
This article has been accepted for inclusion in a future issue of this journal. Content is final as presented, with the exception of pagination.

IEEE TRANSACTIONS ON ELECTROMAGNETIC COMPATIBILITY 1

A Simplified Dielectric Material Characterization
Algorithm for Both Liquids and Solids

Xiue Bao , Student Member, IEEE, Juncheng Bao, Student Member, IEEE, Ilja Ocket , Member, IEEE,
Song Liu , Dominique Schreurs, Fellow, IEEE, Dries Kil , Zhuangzhuang Liu, Meng Zhang,

Robert Puers, Fellow, IEEE, and Bart Nauwelaers , Senior Member, IEEE

Abstract—A simplified dielectric material characterization tech-
nique that combines an equivalent impedance algorithm and a
general “line–line” trace method is introduced. The technique is
applicable to every type of transmission lines. Due to the conve-
nient fabrication and the allowance of integration with various
polymers, coplanar waveguide transmission lines integrated with
an SU-8 microfluidic channel is primarily used in this study. The
conformal mapping method, an efficient and straightforward way,
is introduced to build the foundation of dielectric material char-
acterization and to optimize the sensor design. A validation mea-
surement of the proposed technique is performed on deionized
water, and show valuable consistency with previous reliable data
presented in the literature. Next, the technique is applied on solid
SU-8 characterization with four groups of on-wafer measurements.
SU-8 measurement results and the related uncertainty analysis are
demonstrated subsequently.

Index Terms—Conformal mapping, coplanar waveguide (CPW),
equivalent impedance, microwave measurements, SU-8, trace
method.

I. INTRODUCTION

IN THE past decades, dielectric spectroscopy methods
have been developed for material characterization [1], [2].

Especially, with the rapid progress in miniaturized technologies,
research interests and application requirements on developing
low-cost material characterization electronics and instruments
have grown exponentially. Representatively, microfluidic
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structures and polymer-based lab-on-a-chip systems [3], [4],
occupying very tiny space but capable of functioning in a
complicated way, are playing an increasingly important role.
If integrated with passive microwave components, such as
coplanar waveguides (CPW), microstrips, capacitors, antennas,
resonators, phase shifters, dividers, etc., these structures are
suitable for characterizing and detecting various types of
solid and liquid materials [1], [5]–[7] with broadband RF,
microwave, and even millimeter waves in a real-time label-free
measurement approach.

Among the representative applications of the microwave-
microfluidic integration, a typical example is using resonators
that are based on a variety of structures. Hundreds of studies have
been carried out on resonators to improve the sensitivity. Meta-
materials, for instance, are even employed in resonator applica-
tions for more sensitive measurements [8]. Another increasingly
attractive method is calculating the complex permittivity from
the propagation constant of transmission lines (e.g., waveguides,
coaxial lines, and planar lines). In this determination technique,
studying the physical transmission mode [9], [10], extracting the
effective permittivity [11], or inferring the distributed per unit
length (p.u.l, the unit is “meter”) capacitance and conductance
[12], [13] of a transmission line is often involved to extract the
permittivity of material under test (MUT).

In terms of the transmission line p.u.l C and G extraction
method, two analytical procedures are commonly used. One is
directly obtaining C and G from the measured scattering (S-)
parameters. Typically, Booth et al. [12] and Liu et al. [13] de-
termined the p.u.l resistance R, inductance L, capacitance C,
and conductance G in different regions of the complete trans-
mission line. Next, after accurately de-embedding the feeding
part, they are able to characterize the dielectric MUT perfectly.
However, mathematical calculation of feeding parameters and
intermediate parameters, such as R and L, makes the procedure
complicated and time consuming.

