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Abstract— In this article, an original microwave sensor is 

presented which can detect the dielectric changes in the body 

tissue layer. The proposed sensor is created in the form of a 

microstrip structure and consists of U-shaped, interdigital, and 

waterfall parts. When the sensor is placed on a live sample, it 

can detect the dielectric changes that occur in the tissue layer. 

For this, a resonance is formed in the free load sensor at the 

frequency of 3.2 GHz then when the sample touches the sensor, 

according to the amount of relative dielectric changes of the 

tissue sample, the sensor resonant frequency is shifted. 

Considering that diseases related to glucose depend on blood, 

the purpose of sensing in the target sensor is the third layer of 

the modeled finger, i.e. blood. Therefore, the obtained results 

showed that the quality factor and sensitivity are 5346 and 

0.5%, respectively. 

 

Index Terms— Microwave sensor; Quality factor; Multi-layer 

phantom; Human tissue; Sensitivity. 

 

I. INTRODUCTION 

lood sugar is one of the common diseases because this 

disease depends on the blood and changes in the blood 

cause an obvious change in the permittivity level of the 

blood [1, 2]. This paper examines the dielectric changes of 

blood, which is located in the third layer of body tissue. 

Blood glucose measurement methods can be invasive or 

non-invasive [3,4]. Using non-invasive methods to examine 

the internal parts of human tissue has been one of the 

important tasks of researchers. Research on blood glucose, 

fat, minerals, and proteins is of great importance in medical 

sciences. Considering that the speed of science has 

intensified in the new century, it has tried to use 

measurement methods that have high accuracy and speed, 

and non-invasive methods increase the speed of 

measurement [5, 6]. 

Microwave sensors are widely used in the medical and 

food industries, including its application in the food industry, 

it is possible to quickly detect food spoilage and determine 

the type of material [7, 8], and one of its important 

applications in the medical industry is determining blood 
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glucose levels, which can be done by invasive and non-

invasive methods [9]. 

Some technologies including optical [10], transdermal 

techniques [11], thermal spectrum measurement [12], breath 

acetone analysis [13], impedance spectroscopy [14], saliva 

analysis [15], graphene-based nanosensors [16], 

electrochemical methods [17], sweat and interstitial fluid 

(ISF) [18], contact lenses [19], acoustic spectroscopy [20], 

Raman spectroscopy [21], or a combination of these 

techniques [22] have been suggested for non-invasive 

monitoring of glucose [23-25]. 

Recently, interest in the characterization of the EM 

materials parameters for various applications in different 

fields, including medicine, health care, agriculture, 

chemistry, industry, and so on, has augmented dramatically. 

Equipment and sensors based on millimeter wave and 

microwave recognition techniques have attracted extensive 

attention, due to their being non-invasive, label-free, 

affordable, portable, and with the capability to integrate with 

extra portions of an intelligent system [26-28]. Numerous 

methods for EM properties measuring based on millimeter 

waves and microwaves have been proposed, which can be 

classified as non-resonant (broadband) [29-31] and resonant 

(narrow band) [32, 33] techniques. Among these ways, 

resonant techniques have become more general, especially 

for applications that need high sensitivity, accuracy, and 

speed in detection [34, 35].  

One of the techniques to increase the EM parameters 

accuracy of materials is to use microwave resonance sensors, 

because a broader frequency range can be covered to 

measure the EM parameters of desired materials and achieve 

more comprehensive data about the sample under test (SUT) 

EM specifications [36]. Numerous research has been 

conducted in the field of various methods of measuring EM 

characteristics in the human tissue field; for example, split 

ring resonators (SRR) [37, 38] and complementary SRR 

(CSRR) [39], antennas [40, 41] and filters, transmission 

lines [42] and coaxial [43], implantable devices [44], and 

more can be mentioned [45]. 

One of the methods used in the field of sensor design is 

the optical method. The techniques used in it include 
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plasmonic [46] or crystal structures that are used to identify 

cancer cells [47] or dielectric changes of materials [48]. 

Many sensor has been planned with a filter variety. The 

use of bandpass and bandstop filters is one of the common 

approaches that are used, and the parameters of return loss 

and insertion loss are usually used in the case of resonant 

sensors [49]. 

In this article, a microwave sensor with a resonance 

frequency of 3.2 GHz is designed. Then a model of human 

tissue including skin, fat, blood, and bone layers is 

presented. In the simulation with CST software, it is shown 

that when the sensor contacts the tissue model, its resonance 

frequency is shifted. The results have shown that the 

suggested biosensor has a Quality factor of 5346 with an 

appropriate sensitivity of 0.5%. 

II. HUMAN TISSUE MODEL 

Human tissue consists of different parts that are common 

to all humans. These parts include skin, fat, blood, and bone. 

These parts will have different characteristics for different 

people in different situations. For example, gender, age, and 

genetics are factors that influence tissue characteristics. The 

amount and volume of the mentioned parts can be different 

for different people, for example, some people have more fat 

and some have more bones. Therefore, because of the 

numerous parameters of a tissue, its overall evaluation can 

be complicated. Various papers have tried to consider it 

simple to examine human tissue. To be able to present a 

model of human tissue, first consider the basic conditions of 

the human being in a normal state, therefore, is assumed that 

the target tissue is human, disease-free, and aged between 30 

and 50 years. To be qualified to obtain the dielectric constant 

of various parts of the tissue, its frequency must be known, 

because at different frequencies, different parts of the tissue 

show different behaviors. Table I shows the dielectric 

constant of different tissue parts of a normal human at a 

frequency of 3.2 GHz.  

