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Abstract—In this paper, sub-wavelength passive periodic structures are used to create high isolation between the transmitter
(Tx) and receiver (Rx) antennas designed at 26 GHz. The
periodic electromagnetic bandgap (EBG) structures composed
of square mushroom shapes are used between Tx and Rx (TRX)
antennas for increasing the isolation from 22 dB to 50 dB
experimentally. The results are compared in terms of simulation
and measurement and a close agreement is found between
them. Moreover, the results are further used to extract system
performance targeting joint communication and radar sensing
(JC&S) applications.

I. I NTRODUCTION
Sensing is widely seen as one of the key technologies in
the sixth generation (6G) of wireless communication systems
[1], allowing a plethora of new services and applications. It is
envisaged that radar sensing, in particular, will be integrated
with the communications network [2], such that it can be
offered as an additional service upon demand, in what we
call Radar as a Service (RaaS). Currently, radar and wireless
communication systems are designed and deployed separately,
using different hardware and waveforms, and distinct parts
of the spectrum. A joint communication and radar sensing
(JC&S) system will benefit the over-crowded communication
space with spectrum sharing, by using part of the radar
spectrum. Besides, the use of communication technologies will
enable a coordinated systems of radars, currently struggling
with increasing interference between different radars. Finally,
connected radars may exchange information, allowing a better
detection performance by means of sensor fusion, enabling
many new services.
Antenna design plays a significant role in making such
future systems a reality. Most automotive radar systems today
use separate antennas for transmitting and receiving [3] , for
example, in frequency-modulated continuous wave (FMCW)
radars, whereas in upcoming communication systems there
is a strong push towards full-duplex (FD) systems, in which
transmitters and receivers can operate at the same time. A
full-duplex radio, also known as simultaneous transmit and
receive (STAR) capable radio, can thus increase the capacity
of wireless networks through an efficient reuse of the allocated
electromagnetic spectrum (EMS). For communications, the
major advantage provided by STAR is to potentially double

the spectral efficiency compared to widely used half-duplex
radio links based on time or frequency division duplex [4],
but accounting for traffic asymmetry and the increased interference, the capacity gains are usually less than that. For radar
detection, on the other hand, STAR is essential, because the
device must be able to transmit and detect the returning echos
simultaneously.
In a STAR system, either one must integrate a circulator in
the RF front-end or use two separate antennas with sufficient
isolation. Currently available circulator topologies do not support reliably more than 20 dB transmitter-to-receiver isolation
over the full operating band [4]. This limitation has been one
of the bottlenecks of STAR-capable radios in communication
systems and radars. In this work, we demonstrated higherthan-50 dB measured TRX antenna isolation using metasurfaces, thus enabling a JC&S system with STAR capable
communication and radars (e.g. FMCW radars).
The mutual coupling issues between the antennas are already comprehensively addressed in [5], [6]. There are numerous methodologies to mitigate this mutual coupling between
the antennas using active circuitry [7]. However, active circuits
do not only increase the complexity of the whole system,
but they are also power-hungry, making them inefficient and
difficult to implement for the future 6G JC&S applications
in battery driven devices. According to the literature, electromagnetic bandgap (EBG) structures are already known but the
achieved isolation with these structures is less than 30 dB [8].
In this paper, we discuss how these passive EBG meta-surfaces
can be used at 5G NR cmWave bands (26 GHz) to achieve high
isolation between the transmitting and receiving antennas. This
approach not only saves power, but it is also a cost-effective
method for future compact radar and communication systems.
In this work, existing 5G NR communication band with
400 MHz available bandwidth is chosen for proof-of-concept
demonstration, as JC&S frequency bands are not yet decided.
The coupling values of the antenna board without the passive
electromagnetic bandgaps are simulated and used as a reference for the Tx and Rx board with the EBG, and compared
in terms of isolation, bandwidth and gain pattern. The final
board is fabricated and compared to the simulated results.
Furthermore, the results are used to evaluate the JC&S radar

