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Abstract: This paper proposes a wireless resonant inductive and capacitive (LC) sensor for glucose
sensing. A sensor composed of a capacitor with interdigital electrodes and an inductor for glucose
sensing is presented. Resonance frequency and impedance were measured as the sensing parameters.
A glucose beverage concentration from 0% to 44% is used, resulting in a resonance frequency change
from 1.9217 MHz to 1.8681 MHz, and the impedance of the sensor changes from 170.33 Q) to 110.68 Q).
The relationship of both resonance frequency and impedance to glucose beverage concentration is
well presented by a decreasing exponential function. Using an exponential regression, the resonance
frequency shows an average regression error of 1.38%. Likewise, the impedance shows an average
error of 3.47%. The linear range of the sensor is also analyzed in a glucose concentration range
between 0% and 4%. The sensor exhibited a sensitivity of 424.6 kHz and 721.6416 (), respectively,
with a linear regression 72 of 0.9853 and 0.9553, respectively.
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1. Introduction

With the economic development of society, people’s health care has been paid increas-
ing attention. A large number of medical diagnosis technologies have been developed,
of which glucose level detection is one of the most important medical diagnosis indica-
tors. The majority of the current glucose biosensors are electrochemical sensors, which
could be sorted into four generations based on the timeline. The first three generations
are enzymatic-based biosensors [1-3]. They show good sensitivity, reproducibility, and
low cost; meanwhile, they are limited by the environment and the dependency of enzyme
activity. Therefore, researchers started to make efforts to explore enzyme-free detection,
which has led to the fourth generation of glucose biosensors—nonenzymatic glucose (NEG)
sensors [4]. A great deal of research on using capacitive sensors for biosensing has been
carried out [5,6], of which interdigital capacitive sensors for glucose sensing have been
drawing attention in the last decade due to their energy storage capability [7-9].

In this paper, a wireless LC sensor was developed for glucose sensing. The sensor
includes a coil inductor and an interdigital capacitor, which is the primary sending element.
A glucose beverage solution was prepared with varying concentration, and the resonance
frequency and impedance of the sensor as output parameters were recorded and discussed.

2. Materials and Methods

The sensor is based on an LC circuit composed of a capacitor and an inductor. The
capacitor has four electrodes: two working electrodes (interdigital fingers), a reference
electrode, and a counter electrode. In this work, one working electrode and the reference
electrode were selected to be connected with the inductor and tested with a glucose
beverage solution. The inductor is a spiral copper coil connected to the capacitor, which
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transfers the signal to a reader by an antenna and meanwhile receives power from the
antenna to the oscillating circuit. The reader gets the information from the sensor and
transmits this to a computer for further analysis. The LC sensor system is shown in Figure 1.
The capacitor configuration includes three layers: a gold layer for electrodes, silicon as the
substrate, and a silica layer for insulation. The properties of the material and dimensions of
the capacitor are shown in Table 1 and the study from Xu et al. [10], in which w, g, and 1 are
interdigital finger dimensions, as shown on the right of Figure 1.

Table 1. Material properties of the capacitor model.

Materials Dielectric Constant (e,) Thickness (um)
Si 11.7 500
SiOy 3.9 200
Electrodes (Au) - 150
Capacitor

A

\ =

Counter

Working electrodes

Figure 1. Schematic of LC sensor and the capacitor structure diagram.

The sensor inductor and the antenna are made of copper wires with a wire diameter
of 0.68 mm and looped into 31 mm radius circles with 4 and 5 turns, respectively. The
inductances of the sensor inductor and the antenna are 4.716 uH and 3.018 uH, respectively.

