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Abstract – This paper outlines the design and the imple-
mentation of a planar microwave resonator sensor for
sensing application using the perturbation concept in
which the dielectric characteristics of the resonator influ-
ence the quality factor (QF) and the resonance frequency.
The designed sensor is fabricated using Roger 5880, and
it is operating at 2.27 GHz in ranges of 1-3 GHz for
testing solid materials. In addition, applying a specific
experimental methodology, practical material is used as
material samples such as those in Roger 5880, Roger
4350, and FR4. To investigate the microwave resonator
sensor performance, an equivalent circuit model (ECM)
is introduced. The proposed sensor has achieved a nar-
row bandwidth and high QF value of 240 at an operating
frequency of 2.27GHz. Besides, the sensitivity and accu-
racy of the sensor is more than 80%, which makes this
sensor an excellent solution to characterize the material,
especially in discovering the material characteristics and
quality.

Index Terms – Planar microwave resonator, solid sam-
ple, high Q-factor.

I. INTRODUCTION
A microwave sensor is possibly the most widely

known sensor for the food sector, quality control,
biomedical, and industrial use for material characteriza-
tion detections [1–3]. Controls on the health and safety
of fodder products are necessary in order to achieve the
health and well-being of consumers whose presence can
affect certain ingredients and end up causing specific dis-
eases, such as allergic reactions, contaminating, and can-
cer. For such cases, the quality and safety of the product
(e.g., drinks and cooking oils) must be ensured before
even being marketed to the customers [3]. There have
been two main types of resonant microwave methods:
resonant and non-resonant methods for characterizing
materials [4].

Microwave resonant technique is one of the poten-
tial methods which is used for highly accurate measure-
ment of dielectric material characterization at a single or

discrete frequency. According to the traditional method,
material characterization was accomplished using high-
sensitivity and precision waveguide, dielectric, and coax-
ial resonators [5]. However, the conventional resonator
sensor is extremely large, costly to make, and requires
a significant amount of material to be detected [material
under test (MUT)] [5–8]. Besides that, this technique
results in low sensitivity and Q-factor values, limiting
the material’s characterization range.

An objective of this report was to identify the short-
comings of the prior one by developing a new microwave
sensor that is compatible, low in cost, small, easy to han-
dle, and has a higher Q-factor [9–12]. A complementary
split-ring resonator (SRR) was proposed to accurately
measure the material’s complex permittivity. The stated
resonator operated at frequencies from 1.7 to 2.7 GHz
[9]. Another study was conducted by utilizing a meta-
material resonator sensor for sensing applications. The
proposed sensor was utilized at two main frequencies,
3.2 and 4.18 GHz, with Q-factors of 642 and 251, respec-
tively [11]. A novel electromagnetic sensor operated at
1.4 GHz was proposed for real-time sensing liquid char-
acterization [12].

In this study, a planar microwave resonator sensor is
proposed to measure the corresponding permittivity for
solid planar dielectric materials. The proposed method
uses the sample under test as a substrate of a microstrip
line with an impediment that has to be installed at vari-
ous positions over the microstrip line for measurement
determination. An equivalent circuit model (ECM) is
proposed to confirm the design structure. Besides, this
study looked into the drawbacks of the previous research
studies through a new microwave sensor in terms of com-
patibility: low cost, simple structure, easy to fabricate,
high Q-factor, and high precision.

II. SENSOR DESIGN AND
CONFIGURATION

A. Design process
The proposed resonator sensor is performed at 2.27

GHz for frequencies of 1-3 GHz in order to explore
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Abstract− This paper outlines the design and the 
implementation of a planar microwave resonator sensor 
for sensing application using the perturbation concept in 
which the dielectric characteristics of the resonator 
influence the quality factor (QF) and the resonance 
frequency. The designed sensor is fabricated using 
Roger 5880, and it is operating at 2.27 GHz in ranges of 
1−3 GHz for testing solid materials. In addition, 
applying a specific experimental methodology, practical 
material is used as material samples such as those in 
Roger 5880, Roger 4350, and FR4. To investigate the 
microwave resonator sensor performance, an equivalent 
circuit model (ECM) is introduced. The proposed sensor 
has achieved a narrow bandwidth and high QF value of 
240 at an operating frequency of 2.27GHz. Besides, the 
sensitivity and accuracy of the sensor is more than 80%, 
which makes this sensor an excellent solution to 
characterize the material, especially in discovering the 
material characteristics and quality. 
 