Fig. 1. Simulation model with highlighted dimensions of Tx and Rx antenna
without EBG

performance, which can be severely affected by the selfinterference component caused by low TRX isolation. The
paper is organized as follows. In Section II the simulation
results of achieving isolation without EBG structures are
discussed, and in Section III the simulation and measured
results of the transmitter and receiver antenna with EBG
structures are analyzed. In section IV, the results are used
to evaluate the system performance feasibility of the whole
Tx and Rx board for the future JC&S applications. Finally,
the conclusion and future work of the paper are presented in
Section V.
II. T X AND R X WITHOUT EBG
The simplest way of achieving high isolation between the
transmitter (Tx) and receiver (Rx) antennas is by increasing
the separation distance Sd between the Tx and Rx antennas.
This technique of increasing the isolation is shown by two
microstrip patch antennas, one used as the transmitter antenna
and the other as the receiver antenna, as shown in Fig. 1.
Fig.2 shows the isolation values with respect to the separation distance between the antennas Sd , which is changed from
0.5λ0 to 2.5λ0 , with λ0 the free space wavelength at 26 GHz.
At Sd = 0.5λ0 the isolation between the Tx and Rx antennas
is around 21 dB and when the separation distance is increased
to 2.5λ0 , the isolation becomes around 29 dB. In order to
achieve isolation higher than 30 dB, a distance of more than
3λ0 is required. Nevertheless, increasing the isolation between
the Tx and Rx antennas requires a lot of board area and it
is not an optimal solution for compact designs. Therefore,
metamaterials can be one of the best contestants not only
for increasing the isolation but also for keeping the distance
between the Tx and Rx antennas fixed to a sub-wavelength
value.
III. T X AND R X ANTENNAS WITH EBG
In this section, the electromagnetic bandgap (EBG) structure
and its integration between the transmitting and receiving
antennas are discussed. Sub-wavelength periodic structures
can be used for the creation of electromagnetic bandgaps.
These periodic structures create a bandgap in the desired
spectrum, in which the propagation of electromagnetic waves

Fig. 2. Isolation between Tx and Rx antenna as a function of separation
distance

is restricted. This phenomenon of restricted propagation can
be used to suppress the surface waves and, thus, to create a
high isolation between the transmitter and receiver antennas
for JC&S applications. The EBG structures are designed on
the basis of mushroom-type structures, as shown in Fig. 3. The
mushroom structure consists of a square patch at the top with
a centred shortening via at the middle of the patch connecting
it to the ground plane. The mushroom structure behaves like a
resonator, where its inductance is controlled by the via and its
capacitance is decided by the inter-spacing of the top square
patches.
The Tx and Rx board with EBG is designed on a low
cost RF substrate of rogers 4003C with a permittivity of
4.55 and tanδ of 0.0027. The thickness of the substrate is
chosen to be 0.508 mm. The extracted EM bandgap diagrams
[9] of the periodic mushroom structures are shown in Fig.
4. The optimized unit cell dimensions are given in Table
I, which are chosen to have an EM bandgap in the regime
of 26 GHz of the designed frequency. The design flow of
the highly isolated transmitter and receiver antenna is shown
in Fig. 5. In the initial step, the unit cell simulation is
done using eigenmode solver of HFSS. In the next step, the
electromagnetic bandgap diagrams from the different excited
modes during the eigenmode simulations are extracted. In the
final phase, the EBG structures are integrated between the
transmitter and receiver antennas and the results are optimized
for the designed frequency.
The simulation model of Tx and Rx board with EBG
structures and highlighted dimensions is shown in Fig. 6. The
distance between the Tx and Rx antennas is fixed to 0.75 λ0
to incorporate enough unit cells of EBG and leave some extra
space for not deteriorating the radiation pattern of the antenna.
In order to have a good agreement between the measured
and simulated results, the connector dimensions, shorteningvia and copper-etching tolerance of the patches are carefully
taken into account during the simulations. The optimized
dimensions of the board are given in Table I. The comparison
of the antenna performance parameters with and without EBG
structures is provided in Table II. According to the simulation