The other approach is utilizing the “line–line” (LL) trace tech-
nique [11], [14], [15]. A representative case is characterizing a
dielectric material with the calibration comparison method [16].
Two groups of multiline-thru-reflect-line (MTRL) structures are
fabricated on a known low-loss substrate and the material to be
tested, respectively. With the comparison of the two MTRL cal-
ibrations [16], the propagation constant and the characteristic
impedance of the transmission lines integrated on the unknown
material [17] are accurately obtained. Then, we are able to ar-
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Fig. 1. Equivalent circuit of a CPW transmission line, with a typical section
consisting of four distributed frequency-dependent parameters—Capacitance
C , conductance G, resistance R, and inductance L.

rive at the p.u.l C and G of the transmission lines fabricated on
the unknown material. However, this accurate method is prefer-
able for characterizing solid materials [18] rather than dielectric
polymers and liquids. The reason is that the employment of this
technique in polymer or liquid measurements might require a
complicated device fabrication process.

In this study, we combine an equivalent impedance method
[19] with a general LL trace method [14], forming a more
straightforward permittivity characterization algorithm. The
CPW structure is adopted here, as it is integratable with var-
ious microfluidic polymers and easy to fabricate. Additionally,
to make the sensor design and permittivity extraction procedure
more efficient, the conformal mapping technique [20], [21] is
used in the analysis. Deionized (DI) water [22], a representative
liquid, is used for validation measurements. Then, SU-8 poly-
mer, first introduced by IBM for electronic applications and then
widely used in microfluidic applications because of its excel-
lent lithography properties [23], [24], is measured. The reason
is that the rapid development in microwave-microfluidic tech-
nology [25] in recent years requires more investigations on the
broadband properties of SU-8. Though several techniques have
been previously used for SU-8 characterization, they either re-
quire a complicated measurement device or need a complicated
mathematical process [26].

This paper is organized as follows. Section II first explains the
proposed dielectric spectroscopy extraction algorithm based on
the combination of an equivalent impedance and a general LL
trace technique, and then describes the sensor design principle
according to the conformal mapping technique. In Section III,
the dielectric material measurement devices and the complete
on-wafer measurement setup are introduced. Section IV presents
the measurement results and discussions. Conclusions are drawn
in Section V.

II. CHARACTERIZATION METHODOLOGY

A. Sensing Theory and Design Approach

We assume that a quasi-TEM mode is propagating through
a CPW transmission line, whose electrodes are sandwiched
between a hs thick dielectric substrate (εs , tanδs) and a hm

high MUT (εr = ε′r + jε′′r , with ε′′r = ε′r · tanδ) [20]. It, thus,
can be modeled as an infinite series of two-port elementary
sections, as shown in Fig. 1. Each elementary section con-
sists of four frequency-dependent distributed p.u.l parameters—
R, L, C, and G. Resistance R and inductance L are inde-
pendent of the dielectric material on either side of the CPW
electrodes, but are only determined by the signal and ground

conductors [12], [27]. According to the conformal mapping
technique [20], [21], the distributed p.u.l C and G can be ex-
pressed as follows:

C = ε0

[
2
K(k0)
K(k′

0)
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where ε0 = 8.8542 · 10−12 F/m is vacuum permittivity; K(k)
is the complete elliptic integral of the first kind, and K(k′) =
K(

√
1 − k2). The elliptic modulus k0 and ki (i = s, r) are cal-

culated with the following equations:
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where w, g, and s are the signal conductor width, the finite
ground width, and the spacing between conductor and ground
of the CPW line, respectively.

Therefore, according to expressions (1) and (2), if we adjust
the MUT real permittivity ε′r and imaginary permittivity ε′′r sep-
arately, C and G/ω will linearly change, respectively. Further
comparison of (1) and (2) indicates that the coefficients of ε′r
and ε′′r are with the same values, leading to the following linear
relationships [14]:

κ =
ΔC

Δε′r
=

ΔG

ωΔε′′r
(5)

where κ can be easily derived from K (kr )
K (k ′

r ) , and can also be
determined by a two-dimensional (2-D) finite-element simula-
tion method [12]. Therefore, we are able to obtain the dielectric
spectroscopy of MUT from the extracted C and G/ω.