Keywords− Planar microwave resonator, solid sample, 
high Q-factor. 
 

I. INTRODUCTION 
 A microwave sensor is possibly the most widely 
known sensor for the food sector, quality control, 
biomedical, and industrial use for material 
characterization detections [1−3]. Controls on the health 
and safety of fodder products are necessary in order to 
achieve the health and well-being of consumers whose 
presence can affect certain ingredients and end up 
causing specific diseases, such as allergic reactions, 
contaminating, and cancer. For such cases, the quality 
and safety of the product (e.g., drinks and cooking oils) 
must be ensured before even being marketed to the 
customers [3]. There have been two main types of 
resonant microwave methods: resonant and non-
resonant methods for characterizing materials [4]. 
 Microwave resonant technique is one of the 
potential methods which is used for highly accurate 
measurement of dielectric material characterization at a 
single or discrete frequency. According to the traditional 
method, material characterization was accomplished 
using high-sensitivity and precision waveguide, 
dielectric, and coaxial resonators [5]. However, the 
conventional resonator sensor is extremely large, costly 
to make, and requires a significant amount of material to 
be detected [material under test (MUT)] [5−8]. Besides 
that, this technique results in low sensitivity and Q-
factor values, limiting the material’s characterization 
range. 
 An objective of this report was to identify the 

shortcomings of the prior one by developing a new 
microwave sensor that is compatible, low in cost, 
small,easy to handle, and has a higher Q-factor[9−12].A 
complementary split-ring resonator (SRR) was proposed 
to accurately measure the material’s complex 
permittivity. The stated resonator operated at 
frequencies from 1.7 to 2.7 GHz [9]. Another study was 
conducted by utilizing a metamaterial resonator sensor 
for sensing applications. The proposed sensor was 
utilized at two main frequencies, 3.2 and 4.18 GHz, 
with Q-factors of 642 and 251, respectively [11]. A 
novel electromagnetic sensor operated at 1.4 GHz was 
proposed for real-time sensing liquid characterization 
[12]. 
In this study, a planar microwave resonator sensor is 
proposed to measure the corresponding permittivity for 
solid planar dielectric materials. The proposed method 
uses the sample under test as a substrate of a microstrip 
line with an impediment that has to be installed at 
various positions over the microstrip line for 
measurement determination. An equivalent circuit 
model (ECM) is proposed to confirm the design 
structure. Besides, this study looked into the drawbacks 
of the previous research studies through a new 
microwave sensor in terms of compatibility: low cost, 
simple structure, easy to fabricate, high Q-factor, and 
high precision. 
 

II. SENSORDESIGN ANDCONFIGURATION 
A. Design Process 

The proposed resonator sensor is performed at 2.27 
GHz for frequencies of 1−3GHz in order to explore the 
type of materials employing the solid technique. The 
formed radiator is designed by utilizing a CST 
microwave studio. The total dimensions of the modeled 
radiator are about 50mm × 40mm, printed on Roger 
5880 dielectric substrate comes with a thickness of 0.79 
and 2.2 of dielectric constant and a loss tangent of 
0.0009. The overall sensor geometry is duplicated in 
Figure 1 and recorded in Table 1. 
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Fig. 1. The geometry of the proposed sensor.

Table 1: Proposed sensor parameters
S V (in

mm)
S V (in

mm)
S V (in

mm)
L 40 W 50 L6 11.4
L1 16.25 S1 0.3 L7 14.59
L2 10.42 S2 0.4 W3 1.7
L3 10.5 S3 0.5 L4 4.5
L5 8 W1 1.6 W2 1.5

the type of materials employing the solid technique.
The formed radiator is designed by utilizing a CST
microwave studio. The total dimensions of the mod-
eled radiator are about 50 mm × 40 mm, printed on
Roger 5880 dielectric substrate comes with a thickness
of 0.79 and 2.2 of dielectric constant and a loss tangent
of 0.0009. The overall sensor geometry is duplicated in
Figure 1 and recorded in Table 1.

It is worth mentioning that the need for an inner ring
to the existing resonator is to allow more current to pass
through the ring resonator, which leads to high e-field
concentrations.

