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A UWB Near-Field Contact-less Sensor for Liquid
Dielectric Spectroscopy
Ali Pourghorban Saghati, Student Member, IEEE,, and Kamran Entesari, Senior Member, IEEE
Abstract—A 3-10 GHz contactless sensor for time domain
liquid dielectric spectroscopy is discussed in this report. The
sensor setup is based on utilizing two printed UWB Vivaldi
antennas coupled to each other at their radiative near-field region
with the material-under-test (MUT) placed in the middle. The
sensor setup is fabricated with an overall size of 15.6 × 6.1 cm2 .
The proposed sensor is utilized in a time-domain spectroscopy
system which includes pulse generator, transmitter, compact
contact-less sensing unit, and the receiver. The over-all system
shows mean-squared error of less than 0.81%, and 2.47% for 0
and 00 characterization, respectively, compared with theory.

Fig. 1. Conceptual setup of the near-field coupled contact-less sensor setup.
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I. I NTRODUCTION

B

ROADBAND dielectric spectroscopy (BDS) is a powerful technique for characterization of materials properties
with a broad range of industrial, scientific and medical applications such as oil exploration and processing, food and drug
safety, chemical sensing, and disease diagnosis, to name a few
[1], [2]. Dielectric constant is an important measure for the
polarity of organic chemicals such as solvents used in chemical
industry. However, such microwave techniques require the
sensing element to be in direct contact with the material-undertest (MUT). As a result, the sensing element might need to be
replaced after each measurement, which can impose reliability
and repeatability issues. On the other hand, hybrid integration
of both fluidics and sensing circuitry on a single board makes
the fabrication procedure more cumbersome [2].
Free-space far-field sensing technique can be considered
as a remedy to achieve contactless sensing [3]. However,
the dimensions of the required antennas, and the overall
setup for such techniques are considerably large at microwave
frequencies, and therefore, impractical for characterizing lowvolume liquid materials. Moreover, since the sensors are
operating in the far-field with relatively large dimensions,
special attention is required in calibration and testing to
deal with multiple reflections/transmissions from the MUT
(electromagnetic bouncing) and also multiple reflections from
the surrounding environment issues, both of which increase
the inaccuracy of the detection. Therefore, even though this
method is well-established for laboratory research, efforts are
still required for miniaturized contact-less sensing applications
at microwave frequencies.
This report discusses the efforts made to address the
aforementioned issues by employing a miniaturized contactless sensing element consisting of a fluidic module carryAli Pourghorban Saghati, and Kamran Entesari are with the Department of
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Fig. 2. (a) The two near-field coupled antennas faced each other, and the Efield distribution is shown in middle and at the position of MUT at f = 3 GHz,
and (b) the E-field distribution in a plane in between the two antennas where
the MUT is located at different frequencies. The design values are: WM U T
= hM U T = 51 mm, and d = 30 mm.

ing material-under-test (MUT) located in the radiative nearfield region of two ultra-wideband (UWB) antennas with
nearly constant group delay over the entire 3-10 GHz broad
bandwidth in microwave range. The proposed sensor is also
utilized in a system-level time-domain (TD) liquid dielectric
spectroscopy system, which the measurement results show
mean-squared error of less than 0.81%, and 2.47% for 0 and
00 characterization, respectively, compared with theory [4]–
[6].
II. UWB C ONTACT- LESS S ENSOR & T IME -D OMAIN
S YSTEM -L EVEL I MPLEMENTATION
In order to achieve contact-less broad-band microwave sensing suitable for TD material characterization with a compact
setup size, and relatively low volume of the sample, nearfield sensing is proposed as a solution. Fig. 1(a) shows the
conceptual setup of the proposed near-field solution. Two
antennas are coupled in their near-field region while the
MUT is placed in between. The setup is surrounded with
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with the direct measurements of vector network analyzer
(VNA). Finally, the proposed sensor is utilized in [6], where
a pure time-domain material characterization is implemented.
In this case, the proposed system, shown in Fig. 3, includes a
transmitter, a compact contactless sensing unit, and a receiver.
A picosecond pulse generator unit in the transmitter delivers
a quasi-monocycle pulse with 3.5-GHz 10-dB bandwidth to
an up-converter and then an amplifier. The transmitter unit
provides the 3-10-GHz excitation pulse based on utilizing
a direct up-conversion architecture. The excitation pulse is
transmitted to the receiver through the sensing unit. The TD
data are captured for each MUT using DSA91304A infiniium oscilloscope as the receiver, and finally the fast Fourier
transform of the measured data is extracted in MATLAB. The
system shows the worst case mean-squared error (MSE) of
1.92% for 0 and 3.84% for 00 characterization.

Fig. 3. Fabricated setup of the proposed contact-less UWB spectroscopy
system.

absorbing materials (ECCOSORB AN) to provide an anechoic
environment. In the proposed setup shown in Fig. 1(a), the
distance between the two antennas (d) needs to be adjusted
accurately, so that the two antennas are coupled to each other
in their Fresnel regions, and therefore, have minimum effect
on each other’s return loss characteristics. As a result, the
overall size of the setup depends on the targeted frequency
range, antenna size, and its Fresnel region distance, which
determines the value for d.
The antenna type for the setup shown in Fig. 1(a) requires
to satisfy two main criteria. First, the system design is based
on covering the complete 3-10 GHz UWB frequency range.
Second, the antenna element needs to be non-dispersive in
order to be able to detect the dispersive properties of solely
the MUT. In this setting, the Vivaldi antenna is one of the best
candidates due to its broad bandwidth, low cross-polarization,
and constant group delay. The two vivaldi antennas are faced
to each other and placed at 2d = 60 mm apart from each
other so that they are coupled in their radiative near-field
considering the frequency range of 3-10 GHz. The E-field
distribution is plotted in between the two antennas, and where
the MUT needs to be placed, and shown in Fig. 2 at different
frequencies.
The proposed sensor is first introduced in [5], where both
liquid materials and thin (mm-range) solid dielectric slabs
are detected based on S21 measurements as a proof of concept. The proposed contact-less setup is then utilized in [4],
where a combined frequency domain (FD)/ time domain (TD)
technique is proposed for liquid material characterization. To
enhance the detection accuracy in this work, a new baseband
signal is generated by combining multiple up converted Gaussian signals. This system is tested for xylene, ethanol, and
methanol, and the measurement results are verified comparing
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