the antenna gains, fed by port 1, are 50.85 dB and 0.6 dB
lower than the maximal gain in the simulation, the side lobe
is −24.5 dB, and the −3 dB beam width is about 0.45◦. This
might be because the angle separation rate of the test system
is not sufficiently high that the first side lobe of −22 dB
that exists in the simulation is not shown in the test results.
Benefiting from the feed method and matching of port 2,
as shown in Fig. 9 (c) and 9 (d), the simulation and test results
of the E-H planes of the radiation pattern and the other perfor-
mances are consistent with the results of port 1. This charac-
teristic of the two ports is very important in these applications.
From Fig. 9, the tested cross polarization of the E-H plane of
each port are above −40 dB and about 8 dB lower than the
simulation at the direction of E-H radiations. In general, the
curves of the radiation pattern shown in Fig. 9 are consistent
with the simulation results. The simulated and tested results
show that the aperture and radiation efficiency are above 53%
and 83%, and the aperture efficiency is affected for lower
side lobes. Referring to the simulated current distribution
of the main reflector and the radiation pattern of feed horn,
as shown in Fig. 5 (a) and Fig. 8, the current amplitude at

FIGURE 9. Measured and simulated results of antenna radiation pattern,
and cross polarization level at 94 GHz.

the edge of the main reflector of the antenna is relatively
low. The performance of cross-polarization is affected by the
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TABLE 1. Performance comparisons between the designed antenna and
existing W-band reflector and cassegrain antennas.

radiation characteristics of the feed horn and the antenna’s
installation error. It is found that the cross-polarization of
the antenna is easily affected by the little position change
of the sub-reflector and the feed horn in the MMW-band.
Table 1 gives a performance comparison among designed and
existing W-band reflector and cassegrain antennas. The per-
formance shows that the designed dual-polarization antenna
is suitable for the MMW cloud radar systems.

IV. CONCLUSION
In this paper, a dual-polarization high-isolation cassegrain
antenna is presented, fabricated, and tested. In the design,
a diagonal horn feed antenna is fed with two ports perpen-
dicular to each other for good polarization isolation perfor-
mance. The HFSS software was used for the simulation and
optimization to obtain the ideal performance of the antenna
system. The test results demonstrate that the VSWRs of
port 1 and 2 are well matched in the range 93.2–95.3 GHz,
and the isolation between two ports is better than 50 dB in
the range 93.2–95.3 GHz. The antenna gains are 50.85 dBi,
the side-lobe levels are −24.5 dB, the cross polarization
is above −40 dB at the direction of E-H radiations. The
designed method of feed system is suitable in the design of
large size and higher frequency dual-polarization antennas.
Overall, the test results are consistent with the simulations,
and the proposed W-band dual-polarization antenna has suc-
cessfully used in designed W-band cloud radar systems.
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