S = symbols and V = values.
The mathematical analysis of the proposed sensor

through compatible folding arm loading the length and
breadth of the patch, the length of the resonator is the
half of the wavelength as presented in the following
equation [12]:

L =
c

2π
√

εeff
× 1

f0
. (1)

Based on the sensor length, the resonance frequency
(f 0) can be determined using the following equation [13]:

f0 =
c

2 πr
√

εeff
, (2)

where c is the speed of light (8.98755179× 1016 m2/s2),
L denotes the resonator length, and εeff is the effective
dielectric constant of the stated resonator.

The width of microstrip patch antenna resonator W
can be calculated using the following equation:

W =
c

2 f0

√
εr+1

2

. (3)

The effective permittivity of the patch εeff can be calcu-
lated as proposed in eqn (4), for the fringing field and the
wave propagation in the line [14].

εeff =
εr+1

2
+

εr−1
2

[
1

1+12 h
w

]
(4)

where h is the height of the substrate and w is the width
of the patch.

The Q-factor is acknowledged in this study as a
quality factor embedded in a resonant circuit, which
is involved as an infinite value together to reflect the
unwanted energy with a specific resonant. It desig-
nates spectrum in relevant incidence at the center of
frequency [15]

Q =
2 f0

4 f
(5)

where Q represents the Q-factor, f denotes the center of
frequency, and the resonant frequency is characterized
as f 0.

B. Equivalent circuit model and analysis
Before analyzing the ECM configuration, it is very

important to discover the sensing region of the proposed
microwave sensor, which is based on the electric field
distributions. The more electric field concentration is
found to be near the square gap (red color), as shown
in Figure 2(b). The 3D view of the proposed resonator is
duplicated in Figure 2(a).

The sensitive area with the highest electric field con-
centration was located around the ring gap, and the excel-
lent sensing region was only 378 nL. Setting the chan-
nel very close to the resonator sensor guarantees that the
sample interacts with field lines concentrated by the res-
onator. An advance design software (ADS) is used in
this stage to investigate the influence of material charac-
teristics on the resonator sensor. The overall microwave
sensor was designed with an effective length of 40 mm
to operate at ranges from 1 up to 3 GHz.

The operational mechanism of the proposed ECM is
mainly divided into two lump components: inductance
(L) and capacitance (C) to achieve an LC circuit as dupli-
cated in Figure 2(c). The ECM configuration is formed
from the metallic co-planar with two square radiated
rings. The metallic co-planar is equivalent inductance, as
presented in [16], the ring resonators are structured from
resonant inductance Lt , and the gaps between them are
provided with a resonant capacitance (Ct ) as suggested
in [17] and calculated by approximating it between two
identical co-planar strips with unlimited substrate thick-
ness, as shown in eqn(6) and (7) [18]:

Ct= ε0
k′ (m)

k (m)
w+ε0εsubstrate

k′ (m)

k (m)
w+ε0

ht

s
w (6)
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where α is the empirical constant, Ct0denotes the 
initialvalue of matching gap capacitance, and 
Rt0describes the initial equivalent loss of the bare 
resonator’s gap area. 
 
Table2: Optimized values of the proposed ECM 
resonator 
 

Circuit Parameters Values 
Ct 51pF 
Rt 100k0 
T 0.31 

Rr0 0.9 M. 
Lr 76 nH 
Cr0 50 fF 
Rr 5.4Ω 
α. 10 

 
C. Simulation Process 
The modeled sensor is designed by utilizing CST 
software. This sensor’s classification is proposed based 
on the theoretical and mathematical analysis obtained 
from the justification parameters. Therefore, the tuning 
approach was proposed to deliver a more reliable 
insertion loss plot. Besides, the pair waveguide-ports are 
introduced to characterize the transverse electric and 
magnetic and their effect on the S-parameter. 
The simulation process is carried out based on the MUT 
material characterization. The MUT characterization 
mainly depends on the red color region of the resonator 
electric-field as presented in Figure2(b). The material 
units will be installed on the resonator patch, which 
leads to main electric field radiations. The sensitive area 
with the highest electric field concentration was located 

around the ring gaps and more from the left ring side of 
the resonator. Besides,the integration of material 
samples on the top of resonator sensors leads to a 
shiftingin the resonant frequency. 
 