Fig. 3. Unit cell overview of the EBG for extracting electromagnetic band
diagrams
Fig. 5. Simulation design flow of the increasing the isolation between Tx
and Rx antennas

Fig. 4. Extracted bandgap diagram of mushroom structures

results, the EBG board has slightly less bandwidth than the Tx
and Rx board without EBG. The bandwidth reduction effect
due to EBG structures can be seen from the input impedance of
the Tx antenna, as shown in Fig. 7. The slope of imaginary part
of the Tx and Rx board with EBG structures increases in the
regime of 26 GHz. The maximum realized gain of the antennas
with and without EBG is reduced from 7.64 dBi to 7.6 dBi.
The simulated maximum realized gain values with respect to
the frequency of the Tx and Rx board with EBG structures are
given in Fig. 8. The antennas have 7.6 dBi gain in the regime
of 26 GHz, whereas the isolation of the antenna is increased
from 22 dB to more than 50 dB over a bandwidth of 800 MHz
in the regime of 26 GHz according to the simulation results.
The 3D simulated gain pattern comparison is shown in Fig.
9. The pattern is slightly tilted due the EBG structures but,
overall, the antenna radiation pattern is closely sustained.
The fabricated Tx and Rx board with EBG structures is
shown in Fig. 10. The measured and simulated results of the
Tx and Rx board with EBG structures are shown in Fig. 11. A
close agreement is found between the simulated and measured
results. However, there is a slight shift in the transmission
coefficient due to the fabrication tolerance of sub-wavelength
EBG metal patches and the via drill tolerance. The gain of
the Tx and Rx antenna board with EBG is measured around
6 dBi with a known horn antenna in the E-plane.
IV. S YSTEM EVALUATION FOR JOINT COMMUNICATION
AND SENSING APPLICATION

Despite the recent increased interest in in-band full duplex systems for communications, these are still relatively

Fig. 6. Simulation model with highlighted dimensions of Tx and Rx antenna
with EBG

Fig. 7. Comparison of input impedance of the Tx antenna with EBG (WEBG)
and without EBG (WOEBG)
TABLE I
T X AND R X ANTENNA BOARD DIMENSIONS WITH AND WITHOUT EBG
STRUCTURES

Parameters
Ls
Ws
Lp
Wp
Lf
Wf
Lt
Wt
Ucx
Ucy
g
Dsc
t

Without EBG (mm)
26.875
18
2.675
3.977
6
1.136
1.88
0.3
0.508

With EBG (mm)
29.61
18
2.68
3.977
6
1.136
1.8
0.2
2.08
2.08
0.125
0.4
0.508

TABLE II
P ERFORMANCE COMPARISON OF T X AND R X ANTENNA BOARD WITH AND
WITHOUT EBG ACCORDING TO THE SIMULATION RESULTS
Parameters
Bandwidth (MHz)
Maximum Gain (dBi)
Isolation (dB)

Fig. 8. Simulated maximum realized gain values with respect to different
frequencies of the Tx and Rx board with EBG structures

Fig. 9. 3D gain pattern of Tx and Rx antenna (a) without EBG (b) with EBG

With EBG
977
7.6
62

expensive and have a high energy consumption [10], and, on
account of that, wireless communications systems still rely on
half-duplex techniques, like time-division duplexing (TDD).
Therefore, the isolation between Tx and Rx is in general not
necessarily a relevant issue for communications.
The situation is different for radar systems, which are likely
to use pulses of long duration, like FMCW or orthogonal
frequency-division multiplexing (OFDM), such that the selfinterference from the transmitted signal and the received radar
reflection overlap in time. In this case, the isolation between
Tx and Rx becomes crucial, as the target echos may arrive
with a very high attenuation and may be drowned by the
self interference, which can have a power many orders of
magnitude higher and, thus, saturate the receiver.
The question to be answered is how much isolation is
required for a given JC&S scenario. It depends on lots of
factors, like the waveform parameters, mixer and low-noise
amplifier (LNA) saturation levels, and the expected path loss
P L from the echo, which itself depends on the range R,
wavelength λ0 , antenna gains Gt x and Gr x, and the radar
cross section (RCS) σ, according to the radar range equation:
PL =