Additionally, κ can be also used to determine the optimal size
(length and width) and shape of the CPW transmission line sen-
sor. For instance, with given substrate and MUT, if we keep the
sum of CPW conductor width and two gaps (w + 2s) constant,
adjusting the ratio of w/(w + s) and the MUT thickness, we
are able to obtain Fig. 2. It is clear that when the MUT height
hr < (w + 2s), capacitance C is very sensitive to hr , whereas
when hr � (w + 2s), capacitance C is almost constant and fur-
ther increase in MUT thickness does not significantly influence
the actual C value. The data obtained under various metalliza-
tion ratio w/(w + s) values lead to the same conclusion. This
means that when the CPW line works as a sensor, the thick-
ness of the to-be-tested material should be larger than (w + 2s)
to reduce the measurement uncertainty related to the electro-
magnetic field distribution. Additionally, with certain MUT, a
larger w/(w + s) ratio is associated with a larger capacitance C,
which indicates higher measurement sensitivity for the complex
permittivity extraction.
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Fig. 2. Variation of calculated C due to different metal-gap ratio w/(w + s)
and MUT height, with constant (w + 2s).

B. Characterization Mechanism

Assume that there are two identical CPW transmission lines
fabricated on a low-loss substrate. One line is loaded with a
reference material of known permittivity, and the other line is
covered with the dielectric MUT. The length of the reference
material line is lr , and its propagation constant, p.u.l capaci-
tance, and p.u.l conductance are denoted as γr , Cr , and Gr ,
respectively. The corresponding parameters of the test line are
lt , γt , Ct , and Gt , respectively. Measured S-parameters of the
two lines are transformed into cascade matrices Mr and Mt by
[28]

Mi =
1

S21i

[
(S12i

S21i
− S11i

S22i
) S11i

−S22i
1

]
(6)

where S-parameters Si of the reference/test CPW line can be
calibrated [11], [13] or uncalibrated [29], but are recommended
to be switch-term corrected [30]. For a dielectric MUT, the
distributed R and L of the test line are the same as the identical
reference line, because R and L are only determined by the
electrodes’ geometries and properties. The two lines have the
following relationship [14]:

Tr[Mt · M−1
r ] = 2 cosh(γr · lr ) · cosh(γt · lt)

−
(

γr

γt
+

γt

γr

)
· sinh(γr · lr ) · sinh(γt · lt),

(7)

where Tr[X] denotes the trace operation of matrix X .
According to the equivalent impedance theory [19], we are

able to arrive at an expression that directly relates the unknown
Ct and Gt to the known parameters as follows [28]:

γt

γr
=

√
Gt + jωCt

Gr + jωCr
. (8)

If we utilize a bare line as the reference transmission line (i.e., air
works as the reference material), its distributed conductance Gr

is negligible when the employed substrate has low-loss property.
Its distributed capacitance Cr is readily obtained from (1) or by
a 2-D simulation of the CPW line cross section [12]. We can

Fig. 3. Schematics of a microfluidic line, a bare line, and a SU-8 line.
(a) Liquid permittivity characterization. (b) Dielectric SU-8 characterization,
where X, Y, X′, and Y′ are the de-embedding error boxes.

also arrive at the accurate Cr with the resistance measurement
technique [31].

With known Cr and Gr , we can use (5) to estimate Ct and Gt

by reasonably estimating the permittivity of the tested material.
With the estimated Ct and Gt , we can subsequently arrive at the
estimated γt according to the relationship in (8). Next, the esti-
mated γt is put into the right part of formula (7), and therefore,
an estimated Tr[M2 · M−1

1 ]est is calculated. By fitting the esti-
mated Tr[M2 · M−1

1 ]est to the actually measured Tr[M2 · M−1
1 ]

with a least-squares optimization algorithm, the final Ct and Gt

are obtained. Subsequently, the complex relative permittivity of
the tested dielectric material can be inferred from Ct and Gt

according to (5).

