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Abstract—Flexible antennas in radar applications enable the
user to go around obstacles or detect targets at hidden places.
In this paper, two elliptical lenses of different size made of
high density polyethylene and stacked on a flexible dielectric
waveguide are designed and measured from 140 GHz to 180 GHz.
The feeding dielectric waveguide and the mode transition from
metallic waveguide to dielectric waveguide was investigated with
full wave simulations. The elliptical lenses were designed with a
geometrical optics approach. The realized antennas have a gain
larger than 24 dBi and 27 dBi and a maximum side lobe level
below −15.8 dB.

Index Terms—flexible lens antenna, dielectric waveguide, rect-
angular waveguide, mode transformer.

I. INTRODUCTION

Dielectric waveguides have been known for a long time
[1] and they are used in different applications like in flexible
measurement setups for field scanning [2]. The flexibility in
bending, low attenuation, and low costs in fabrication make the
dielectric waveguide suited for the submillimetre wave range
with some advantages over the rectangular waveguide.

To transmit a signal into free space, the dielectric waveguide
is tapered at the end to become a dielectric rod antenna [3], [4].
These antennas are broadband but limited to a low gain. For
this reason, they are usually used as feed for a lens with large
gain [5]. The disadvantage of the lens is the larger antenna
size and also the fixed position.

Generally, the antenna gain can also be improved with an
elliptical or hemielliptical lens directly mounted on low gain
antennas, like patch antennas [6] or open waveguides [7].
With such an elliptical lens directly placed on a dielectric
waveguide, the gain can be considerably improved compared
to a dielectric rod antenna and the waveguide’s flexibility is
not lost. Furthermore, the size is very small. These antennas
can be used in systems with a fixed transceiver position, where
a flexible high gain antenna is required, like in radar systems
with a sniffer probe. Compared to a conventional system, only
the dielectric waveguide with lens has to be moved instead of
the complete RF part.

In this paper, such a flexible lens antenna made of high den-
sity polyethylene (HDPE) (εr = 2.25, tan δ = 3.1 · 10−4)[8]
with a transition from rectangular waveguide to dielectric
waveguide from 140 GHz to 180 GHz is presented. Firstly the
design of the antenna and the feeding structure is explained,
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Fig. 1: Schematic view of the elliptical dielectric lens antenna
with dielectric feeding line and mode transformer.

afterwards the fabrication process, the complete setup and the
measurement results are described.

II. ANTENNA FEEDING

The feeding structure for the elliptical lens antenna consists
of two parts. The component that is connected to the antenna is
a rectangular dielectric waveguide and the second component
is a mode transformer from rectangular to dielectric wave-
guide.

To determine the shape and size of the dielectric waveguide,
numerical investigations are necessary, since the flexibility and
the losses depend on the cross section. For small dielectric
waveguides the dielectric losses are low, because most of the
field is guided outside of the waveguide and the effective
dielectric constant is small. At discontinuities like bends,
where the radius is a measure for the flexibility, a part of
the wave’s power is radiated into free space. The radiated
power decreases with increasing waveguide size [9]. The
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Fig. 2: Schematic view of the elliptical lens with optical paths.

dielectric waveguide feeding also influences its dimensions. A
rectangular waveguide can be used as a feeding structure, as
the fundamental mode in the rectangular dielectric waveguide
is the hybrid HE11 mode, whose field distribution is very
similar to the TE10 mode in the rectangular waveguide [10].
Therefore, the chosen dimensions are the WR5 dimensions
(648 µm × 1295 µm) and the dielectric waveguide is fed with a
rectangular waveguide, as illustrated in Fig. 1. Moreover, such
dimensioned dielectric waveguides are the easiest to fabricate
with a CNC machine, because no additional taper is needed.
Besides, the rectangular shape maintains the polarization un-
like circular waveguides. The fabricated dielectric waveguide
has a measured loss of 4.5 dB/m at 160 GHz and the measured
radiated loss is 2 dB for a bend radius of 2 cm with two 90◦

arcs in a row.
Between the two waveguides a mode transformer, the

second mentioned component, is needed. Instead of using
a straight rectangular waveguide and a linear tapered horn
with a sharp edge as proposed in [10], the shape of the
mode transformer is optimized by numerical simulations. With
the continuously opened horn and the enhancement at the
dielectric waveguide taper, matching and insertion loss can
be improved. Especially the tapered horn allows a smoother
transition of the wave. Furthermore, the horn opening must be
large enough that the field components in the air are stronger
concentrated around the waveguide instead of scattered at the
horn’s metal edges. The fabricated mode transformer has a
measured loss of 0.4 dB.

III. ELLIPTICAL DIELECTRIC LENS

The synthesis of the elliptical lens is based on a geometrical
optics approach [7], [11]. All the rays radiating from the point
source have the same time delay when they reach the plane
phase front as shown in Fig. 2. Therefore, the source must be
in the focal point c of the ellipse with one semi axis a = R
and the dielectric constant εr. With the geometrical optics
conditions, the second semi axis b is

b =
R√

1− 1/εr
(1)
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Fig. 3: Fabricated dielectric waveguide (40 mm), dielectric
lenses and a mode transformer semi-monocoque.

and the focal point

c =
R√
εr − 1

. (2)

The ellipsoidal lens antenna then results from the rotation of
the ellipse around the symmetry axis (x-axis). The complete
antenna with the feeding structure was simulated with a nu-
merical transient solver so that the geometrical optics approach
could be verified. Furthermore, different reflections from the
lens surface, the mode transformer, and the transition from
dielectric waveguide to lens are visible. The main reflection
is caused by the transition from the dielectric waveguide to
the lens and results from the impedance mismatch, because
parts of the wave in the dielectric waveguide are in the air.
To reduce this reflection, a taper to a larger rectangular cross
section (1295 µm × 1295 µm) is made to focus more field
in the dielectric. However it is important that the rectangular
cross section is not to large and the radius R not to small that
the geometrical-optical approach is valid.