D. Fabrication and Measuring Resonator 
 

After understanding and upgrading the mathematical 
and the simulation process, the scheduled resonator is 
fabricated and measured in this study. The Roger 5880 
is used for the fabrication process. The proposed 
microwave sensor is experimentally assessed by 
employing a VNA for frequencies of 1−3GHz. The 
network analyzer verifies the sensor by connecting the 
two waveguide ports with 50 Ω. The MUT samples are 
installed at the radiated electric field of the radiated 
resonator patch. 
The dimensions of the MUT are 10mm ×12 mm for the 
types of materials such as FR4, Roger 5880, and Roger 
4350. The fabrication and measurement process was set 
up by employing a VNA device, as shown in Figure 3. 

 
 

Fig. 3. Measurement setup using VNA. 

  
(a) (b) 

 
 

(c) 
Fig. 2. Microwave sensor representation. (a)3D view.(b)E-field. (c) ECM of all microwave sensors. 
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Fig. 2. Microwave sensor representation. (a) 3D view.
(b) E-field. (c) ECM of all microwave sensors.

Table 2: Optimized values of the proposed ECM res-
onator

Circuit Parameters Values
Ct 51 pF
Rt 100 k0
T 0.31

Rr0 0.9 M.
Lr 76 nH

Cr0 50 fF
Rr 5.4 O
a. 10

where w denotes the width of the resonator feed line,
k(m) is an elliptic integral, k(m) is its complement, ht
is the copper thickness of the resonator feed line, and s
is the spaces between the two inner and outer rings. The
operational factor Z can be derived as

Z =

√
s

2∗w+2∗ s
. (7)

Table 2 outlines the implemented ECM values of the
proposed resonator. When samples are placed on top of
the patch sensor’s copper track, which has a high electric
field concentration, the interaction of MUT and the struc-
tured patch electrical field results in changes in a res-
onant frequency which leads to affecting the functional
parameters Ct and Rt , respectively, by presenting permit-
tivity and loss variation in the sensor’s profile. Permittiv-
ity variation was designed and simulated by sweeping the
value of Ct , and the loss effect was simulated by evaluat-
ing simultaneous linear interpretation on Rt based on the
following equation:

Rt = Rr0 +α
Ct − Ct0

Cr0

, (8)

where α is the empirical constant, Ct 0 denotes the initial
value of matching gap capacitance, and Rt 0 describes the
initial equivalent loss of the bare resonator’s gap area.
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C. Simulation Process 
The modeled sensor is designed by utilizing CST 
software. This sensor’s classification is proposed based 
on the theoretical and mathematical analysis obtained 
from the justification parameters. Therefore, the tuning 
approach was proposed to deliver a more reliable 
insertion loss plot. Besides, the pair waveguide-ports are 
introduced to characterize the transverse electric and 
magnetic and their effect on the S-parameter. 
The simulation process is carried out based on the MUT 
material characterization. The MUT characterization 
mainly depends on the red color region of the resonator 
electric-field as presented in Figure2(b). The material 
units will be installed on the resonator patch, which 
leads to main electric field radiations. The sensitive area 
with the highest electric field concentration was located 

around the ring gaps and more from the left ring side of 
the resonator. Besides,the integration of material 
samples on the top of resonator sensors leads to a 
shiftingin the resonant frequency. 
 
D. Fabrication and Measuring Resonator 
 

After understanding and upgrading the mathematical 
and the simulation process, the scheduled resonator is 
fabricated and measured in this study. The Roger 5880 
is used for the fabrication process. The proposed 
microwave sensor is experimentally assessed by 
employing a VNA for frequencies of 1−3GHz. The 
network analyzer verifies the sensor by connecting the 
two waveguide ports with 50 Ω. The MUT samples are 
installed at the radiated electric field of the radiated 
resonator patch. 
The dimensions of the MUT are 10mm ×12 mm for the 
types of materials such as FR4, Roger 5880, and Roger 
4350. The fabrication and measurement process was set 
up by employing a VNA device, as shown in Figure 3. 

 
 

Fig. 3. Measurement setup using VNA. 
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Fig. 3. Measurement setup using VNA.

C. Simulation process
The modeled sensor is designed by utilizing CST

software. This sensor’s classification is proposed based
on the theoretical and mathematical analysis obtained
from the justification parameters. Therefore, the tun-
ing approach was proposed to deliver a more reliable
insertion loss plot. Besides, the pair waveguide-ports
are introduced to characterize the transverse electric and
magnetic and their effect on the S-parameter.