III. DEVICES DESIGN AND FABRICATION

A. Coplanar Sensor Design

The measurement devices are schematically shown in Fig. 3,
where lMUT, lAIR, and lSU−8 represent the sensing area. Gener-
ally, there are three types of CPW lines used in this study. For
liquid characterization, an SU-8 microfluidic structure is de-
signed on top of the CPW line to confine liquids onto the CPW
sensing region, as shown in Fig. 3(a). This complete device
can be divided into five regions, including one sensing region,
two bare line feeding regions, and two SU-8 loaded feeding
regions. The two bare feeding regions are designed with the
same dimension, and also the two SU-8 feeding regions have
the same structure and dimensions. Regarding the solid mate-
rial measurement, taking SU-8 polymer characterization as an
example in this study, a bare line and another line loaded with
SU-8 are required, both of which have arbitrary lengths [shown
in Fig. 3(b)].

B. Microwave Device Fabrication

The devices are fabricated on a 4-in Borofloat 33 glass
(εr = 4.6, tan δ = 0.0037 at 10 MHz and 25 ◦C) wafer.
Fig. 4(a) summarizes the standard lift-off fabrication procedure
of the CPW electrodes [32]. Prior to the lithography process, the
glass wafer is cleaned in a boiling Piranha solution (H2 SO4 :H2
O2 = 3:1) for 10 min. It is followed by a dehydration process
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Fig. 4. Schematic diagrams. (a) CPW electrodes fabrication sequence.
(b) SU-8 microfluidic layer patterning procedure.

under 200 ◦C for 2 min. Next, LOR 10B and S1818 photore-
sists are spin coated on the glass wafer separately, each with a
thickness of 1 μm. After soft baking, the two photoresist layers
are exposed to UV light through a pattern mask, and then they
are developed in the related photoresist developer (351 Dev:H2
O=1:4) to remove the exposed part. Subsequently, a 50-nm-
thick Ti adhesion layer followed by a 400-nm-thick Au layer
is deposited using sputter deposition. The final lift-off process
for electrodes fabrication is completed by immersing the glass
wafer in N-Methylpyrrolidone for two days to remove the rest
LOR 10B and S1818 photoresists together with the unwanted
metal parts.

The fabricated electrodes form the CPW sensing structures
and the MTRL calibration standards [33]. The signal width w,
ground width g, and spacing s at the cross section of these
CPW lines are 20 μm, 100 μm, and 150 μm, respectively. The
lengths of the CPW transmission lines used as MTRL calibration
standards are 0.42 mm (thru), 0.21 mm (short), 1 mm, 2.155 mm,
5.933 mm, 11.5 mm, 20.53 mm, respectively.

After obtaining the wafer with patterned Ti/Au electrodes, a
350-μm SU-8 polymer layer is defined with the technique de-
picted in Fig. 4(b). About 1-μm layer of MicroChem OmniCoat
is first spin coated on the glass wafer and soft baked on a hot
plate for 1 min at 200 ◦C. Then, 6 g of SU-8 2005 is poured
and evenly spread on the glass wafer that has been put on a flat
plate. The SU-8 2005 (45% solids) is prepared by dissolving
SU-8 2050 (71.65% solids) into the organic solvent SU-8 2000
thinner (MicroChem Corporation). The soft-baking process is
performed on a hotplate for 24 h at 80 ◦C, in order to partially
evaporate the solvent content before exposure [34]. After soft
baking, solid concentration of the casted SU-8 is around 93%.
The patterning of the SU-8 film is done by exposing to near-
UV light through a mask. After exposure to near-UV light and
postbaking procedure, it is developed in a propylene-glycol-
methyl-ether-acetate developer (MicroChem Corporation) for
80 s and rinsed with acetone and DI water, leaving only the

Fig. 5. On-wafer measurement setup for dielectric material characterization,
with a zoomed in view highlighting the microfluidic device.

cross-linked SU-8 pattern. Hard backing is avoided after the
developing process so as to assure the SU-8 tightly sticking to
the glass wafer.