Further matching improvement can be achieved by using a
hemispherical lens shape or matching layers on the lens at the
expense of additional fabrication steps.

The gain of the antenna depends on its size. In the typical
order of the antenna dimension, the gain increases with
increasing lens radius R.

IV. MEASUREMENT RESULTS

For the realization of the antenna, the different dielectric
parts have to be connected to each other, because they could
not be manufactured as one component.

At first the dielectric waveguide is fabricated from a 3 mm
thick HDPE plate. The plate’s thickness is reduced to the
width of the waveguide, afterwards, the taper at the mode
transformer and the taper before the antenna is milled with a
CNC machine. At the end of the waveguide there is a pin of
2 mm length and a diameter of 1.2 mm. This pin is stacked in
a cavity at the centre of the elliptical antenna. This elliptical
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(a) Dielectric waveguide length 40 mm.
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(b) Dielectric waveguide length 150 mm.

Fig. 4: Matching of the elliptical antenna for different wave-
guide lengths (distance taper mode transformer to
taper lens), measurement ( ) and simulation ( ).

antenna is fabricated from a HDPE plate as well and faced with
a 5-axes CNC machine. Two antennas with different radii R,
5 mm and 7.5 mm, were fabricated.

The mode transition is manufactured in semi-monocoque
design from aluminium blocks. All the fabricated parts are
illustrated in Fig. 3.

In the measurement setup used for the antenna characteri-
sation, that is described in [12], the flexible antenna under test
has to be fixed in a carrier made of Rohacell (εr ≈ 1).

A. Matching

The simulated and measured reflection coefficient of the
antenna is illustrated in Fig. 4a. For the frequency range
between 140 GHz and 180 GHz the measured S11 is below
−11.5 dB. Compared to the simulation, the measured values
are higher. The reason for this are air gaps in the plug
connection between antenna and dielectric waveguide. This
is also observable for the reflection coefficient for the longer
waveguide in Fig. 4b. Here the periodicity in the ripples is
higher, which results from the standing wave between antenna
and mode transition. An inaccurate placement of the dielectric
waveguide in the mode transformer and the roughness at the
taper’s surface increase the S11. The antenna’s radii have no
influence on the reflections, because the field is negligible at
far distances (> 5 mm) from the waveguide.
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Fig. 5: Radiation pattern in the E-plane at 160 GHz for
R = 5 mm, measurement ( ) and simulation ( ).
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Fig. 6: Radiation pattern in the E-plane at 160 GHz
for R = 7.5 mm, measurement ( ) and simula-
tion ( ).

B. Radiation Pattern

For the lens with radius R = 5 mm the radiation pattern at
160 GHz in the E-plane is shown in Fig. 5. The 3 dB angular
width is 10.2◦ and the maximum sidelobe level is −15.8 dB.
The measured results have just small deviations from the
simulation with a sidelobe level of −20.6 dB.

The 3 dB angular width of the larger antenna with
R = 7.5 mm amounts to 6.8◦ for 160 GHz as visible in Fig. 6.
Again the measurement agrees well with the simulation and
the maximum side lobe level is with −18.3 dB only 1.7 dB
larger than the simulated one.

Due to the symmetry of the antenna, the H-plane pattern
is very similar to the E-plane pattern and is consequently
not depicted. Instead, an entire measured radiation pattern for
the elevation angle from −37◦ to 37◦ is shown in Fig. 7.
The data were measured for azimuth in 4◦ steps and for
elevation in 1◦ steps. To smooth the plot, additional values
were linear interpolated. The expected cylindrical symmetry
is clearly visible.

The radiation patterns for other frequencies within the
frequency range from 140 GHz to 180 GHz are very similar to
the illustrated one. With increasing frequency, the 3 dB angular
width decreases and the sidelobe level stays nearly unchanged.
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Fig. 7: Measured radiation pattern at 160 GHz for
R = 7.5 mm.
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Fig. 8: Gain over frequency for the two different lens radii
R = 5 mm (meas.: , sim.: ) and R = 7.5 mm
(meas.: , sim.: ).

C. Gain

To measure the gain of the antenna, the determined losses
from the mode transition and the dielectric waveguide were
de-embedded from the measured values. For the measurement
a 26 dBi standard gain horn was used.

The gain as function of frequency for the smaller lens is
depicted in Fig. 8. The gain is between 24 dBi and 25 dBi.
For the elliptical lens with radius 7.5 mm the gain is between
27 dBi and 28.5 dBi. The gain increases with increasing fre-
quency, since the wavelength is smaller compared to the lens
size. The measured values for both antennas agree very well
with the simulations.

V. CONCLUSION

In this paper, a flexible lens antenna with high gain and
easy way to fabricate for the frequency range from 140 GHz
to 180 GHz is presented. The flexibility of the antenna allows
the use as a sniffer probe for a radar system.

The antenna is fed by a rectangular waveguide. Using a
low-loss mode transition (0.4 dB), the wave travels over a
flexible HDPE dielectric waveguide with losses of 4.5 dB/m
to an elliptical lens antenna, which is stacked on the dielectric
waveguide. The lens was designed using a geometrical optics
approach and for matching improvement a taper was designed
with a full wave simulation. As a result, two antennas with a
gain of 24.5 dBi and 27.5 dBi and a sidelobe level of −15.8 dB
and −18.3 dB, respectively, were measured.
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