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Abstract—In this paper a novel directive TM, surface wave
launcher for integrated planar leaky wave antennas is presented.
As proof of concept the launcher is designed for a frequency
modulated continuous wave radar at 120 GHz. Simulations for
launcher and antenna are presented, as well as verification
measurements of a prototype. Being well matched over the whole
WR6 band from 110 GHz to 170 GHz, the designed launcher
covers a large bandwidth. The antenna prototype incorporating
the new launcher scans over a range of 18° when fed from
110 GHz to 130 GHz.

I. INTRODUCTION

With monolithic microwave integrated circuit (MMIC) tech-
nology for the millimeter wave frequency range entering
commercialization, very small and cheap radar sensors get pos-
sible, like the fully integrated 122 GHz frequency modulated
continuous wave radar frontend presented in [1]. Often, not
only the distance to a target is of importance, but also the angle
of the target towards the radar. Compared to phased arrays
or digital beam forming with their increased demand on feed
network design and amount of necessary radio frequency (RF)
hardware respectively, leaky wave antennas in conjunction
with an FMCW radar frontend offer a cheap and efficient way
to implement a radar with angle and distance measurement
capabilities [2]. Leaky wave antennas radiate in different
directions when fed with different frequencies, which is why
they are also called frequency scanning antennas. With this
characteristic, the antenna performs a scan over the field of
view during an FMCW ramp. There are different implemen-
tations of leaky wave antennas for different transmission line
technologies. In this paper a planar implementation is used,
which is inspired by holographic theory [3]. A bound substrate
wave in a dielectric slab is used as a reference wave. This wave
is excited by a surface wave launcher and in turn excites the
hologram, a periodic structure, to radiate a pencil beam to
free space. The surface wave launcher is crucial for a good
performance, as it is a limiting element for the bandwidth of
the antenna. In this paper we evaluate why the TMy mode is
desirable for an integrated FMCW radar sensor and present
a novel TMy surface wave launcher enabling the use of the
TM, mode for this purpose. Simulations and measurements
of a prototype (Fig. 1) are presented as proof of concept.

II. SYSTEM CONCEPT

The antenna is intended for a quasi monostatic FMCW radar
at 122 GHz on a layer stack as illustrated in Fig. 3. The main
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Fig. 1. Two antennas side by side for quasi monostatic FMCW radar. The
left picture shows the antenna without the Alumina superstrate, on the right
the complete antenna in working condition. The substrate size is 45 mm by
55 mm, the antenna itself is 40 mm by 35 mm large.

RF substrate is a 127 um thick Rogers 3003 substrate with
a permittivity of €, = 3 and 18 pm copper cladding on both
sides. The top copper layer is additionally gold coated for
lower loss and corrosion protection. For structural strength and
for the baseband electronics, this RF substrate is laminated on
a 1 mm thick FR4 substrate with 35 pm copper cladding on
both sides. As a superstrate, a 127 um thick slab of Alumina
with a permittivity of €, = 9.9 is manually attached on top
of the upper metal layer after production of the circuit board.
Glue is only applied on the outer rim, leaving air between the
individual metal traces. The RF components and the antenna
are situated on the top layer, whereas power supply and signal
conditioning are placed on the bottom side FR4, enabling a
high degree of integration and miniaturization, while providing
a trade-off between cost and RF attenuation.

Two surface waves are mainly used for leaky wave antennas:
The TE(y and the TMy mode. Field patterns are illustrated in
Fig. 2. Both modes have no lower cuttoff frequency and are
the first modes of their kind that can propagate. Also, both
modes can propagate on just a dielectric slab. In this case the
TE( mode is usually preferred because of the simple excitation
by a folded dipole or a Vivaldi antenna [4]. Mode conversion
is small and can be neglected. For integrated sensors however,
it has the disadvantage that radiation takes place on both sides
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Fig. 2. Tllustration of the fields of a TEg mode propagating on a dielectric
slab (a) and a TMp mode propagating on a dielectric slab with backside
metallization (b). Both modes propagate to the left.
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Fig. 3. Layerstack of the target system (not to scale). The superstrate is
added manually on top of the top metal after production, leaving air gaps
between the stripes.

of the substrate. This means a reflector in a mechanically well
controlled distance to the antenna is necessary, which increases
manufacturing cost and makes integration more difficult. In
contrast to the TEy mode, the TMy mode can also propagate on
a substrate with backside metallization. This allows true single
mode propagation and more importantly the metallization then
forms an intrinsic shield against the background. This is
advantageous because in this configuration the mounting of
the antenna does not influence the antenna characteristics and
can therefore be neglected during design.