The tissue proposed in this paper is a human finger. The 

approximate dimensions for the index finger of a normal 

person with the described conditions are 4 × 5 × 10.5 mm3 

and a schematic of its structure (four layers) is presented in 

Fig.1. 
 

 
Fig. 1. Schematic of human index finger tissue. 

 
 

TABLE I 

The Dielectric Constant of Different Parts of Human Tissue in Frequency 

3 GHz [26]. 

Tissue type Dielectric constant 

Skin 35 

Fat 5.5 

Blood 59 

Bone 20 

III. THE SENSOR DESIGNING 

The planned sensor consists of three portions. The 

primary portion is a U-shaped arrangement. This part causes 

the microstrip structure to create a resonant frequency of 

3.6GHz. The created resonance is not sharp and has a low Q-

factor, which causes the sensor to be less sensitive when 

samples are measured. The second part consists of a 

waterfall structure, which is placed in the middle of the 

sensor and inside the U structure, and it causes the resonance 

to move slightly to a lower frequency and become sharper. 

Due to having parallel lines, this section creates capacitive 

coupling and can make the resonance sharper. 

The second part consists of two interdigital structures, 

which are placed on both sides of the U-shaped structure, 

and cause the resonance to be exactly at a frequency of 3.2 

GHz and increase its quality factor. Fig.2 and Table II 

indicate the designed sensor dimensions and Fig.3 shows the 

resonance frequency. Moreover, Fig.4 indicates the design 

steps of the suggested sensor along with its insertion loss. 

 
Fig. 2. The designed sensor dimensions. 

 

 
 

Fig. 3. The resonance frequency of the proposed sensor. 
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Fig. 4. The proposed sensor design steps a) the U-shaped structure b) adding the waterfall structure, c) adding two interdigital structures, and the final form 

and resonant frequencies of each step. 

TABLE II 

The Dimensions of the Designed Sensor. 

Parameters X1 X2 X3 X4 X5 X6 

Length (mm) 11.2 1 1.8 2.6 1 9.2 

Parameters X7 X8 X9 X10 X11 X12 

Length (mm) 0.5 3.2 1.2 0.3 2.95 10 

IV. INVESTIGATION OF THE RESULTS OF BLOOD 

DIELECTRIC CHANGES ON THE SENSOR 

For investigation of the status of the designed sensor, the 

third layer of the tissue model is considered, which is blood, and 

is considered as a variable. At frequency 3 GHz, its dielectric 

constant value is 59, and in the simulation, its value in 8 steps 

in values of 2 is increased, and each time the insertion loss of 

the sensor due to its contact with the sample is obtained. The 

simulation results are presented in Fig.5, also the measurement 

conditions and finger placement on the sensor are displayed in 

Fig.6. 

 
 

Fig. 5. The result of simulating blood changes in the tissue sample on 

the designed sensor. 
 

 
 

Fig. 6. The way the finger is placed on the sensor. 

 

Formulas 1 and 2 display the calculating method of the 

quality factor and sensitivity, where f0 is centre frequency and 

∆f is bandwidth. Moreover, f01 and f02 are the frequencies for 

the 1st and 2nd samples and ∆𝜀𝑟 is the difference of their 

dielectric constant. 

Q-factor = 
𝑓0

∆𝑓
 (1) 

  

Sensitivity = |
(𝑓01− 𝑓02)

𝑓01
 

1

∆𝜀𝑟
| × 100 (%) (2) 

 

According to the obtained results and formulas 1 and 2, the 

quality factor and sensitivity of the proposed biosensor are 

equal to 5346 and 0.5%, respectively. 

Table III displays a comparison between this work and prior 

research, and it can be understood that the obtained results are 

acceptable for the presented sensor. 
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TABLE III. 

Comparison Between the Performance of the Proposed Sensor and Previously 

Reported Works. 

Ref. 
Freq. 

(GHz) 
Q-factor Sensitivity Dimensions 

Resonance 

Value 

[4] 0.98 35 <0.17 16 > -6 

[25] 4.8 30 <0.02 544 > -20 

[37] 4.18 90 <0.03 1000 > -10 

[50] 5.8 130 <0.24 1200 > -33 

[51] 6.5 105 0.13 2500 > -33 

[52] 2.4 5 0.28 1369 > -33 

[53] 1.71 70 <0.019 8000 > -29 

This 
work 

3.2 5346 0.5 480 > -70 

V. CONCLUSION 

One of the diseases that the general public is facing is blood 

glucose. Therefore, they need to use an inexpensive tool that 

can quickly and accurately check blood glucose levels. 

Therefore, in this article, a microwave resonance sensor that can 

determine blood dielectric changes with high accuracy is 

designed. In the first part, a model of human finger tissue was 

used, which included skin, fat, blood, and bone, and the 

dielectric constant of each part was shown at the desired 

frequency. In the second part, a microwave sensor is designed 

and it is shown that when the tissue model makes contact with 

the proposed sensor, the sensor resonant frequency shifts due to 

the dielectric change of the third layer, which is blood. When 

the sample makes contact with the sensor, increasing the 

amount of blood dielectric, increases the tissue dielectric and 

the resonant frequency moves to lower values. The designed 

biosensor is used to investigate the different conditions in parts 

of the human tissue model, and due to the appropriate 

sensitivity of the planned biosensor, it can be used to test the 

inner layers of the tissue. 
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