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Abstract—The increasing demand of radio links with high data
rates is satisfied by the allocation of new frequency spectrum. A
novel cylindrical reflector antenna is designed to operate in the E-
band (71–86 GHz), which was already allocated in 2003 for radio
link applications. Presented simulation results are preliminary
and the directivity of the antenna at the center frequency is
calculated to be 41.4 dBi with an aperture efficiency of 60% or
-2.2dB. 1

Index Terms—cylindrical reflector antenna; hat feed; parallel
plate; millimeter waves; E-band

I. INTRODUCTION

During the last years the need of new services and commu-
nication systems led to an overcrowded frequency spectrum.
The allocation of the E-band (71–86 GHz) enables a new
frequency spectrum that has a great potential for point-to-
point wireless links and wireless backhaul applications. These
wireless links are capable of replacing fiber optics, because
they are less costly and easier to deploy [1].

The E-band antennas are required to be mechanically small,
of high gain and suitable for integration with the radio. The
ETSI standard requires a minimum antenna gain of 38 dBi,
and radiation pattern envelope classes 2, 3 and 4 are released
for different applications [2]. Several types of antennas have
already been developed in the E-band and they are used for
different applications [3]–[6].

Reflector antennas are very attractive candidates for use at
high frequencies, because they have high gain and low loss.
In this paper, a new quadratical reflector antenna is presented,
which is partly inspired by hat-fed reflector antennas [7]–[11].
The main advantages of the new antenna compared with the
hat-fed reflector antenna are low manufacture cost since there
is no dielectric head involved and higher gain.

A preliminary design of the cylindrical reflector antenna
with a rectangular aperture is presented in the following
sections.

II. ANTENNA STRUCTURE

The configuration of the proposed cylindrical reflector an-
tenna is shown in Fig. 1. The cylindrical reflector is illu-
minated by a corrugated linear hat feed, which is fed by a
parallel plate structure. Inside the parallel plate there is an

1This work was performed at Ericsson AB in Gothenburg as a master thesis
project of Chalmers master’s program Wireless and Photonics Engineering.

Fig. 1. Cylindrical parabolic reflector antenna

one-dimensional reflector antenna, which is illuminated by a
hat feed. This hat feed is fed by a standard WR-12 rectangular
waveguide, operating in the E-band. The antenna has a square
aperture and the length of the side is 𝑑 = 168.4 mm. The
focal length for both reflectors is set as 𝐹 = 32.3 mm, and
the antenna depth is Δ𝑧 = 54.85 mm. Therefore, the half
subtended angle is 105∘.

The hat inside the parallel plate has no corrugations and
does not need any dielectric support, because it is already
supported by the parallel plates. The dominant TE10 mode
propagates in the WR-12 waveguide. The spacing between the
hat and the open end of the waveguide should be equal to or
larger than half a wavelength, in order to avoid the propagation
mode being cut-off.

The corrugated cylindrical hat feed that is located on top of
the parallel plate is designed in order to achieve low sidelobes
in the radiation pattern. The depth of each corrugation is
selected to be 𝜆0/4, where 𝜆0 is the wavelength at the center
frequency, and there are three corrugations on each side of the
hat.

III. THEORY AND FORMULATIONS

The far-field function of a rectangular cylindrical reflector
can be calculated analytically, assuming that the aperture



distribution is the truncated Gaussian. The general expression
of the far-field function of an aperture distribution can be
written on its Fourier transform as [12]
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where 𝜌𝛼 = 𝑑/(2
√
0.4 ln 10), for 10 dB of illumination taper.

The maximum of the absolute of the far-field is proportional
to the maximum of the one dimensional Fourier transforms and
this occurs when 𝜃 = 0, i.e.,
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The total power of the far-field function is equal to the
square of the aperture integral function,
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Therefore, the directivity of a rectangular aperture can be
calculated by
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IV. BLOCKAGE OF THE CYLINDRICAL REFLECTOR

The total blockage loss of the cylindrical reflector is the
result of the blockage from both hat feeds that illuminate the
reflectors, which leads to a higher blockage loss than that of
a typical hat feed.

The blockage at the first dimension occurs from the hat
feed inside the parallel plate and the blockage at the second
dimension occurs from the linear hat feed that is extended

Fig. 2. Blockage in the rectangular aperture of the cylindrical reflector (a
is the total area of the aperture, b is the area that is blocked along the two
dimensions and corresponds to the grey area of the figure and c is the black
common blocked area at the center)

along the aperture of the parallel plate. A schematic of the
blockage in the rectangular aperture is shown in Fig. 2, where
a square aperture and the same size of hat feeds are assumed
for simplicity.

The directivity of the antenna including only the blockage
loss can be calculated approximately by the directivity of the
antenna without the blockage minus the directivity from the
area which is blocked. The directivity from the common area
in the center should be added, because otherwise it would be
subtracted twice in Eq. (12).
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In a similar way the power of each aperture area is calcu-
lated and it is found to be
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Fig. 3. Calculated H-plane of the cylindrical reflector for f = 78.5 GHz
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Therefore, the total directivity of the antenna including the
blockage can be approximated by
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Finally, the blockage efficiency is

𝑒𝑏 =
𝐷𝑏

𝐷
. (13)

V. SIMULATION RESULTS

The radiation patterns of the cylindrical antenna were sim-
ulated by using both HFSS [13] and G2DMULT [14].