Excitation of TM, waves for leaky wave antennas is
usually accomplished with a slot antenna in the ground
plane, for example a folded dipole slot [S]. This brings two
disadvantages: Firstly the shielding towards the backside
of the radar is worse, which means the background again
influences the antenna behavior. Secondly, the antenna needs
to be fed from the backside, so the RF front end needs to
sit on the bottom side of the antenna substrate or the RF
signal needs to be routed from the top to the bottom layer.
This would require vias for RF signals, which would increase
manufacturing cost, signal attenuation and design complexity.

Fig. 4. Simulation results of the proposed feed without a grating at 120 GHz,
including the superstrate: On the left the magnitude and on the right the phase
of the E-field’s z-component.
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Fig. 5. Simulated reflection coefficient of the feed without a grating.

III. LAUNCHER DESIGN

The new launcher is inspired by the complement of the
Vivaldi antenna. Instead of a slot in the ground, the exponential
taper is made on the center conductor of a coplanar wave guide
with lower ground (CPWG) as can be seen in Fig. 1. The
CPWG mode first gradually transforms to a microstrip mode
under the tapered center line and then to the desired TMj
substrate mode. To improve the reflection coefficient and to
achieve an undisturbed circular wave front, the aperture of
the feed antenna is circular. The z-component of the E-field
in Fig. 4 shows a directional radiation of the substrate wave
towards the grating and the desired circular phase front. The
ground conductors of the CPWG line are gradually retracted
from the center conductor for a smooth transition and have
round ends to keep spurious radiation low. Due to these
measures a high bandwidth can be achieved which can be
seen by the reflection coefficient in Fig. 5.

IV. ANTENNA GRATING DESIGN

To validate the suitability of the proposed feed, a grating
is necessary to radiate the substrate wave. This grating is
designed for the frequency range of 110 GHz to 130 GHz,
should radiate to a wide angular range near broadside and
should lead to a small beamwidth.

The antenna grating is the radiating element of the leaky wave
antenna. Each metal stripe radiates a small amount of the

462



0.2

0.15

0.1

0.05

Radiation Coefficient

| | |
400 600 800

Line Width in pm

200 1,000

Fig. 6. Radiation coefficient of one metal stripe on Rogers 3003 with backside
metallization and a 127 pm thick Alumina superstrate on top of the stripe.
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Fig. 7. Simulated and measured reflection coefficient of the antenna prototype
as shown in Fig. 1. Both lines are plotted for a reference impedance of 77 Q.

surface wave. Due to the periodicity of the grating, a specific
floquet mode is excited. This mode has a phase velocity higher
than the free space phase velocity and therefore radiates.
Because the physical periodicity remains constant while the
wavelength changes with a frequency change, the radiation
direction changes with frequency. Therefore, the periodicity in
conjunction with the propagation constant 3 of the reference
wave determines the angle in which the antenna radiates. The
angular range that can be scanned with the antenna increases
with the permittivity of the substrate material. The use of a
high permittivity substrate however, also increases the losses in
the RF circuit due to undesired substrate waves. The substrate
used for the radar system has a low permittivity of €, = 3
which results in a small scan range. This is improved by
using the high permittivity superstrate over the antenna feed
and grating, improving the scan range to 20°. Also, the high
permittivity of the superstrate leads to a concentration of
the field around the grating, which improves the radiation
behavior, because the metal stripes can more effectively short
the E-fields. With the superstrate only being over the antenna
part of the system, another advantage is the attenuation of
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Fig. 8. 2D plot of the simulated antenna pattern. Broadside radiation is at
0°. At smaller angles the main beam tilts towards the surface wave launcher.
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Fig. 9. 2D plot of the measured antenna pattern. Broadside radiation is at

0°. At smaller angles the main beam tilts towards the surface wave launcher.

spurious substrate waves in the rest of the system because
spurious substrate waves are bound to the area with the higher
permittivity due to the difference in wave impedance of the
modes inside and outside the area of the superstrate.