The simulation process is carried out based on the
MUT material characterization. The MUT characteriza-
tion mainly depends on the red color region of the res-
onator electric-field as presented in Figure 2(b). The
material units will be installed on the resonator patch,
which leads to main electric field radiations. The sensi-
tive area with the highest electric field concentration was
located around the ring gaps and more from the left ring
side of the resonator. Besides, the integration of material
samples on the top of resonator sensors leads to a shifting
in the resonant frequency.

D. Fabrication and measuring resonator
After understanding and upgrading the mathemati-

cal and the simulation process, the scheduled resonator
is fabricated and measured in this study. The Roger
5880 is used for the fabrication process. The proposed
microwave sensor is experimentally assessed by employ-
ing a VNA for frequencies of 1-3 GHz. The network ana-
lyzer verifies the sensor by connecting the two waveg-
uide ports with 50 Ω. The MUT samples are installed at
the radiated electric field of the radiated resonator patch.

The dimensions of the MUT are 10 mm × 12 mm
for the types of materials such as FR4, Roger 5880, and
Roger 4350. The fabrication and measurement process
was set up by employing a VNA device, as shown in
Figure 3.

The comparison between the simulation and mea-
surement results of the modeled resonator is recorded in
Table 3.



225 ACES JOURNAL, Vol. 37, No. 2, February 2022

Table 3: Comparison simulation and measurement results
MUT Simulation results Measurement results

Q-
factor

S21 BW f
(GHz)

∆f Error% Q-factor S21 BW f
(GHz)

∆f Error%

Free
space

110.05 −1.796 0.04129 2.272 0 0 240 −10.9 0.02 2.4 0 0

Roger
5880

110.14 −1.862 0.03915 2.156 0.166 5.1056
(94.894)

140 −7.17 0.0329 2.31 0.09 3.75
(96.25)

Roger
4350

103.98 −2.2356 0.04043 2.102 0.17 7.4824
(92.517)

64.92 −8.25 0.06875 2.21 0.19 7.916
(92.084)

FR4 72.66 −4.9350 0.05373 1.952 0.32 14.0845
(85.9155)

168.8 −14.07 0.025 2.11 0.29 12.083
(87.917)

Fig. 4. Predicted and measured S21 results.

III. RESULT AND ANALYSIS
A. Resonant frequency

Figure 4 presents the simulated and measured trans-
mission coefficient (S21) of the finalized sensor. From
Figure 4, we can observe that the shifting in the reso-
nant frequency defined the efficiency of the microwave
sensor. During simulation, the resonant wavelength of
the stated sensor is shifted from 2.272 for simulation to
2.4057 GHz for the measured one, with a slight varia-
tion of about 0.1337 GHz. The results of the resonant
frequency regarding simulation results are appropriately
matched. However, there are slightly shifted resonances
compared to the measured results. This shifting because
of a lack of feed lines and SMA connectors, and even
the fabrication tolerances, can influence simulation accu-
racy.

B. Q-factor analysis
The Q-factor magnitude was calculated based on

eqn (5). The proposed sensor was first operated at 2.272
GHz. Referring to eqn (5), the Q-factor is equal to 110
for simulation results; moreover, at the same frequency
of 2.272 GHz, the measured Q-factor is about 240. It can
be noticed that the measured Q-factor is higher than the
simulated one.

The simulated and measured results slightly differ
due to inaccuracies when fabricating using manual cut-
ting tools, besides the inhomogeneous dielectric con-
stant of the substrate [19]. The differences between
simulations and measurements are also affected by the

SMA connector losses in practice, as an ideal connec-
tor is modeled in simulations. Besides that, the amount
of power fed into the antenna in measurements is also
affected by the way the epoxy is applied to galvanically
connect the SMA connector and fabric [20].

Furthermore, the Q-factor rises as the change in the
resonance frequency reduces to the lowest frequency.
Hence, a narrow bandwidth is expected, which points to
improving and increasing the Q-factor value at its maxi-
mum magnitude.

Referring to the permittivity value of the exper-
imented materials, which are FR4, Roger 4350, and
Roger 5880, which have various thickness values of 1.6,
0.78, and 0.5mm. The simulated MUT materials are
resonating at frequencies of 1.952, 2.1, and 2.156 GHz,
respectively, meanwhile, for the measured part. The res-
onant frequencies are shifted due to the mutual coupling
effect between the two co-planars on the resonator patch.
The shifted frequencies were 2.11 GHz for FR4, 2.21,
and 2.31 for Roger 5880 GHz at 2.4 GHz, sequentially.
Figure 5 shows the simulated and measured transmission
coefficient (S21) at different resonant frequencies.