IV. MEASUREMENT RESULTS AND DISCUSSION

A. Measurement Setup

The complete measurement setup is depicted in Fig. 5. The
on-wafer measurements were performed on a Cascade Mi-
crotech probe station equipped with a thermal chuck. Two 40A-
GSG-150C ground-signal-ground microwave Picoprobes (GGB
Industries) connected to an Agilent E8361A vector network an-
alyzer (VNA) were utilized. The measurement frequency was
swept from 10 MHz to 50 GHz, and the VNA power was set at
− 20 dBm to reduce any microwave heating effects. During the
measurements, an 8-mm-thick plexiglass (εr = 2.593, tan δ =
0.022 around 10 GHz [35]) spacer was placed under the device
to reduce the parasitic microstrip mode between the CPW con-
ductors and the metal chuck. During liquid measurement, the
lab temperature was kept at 20 ◦C and a digital thermocouple
was used to monitor the real-time temperature. All measured
S-parameters will be first calibrated with the MTRL calibration
technique using the CPW standards that are described in the
previous section.

B. Liquid Water Characterization

The dielectric spectroscopy of DI water has been illustrated in
the literature in detail with bulk measurement techniques [22].
It is thus used here to validate the characterization mechanism
proposed in previous sections. The validation procedure was
performed on the symmetrical CPW line integrated with a mi-
crofluidic channel, as shown in Fig. 3(a) and the inset photos
of Fig. 5. The channel length at the sensing area is 1.5 mm,
and the lengths of the two bare feeding lines and the two SU-8
feeding lines are 1.5 mm and 4.5 mm, respectively. In order to
use the empty device as the reference, the S-parameters were
recorded before and after loading DI water. During this process,
the probes were kept stable to avoid any error caused by the
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Fig. 6. Measured dielectric spectroscopy of DI water at 19.6 ◦C together with
values reported in [22].

connection difference. The measured liquid temperature was
19.6 ◦C.

Combination of (7), (8), (1), and (5) leads to the complex per-
mittivity measurement results of DI water. As shown in Fig. 6,
the acquired complex permittivity shows good consistency with
literature values [22] at high frequencies. The average relative
error of the water permittivity measurement from 5 to 50 GHz is
1.382%. The obvious deviation at low frequencies (lower than
5 GHz in this study) is mainly related to the length of the sensing
region, and can dramatically decrease if a much longer sensing
line is applied [13]. Regardless of this, the results have revealed
the feasibility of the proposed method for characterizing dielec-
tric materials at frequencies higher than about 5 GHz.

C. Solid SU-8 Characterization

Four groups of measurements were performed for SU-8 char-
acterization using the sensing structures schematically, as shown
in Fig. 3(b). Measurements named “Measurement 1” and “Mea-
surement 2” were performed with a 10.5-mm-long SU-8 line and

Fig. 7. Measured dielectric spectroscopy of solid SU-8 at 19.6 ◦C. A 10.5-
mm-long SU-8 line is utilized to compare with a 8.5-mm bare line, a 2.933-
mm-long bare line, a 4.4-mm-long SU-8 line, and a 2-mm-long SU-8 line for
“Measurement 1,” “Measurement 2,” “Measurement 3,” and “Measurement 4,”
respectively.

two different bare lines of lengths 8.5 mm and 2.933 mm, respec-
tively. Measurements named “Measurement 3” and “Measure-
ment 4” still used the 10.5-mm SU-8 line yet comparing with
two other SU-8 CPW lines of different lengths. The lengths of
the other two SU-8 lines are 2 mm and 4.4 mm, respectively.
The measured temperature was 19.6 ◦C.

The measurement results of the SU-8 relative dielectric con-
stant εr and loss tangent tan δ are shown in Fig. 7. Ignoring the
values at low frequencies (i.e., lower than about 5 GHz, within
which there is higher measurement uncertainty), we observe
frequency-dependent properties in εr and tan δ. Specifically,
when the frequency increases from around 5 to 50 GHz, SU-8
εr decreases from about 3.4 to about 3.2, and its tan δ drops
from around 0.07 to 0.04. The measurement results are slightly
different from literature values [26], [36], [37]. For example,
Mbairi and Hesselbom [26] used conductor-backed CPW lines
and obtained an averaged relative dielectric constant value of



This article has been accepted for inclusion in a future issue of this journal. Content is final as presented, with the exception of pagination.