The width of the stripes is the main parameter for the
amount of energy which is radiated by each stripe. The more
energy each stripe couples out, the higher the efficiency of the
antenna. This is because the surface wave propagates less in
the lossy dielectric substrate. A high radiation coefficient also
decreases the size of the aperture because all energy of the
substrate wave is radiated after less stripes. The downside of
this increase in electrical and aperture efficiency is a larger
main beam.

Fig. 6 shows the radiation coefficient for different stripe
widths of the grating. The coefficients are extracted from
simulations of a unit cell with a single grating stripe. Di-
electric and metal losses are neglected due to the small size
of the simulation cell. Therefore, all losses determined by
L =1—|81]* — |S21]? can be attributed to radiation. For
the prototype antenna a small beamwidth and a small aperture
are requested, so the line width is chosen to be 700 um. The
residual power at the end of the grating should be below
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—10dB to avoid a sidelobe caused by the reflection of residual
power at the end of the substrate. For a linewidth of 700 um
this is the case for a minimum of 8 stripes. To be on the safe
side 9 stripes are used for the antenna, theoretically resulting
in —12.5dB residual power. The periodicity of the antenna
is chosen to 1900 um so that the main beam scans close
to broadside from —6° to 14° when fed from 110 GHz to
130 GHz. The simulation of the antenna pattern is plotted in
Fig. 8 showing the expected scan range of 20° and a realized
gain of 15 dBi to 19 dBi. The main lobe 3 dB-beamwidth is 7°
on average and the sidelobe suppression is better than —10dB
above 118 GHz and better than —7 dB in the frequency range
below. Sidelobe suppression can be improved by an amplitude
distribution realized by using different stripe widths according
to the radiation coefficients from Fig. 6. However, at the cost
of a wider main beam and a larger aperture.

V. EXPERIMENTAL SETUP AND RESULTS

Due to the minimum feature size allowed for the manu-
facturing, the impedance of the pads to contact the antenna
cannot be lower than 77 €2, so the antenna cannot be matched
to the 50 2 impedance of the measurement system. Therefore,
the measurements are renormalized to 77 ) in post processing.
For the radar system this is not a problem, because the wire
bonds used to connect antenna and RF front end can be used
to match the connection. The reflection coefficient and antenna
pattern are measured on a probe based antenna measurement
system [6]. The measured antenna pattern can be seen in
Fig. 9. The results are close to the simulated values. The
scan range is shifted slightly by 5° so the antenna scans from
—9° to 9°. With a small exception at 124 GHz the antenna is
matched better than —10 dB as shown in Fig. 7. This could be
improved by an amplitude distribution. The reflection at the
first stripe is dominant, so with a smaller first stripe reflection
would be lower. In Fig. 10 the realized gain of the antenna is
shown. The strong ripple on the measurement is attributed to
the mismatch between antenna and measurement system. On
average the antenna gain is very constant across the bandwidth
slightly exceeding the simulated gain at the lower frequencies
and slightly falling below near the center frequency. This is
probably also due to the general shift between simulation and
measurement. Based on simulations the shift is expected to be
caused by a small air gap between top metal and superstrate,
which slightly changes the propagation velocity. This uncer-
tainty could possibly be avoided by using a superstrate that
can be laminated onto the antenna during production, instead
of applying the superstrate manually.

VI. CONCLUSION

The novel Vivaldi type TM, surface wave launcher enables
the use of integrated leaky wave antennas of the holographic
principle for radar applications. The launcher is able to feed
the grating over a large bandwidth potentially covering a wide
angular range. The measurements of the presented prototype
prove the viability of the new feed concept. Improving the
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Fig. 10. Realized gain of the antenna across the frequency range

resilience to manufacturing tolerances during superstrate ap-
plication appeared as a topic for further research.
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