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Abstract

Objective With the continuous improvement of living standards, excessive energy intake increases the rate of
diabetes yearly. Additionally, kidney failure, heart disease, and many other diseases can cause blood glucose
abnormalities. Therefore, paying attention to the detection of blood glucose and the design of glucose sensors with
high performance become essential. Sensors based on photonic crystals (PCs) are widely used in biology and
medicine. Most of these sensors are based on the relationship between blood glucose concentration and its refractive
index. The change in the refractive index will cause the movement of the transmission peak of PCs. Thus, people can
detect blood glucose concentration by measuring the movement of the transmission peak. However, the movement of
the transmission peak is too little for detecting with a small change in the refractive index. Thus, the small change in
blood glucose concentration is not easily detected with PC sensors. To solve this problem, a coupled-resonator
system based on Parity-Time (PT) symmetric configuration is constructed to measure blood glucose concentration.
The polar effect of the PT-symmetric structure will be excited through structural optimization. On the pole state, the
PT-symmetric structure can achieve huge transmittance and reflectance and is extremely sensitive to the change of
structural parameters. When the blood is filled with the coupling layer, the change in blood glucose concentration
changes the refractive index; thus, changing the sensor’s transmittance. On the pole state, the transmittance of the
sensor changes, even for the small change in blood glucose concentration, the transmittance of the sensor changes
obviously. This can solve the problem of limited sensitivity and accuracy of traditional blood glucose sensors. It also
provides an approach for measuring blood glucose concentration. The design idea of this sensor is not limited to the
measurement of blood glucose concentration and provides a universal method for detecting other organisms.

Methods The designed model of the sensor is shown in Fig. 1. The overall structure was expressed as PAGA,; LAP.
The two layers P were a pair of coupled prisms with the base angle ¢ and the refractive index 3.48. Layer A was the
air layer with a thickness of d, =400 nm and the refractive index of n, =1.00027. Layers G and L were gain and
loss layers, which constitute two-coupled resonators with the same thickness of 1500 nm. The refractive indexes of
layers G and L were ng =3.205 — ir and n, = 3.205 + ir, where r was the gain and loss coefficient. The overall
structure met the requirements of the PT-symmetry that the real part of the refractive index was even symmetry and
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the imaginary part was odd symmetry. The middle layer A, was filled with the object to be measured. The input light
was incident on the left prism, and a total reflection occurred on its inner interface. The evanescent waves entered
the two-coupled resonators and achieved resonance transmission. The output through the right prism was connected
with a photoelectric sensor, which converted the intensity of transmitted light into the current signal for recording.
Semiconductor InGaAsP doped with quantum well was used as the gain dielectric layer, and Cr/Ge was covered on
the gain dielectric layer to form the loss layer. The transfer matrix method was used to calculate the transmittance
and reflectance of the structure. To achieve the purpose of blood glucose sensing, measurement of blood glucose
concentration was transformed into the measurement of the system transmittance.

Results and Discussions First, we assume that layer A, was filled with air. The result in Fig. 2 shows that there
are two adjacent transmission peaks with transmittance near 1 corresponding to the two-coupled modes. With z =
0.003904, the two peaks merges into one peak, and the peak value undergoes a jump zoom up to 60 dB. This is the
pole state. Next, we assume that layer A, is filled with blood with different glucose concentrations and the
corresponding transmittance is calculated. The results are shown in Fig. 5. We choose = = 0.006701 to excite the
pole effect for the new medium in layer A,. The change in the blood glucose concentration leads to different peak
values and positions. In this study, we investigate two sensing methods. One is to fix the frequency around a specific
pole to measure the system transmittance under different blood glucose concentrations. The other is to detect the
peak value corresponding to a specific blood glucose concentration by scanning the transmission spectrum near the
pole. The sensing results and the corresponding sensitivities for the two methods are shown in Figs. 7 and 9,
respectively. When the blood glucose concentration is 20—182 mg/dL, the sensor’s sensitivity in the second method
is higher than that in the first method. However, when the blood glucose concentration is higher than 182 mg/dL,
the sensor’s sensitivity sensor in the first method is higher than that in the second method. If the sensor detects
blood glucose with a high concentration, the first method can be selected. However, the second method can be
selected if the sensor detects blood glucose with low concentration and requires high sensitivity.

Conclusions In this study, we design a theoretical model of glucose concentration sensor using the pole effect of
the PT-symmetric structure. Unlike the traditional sensor, the designed model does not use spectrum positions as the
sensing mechanism but uses transmittance detection as the sensing method. The new sensing mechanism has high
precision and sensitivity. Although our model is for blood glucose sensing, it can be extended to general biomaterial
sensing, including sensing various diseased cells. Therefore, this study provides a new universal method for
biosensors.

Key words sensors; Parity-Time symmetric structure; coupled resonators; pole; sensitivity
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