6 IEEE TRANSACTIONS ON ELECTROMAGNETIC COMPATIBILITY

3.25 and a loss tangent value of 0.027 at 30 GHz, whereas, in
[36], a relative dielectric constant of 2.85 and a loss tangent
of 0.04 at 25 GHz were determined based on microstrip lines.
These obvious differences might partly relate to the difference
in fabrication procedure and the utilized chemical materials in
SU-8 preparation.

Furthermore, obvious deviations are also observed in the re-
sults obtained from the four different approaches. One possible
error source might be the difference in probe placement for the
different lines. Another cause that should not be ignored might
also be the fabrication tolerance. To the authors’ investigations,
neither the Ti/Au electrode layer nor the SU-8 layer is uniform
enough, which might also lead to a difference in the error boxes
X and Y, resulting in a permittivity extraction error. Moreover,
there is some fabrication error for each device due to any time
difference or chemical difference, which might also result in
some errors in the measurements. For instance, the dielectric
properties of the SU-8 layer are very sensitive to the lift-off
fabrication conditions [34], [38].

Theoretically, MTRL calibration has negligible effects on the
permittivity extraction procedure because the LL trace method
only focuses on the difference between the two transmission
lines [14]. Therefore, the SU-8 characterization error mainly
comes from the two CPW lines used in each measurement group.
Uncertainty analysis based on perturbation was performed to
study the effects of probe placement and device fabrication
error. 5 μm of the probe placement error and 0.5 μm of the
length fabrication error were considered in the two CPW lines.
The probe placement error can be at either the left or the right
port of the reference line, or at either the left or the right port
of the tested SU-8 line, resulting in four possibilities. For each
possibility, the probe placement results in an error in the cascade
matrices either Mr or Mt , and therefore, leads to an error in the
measured MUT permittivity result. The total uncertainty due to
5-μm probe placement error is calculated with the following
formulas:

u(ε′r ) =

√∑4

n=1
(ε′rn − ε′r0)2 (9)

u(tan δ) =

√∑4

n=1
(tan δn − tan δ0)2 (10)

where ε′r0 and tan δ0 denote the measured SU-8 dielectric con-
stant and loss tangent, respectively, when there is not any probe
placement error. Similarly, the 0.5-μm length fabrication er-
ror can happen on either the reference bare line or the tested
SU-8 line, resulting in two possibilities. Using the same calcu-
lation procedure as the fabrication error, the uncertainty due to
the fabrication tolerance can be arrived at.

The uncertainties on the SU-8 dielectric constant and loss
tangent measurements are shown in Fig. 8. It is clear that
compared to the probe placement error, the uncertainties due
to fabrication tolerance in length are ignorable. Furthermore,
the combination of two SU-8 lines (i.e., “Measurement 3” and
“Measurement 4”) seems to show lower and more stable un-
certainties than the combination of an SU-8 line with a bare
line (i.e., “Measurement 1” and “Measurement 2”). Besides, the

Fig. 8. Uncertainties of SU-8 dielectric parameters due to 5-μm probe place-
ment difference and 0.5-μm fabrication length error.

lower uncertainties u(tan δ) of the two SU-8 line approach at
higher frequencies have preliminarily validated the advantage
of the proposed method in material characterization within high
frequency range.

V. CONCLUSION

An algorithm that combines the equivalent impedance method
with a general LL trace method is developed for dielectric ma-
terial characterization. The technique requires less intermedi-
ate variables calculation procedure. In addition, introduction
of conformal mapping method in the sensor design makes the
method more efficient and money saving. Validation measure-
ments on DI water have shown the feasibility of using this
technique to extract accurate permittivities at high frequencies.
Next, the method is used for characterizing SU-8 polymer with
four groups of CPW lines. Uncertainty studies show that the two
SU-8 line approach results in better measurement results.
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of soft bake temperature on the polymerization of SU-8 photoresist,”
J. Micromech. Microeng., vol. 16, no. 9, pp. 1819–1824, 2006.