G2DMULT is a general algorithm based on the S2DS
technique that calculates the spectral Greens functions of 2-D
multiregion structures by using the method of moment (MoM).
G2DMULT makes use of the Fourier transform of the 3-D
excitations in the uniform direction of the 2-D structure to
arrive into a spectral domain problem that can be solved by 2-
D spatial techniques. Therefore, instead of solving a very large
3-D problem directly, G2DMULT provides a very efficient
simulation for 2-D cylindrical geometry problems [15]–[19],
such as also in the case of this work.

The simulated radiation patterns in H–, E– and 45∘–planes
of the antenna at the center frequency of 78.5 GHz, using
G2DMULT, are plotted in Figs. 3–5, respectively. It can be
seen that the H–plane pattern almost satisfies the ETSI class
2 requirement, while the E–plane pattern does not, and the
45∘–plane pattern satisfies even the ETSI class 3 requirement.
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Fig. 4. Calculated E-plane of the cylindrical reflector for f = 78.5 GHz

−180 −135 −90 −45 0 45 90 135 180
−60

−40

−20

0

20

40

50

θ (deg)

D
ire

ct
iv

ity
 (

dB
i)

 

 

Simulated
ETSI class 3
ETSI class 2D−plane

Fig. 5. Calculated 45∘-plane of the cylindrical reflector for f = 78.5 GHz

Fig. 6. G2DMULT geometry for the cross section of the 1D reflector (E-
plane)

The geometry of the antenna in G2DMULT is shown in
Figs. 6–7 for the E– and H–plane respectively.

The 45∘–plane radiation pattern in Fig. 5 is calculated based
on the simulated radiation patterns in E– and H–planes. The
complete cylindrical reflector antenna could not be simulated
as a whole in the softwares, because of the complexity of
the design and computer memory limitations. Therefore, the



Fig. 7. G2DMULT geometry for the cross section of the cylindrical reflector
(H-plane)

Fig. 8. One quarter of the cylindrical reflector as simulated in HFSS

results were calculated by two different methods.
The first method was to simulate the cross section of the

one-dimensional cylindrical reflector and the cros section of
the cylindrical reflector, thus the E– and H–plane, respectively,
by using G2DMULT. Then, the 45∘-plane is calculated.

The other method was to design one quarter of the antenna
as it is shown in Fig. 8 in HFSS by exploiting the symmetry in
E–and H–planes. In that way all the planes could be simulated
and they are plotted in Fig. 9.

The simulation results from both methods seem to agree
with each other and the 45∘ plane is the only one that satisfies
both class 2 and class 3 ETSI requirements. Therefore, the
antenna should be mounted in such a way that the 45∘ plane
is in the horizontal plane.

Finally, the directivity of the antenna has been obtained by
two methods: 1) simulation in both softwares; 2) calculation by
subtracting its sub-efficiencies from the theoretical maximum
directivity. The results over the E-band are plotted in Fig. 10,
and they differ with up to 1dB.

The total aperture efficiency is calculated by:

𝑒𝑎𝑝 = 𝑒𝑠𝑝𝑒𝑖𝑙𝑙𝑒𝜙𝑒𝑏𝑒𝑝𝑜𝑙 (14)

where, 𝑒𝑠𝑝 = 0.987, 𝑒𝑖𝑙𝑙 = 0.74, 𝑒𝜙 = 0.953, 𝑒𝑏 = 0.866
and 𝑒𝑝𝑜𝑙 = 1 for the center frequency and it is found to be
𝑒𝑎𝑝 = 0.6.

Fig. 9. Simulated E, H and 45∘-plane of cylindrical reflector for f = 78.5
GHz
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Fig. 10. Directivity over the E-band obtained by two methods: 1) simulation;
2) 𝐷 = 𝐷𝑚𝑎𝑥 − 𝑒𝑠𝑝 − 𝑒𝜙 − 𝑒𝑏 − 𝑒𝑖𝑙𝑙, where 𝑒𝑠𝑝 is the spillover loss, 𝑒𝜙
the phase loss, 𝑒𝑏 the blockage loss and 𝑒𝑖𝑙𝑙 the illumination loss.

Apart from the blockage efficiency that is already defined in
a previous section the rest of the sub efficiencies are calculated
by equations from [20].

VI. CONCLUSION

A new E-band antenna concept has been proposed for wire-
less backhaul solution to high data rate links. This cylindrical
reflector antenna is compact, provides high gain and it is
easier and cheaper to manufacture in comparison with circular
reflector antennas. Both the directivity and the sidelobe level
satisfy the ETSI requirements, thus this antenna has a great
potential to be used in the the next generation of mobile
networks.
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