C. Dielectric and loss tangent analysis
The shifted frequencies are strongly dependent on

the impedance of the signal within the highest E-field
concentrations and the MUT’s permittivity. The relation-
ship between resonance turned resonant frequency and
the conventional permittivity can be categorized by the
second polynomial method utilizing experimental out-
comes as displayed in formula (9):

εr =−10.89x2 +37.288x−25.779 (9)
where εr is the MUT permittivity.

Applying data shifts of resonance frequencies as
shown in Figure 6, the curve fitting (CF) method is mod-
eled based on the second-order polynomial role. The
technical procedure is proposed for estimating the actual
permittivity magnitude.

The outcomes of the estimated permittivity are
recorded in Table 4. From Table 4, we can notice that
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Fig. 5. Comparison of S21 MUT results for (a) 

simulation and (b) measurement. 
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                       𝜺𝒓  = −10.89 𝒙𝟐  +37.288x −25.779              

(9) 

 

where   𝜺𝒓 is the MUT permittivity. 

 

     Applying data shifts of resonance frequencies as 

shown in Figure 6, the curve fitting (CF) method is 

modeled based on the second-order polynomial role. 

The technical procedure is proposed for estimating the 

actual permittivity magnitude. 

The outcomes of the estimated permittivity are recorded 

in Table 4. From Table 4, we can notice that the error in 

permittivity related to the second polynomial 

comparison is between 0.34% and 1.40%, respectively. 

The permittivity magnitude of the representation 

materials was an increase when the error got decreased. 

 

 

Fig. 6. Polynomial CP permittivity. 

 

 

Table 4: Analyzing permittivity values under MUT 

 

MUT Reference 

tan 𝛿 

Measured tan 

δ 

% Error 

Air 0 0 0 

Roger 

5880 

0.0009 0.000897 0.33 

Roger 

4350 

0.0037 0.003694 0.162 

Fr4 0.025 0.024991 0.036 

 

 

       The loss tangent is a frequency-dependent loss that 

produces a loss that is proportional to the frequency. 

When the tangent loss value is low, it shows a greater 

effect on the peak amplitude S21. So, when the tangent 

loss value is the smallest, the S21 parameter becomes 

smaller. The third-order polynomial expression 

established the link between loss tangent and resonant 

frequency change. The difference between the reference 

and measurement loss tangent was analyzed based on 

the percentage error trend line. From the third-order 

polynomial expression, the measurement tangent loss 

value can be obtained. The third-order polynomial 

expression is illustrated in Figure 7. 
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and measurement loss tangent was analyzed based on the
percentage error trend line. From the third-order polyno-
mial expression, the measurement tangent loss value can
be obtained. The third-order polynomial expression is
illustrated in Figure 7.

Figure 7 is structured from the particular input data
collection regarding the model tangent loss to generate
expression based on the CF method. It can be observed
that the combination of tanδ and ∆ f is not consistent,
and the result is described by the eqn (8). However, the
relationship between both parameters can be described
as a polynomial representation of third order to create an
efficient mathematical equation as follows:

Tan δ =−0.0278|∆f3|+0.0777|∆f2|−0.0248|∆f|−7−15.
(10)

IV. CONCLUSION
This paper presented a planar microwave resonator

sensor which proves that it can be used to detect the
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properties of solid material. Thus, high accuracy sensor
works on 2.27 GHz. The sensor produces a high Q-factor
value which is 240 compared to previous research. A
mathematical model is developed for the determination
of the dielectric constant and loss tangent of MUT. The
polynomial CF was also applied to determine the dielec-
tric properties of the material. The percentage error for
permittivity of measurement and tangent loss is below
5%. The accuracy for this sensor is more than 85% which
makes the sensor suitable to be applied in industrial.

V. FUTURE WORK
While the research is thriving, a few ideas for poten-

tial enhancements are presented as follows. Princi-
pally, to improve the sensor’s sensitivity, the electric field
should be highly concentrated. Besides, the area around
the resonator will reflect all over the energies. Then,
checking the soldering connectivity must be considered
to block the loss in radiation behavior for both input and
output terminals.
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