[35] U. C. Hasar and C. R. Westgate, “A broadband and stable method for
unique complex permittivity determination of low-loss materials,” IEEE
Trans. Microw. Theory Techn., vol. 57, no. 2, pp. 471–477, Feb. 2009.

[36] A. Ghannam, C. Viallon, D. Bourrier, and T. Parra, “Dielectric microwave
characterization of the SU-8 thick resin used in an above IC process,” in
Proc. Eur. Microw. Conf., Rome, Italy, 2009, pp. 1041–1044.

[37] J. M. Dewdney and J. Wang, “Characterization the microwave properties
of SU-8 based on microstrip ring resonator,” in Proc. Wireless Microw.
Technol. Conf., Clearwater, FL, USA, 2009, pp. 1–5.

[38] R. Feng and R. J. Farris, “Influence of processing conditions on the ther-
mal and mechanical properties of SU8 negative photoresist coatings,”
J. Micromech. Microeng., vol. 13, no. 1, pp. 80–88, 2002.

Xiue Bao (S’17) was born in Baoding, China. She
received the B.Sc. degree in information engineering
and the M.Sc. degree in metallurgical engineering
from the University of Science and Technology Bei-
jing, Beijing, China, in 2011 and 2013, respectively.
She is currently working toward the Ph.D. degree in
electrical engineering at the University of Leuven,
Leuven, Belgium.

Her research interests focus on microwave
biomedical applications, including broadband di-
electric spectroscopy, biosensor design, microwave-

microfluidic structure design and fabrication, RF, microwave, and millimeter-
wave measurement and calibration.

Ms. Bao was the recipient of the IEEE Microwave Theory and Techniques
Society Graduate Fellowship in 2018.



This article has been accepted for inclusion in a future issue of this journal. Content is final as presented, with the exception of pagination.

8 IEEE TRANSACTIONS ON ELECTROMAGNETIC COMPATIBILITY

Juncheng Bao (S’17) received the M.Sc. degree in
electrical engineering in 2013 from Katholieke Uni-
versiteit Leuven, Leuven, Belgium, where he is cur-
rently working toward the Ph.D. degree in electrical
engineering.

He had an internship with imec, Leuven, in 2013.
His research interests include microwave biomedi-
cal applications, novel microwave-microfluidic de-
vices design and fabrication, and microwave and
millimeter-wave metrology.

Ilja Ocket (M’09) received the M.Sc. and Ph.D. de-
grees in electrical engineering from Katholieke Uni-
versiteit Leuven (KU Leuven), Leuven, Belgium, in
1998 and 2009, respectively.

Since 1999, he has been with imec, Leuven,
Belgium, and with KU Leuven. With imec, he is cur-
rently involved in millimeter-wave antenna modules
and packaging for 79- and 140-GHz radar. With KU
Leuven, he leads the group working in the area of
microwave and millimeter-wave applications for bi-
ology and medicine, and is also involved in integrated

couplers for (sub)millimeter plastic waveguides.

Song Liu received the Ph.D. degree in electrical en-
gineering from Katholieke Universiteit Leuven (KU
Leuven), Leuven, Belgium, in 2016.

In 2014 and 2015, he spent six months with the RF
Technology Division, National Institute of Standards
and Technology, Boulder, CO, USA, under the sup-
port of KU Leuven. His research interests include RF
power amplifier design, microwave biomedical ap-
plications, vector network analyzer calibration, and
material characterization.

Dr. Liu was the recipient of the Automatic RF
Techniques Group Roger Pollard Student Fellowship in 2013 and the IEEE
Microwave Theory and Techniques Society Graduate Fellowship in 2014.