The glucose beverage used for testing has a glucose concentration of 41.7 g/dL. Besides
D-glucose and water, it also contains citric acid anhydrous, sodium benzoate, orange flavor,
and yellow dye. Ideally, a pure glucose solution (only glucose and pure water) would be
more ideal for the study; however, due to the limited research condition, pure glucose
solution was not found, and so the glucose beverage was used for this study. The electric
and dielectric properties of the mixed solution, undoubtedly, are different from pure
glucose solution. However, it is still representative to characterize the performance of the
designed sensor. Distilled water was dropped to the glucose solution to vary the solution
concentration, and then the sensor response was recorded. The capacitor and the inductor
were connected by a USB cable, and the antenna was connected to an impedance analyzer
(Agilent 4396B setup with impedance test kit Agilent 43961A).

3. Results and Discussion
3.1. Sensor Response

The working electrode and reference electrode of the sensor were connected to the
inductor to generate a resonator as the LC sensor. The dimensions of the resonator were
optimized to resonate at a center frequency about 1.96 MHz.
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The measured impedances of both the clean LC sensor and the sensor containing
distilled water, with proportions of glucose beverage to water of 1:4 and 600:650, are
shown in Figure 2. With the increase of the glucose beverage concentration, both the
resonance frequency and the impedance decrease, which implies the capacitance of the
glucose solution increases as the concentration of the glucose solution increases.
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Figure 2. Frequency and Impedance response of the sensor to glucose concentration.

3.2. Glucose Beverage Solution Proportion 0% to 44%

The sensor response with a glucose beverage proportion of 0% to 44% is shown in
Figure 3. The resonance frequency changes from 1.9217 MHz to 1.8681 MHz, while the
impedance changes from 170.33 () to 110.68 (). From the figure, we can see that both the
resonance frequency and impedance responses show an exponential decrease with the
glucose solution concentration increase. An exponential fit is applied to both the frequency
response and impedance response. The regression function is plotted and compared with
the experiment data as shown in Figure 3. Both the resonance frequency and the impedance
magnitude show a good fit to the exponential function. The resonance frequency shows an
average regression error of 1.38%, while the impedance shows an average error of 3.47%.
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Figure 3. (a) Frequency response and (b) impedance response to glucose concentrations with expo-
nential regression.

Although the impedance regression has a higher regression error, it shows a more
stable and continuous decreasing tendency. The relatively larger error of impedance can be
caused by a big jump at a glucose beverage concentration of 0.13, which can be explained
by the experiment process error.
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3.3. Glucose Beverage Solution Proportion 0 to 4%

In order to see the linearity of the sensor response when the concentration of the tested
solution is in a small range, the glucose proportion in the range of 0% to 4% was tested.
The linear regression is shown in Figure 4. Both parameters show good linear regressions
(r? = 0.9853 for frequency response and 72 = 0.9553 for impedance modulus response). The
sensor shows a sensitivity of 424.6 kHz and 721.6416 ), respectively, to the proportion of
the glucose beverage in the range of 0% to 4%.
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Figure 4. Linearity of (a) The resonance frequency response and (b) Impedance modulus response to
glucose beverage concentration.

In both tests, although both resonance frequency and impedance modulus show
good correlation to the glucose beverage concentration, the frequency response regression
is slightly better. A lower sensitivity to parasitic resistance on the resonance frequency
could be the cause of this discrepancy. Meanwhile, the physical position between the two
inductors could affect the impedance modulus as well. In specific applications, which
output should be selected needs to be justified based on the specific applications.

3.4. Stability

In order to test the stability of the sensor, one specific concentration of glucose beverage
solution (600/1350) was measured 10 times, and the results show good stability and
repeatability, with a standard deviation of 8.1466 x 10~* MHz and 0.367 Q, respectively,
for the frequency response and the impedance.

4. Conclusions

This paper presented a wireless passive sensor for glucose detection. The resonance
frequency and impedance modulus as the sensing parameters both showed an exponential
response to the glucose proportion variation from 0% to 44%. When the glucose beverage
proportion is smaller than 4%, both the resonance frequency response and the impedance
response show a well-defined linear response to the glucose solution concentration change.
The stability of the sensor behavior was tested, and both frequency and impedance showed
high stability. The experiment results indicate a promising application prospect of the
sensor for glucose detection. The selectivity of the sensor could be further studied for
future work.
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