Fig. 10. Fabricated boards of Tx and Rx antenna with EBG structures (a)
Top side (b) Bottom side

Without EBG
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7.64
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In order to evaluate the impact of different isolation levels,
we have simulated radar detection for two different waveforms,
namely FMCW and OFDM, using our Python open-source
link-level simulator, Hermes [11]. At the receiver we consider
an ideal automatic gain control (AGC), such that the dynamic
range of the quantizer at the analog-to-digital converter (ADC)
is exactly the same as in the received signal. This means,
however, that the quantizer resolution may not be enough for
the low-power echo.
The scenario for the simulations is listed in Table III,
considering a single target.
TABLE III
S IMULATION S CENARIO PARAMETERS
Parameters
range R
carrier frequency f0
RCS σ
SNR
antenna gains Gt x and Gr x
ADC resolution

Fig. 11. Comparison of simulated and measured results of Tx and Rx antenna
board with EBG

Value
100 m
26 GHz
1 m2
-10 dB
5 dB
8 bits

We first performed some simulations considering an FMCW
(or chirp) radar, using stretch processing, i.e., we mix the

with FMCW. Depending on the system parameters, a 50 dB
isolation can provide however a performance close to the
one with full isolation, i.e., without self interference, as it
can be seen in the FMCW results. A higher isolation may
require a higher ADC resolution or further analog and digital
processing, which are outside the scope of this paper.
V. C ONCLUSIONS

Fig. 12. ROC with SNR=-10 dB

received signal with the generated waveform to obtain beat
frequencies proportional to the target ranges. Here, only inphase mixing is considered. The self-interference component
will generate a DC component, which is filtered out by a
high-pass filter with cut-off frequency fmin . Considering a
chirp bandwidth B, the signal is then filtered with a low-pass
filter with cut-off frequency fmax < B, such that it can be
sampled with a lower sampling frequency. The frequencies
fmin and fmax correspond to the range window of the radar,
i.e., considering Rmin = cfmin τ /B and Rmax = cfmax τ /B,
with τ the chirp duration, we can only observe the range R in
the window Rmin < R < Rmax . After sampling, an FFT can
be used to detect the beat frequencies, and, consequently, the
ranges corresponding to the target echos.
We also simulated an OFDM radar, using the symbol-based
approach described in [12], with parameters being chosen
such that similar pulse repetition intervals and bandwidths
are observed for both FMCW and OFDM. The waveform
parameters are listed in Table IV, and the receiver operation
characteristics (ROC) curves for an signal-to-noise ratio (SNR)
of -10 dB with different isolation levels are depicted in Fig.
12. Note that low SNRs can be achieved from the processing
gain Bτ for FMCW and Nc for OFDM [12].
TABLE IV
WAVEFORM PARAMETERS
Waveform
FMCW

OFDM

Parameters
bandwidth B
chirp duration τ
maximum range Rmax
subcarrier spacing ∆f
guard interval TG
FFT size NFFT
number of subcarriers Nc

Value
100 MHz
4µs
200 m
312.5 kHz
800 ns
512
384

We observe that the radar performance is severely degraded
by the self interference, especially for OFDM radar, which has
a high peak-to-average power ratio (PAPR) and cannot make
use of the DC blocking approach used in stretch processing

In this paper, we have proposed a novel approach to
address the challenge of maintaining high isolation between
the transmitter and receiver antennas. Meta-surfaces as passive
elements with high impedance and low power characteristics
are used to suppress the surface waves and to increase the
isolation between transmitter and receiver from 22 dB to 50
dB, experimentally. Furthermore, these results are used to measure system performance and demonstrate the improvement
of radar system performance, increasing the isolation between
the transmitter and receiver for the future joint communication
and sensing applications. As a future work, the target will be
to explore more meta-surfaces with similar isolation values
and constant attenuation characteristics over a wider frequency
band.
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