Dominique Schreurs (S’90–M’97–SM’02–F’12)
received the M.Sc. degree in electronic engineering
and the Ph.D. degree from the University of Leuven
(KU Leuven), Leuven, Belgium in 1992 and 1997,
respectively.

She is currently a Full Professor and a Chair
of LICT with KU Leuven, Leuven, Belgium. She
has been a Visiting Scientist with Agilent Technolo-
gies, Santa Rosa, CA, USA; ETH Zurich, Zurich,
Switzerland; and the National Institute of Standards
and Technology, Boulder, CO, USA. Her research

interests include the microwave and millimeter-wave characterization and mod-
eling of active devices and bioliquids, as well as the system design for wireless
communications and biomedical applications.

Dr. Schreurs is the IEEE MTT-S President, a former MTT-S Distinguished
Microwave Lecturer, and an Editor-in-Chief for the IEEE TRANSACTIONS ON

MICROWAVE THEORY AND TECHNIQUES. She is also a President of the ARFTG
organization, and was a General Chair of the 2007, 2012, and 2018 ARFTG
conferences.

Dries Kil received the M.S. degree in nanoscience
and nanotechnology from the Katholieke Universiteit
Leuven, Leuven, Belgium, in 2014. The subject of the
M.S. thesis was the design and fabrication of a novel
neurotrophic electrode based on controlled growth
factor release. Since October 2014, he has been work-
ing toward the Ph.D. degree in electrical engineering
at the MICAS group, Katholieke Universiteit Leuven.

Since October 2014, he has also been a Research
Assistant with the MICAS group, under the guidance
of Prof. R. Puers. His research interest includes the

development of flexible neural probes with a strong focus on biocompatibility
and tissue integration.

Zhuangzhuang Liu’s, photograph and biography not available at the time of
publication.

Meng Zhang received the B.S. degree in electrical
engineering from the University of Electronic Sci-
ence and Technology of China, Chengdu, China, in
2013, and the M.S. degree in electrical engineer-
ing from the University of Leuven, Leuven, Bel-
gium, in 2016. Since 2017, he has been following
the Postgraduate Program of Biomedical Engineer-
ing with the University of Leuven, where he is cur-
rently working toward the Ph.D. degree with a focus
on highly sensitive broadband dielectric spectroscopy
for biomedical applications.

Robert Puers (M’86–SM’95–F’11) received the
Ph.D. degree from Katholieke Universiteit Leuven
(KU Leuven), Leuven, Belgium, in 1986.

At KU Leuven, he became the Director of the
Clean Room Facilities for Silicon and Hybrid Circuit
Technology with the ESAT-MICAS laboratories. He
was a European pioneer in the research on microma-
chining, MEMS, and packaging techniques, mainly
for biomedical implantable systems. To this purpose,
he assembled the requested infrastructure, and in-
stalled a clean room in 1984, which now runs for

more than 25 years under his guidance. Recently, microfluidic and optical
MEMS based on polymers are forming the backbone of his sensor research.
Besides MEMS, his work focuses also on low-power systems, smart interfaces,
inductive power, and wireless communication. He authored/coauthored design
guidelines to improve the efficiency of power induction in two books. He took
major efforts to increase the impact of MEMS and microsystems in both the
international research community as well as in industry. He helped to launch
two spin-off companies.

Bart Nauwelaers (S’80–M’86–SM’99) received the
master’s degree in design of telecommunication sys-
tems from Telecom ParisTech, Paris, France, in 1981
and the Ph.D. degree in electrical engineering from
the Katholieke Universiteit (KU Leuven), Leuven,
Belgium, in 1988.

Since 1981, he has been with the Department of
Electrical Engineering, KU Leuven, where he has
been involved in research on microwave antennas,
passive components, interconnects, microwave inte-
grated circuits and MMICs, linear and nonlinear de-

vice modeling, MEMS, and wireless communications.
Dr. Nauwelaers is the former Chair of the IEEE AP/MTT-Benelux and the

past Chair of URSI-Benelux.


